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Description
PRIORITY AND RELATED APPLICATIONS
TECHNICAL FIELD

[0001] The present technology relates to compositions of insulin-Fc fusion proteins and their use to treat diabetes in
companion animals, e.g.,cats.

BACKGROUND

[0002] The following description of the background of the present technology is provided simply as an aid in under-
standing the present technology and is not admitted to describe or constitute prior art to the present technology.
[0003] Diabetes is a chronic condition characterized by an insulin deficiency and/or ineffective use of insulin. Diabetics
that have an absolute deficiency of insulin are categorized as having type 1 or insulin-dependent diabetes mellitus
(IDDM). Type 1 diabetics are thought to have a genetic predisposition combined with immunologic destruction of the
insulin-producing p-cells of the pancreas. In comparison, diabetics that can still produce some insulin but have a relative
deficiency due toinsulin resistance or other dysfunction, are classified as having type 2 or non-insulin-dependent diabetes
mellitus (NIDDM). Type 2 diabetes is linked to genetic predisposition, obesity, and certain medications. WO2018107117
discloses compositions of human insulin-Fc (e.g., proinsulin-Fc) fusion proteins and their use to treat or prevent type 1
diabetes. The insulin-Fc fusion protein comprises an insulin polypeptide linked to an Fc domain via a peptide linker and
binds the human insulin receptor at an IC50>5000 nM in a competitive binding assay. CN103509118 discloses aninsulin-
Fc fusion protein comprising the formula B-C-A-Fc, where A is an insulin A-chain; B is an insulin B-chain; and C is a
peptide connecting sequence comprising 4-50 amino acids. The IgGFc fragment can also comprise mutations. This Fc
fusion protein has increased half-life over natural insulin. The peptide connecting sequence comprises 6-30 amino acids.
WO2016178905 discloses fusion proteins comprising an insulin receptor agonist fused to a human IgG Fc region (1gG1,
19G2, or IgG4) by a peptide linker which can be used in the treatment of diabetes.

[0004] When a dog or a cat does not produce insulin or cannot use it normally, blood sugar levels elevate, resulting
in hyperglycemia. Dogs generally exhibit an atypical glycemia phenotype with strong similarities to human type 1 diabetes.
Dogs also occasionally exhibit atypical glycemia with strong similarities to type 2 diabetes in humans. Female dogs can
also develop temporary insulin resistance while in heat or pregnant. In all cases, the dogs are treated with chronic insulin
injection therapy. Cats generally exhibit an atypical glycemia phenotype with strong similarities to human type 2 diabetes
(i.e. insulin resistance), but by the time the disease is diagnosed by a veterinarian, it has progressed to resemble a type
1 diabetes condition (inflammatory disease in pancreas with significant loss of beta cell mass), and the cat is dependent
on exogenous insulin. Some diabetic cats can be managed with dietary changes and oral medication, but the majority
of diabetic cats receive chronicinsulin injection therapy to maintain adequate regulation. Left untreated, diabetes in dogs
and cats can lead to weight loss, loss of appetite, vomiting, dehydration, problems with motor function, coma, and even
death.

[0005] Approximately 0.24% of dogs and approximately 0.68% of cats in the United States are affected by diabetes.
Current diabetes therapies for dogs and cats include the use of insulin, such as Vetsulin® for dogs (Intervet Inc., d.b.a.
MERCK Animal Health, Summit, NJ) and ProZinc® for cats (Boehringer Ingelheim Vetmedica, Duluth, Georgia) which
are administered once or twice daily. WO2018009921 discloses fusion proteins comprising leptin and a second protein
to increase biological action and/or half-life in vivo. The leptin (or other therapeutic protein such as an insulin peptide)
is fused to an Fc fragment comprising either a canine immunoglobulin Fc region or feline 1IgG Fc (Ig-gamma B) fused at
the C-terminus via a peptide linker. W02010117760 discloses methods and compositions for making and using fusion
proteins that comprise a therapeutic peptide or protein linked to a canine antibody Fc domain, either directly or through
alinker. The Fc domain consists of the hinge region of a canine IgG selected from the group consisting of canine IgGA,
canine IgGB, canine IgGC and canine IgGD. The linker in the fusions of the invention may be of any length between 6
and 30 amino acids. W02016044676 discloses fusion proteins of feline erythropoietin linked to a feline Fc protein and
used in the treatment of anemia. The C terminus of the peptide may be fused through the linker to the N terminus of the
Fc fragment or the N terminus of the peptide may be fused through the linker to the C terminus of the Fc fragment.
WO2018073185 discloses an Fc-fusion protein comprising a canine 1gG Fc domain with at least one mutation to the
amino acid sequence which is linked to a peptide or a protein or an engineered ligand-binding protein or a VHH domain,
to create an antibody with increased binding affinity to FcRn. The Fc fusion protein results from chemical coupling of a
Fcregion with the conjugate partner. W02016119023 is directed to the treatment, prevention and diagnosis of conditions
associated with tumour necrosis factor (TNF) in non-human animals and discloses fusion proteins comprising a feline
IgG1b Fc domain. The main fusions are feline TNFR p80 protein. TERADA T et al, "A chimeric human-cat Fcy-Fel d1
fusion protein inhibits systemic, pulmonary, and cutaneous allergic reactivity to intratracheal challenge in mice sensitized
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to Fel d1, the major catallergen”, CLINICAL IMMUNOLOGY, vol. 120, no. 1, pages 45 - 56, and STRIETZEL CATHERINE
J etal, "In Vitro functional characterization of feline IgGs", VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY,
(2014), vol. 158, no. 3, pages 214 - 223 are also background art. The burden of frequent injections on owners often
results in a lack of treatment regimen compliance and under-dosing, leading to poor long-term health outcomes. In fact,
the cost of insulin therapy and the practicality of dosing their pets up to 14 times per week leads a significant percentage
of owners to select euthanasia for their pets as an alternative to intensive management of diabetes. Therefore, there is
a need for cost effective and less burdensome treatment options for this disease.

SUMMARY OF THE PRESENT TECHNOLOGY

[0006] It will be appreciated that the scope of the invention is in accordance with the claims. Accordingly, there is
provided a method of preparing a recombinant cell comprising a nucleic acid encoding a fusion protein, as defined in
claim 1. Further features are providedin accordance with the subsequent claims. The specification may include description
of arrangements outside the scope of the claims provided as background and to assist the understanding of the invention.
Furthermore, any reference to method of treatment shall be interpreted as a medical use.

[0007] As definedin claim 1, the present disclosure provides a method of preparing a recombinant cell comprising a
nucleic acid encoding a fusion protein which comprises an insulin polypeptide and an Fc fragment, wherein the insulin
polypeptide and the Fc fragment are connected by a linker, such as a peptide linker, wherein the Fc fragment comprises
the sequence

DCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWFVDNTQVYTA
KTSPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISKDKGQPHEPQVYV
LPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPPQLDSDGTYFLYSRLS VDRSRWQRGN-
TYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 23) and the insulin polypeptide of the fusion protein comprises
the sequence

FVNQHLCGSX1LVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCX2STCSLDQLENYC (SEQ ID NO: 10),
where X1 is not D and X2 is not H. In embodiments, the insulin polypeptide comprises the following sequence
FVNQHLCGSX1LVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCX2STCSLDQLENYC (SEQ ID NO: 10),
where X1 is Hand X2is T. In embodiments, the insulin polypeptide and the Fc fragment are connected by a linker,
such as a peptide linker, comprising the sequence GGGGGQGGGGQGGGGQGGGGG (SEQ ID NO: 14).

[0008] In embodiments, the fusion protein comprises the sequence

FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGP
DDSDVQITWFVDNTQVYTAK TSPREEQFSSTYRVVSVLPILHQDWLKGKEFK CK VNSKSLP
SPIERTISKDK GQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNY
RTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID
NO: 40).

[0009] In aspects, the fusion proteins described herein comprise a homodimer. In embodiments, the percentage
homodimer of the fusion protein is greater than 90%. In embodiments, the fusion proteins described herein are made
using HEK293 cells, and the resulting homodimer titer after purification using Protein A beads or a Protein A column is
greater than 50 mg/L. In embodiments, the insulin receptor IC50 for the fusion proteins described herein is less than or
equal to 5000 nM. In embodiments, the serum half-life of the fusion proteins described herein in the blood or serum of
atarget animal upon administration is longer than about 3 days. In embodiments, for the fusion proteins described herein,
the time during which there is a statistically significant decrease in blood glucose level in a subject relative to a pre-dose
level is longer than one of 2 hours, 6 hours, 9 hours, 12 hours, 18 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 4
days, 5 days, 6 days, 7 days, or longer.

[0010] In aspects, for the fusion proteins described herein, the NAOC after the first subcutaneous injection in a target
animal is greater than 150 %FBGL-days-kg/mg. In embodiments, for the fusion proteins described herein, the ratio of
the NAOC after the third weekly subcutaneous injection of the fusion proteins in the target animal to the NAOC after the
first subcutaneous injection of the fusion protein in the target animal is greater than 0.50.

[0011] In aspects, fusion proteins as described herein are formulated as a pharmaceutical composition. In embodi-
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ments, in the pharmaceutical composition the fusion protein is present at a concentration of about 3 mg/mL or greater.
In embodiments, the composition is suitable for subcutaneous administration.
[0012] In embodiments, the cDNA comprises the nucleic acid sequence

atggaatggagctgggtctttetcttettcctgtcagtaacgactggtgtecactecttcgtgaaccageacctgtgeggeteecacctggtggaag

ctetggeactegtgtgecggegagegggecttccactacgggggtggeggaggaggttetggtggeggcggaggeategtggaacagtgetec

acctecacctgetecctggaccagetggaaaactactgeggtgocggagatootcaaggaggoceetgoacaggotooaootooocageoags
gaggcggoooagactgccccaaatgtecteccgectgagatgetgggtggccctageatcttcatettcccgeccaageccaaggatactetgte

cattagcaggacccccgaggtoacctgectggtggtggacctggggccagacgactetgacgtgecagatcacctggttcgtagacaacaccca
ggtttacactgccaagaccagtcccagggaggagceagticageageacatacagggtggtgagegttctgeccatcctgecaccaggactgget
gaaaggcaaagagttcaagtgtaaggtgaacagecaagagectgeccagecccattgaaaggaccatcagcaaggacaagggecagecgeac
gagccccaagtetacgtgetgeccecageacaggaagagetgagcaggaacaaggitagegtgacatgectgatcgagggtttctaccecage
gacatcgecgtggagtgggaaatcaccggecaacccgageccgagaacaactacaggaccactecgecgeaactggacagegacgggace
tacttcttgtatagcaggctgagegtggaccggageaggtggcagaggggcaacacctacacttgecagegtgagecacgaggecttgecacage
caccacactcagaagagtctgacccagageccgggatag (SEQ ID NO: 39).

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
FIG. 1 shows a schematic representation of an exemplary insulin-Fc fusion protein homodimer.

FIG. 2 shows average % fasting blood glucose levels from Day 0 to Day 3 for N=3 dogs dosed intravenously on
Day 0 at 0.2 mg/kg with the homodimer of SEQ ID NO: 42.

FIG. 3illustrates a side-by-side sequence comparison of SEQ ID NOs: 42, 44, 46, 48, and 50. "*" represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 4 illustrates a side-by-side sequence comparison of SEQ ID NOs: 42, 52, 54, and 56. "' represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 5 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=3 dogs dosed intravenously on
Day 0 at 0.2 mg/kg with the homodimer of SEQ ID NO: 52.

FIG. 6 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=6 dogs dosed subcutaneously on
Day 0 at 0.33 mg/kg with the homodimer of SEQ ID NO: 52.

FIG. 7 shows the average anti-drug antibody titer (p.g/mL) for N=3 dogs dosed subcutaneously on Day 0 (0.30
mga/kg), Day 28 (0.33 mg/kg), Day 35 (0.33 mg/kg), Day 42 (0.50 mg/kg), Day 49 (1.00 mg/kg) and Day 56 (1.00
mg/kg) with the homodimer of SEQ ID NO: 52.

FIG. 8 illustrates a side-by-side sequence comparison of SEQ ID NOs: 58, 60, 62, and 64. "' represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 9 shows the average anti-drug antibody titer (p.g/mL) for N=1 dog dosed subcutaneously on Day 0 (0.33 mg/kg),
Day 7 (0.50 mg/kg), Day 14 (0.50 mg/kg), and Day 21 (0.50 mg/kg) with the homodimer of SEQ ID NO: 64.
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FIG. 10 shows the average anti-drug antibody titer (p.g/mL) for N=1 dogs dosed subcutaneously on Day 0 (0.33
mg/kg) and Day 14 (0.16 mg/kg) with the homodimer of SEQ ID NO: 66.

FIG. 11 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=2 dogs dosed subcutaneously on
Day 0 at 0.33 mg/kg with the homodimer of SEQ ID NO: 66.

FIG. 12 illustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 68, 70, 72, 74 and 76. "*" represents

complete homology across all sequences at a given sequence position, while ™", "." or spaces refer to conservative,
moderate, or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 13 illustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 78, 80, 82, and 84. " represents

complete homology across all sequences at a given sequence position, while ™", "." or spaces refer to conservative,
moderate, or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 14 illustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 76 and 86. "™ represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 15 illustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 82, 84 and 88. "*" represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 16 illustrates a side-by-side sequence comparison of SEQ ID NOs: 32, 34, 66, 90, 92 and 94. "*" represents

complete homology across all sequences at a given sequence position, while ™", "." or spaces refer to conservative,
moderate, or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 17 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at
0.16 mg/kg with the homodimer of SEQ ID NO: 34.

FIG. 18 shows the anti-drug antibody titer (n.g/mL) for N=1 dog dosed subcutaneously on Day 0 (0.16 mg/kg), Day
14 (0.16 mg/kg), Day 28 (0.16 mg/kg), and Day 42 (0.16 mg/kg) with the homodimer of SEQ ID NO: 34.

FIG. 19 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at
0.33 mg/kg with the homodimer of SEQ ID NO: 32.

FIG. 20 shows % fasting blood glucose levels from Day 0 to Day 60 for N=1 dog dosed subcutaneously on Day 0
(0.33 mg/kg), Day 15 (0.16 mg/kg), Day 31 (0.16 mg/kg) and Day 45 (0.15 mg/kg) with the homodimer of SEQ ID
NO: 32.

FIG. 21 shows the anti-drug antibody titer (n.g/mL) for N=1 dogs dosed subcutaneously on Day 0 (0.33 mg/kg), Day
15 (0.16 mg/kg), Day 31 (0.16 mg/kg) and Day 45 (0.15 mg/kg) with the homodimer of SEQ ID NO: 32.

FIG. 22 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at
0.16 mg/kg with the homodimer of SEQ ID NO: 96.

FIG. 23 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at
0.16 mg/kg with the homodimer of SEQ ID NO: 98.

FIG. 24 illustrates a side-by-side sequence comparison of SEQ ID NOs: 102 and 104. "*" represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 25 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at
0.16 mg/kg with the homodimer of SEQ ID NO: 102, and % fasting blood glucose levels from Day 0 to Day 7 for
N=1 dog dosed subcutaneously on Day 0 at 0.16 mg/kg with the homodimer of SEQ ID NO: 104.

FIG. 26 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously ¢ with the
homodimer of SEQ ID NO: 36 in addition to the times that the dog was given food.
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FIG. 27 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=3 cats dosed subcutaneously on
Day 0 at 0.8 mg/kg with the homodimer of SEQ ID NO: 1086.

FIG. 28 illustrates a side-by-side sequence comparison of SEQ ID NOs: 106, 108, 110 and 112. "*" represents

complete homology across all sequences at a given sequence position, while ™", "." or spaces refer to conservative,
moderate, or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 29 shows the average anti-drug antibody titer (n.g/mL) for N=3 cats dosed subcutaneously on Day 0 (0.8 mg/kg),
Day 28 (0.6 mg/kg), Day 35 (0.6 mg/kg), Day 42 (0.6 mg/kg) and Day 48 (0.8 mg/kg) with the homodimer of SEQ
ID NO: 106.

FIG. 30 illustrates a side-by-side sequence comparison of SEQ ID NOs: 108, 114, 116 and 118. "* represents

complete homology across all sequences at a given sequence position, while ™", "." or spaces refer to conservative,
moderate, or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 31 illustrates a side-by-side sequence comparison of SEQ ID NOs: 106, 112, and 122. "*" represents complete

homology across all sequences at a given sequence position, while ", "." or spaces refer to conservative, moderate,
or very different amino acid mutations across the sequences at a given sequence position respectively.

FIG. 32 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0
(0.16 mg/kg) with the homodimer of SEQ ID NO: 122.

FIG. 33 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0
(0.16 mg/kg) with the homodimer of SEQ ID NO: 38, in addition to the times that the cat was given food.

FIG. 34 shows the anti-drug antibody titer (n.g/mL) for N=1 cat dosed subcutaneously on Day 0 (0.16 mg/kg), Day
14 (0.16 mg/kg), Day 28 (0.11 mg/kg), and Day 42 (0.09 mg/kg) with the homodimer of SEQ ID NO: 38.

FIG. 35 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0
(0.16 mg/kg) with the homodimer of SEQ ID NO: 124.

FIG. 36 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=3 cats dosed subcutaneously on
Day 0 (0.10 mg/kg) with the homodimer of SEQ ID NO: 40.

FIG. 37 shows average % fasting blood glucose levels from Day 7 to Day 14 for N=3 cats dosed subcutaneously
on Day 7 (0.20 mg/kg) with the homodimer of SEQ ID NO: 40.

FIG. 38 illustrates the "full aa sequence" of a fusion protein (SEQ ID NO: 32) and its corresponding nucleic acid
sequence (SEQ ID NO: 31).

FIG. 39 illustrates the "full aa sequence" of a fusion protein (SEQ ID NO: 34) and its corresponding nucleic acid
sequence (SEQ ID NO: 33).

FIG. 40 illustrates the "full aa sequence" of a fusion protein (SEQ ID NO: 36) and its corresponding nucleic acid
sequence (SEQ ID NO: 35).

FIG. 41 illustrates the "full aa sequence" of a fusion protein (SEQ ID NO: 38) and its corresponding nucleic acid
sequence (SEQ ID NO: 37).

FIG. 42 illustrates the "full aa sequence" of a fusion protein (SEQ ID NO: 40) and its corresponding nucleic acid
sequence (SEQ ID NO: 39).

DETAILED DESCRIPTION

[0014] Aninsulintreatmentthatrequires less frequent dosing (e.g., once-weekly injections) would be less burdensome
on the owners, leading to better compliance, fewer instances of euthanasia, and better outcomes for the pets. For a
given species (e.g., dog or cat), a molecule suitable for an ultra-long acting treatment for diabetes should be manufac-
turable in mammalian cells, for example human embryonic kidney (HEK, e.g. HEK293) cells, with an acceptable titer of
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the desired homodimer product (e.g., greater than 50 mg/L homodimer titer from transiently transfected HEK cells,
greater than 75 mg/L from transiently transfected from HEK cells, greater than 100 mg/L from transiently transfected
HEK cells, etc.). Only candidates with a homodimer titer of greater than 50 mg/L are considered useful in the present
invention, because experience has demonstrated that homodimer titers less than this level will not likely result in com-
mercial production homodimer titers in Chinese hamster ovary (CHO) cells that meet the stringently low manufacturing
cost requirements for veterinary products. In addition, the molecule must bind the insulin receptor with an appreciable
affinity (e.g., IC50 less than 5000 nM, IC50 less than 4000 nM, IC50 less than 3000 nM, IC50 less than 2500 nM, etc.)
as measured in the 4°C IM-9 insulin receptor binding assay. Based on experience, only molecules exhibiting insulin
receptor activity IC50 values less than 5000 nM are deemed likely to exhibit the requisite bioactivity in the target species.
The molecule must also demonstrate sustained bioactivity in vivo (e.g., demonstrate glucose lowering activity greater
than about 2 hours, 6 hours, 9 hours, 12 hours, 18 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 4 days, 5 days, 6
days, 7 days, or longer) to justify less frequent dosing. The molecule must also demonstrate prolonged system residence
time in the target animal (e.g., the serum half-life must be greater than 3 days, or longer). The bioactive potency and
duration of the bioactivity may be quantitatively represented by calculating the area over the percent fasting blood glucose
(%FBGL) curve normalized to a given dose in mg/kg (NAOC) with units of %FBGL-days-kg/mg as described in Example
11. The NAOC increases with a greater drop in %FBGL, which is the case where the molecule demonstrates increased
bioactivity, and when the %FBGL takes longer to return to 100%, which is the case where the insulin-Fc fusion protein
demonstrates increased duration of action. To be useful as described herein, a molecule must demonstrate a sufficiently
high NAOC value (e.g. preferably NAOC greater than 150 %FBGL-days-kg/mg, more preferably NAOC greater than
200 %FBGL-days-kg/mg, and even more preferably NAOC greater than 250 %FBGL-days-kg/mg). Based on experience,
at NAOC values greater than 150 %FBGL-days-kg/mg, the dose requirements in the target species will be sufficiently
low so as to reach an acceptable treatment cost. Lastly, to be useful for treating a chronic disease such as diabetes,
the molecule must notinduce the production of anti-drug antibodies, especially antibodies that neutralize the bioactivity
ofthe molecule after repeated dosing. Therefore, the molecule must demonstrate similar duration and extent of bioactivity
(i.e., NAOC) after multiple repeated doses in the target animal (e.g., the ratio of the NAOC after the third weekly sub-
cutaneous injection to the NAOC after the first weekly subcutaneous injection of the molecule (i.e., the NAOC ratio
(NAOCR) after the third dose) is in order of preference greater than 0.50, greater than 0.60, greater than 0.70, greater
than 0.80, or greater than 0.90 or more).

[0015] Proposed ultra-long acting insulin treatments for human clinical use comprise an insulin-Fc fusion protein
making use of a human Fcfragment to prolongtheir actioninvivo. As a human Fc fragmentis expected to be immunogenic
and therefore capable of inducing the production of anti-drug antibodies in companion animals (e.g., dogs or cats), the
human Fc fragment must be replaced with a species-specific (e.g., canine or feline) Fc fragment. However, it was found
rather unexpectedly that a simple exchange between the human Fc fragment and the species-specific (e.g., canine or
feline) Fc fragment did not yield a product with an acceptable homodimer titer (e.g., a homodimer titer greater than 50
mg/L) or a sufficiently high NAOC value (e.g., a NAOC greater than 150 %FBGL -days-kg/mg). For example, in some
cases only a specific isotype (e.g., canine |IgGB or feline IgG1b) for the Fc fragment resulted in an insulin-Fc fusion
protein with a high enough homodimer titer (e.g., a homodimer titer greater than 50 mg/L) and an acceptably high NAOC
value (e.g., a NAOC greaterthan 150 %FBGL -days-kg/mg). In other cases, specific amino acids of the insulin polypeptide
were found to be immunogenic in the target species thereby requiring site-directed mutations to find the relatively small
number of embodiments that were both non-immunogenic and bioactive in the target species with acceptably high NAOC
values (e.g., NAOC values greaterthan 150 %FBGL-days-kg/mg) and NAOCR values after the third weekly subcutaneous
dose that were greater than 0.5. In further cases, when the Fc fragments were mutated to prevent glycosylation and
thereby further reduce the immunogenicity of the insulin-Fc fusion proteins, it was discovered unexpectedly that only
specific amino acid mutations in the Fc fragment led to the desired homodimer titers (e.g., homodimer titers greater than
50 mg/L) and NAOC values (e.g., NAOC greater values than 150 %FBGL-days-kg/mg). Furthermore, it was discovered
that an additional mutation in the insulin component was required to produce these Fc-mutated, non-glycosylated insulin
Fc-fusion proteins with the desired homodimer titers (e.g., homodimer titers greater than 50 mg/L) and NAOC values
(e.g., NAOC greater values than 150

%FBGL-days-kg/mg), while also achieving NAOCR values after the third weekly subcutaneous dose that were greater
than 0.5. Provided herein, therefore, are manufacturable, high purity, long-acting, bioactive, non-immunogenic insulin-
Fc fusion proteins with acceptably high homodimer titers (e.g., homodimer titers greater than 50 mg/L), NAOC values
(e.g., NAOC values greater than 150 %FBGL days-kg/mg), and NAOCR values after the third weekly subcutaneous
dose greater than 0.5, suitable for the treatment of diabetes in companion animals (e.g., dogs or cats), each of which
comprises an insulin polypeptide, an Fc fragment, and a linker between the insulin polypeptide and the Fc fragment.

Definitions

[0016] As used herein, the articles "a" and "an" refer to one or more than one, e.g., to atleast one, of the grammatical
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object of the article. The use of the words "a" or "an" when used in conjunction with the term "comprising" herein may
mean "one," butit is also consistent with the meaning of "one or more," "at least one," and "one or more than one."
[0017] 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.

[0018] Asused herein, an amount of a molecule, compound, conjugate, or substance effective to treat a disorder (e.g.,
adisorder described herein), "therapeutically effective amount," or "effective amount" refers to an amount of the molecule,
compound, conjugate, or substance which is effective, upon single or multiple dose administration(s) to a subject, in
treating a subject, or in curing, alleviating, relieving or improving a subject with a disorder (e.g., a disorder described
herein) beyond that expected in the absence of such treatment.

[0019] As used herein, the term "analog" refers to a compound or conjugate (e.g., a compound or conjugate as
described herein, e.g., insulin) having a chemical structure similar to that of another compound or conjugate but differing
from itin at least one aspect.

[0020] As used herein, the term "antibody" or "antibody molecule” refers to an immunoglobulin molecule (lg), immu-
nologically active portions of an immunoglobulin (Ig) molecule, i.e., a molecule that contains an antigen binding site that
specifically binds, e.g., immunoreacts with, an antigen. As used herein, the term "antibody domain" refers to a variable
or constant region of an immunoglobulin. As used herein, the term "antibody domain" refers to a variable or constant
region of an immunoglobulin. It is documented in the art that antibodies comprise several classes, for example IgA, IgM,
or IgG in the case of mammals (e.g., humans and felines). Classes of immunoglobulins can be further classified into
differentisotypes, such as IgGA, I1gGB, IgGC, and IgGD for canines, or IgG1a, IgG1b, and IgG2 for felines. Those skilled
in the art will recognize that immunoglobulin isotypes of a given immunoglobulin class will comprise different amino acid
sequences, structures, and functional properties from one another (e.g., different binding affinities to Fc(gamma) recep-
tors). "Specifically binds" or "immunoreacts with" means that the antibody reacts with one or more antigenic determinants
of the desired antigen and has a lower affinity for other polypeptides, e.g., does not react with other polypeptides.
[0021] As used herein, the term "area-under-the-curve” or "AUC" refers to the integrated area under the %FBGL vs.
time curve for a subject after a given dose of an insulin-Fc fusion protein is administered. As used herein, the term "area-
over-the curve" or "AOC" is used as a measure of the biological potency of an insulin-Fc fusion protein such that the
AOC equals the difference between the total possible area under the %FBGL vs. time curve and the AUC value. As
used herein, the "normalized area-over-the curve," "normalized AOC," or "NAOC" is the AOC value divided by the actual
dose of insulin-Fc fusion protein administered. As used herein, the term "normalized AOC ratio" or "NAOCR" is the ratio
of the NAOC resulting from a particular administration of an insulin-Fc fusion protein to the NAOC resulting from the first
administration of an insulin-Fc fusion protein in a series of administrations. The NAOCR thus provides a measure of the
change in biological activity of an insulin-Fc fusion protein after repeated administrations.

[0022] Asusedherein, the term "bioactivity," "activity," "biological activity," "potency," "bioactive potency," or "biological
potency" refers to the extent to which an insulin-Fc fusion protein activates the insulin receptor and/or exerts a reduction
in blood glucose levels in a target subject. As used herein, "in vitro activity” or "insulin receptor activity" refers to the
affinity with which an insulin-Fc fusion protein binds to the insulin receptor and is typically measured by the concentration
at which an insulin-Fc fusion protein displaces half of an insulin reference standard from the insulin receptor in a com-
petitive binding assay (i.e., IC50). As used herein, "in vivo activity" refers to the extent and duration of reduction in a
target subject’s fasting blood glucose level after administration of an insulin-Fc fusion protein.

[0023] Asusedherein, theterm "biosynthesis," "recombinant synthesis," or "recombinantly made" refers to the process
by which an insulin-Fc fusion protein is expressed within a host cell by transfecting the cell with a nucleic acid molecule
(e.q., vector) encoding the insulin-Fc fusion protein (e.g., where the entire insulin-Fc fusion protein is encoded by a single
nucleic acid molecule). Exemplary host cells include mammalian cells, e.g., HEK293 cells or CHO cells. The cells can
be cultured using standard methods in the art and the expressed insulin-Fc fusion protein may be harvested and purified
from the cell culture using standard methods in the art.

[0024] As used herein, the term "cell surface receptor" refers to a molecule such as a protein, generally found on the
external surface of the membrane of a cell and which interacts with soluble molecules, e.g., molecules that circulate in
the blood supply. In some embodiments, a cell surface receptor may include a hormone receptor (e.g., aninsulin hormone
receptor or insulin receptor (IR)) or an Fc receptor which binds to an Fc fragment or the Fc region of an antibody (e.g.
an Fc(gamma) receptor, for example Fc(gamma) receptor |, or an Fc neonatal receptor, for example FcRn). As used
herein, "in vitro activity" or "Fc(gamma) receptor activity" or "Fc(gamma) receptor binding" or "FcRn receptor activity" or
"FcRn binding" refers to the affinity with which an insulin-Fc fusion protein binds to the Fc receptor (e.g. Fc(gamma)
receptor or FcRn receptor) and is typically measured by the concentration of an insulin-Fc fusion protein that causes
the insulin-Fc fusion protein to reach half of its maximum binding (i.e., EC50 value) as measured on an assay (e.g., an
enzyme-linked immunosorbent assay (ELISA) assay) using OD 450 nm values as measured on a microplate reader.
[0025] As used herein, the term "fasting blood glucose level" or "FBGL" refers to the average blood glucose level in
a target subject at the end of a period during which no food is administered and just prior to the time at which an insulin-
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Fc fusion protein is administered. As used herein, the term "percent fasting blood glucose level," "% fasting blood glucose
level," or "%FBGL" refers to the ratio of a given blood glucose level to the fasting blood glucose level multiplied by 100.
[0026] As used herein, the term "immunogenic" or "immunogenicity” refers to the capacity for a given molecule (e.g.,
an insulin-Fc fusion protein of the present invention) to provoke the immune system of a target subject such that after
repeated administrations of the molecule, the subject develops antibodies capable of specifically binding the molecule
(i.e., anti-drug antibodies). As used herein, the terms "neutralizing," "neutralizing antibodies”, or "neutralizing anti-drug
antibodies” refer to the capacity for antibodies to interfere with the compound’s biological activity in the target subject.
As used herein, the term "immunogenic epitopes,” ‘immunogenic hot spots,” or "hot spots" refers to the mutations or
epitopes of a given molecule (e.g., an insulin-Fc fusion protein of the presentinvention) that are responsible for moderate
or strong binding of the anti-drug antibodies.

[0027] As used herein, the term "insulin reference standard" is any one of: (i) a naturally occurring insulin from a
mammal (e.g., a human, a dog, or a cat); (ii) an insulin polypeptide that does not comprise an Fc fragment; or (iii) a
standard of care insulin (e.g., a commercially available insulin).

[0028] As used herein, the term "monomer" refers to a protein or a fusion protein comprising a single polypeptide. In
embodiments, the "monomer" is a protein or a fusion protein, e.g., asingle polypeptide, comprising an insulin polypeptide
and an Fc fragment polypeptide, wherein the insulin and Fc fragment polypeptides are joined by peptide bonds to form
the single polypeptide. In embodiments, the monomer is encoded by a single nucleic acid molecule.

[0029] As used herein, "N-terminus" refers to the start of a protein or polypeptide that is initiated by an amino acid
containing a free amine group that is the alpha-amino group of the amino acid (e.g. the free amino that is covalently
linked to one carbon atom that is located adjacent to a second carbon atom, wherein the second carbon atom is part of
the carbonyl group of the amino acid). As used herein, "C-terminus" refers to the end of a protein or polypeptide that is
terminated by an amino acid containing a carboxylic acid group, wherein the carbon atom of the carboxylic acid group
is located adjacent to the alpha-amino group of the amino acid.

[0030] As used herein, "pharmacodynamics” or "PD" generally refers to the biological effects of an insulin-Fc fusion
protein in a subject. Specifically, herein the PD refers to the measure of the reduction in fasting blood glucose level over
time in a subject after the administration of an insulin-Fc fusion protein.

[0031] As used herein, "pharmacokinetics" or "PK" generally refers to the characteristic interactions of an insulin-Fc
fusion protein and the body of the subject in terms of its absorption, distribution, metabolism, and excretion. Specifically,
herein the PK refers to the concentration of an insulin-Fc fusion protein in the blood or serum of a subject at a given
time after the administration of the insulin-Fc fusion protein. As used herein, "half-life" refers to the time taken for the
concentration of insulin-Fc fusion protein in the blood or serum of a subject to reach half of its original value as calculated
from a first order exponential decay model for drug elimination. Insulin-Fc fusion proteins with greater "half-life" values
demonstrate greater duration of action in the target subj ect.

[0032] The terms "sequence identity” "sequence homology" "homology" or “identical' in amino acid or nucleotide
sequences as used herein describes that the same nucleotides or amino acid residues are found within the variant and
reference sequences when a specified, contiguous segment of the nucleotide sequence or amino acid sequence of the
variantis aligned and comparedto the nucleotide sequence or amino acid sequence of the reference sequence. Methods
for sequence alignment and for determining identity between sequences are known in the art, including the use of Clustal
Omega, which organizes, aligns, and compares sequences for similarity, wherein the software highlights each sequence
position and compares across all sequences at that position and assigns one of the following scores: an " (asterisk)

for sequence positions which have a single, fully conserved residue, a":" (colon) indicates conservation between groups
of strongly similar properties with scoring greater than 0.5 in the Gonnet PAM 250 matrix, and a "." (period) indicates
conservation between groups of weakly similar properties with scoring less than or equal to 0.5 in the Gonnet PAM 250
matrix, a"-" (dash)indicates asequence gap, meaningthatno local homology exists within a particular set of comparisons
within a certain range of the sequences, and an empty space " "indicates little or no sequence homology for that particular
position across the compared sequences. See, for example Ausubel et al., eds. (1995) Current Protocols in Molecular
Biology, Chapter 19 (Greene Publishing and Wiley- Interscience, New York); and the ALIGN program (Dayhoff (1978)
in Atlas of Polypeptide Sequence and Structure 5: Suppl. 3 (National Biomedical Research Foundation, Washington,
D.C.). With respect to optimal alignment of two nucleotide sequences, the contiguous segment of the variant nucleotide
sequence may have additional nucleotides or deleted nucleotides with respect to the reference nucleotide sequence.
Likewise, for purposes of optimal alignment of two amino acid sequences, the contiguous segment of the variant amino
acid sequence may have additional amino acid residues or deleted amino acid residues with respect to the reference
amino acid sequence. In some embodiments, the contiguous segment used for comparison to the reference nucleotide
sequence or reference amino acid sequence will comprise at least 6, 10, 15, or 20 contiguous nucleotides, or amino
acid residues, and may be 30, 40, 50, 100, or more nucleotides or amino acid residues. Corrections for increased
sequence identity associated with inclusion of gaps in the variant’s nucleotide sequence or amino acid sequence can
be made by assigning gap penalties. Methods of sequence alignment are known in the art.

[0033] In embodiments, the determination of percent identity or "homology" between two sequences is accomplished
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using a mathematical algorithm. For example, the percent identity of an amino acid sequence is determined using the
Smith-Waterman homology search algorithm using an affine 6 gap search with a gap open penalty of 12 and a gap
extension penalty of 2, BLOSUM matrix 62. The Smith-Waterman homology search algorithm is described in Smith and
Waterman (1981) Adv. Appl. Math 2:482-489. Inembodiments, the percentidentity of a nucleotide sequenceis determined
using the Smith-Waterman homology search algorithm using a gap open penalty of 25 and a gap extension penalty of
5. Such a determination of sequence identity can be performed using, for example, the DeCypher Hardware Accelerator
from TimelLogic.

[0034] As used herein, the term "homology" is used to compare two or more proteins by locating common structural
characteristics and common spatial distribution of, forinstance, beta strands, helices, andfolds. Accordingly, homologous
protein structures are defined by spatial analyses. Measuring structural homology involves computing the geometric-
topological features of a space. One approach used to generate and analyze three-dimensional (3D) protein structures
is homology modeling (also called comparative modeling or knowledge-based modeling) which works by finding similar
sequences on the basis of the fact that 3D similarity reflects 2D similarity. Homologous structures do notimply sequence
similarity as a necessary condition.

[0035] As used herein, the terms "subject" and "patient” are intended to include canine and feline animals. Exemplary
canine and feline subjects include dogs and cats having a disease or a disorder, e.g., diabetes or another disease or
disorder described herein, or normal subjects.

[0036] As used herein, the term "titer" or "yield" refers to the amount of a fusion protein product (e.g., an insulin-Fc
fusion protein described herein) resulting from the biosynthesis (e.g., in a mammalian cell, e.g., in a HEK293 cell or
CHO cell) per volume of the cell culture. The amount of product may be determined at any step of the production process
(e.q., before or after purification), but the yield or titer is always stated per volume of the original cell culture. As used
herein, the term "product yield" or "total protein yield" refers to the total amount of insulin-Fc fusion protein expressed
by cells and purified via at least one affinity chromatography step (e.g. Protein A or Protein G) and includes monomers
ofinsulin-Fcfusion protein, homodimers of insulin-Fc fusion protein, and higher-order molecular aggregates of homodim-
ers of insulin-Fc fusion protein. As used herein, the term "percent homodimer" or "%homodimer" refers to the proportion
of a fusion protein product (e.g., an insulin-Fc fusion protein described herein) that is the desired homodimer. As used
herein, the term "homodimer titer" refers to the product of the %homodimer and the total protein yield after Protein A
purification step reported per volume of the cell culture.

[0037] As used herein, the terms "treat" or "treating” a subject having a disease or a disorder refer to subjecting the
subject to a regimen, for example the administration of a fusion protein such as a fusion protein described herein, such
that at least one symptom of the disease or disorderis cured, healed, alleviated, relieved, altered, remedied, ameliorated,
orimproved. Treating includes administering an amount effective to alleviate, relieve, alter, remedy, ameliorate, improve
or affect the disease or disorder, or the symptoms of the disease or disorder. The treatment may inhibit deterioration or
worsening of a symptom of a disease or disorder.

Insulin-Fc Fusion Protein Components and Structure

[0038] The presentdisclosure relates to a composition of a fusion protein (i.e., an insulin-Fc fusion protein) comprising
an insulin polypeptide linked via a peptide linker to a species-specific Fc fragment, and its use to treat diabetes in
companion animals (e.g., dogs or cats). As used herein, the terms "fusion protein" and "insulin-Fc fusion protein" refer
to a protein comprising more than one part, for example from different sources (different proteins, polypeptides, cells,
etc.), thatare covalently linkedthrough peptide bonds. Theinsulin-Fc fusion proteins are covalently linked by (i) connecting
the genes that encode for each part into a single nucleic acid molecule and (ii) expressing in a host cell (e.g., HEK or
CHO) the protein for which the nucleic acid molecule encodes as follows: (N-terminus)--insulin polypeptide--linker--Fc
fragment--(C-terminus). The fully recombinant synthesis approachis preferred over methods in which the insulin polypep-
tide and Fc fragments are synthesized separately and then chemically conjugated. The chemical conjugation step and
subsequent purification process increase the manufacturing complexity, reduce product yield, and increase cost.
[0039] As used herein, the term "dimer" refers to a protein or a fusion protein comprising two polypeptides linked
covalently. In embodiments, two identical polypeptides are linked covalently (e.g., via disulfide bonds) forming a "ho-
modimer" (diagrammatically represented in FIG. 1). Disulfide bonds are shown as dotted lines in FIG. 1.; total number
of disulfide bonds in actuality may be greater or less than the number shown in FIG. 1. In embodiments, the homodimer
is encoded by a single nucleic acid molecule, wherein the homodimer is made recombinantly inside a cell by first forming
insulin-Fc fusion protein monomers and by then assembling two identical insulin-Fc fusion protein monomers into the
homodimer upon further processing inside the cell.

[0040] As used herein, the terms "multimer,” "multimeric,” or "multimeric state" refer to noncovalent, associated forms
of Fc fusion protein dimers that may be in equilibrium with Fc fusion protein dimers or may act as permanently aggregated
versions of Fc fusion protein dimers (e.g., dimers of Fc fusion protein homodimers, trimers of Fc fusion protein homodim-
ers, tetramers of Fc fusion protein homodimers, or higher order aggregates containing five or more Fc fusion protein
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homodimers). It may be expected that multimeric forms of Fc fusion proteins may have different physical, stability, or
pharmacologic activities from that of the insulin-Fc fusion protein homodimers.

Insulin Polypeptide

[0041] An insulin polypeptide may be, for example, an insulin or insulin analog produced by B-cells in the islets of
Langerhans withinthe pancreas. Insulinfunctions by regulating the absorption of glucose from the blood. Upon astimulus,
such as increased protein and glucose levels, insulin is released from B-cells and binds to the insulin receptor (IR),
initiating a signal cascade that affects many aspects of mammalian (e.g., human, canine, orfeline) metabolism. Disruption
of this process is directly related to several diseases, notably diabetes, insulinoma, insulin resistance, metabolic syn-
dromes, and polycystic ovary syndrome. Insulin analogs of the present disclosure may be related to the structure of
insulin yet contain one or more modifications. In some embodiments, the insulin analog comprises at least one amino
acid substitution, deletion, addition or chemical modification relative to insulin, which may impact a particular feature or
characteristic of the insulin-Fc fusion protein. For example, the modifications or alterations described herein may impact
the structure, stability, pH sensitivity, bioactivity, or binding affinity of the insulin-Fc fusion protein to a cell surface receptor
(e.g. an insulin hormone receptor) relative to a reference standard.

[0042] The amino acid sequence of insulin is strongly conserved throughout evolution, particularly in vertebrates. For
example, native canine insulin differs by only one amino acid from human insulin, and native feline insulin differs by just
four amino acids from human insulin. As used herein, the terms "B-chain", "C-peptide" or "C-chain", and "A-chain" refer
to the peptide segments of an insulin polypeptide as illustrated in FIG. 1. Insulin is a 51 amino acid hormone containing
two peptide chains (i.e., a B-chain and an A-chain) connected via disulfide bonds (e.g., disulfide bonds formed by one
or more B-chain cysteine side chain thiols and one or more A-chain cysteine side chain thiols). The A-chain of insulin
is 21 amino acids in length and the B-chain of insulin is 30 amino acids in length. In the native form of insulin, the A-
chain contains one intrachain disulfide bond formed by two A-chain cysteine side chain thiols. For reference purposes,
the sequences for the human insulin A-chain of SEQ ID NO: 2 and the human insulin B-chain of SEQ ID NO: 1 are
shown below:

FVYNQHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID NO: 1)
GIVEQCCTSICSLYQLENYCN (SEQ ID NO: 2)

[0043] Asusedherein,theterm"insulin” or"insulin polypeptide" encompasses mature insulin, preproinsulin, proinsulin,
and naturally occurring insulin, or analogs thereof. In embodiments, an insulin polypeptide can be a full-length insulin
polypeptide or a fragment thereof. In embodiments, an insulin polypeptide can comprise one or more fragments from
mature insulin, preproinsulin, proinsulin, or naturally occurring insulin.

[0044] Insulinis normally constructed as a N-terminus--B-chain:C-chain: A-chain--C-terminus polypeptide, wherein the
C-chain is cleaved in order to make it bioactive. For reference purposes, the sequence of the entire human insulin
molecule including the C-chain (i.e., human proinsulin) is shown below with the C-chain underlined:

FVNQHLCGSHL VEALYLVCGERGFFYTPK TRREAEDLQVGQVELGGGPGAGSLQPLALEGS
LOKRGIVEQCCTSICSLYQLENYCN (SEQ ID NO: 3)

Thetransformation of the single-chain insulin polypeptide into a bioactive two-chain polypeptide is normally accomplished
within the B-cells of the islets of Langerhans prior to glucose-stimulated insulin secretion by two endoproteases, Type |
endoproteases, PC1 and PC3, that disrupt the C peptide-B chain connection and PC2, and a Type Il endoprotease, that
cleaves the C peptide-A chain bond at exactly the right sites. However, cell systems used for the biosynthesis of ther-
apeutic molecules such as insulin (e.g. bacteria, yeast, and mammalian (e.g. HEK and CHO) cell systems) do not
possess this pathway, and therefore the transformation must take place after expression and harvesting of the single
chain polypeptide using chemical or enzymatic methods. All the known techniques for cleaving the C-chain after ex-
pression and harvesting rely on first modifying the C-chain such that it terminates in a lysine just before the N-terminus
of the A-chain. Then, using an enzyme selected from the trypsin or Lys-C families, which clips peptide bonds specifically
atthe C-termini of lysine residues, the single chain-insulin polypeptide is cleaved at the C-terminal lysine of the C-chain
and atthe C-terminal lysine at the 29th position from the N-terminus of the B-chain. In some cases, the resulting bioactive
two-chain insulin is used without reattaching the clipped amino acid at the 30t position from the N-terminus of the B-
chain, and in some cases the clipped amino acid at the 30t position from the N-terminus of the B-chain is added back
to the molecule using an additional enzymatic method. Such a process works well with insulin, because it contains only
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one lysine inits entire two chain polypeptide form. However, this process cannot be used on the insulin-Fc fusion proteins
contained herein, because all known Fc fragments contain multiple lysine residues. The enzymatic cleavage process
would, therefore, digest the Fc fragment into non-functional parts, thereby eliminating the ability of the Fc fragment to
prolong the action of the insulin polypeptide in vivo. Therefore, an insulin-Fc fusion protein of the present invention must
comprise aninsulin polypeptide that does not require C-chain cleavage and is therefore bioactive in its single chain form.
[0045] A number of bioactive single chain insulin polypeptides have been described in the art. In all cases, the single
chaininsulin polypeptides contain C-chains of specific length and composition as well as A-chains and B-chains mutated
at specific amino acid sites in order to achieve electrostatic balance, prevent aggregation, and enhance insulin receptor
(IR) binding and/or downstream signaling to achieve bioactivity at levels comparable to that of the native two-chain
insulin. Herein, the location of mutations on peptide segments are notated using the name of the segment (e.g., B-chain,
C-chain, A-chain) and the number of the amino acid counting from the N-terminus of the segment. For example, the
notation "B 16" refers to the 16th amino acid from the N-terminus of the amino acid sequence of the B-chain. The notation
"A8" refers to the 8th amino acid from the N-terminus of the A-chain. Furthermore, if an amino acid is mutated from its
native form to a new amino acid at a particular location, the location is appended with the one letter amino acid code for
the new amino acid. For example, B 16A refers to an alanine mutation at the 16th amino acid from the N-terminus of the
amino acid sequence of the B-chain and A8H refers to a histidine mutation at the 8th amino acid from the N-terminus of
the amino acid sequence of the A-chain.

[0046] In one example, a single chain insulin analog with a C-chain of the sequence GGGPRR and additional substi-
tutions in the A-chain and B-chain (SEQ ID NO: 4) was developed by The Department of Biochemistry, Case Western
Reserve University School of Medicine andthe Department of Medicine, University of Chicago (see Hua, Q.-x, Nakagawa,
S. H., Jia, W., Huang, K., Phillips, N. B., Hu, S.-q., Weiss, M. A_, (2008) J. Biol. Chem Vol. 283, No. 21 pp 14703-14716).
In this example, at position 8 of the A-chain (i.e., A8), histidine is substituted for threonine; at position 10 of the B-chain
(i.e., B 10), aspartic acid is substituted for histidine; at position 28 of the B-chain (i.e., B28), aspartic acid is substituted
for proline; and at position 29 of the B-chain (i.e., B29), proline is substituted for lysine. SEQ ID NO: 4 is listed below
with each of the non-native amino acids underlined:

FVNQHLCGSDLVEALYLVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCN (SEQ
ID NO: 4)

[0047] In embodiments described in the art, alanine may be substituted for tyrosine at position 16 from the N-terminus
of the B-chain (i.e., B 16) in SEQ ID NO: 4 to produce SEQ ID NO: 5, as an alanine substitution in this position is known
to be less capable of activating insulin-specific T cells (Alleva, D.G., Gaur, A., Jin, L., Wegmann, D., Gottlieb, P.A.,
Pahuja, A., Johnson, E.B., Motheral, T., Putham, A., Crowe, P.D., Ling, N., Boehme, S.A., Conlon, P.J., (2002) Diabetes
Vol. 51, No. 7 pp 2126-2134). SEQ ID NO: 5 is listed below with each of the non-native amino acids underlined:

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCN (SEQ
ID NO: 5)

[0048] It was unexpectedly discovered that specific amino acids in SEQ ID NO: 4 and SEQ ID NO: 5 led to the
development of neutralizing anti-drug antibodies after repeated subcutaneous injections in the target animal (e.g., dog
or cat). The anti-drug antibodies led to an unacceptable reduction in the NAOC after multiple injections (e.g., a NAOCR
value after the third injection of less than 0.5), rendering the associated insulin-Fc fusion proteins non-viable. Specifically,
it was discovered in the steps leading up to the invention of this disclosure that the A8 mutation to histidine and the B
10 mutation to aspartic acid accounted for the vast majority of the anti-drug antibody specificity and thus represented
immunogenic "hot spots" (e.g. immunogenic epitopes) on the insulin-polypeptide. Therefore, in preferred embodiments,
the insulin-polypeptide does not contain histidine at position A8 or aspartic acid at position B 10 of the insulin polypeptide.
[0049] It was confirmed that simply keeping the A8 and B 10 amino acids as their native threonine and histidine,
respectively, does eliminate the anti-drug antibody response, but the resulting insulin-Fc fusion protein is not bioactive
in the target species (e.g., the NAOC is less than 150 %FBGL-days-kg/mg). Therefore, it was necessary to experiment
with various A-chain, B-chain, and C-chain variations to find a suitable solution. Most variants failed to achieve homodimer
titers greater than 50 mg/L, and many of those that did meet those objectives did not reach acceptable levels of bioactivity
in the target species (e.g., acceptable NAOC values of greater than 150 %FBGL-days-kg/mg). Having screened over
120 variants, the following insulin polypeptide of SEQ ID NO: 6_NULL was deemed suitable with respect to achieving
homodimer titers of greater than 50 mg/L, NAOC values in the target species of greater than 150 %FBGL-days-kg/mg,
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minimal immunogenicity, and NAOCR values after the third injection in the target species of greater than 0.5 of the
associated insulin-Fc fusion proteins (non-native amino acids underlined and deleted native amino acids represented
with an underlined Z):

FVNQHLCGSXiLVEALELVCGERGFHYZZZZGGGGGGSGGGGGIVEQCCX2STCSLDQLEN
YCXs (SEQ ID NO: 6 NULL)

where X4 is not D, X, is not H, and X3 is absent or N.
[0050] In SEQ ID NO: 6 NULL, X, is H, X, is T, and X3 is absent or N resulting in the following SEQ ID NO: 7_NULL
(with non-native amino acids underlined and deleted native amino acids represented with an underlined Z):

FVNQHLCGSHLVEALELVCGERGFHYZZZZGGGGGGSGGGGGIVEQCCTSTCSLDQLENYC
X3 (SEQ ID NO: 7 NULL)

where X5 is absent or N.
[0051] In SEQ ID NO: 7 NULL, X3 is absent resulting in the following SEQ ID NO: 8_NULL (with non-native amino
acids underlined and deleted native amino acids represented with an underlined Z):

FVNQHLCGSHL VEALELVCGERGFHYZZZZGGGGGGSGGGGGIVEQCCTSTCSLDQLENYC
Z (SEQ ID NO: 8 NULL)

[0052] In SEQ ID NO: 7_NULL, X5 is N resulting in the following SEQ ID NO: 9_NULL (with non-native amino acids
underlined and deleted native amino acids represented with an underlined Z):

FVNQHLCGSHLVEALELVCGERGFHYZZZZGGGGGGSGGGGGIVEQCCTSTCSLDQLENYC
N (SEQ ID NO: 9 NULL)

[0053] The Fc fragment was mutated to prevent glycosylation during synthesis and potentially reduce the immuno-
genicity of the resulting insulin-Fc fusion protein in the target animal (e.g. dog or cat). Unexpectedly, it was discovered
that there was an interaction between the insulin polypeptide and the mutated Fc fragment such that yet another amino
acid mutation was required on the insulin polypeptide in order to render the insulin-Fc fusion protein sufficiently manu-
facturable (e.g., with a homodimer titer greater than 50 mg/L) and non-immunogenic with an NAOC value in the target
species of greater than 150 %FBGL-days-kg/mg and a NAOCR value after the third injection in the target species of
greater than 0.5. Specifically, it was discovered that mutating the B16 amino acid to an alanine on the insulin polypeptide
was required when it was linked to specific, mutated, non-glycosylated Fc fragments resulting in the following insulin
polypeptide SEQ ID NO: 10_NULL (with non-native amino acids underlined and deleted native amino acids represented
with an underlined Z):

FVNQHLCGSX1LVEALALVCGERGFHYZZZZGGGGGGSGGGGGIVEQCCX2STCSLDQLEN
YCZ (SEQ ID NO: 10 NULL)

where X4 is not D and X, is not H.
[0054] In SEQ ID NO: 10 NULL, X, is H and X, is T resulting in the following SEQ ID NO: 11_NULL (with non-native
amino acids underlined and deleted native amino acids represented with an underlined Z):

FVNQHLCGSHLVEALALVCGERGFHYZZZZGGGGGGSGGGGGIVEQCCTSTCSLDQLENY
CZ -SEQ ID NO: 11 NULL
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[0055] The following are restatements of the sequences shown above but with the absent amino acids of symbol Z
removedfrom the notation of the insulin polypeptide sequences. Again, in all cases the non-native amino acids underlined.
To avoid confusion, each original sequence containing Z symbols is listed above the new sequence with the Z symbols
removed. Despite the two separate notations, the paired sequences refer to exactly the same insulin polypeptide.

Comparative SEQ ID NO: 6_NULL restated as:

FVNQHLCGSXiL VEALEL VCGERGFHYGGGGGGSGGGGGIVEQCCX2STCSLDQLENYCX;
(SEQ ID NO: 6)

where X, is not D, X, is not H, and X3 is absent or N.

Comparative SEQ ID NO: 7_NULL restated as:

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCX;
(SEQ ID NO: 7)

where X5 is absent or N.

Comparative SEQ ID NO: 8_NULL restated as:

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYC

(SEQ ID NO: 8)
Comparative SEQ ID NO: 9_NULL restated as:

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCN

(SEQ ID NO: 9)
Comparative SEQ ID NO: 10_NULL restated as:

FVNQHLCGSXiLVEALALVCGERGFHY GGGGGGSGGGGGIVEQCCX2STCSLDQLENYC

(SEQ ID NO: 10)

where X4 is not D and X, is not H.

SEQ ID NO: 11_NULL restated as:

FVNQHLCGSHLVEALALVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYC
(SEQ ID NO: 11)

Linker
[0056] The successful construction of a recombinantly made insulin-Fc fusion protein requires a linker connecting the

insulin polypeptide to the Fc fragment. An insulin-Fc fusion protein described herein comprises a peptide linker between
the insulin polypeptide and the Fc fragment comprising amino acids (e.g., natural or unnatural amino acids). In embod-
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iments, the peptide linker can be encoded by a hucleic acid molecule, for example such that a single nucleic acid molecule
can encode the various peptides within an insulin polypeptide as well as the peptide linker and the Fc fragment. The
choice of peptide linker (for example, the length, composition, hydrophobicity, and secondary structure) could impact
the manufacturability (i.e., the homodimer titer), the chemical and enzymatic stability, the bioactivity (i.e., the NAOC
value), and the immunogenicity of the insulin-Fc fusion protein (Chen, X., Zaro, J., Shen, W.C., Adv Drug Deliv Rev.
2013 October 15; 65(10): 1357-1369). Table 1 lists several linkers used in the design of an insulin-Fc fusion protein with
the goal of improving the homodimer titer and the bioactivity.

Table 1: Peptide Linker Between A-chain and Fc Fragment in an Insulin-Fc Fusion Protein
GGGGAGGGG (SEQ ID NO: 12)
GGGGSGGGG (SEQ ID NO: 13)

GGGGGAGGGG (SEQ ID NO: 126)
GGGGSGGGGSGGGGSGGGG (SEQ ID NO: 127)
GGGGKGGGGKGGGGKGGGG (SEQ ID NO: 128)

GGGGGQGGGGCAGGGGQGGGGEE (SEQ ID NO:14)
GGGGGAGGGGAGGGGAGGGGG (SEQ ID NO: 129)
SGGGGQGGGGAGGGGAGGGGEE (SEQ ID NO: 130)
HGGGGQGGGGQGGGGAQGGGGE (SEQ ID NO: 131)
PGGGGGQGGGGQGGGGQGGGGEE (SEQ ID NO: 132)

[0057] The peptide linker comprises the sequence:
GGGGAGGGG (SEQ ID NO: 12); or
GGGGSGGGG (SEQ ID NO: 13).

[0058] In preferred embodiments, the peptide linker comprises the sequence:

GGGGGQGGGGAGGGGAQGGGGE (SEQ ID NO: 14).

[0059] In constructing a recombinantly made insulin-Fc fusion protein with a peptide linker like the one of SEQ ID NO:
14, attention must be paid to the possibility of unwanted enzymatic cleavage between the C-terminus of the insulin A-
chain and the N-terminus of the peptide linker. Cleavage of the linker and Fc-fragment from the insulin polypeptide would
render the insulin-Fc fusion protein incapable of providing an extended duration of bioactivity. A known enzymatic
cleavage site exits between asparagine-glycine bonds (Vlasak, J., lonescu, R., (2011) MAbs Vol. 3, No. 3 pp 253-263).
In many peptide linker embodiments, including the preferred peptide linker of SEQ ID NO: 14, the N-terminal amino acid
is a glycine. Furthermore, the C-terminus of the insulin A-chain i.e. (the 21st amino acid from the N-terminus of the A-
chain (i.e., A21)) is an asparagine. Therefore, the A21 asparagine is omitted in the insulin polypeptides of SEQ ID NO:
8, SEQ ID NO: 10, and SEQ ID NO: 11 to eliminate the potentially enzymatically cleavable asparagine-glycine bond
that would form between the A-chain and the peptide linker. Unexpectedly, an insulin-Fc fusion protein constructed from
the insulin polypeptide of SEQ ID NO: 9, which retains the asparagine at the C-terminus of the

A-chain, demonstrates manufacturability in mammalian cells with an acceptable homodimer titer (i.e., a homodimer titer
greater than 50 mg/L), an acceptable bioactivity in vivo (i.e., a NAOC greater than 150 %FBGL days kg/mg in the target
animal), and sustained levels of bioactivity after multiple doses (i.e., a NAOCR values after the third injection in the target
animal of greater than 0.5). The results indicate that, contrary to expectations based on prior teachings, there is no risk
of enzymatic cleavage or deactivation of insulin-Fc fusion proteins containing the asparagine-glycine link between the
insulin polypeptide and peptide linker, at least for insulin-Fc fusion proteins comprising the Fc fragment sequences
disclosed herein.

Fc Fragment
[0060] Theterms "Fcfragment," "Fc region," "Fc domain," or "Fc polypeptide,”" are used herein to define a C-terminal

region of an immunoglobulin heavy chain and is defined in claim 1 as comprising the sequence as defined in SEQ ID
NO: 23. By way of background, the Fc fragment, region, domain or polypeptide may be a native sequence Fc region or
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a variant/mutant Fc region. Although the boundaries of the Fc region of an immunoglobulin heavy chain may vary, they
generally comprise some or all of the hinge region of the heavy chain, the CH2 region of the heavy chain, and the CH3
region of the heavy chain. The hinge region of a canine or feline Fc fragment comprises amino acid sequences that
connect the CH1 domain of the heavy chain to the CH2 region of the heavy chain and contains one or more cysteines
that form one or more interheavy chain disulfide bridges to form a homodimer of an Fc fusion protein from two identical
but separate monomers of the Fc fusion protein. The hinge region may comprise all or part of a naturally occurring amino
acid sequence or a non-naturally occurring amino acid sequence.

[0061] An Fc receptor (FcR) refers to a receptor that binds to an Fc fragment or to the Fc region of an antibody. In
embodiments, the FcR is a native sequence of the canine or feline FcR. In embodiments, the FcR is one which binds
an Fc fragment or the Fc region of an IgG antibody (a gamma receptor) and includes without limitation, receptors of the
Fc(gamma) receptor |, Fc(gamma) receptor lla, Fc(gamma) receptor lIb, and Fc(gamma) receptor Il subclasses, in-
cluding allelic variants and alternatively spliced forms of these receptors. "FcR" also includes the neonatal receptor,
FcRn, which is responsible for the transfer of maternal IgG molecules to the fetus (Guyer et al., 1976 J. Immunol.,
117:587; and Kim et al., 1994, J. Immunol., 24:249) and is also responsible for the prolonged in vivo elimination half-
lives of antibodies and Fc-fusion proteins in vivo. In embodiments, FCR of human origin are used in vitro (e.g., in an
assay) to measure the binding of insulin-Fc fusion proteins comprising Fc fragments of canine or feline origin so as to
assess their FcR binding properties. Those skilled in the art will understand that mammalian FcR from one species (e.g.,
FcR of human origin) are sometimes capable of in vitro binding of Fc fragments from a second species (e.g. FcR of
canine or feline origin). In embodiments, FcR of canine origin are usedin vitro (e.g., in an assay) to measure the binding
of insulin-Fc fusion proteins comprising Fc fragments of both canine or feline origin so as to assess their FcR binding
properties. Those skilled in the art will understand that mammalian FcR from one species (e.g., FCcR of canine origin)
are capable of in vitro binding of insulin-Fc fusion proteins comprising Fc fragments from the same species (e.g., of
canine origin) and also sometimes insulin-Fc fusion proteins comprising Fc fragments originating from another mam-
malian species (e.g., of feline origin).

[0062] The Fcfragment comprises the Fcregion (e.g., hinge region, CH2 domain, and CH3 domain) of a mammalian
19G, for example a feline 1gG1b Fc fragment (SEQ ID NO: 20), or a feline IgG2 Fc fragment (SEQ ID NO: 21) (neither
part of the invention). In embodiments, the C-terminal lysine that is often found in native canine or feline 1gG isotype Fc
fragment amino acid sequences (i.e., the lysine that represents the last amino acid of the Fc fragment sequence) is
omitted to prevent the accidental production of unwanted amino acid sequence variants during manufacturing (e.g., Fc
fragments containing the C-terminal lysine becoming mixed with Fc fragments where the C-terminal lysine is omitted,
which can occur during production of the desired protein within cells (Dick, LW., (2008) Biotechnol Bioeng. Aug 15;
100(6) pp 1132-43). Examples of the canine and feline Fc fragment sequences lacking a C-terminal lysine (not part of
the invention) are:

RCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQISWFVDGKEVH
TAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERTISKARGRAHKPS
VYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHRMTPPQLDEDGSYFLY
SKLSVDKSRWQQGDPFTCAVMHETLQNHYTDLSLSHSPG (SEQ ID NO: 15)

DCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGKQMQT
AKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQAHQPS
VYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSYFLYS
KLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 16)

CNNCPCPGCGLLGGPSVFIFPPKPKDILVTARTPTVTCVVVDLDPENPEVQISWFVDSKQVQ
TANTQPREEQSNGTYRVVSVLPIGHQDWLSGKQFKCKVNNKALPSPIEEIISKTPGQAHQPN
VYVLPPSRDEMSKNTVTLTCLVKDFFPPEIDVEWQSNGQQEPESKYRMTPPQLDEDGSYFL
YSKLSVDKSRWQRGDTFICAVMHEALHNHYTQISLSHSPG (SEQ ID NO: 17)
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CISPCPVPESLGGPSVFIFPPKPKDILRITRTPEITCVVLDLGREDPEVQISWEFVDGKEVHTAKT
QPREQQFNSTYRVVSVLPIEHQDWLTGKEFKCRVNHIGLPSPIERTISKARGQAHQPSVYVL
PPSPKELSSSDTVTLTCLIKDFFPPEIDVEWQSNGQPEPESKYHTTAPQLDEDGSYFLYSKLSV
DKSRWQQGDTFTCAVMHEALQNHYTDLSLSHSPG (SEQ ID NO: 18)

DCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWFVDNTQVYTA
KTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISKAKGQPHEPQVY
VLPPAQEELSRNKVSVTCLIKSFHPPDIAVEWEITGQPEPENNYRTTPPQLDSDGTYFVYSK
LSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 19)

DCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWEVDNTQVYTA
KTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISKDKGQPHEPQVY
VLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPPQLDSDGTYFLYSRL
SVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 20)

GEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWFVDNTEMHT
AKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISKAKGQPHEPQ
VYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPPQLDSDGTYFLYS
RLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 21)

[0063] Replacingthe human Fc with canine IgGA is preferable to minimize any unwanted immunogenicity in dogs due
to the IgGA isotype’s lack of Fc(gamma) effector function in dogs (much like the human IgG2 isotype in humans).
However, insulin-Fc fusion protein containing the insulin polypeptide of SEQ ID NO: 5 and the peptide linker of SEQ ID
NO: 12, it was unexpectedly discovered that the insulin-Fc fusion protein comprising the canine IgGA fragment (SEQ
ID NO: 15) was highly aggregated with low titers of the desired homodimer (i.e., homodimer titers less than 50 mg/L).
Furthermore, the compound was non-bioactive in dogs (i.e., the NAOC value was less than 150 %FBGL-days-kg/mg),
presumably due to its high level of aggregation (e.g. low %homodimer). Despite mutating the insulin polypeptide of SEQ
ID NO: 5, the canine IgGA Fc fragment (SEQ ID NO: 15), and/or the linker, there was no embodiment based on the
canine IgGA Fc fragment with a low enough degree of aggregation and a high enough titer of the desired homodimer.
On the other hand, replacing of the canine IgGA Fc fragment (SEQ ID NO: 15) with the canine IgGB Fc fragment (SEQ
ID NO: 186) yielded a much less aggregated compound with a comparatively high titer of the desired homodimer. Fur-
thermore, the compound containing the insulin polypeptide of SEQ ID NO: 5 and the canine IgGB Fc fragment (SEQ ID
NO: 16) was bioactive in dogs, exhibiting glucose lowering bioactivity over multiple days (i.e., the NAOC value was
greater than 150 %FBGL days-kg/mg).

[0064] The preference for the canine IgGB Fc fragment over the canine IgGA Fc fragment was confirmed insulin-Fc
fusion proteins containing the insulin polypeptide of SEQ ID NO: 8 and the peptide linker of SEQ ID NO: 14, both of
which vary considerably from the insulin polypeptide of SEQ ID NO: 5 and the peptide linker of SEQ ID NO: 12. Insulin-
Fc fusion proteins containing the insulin polypeptide of SEQ ID NO: 8 and the peptide linker of SEQ ID NO: 14 were
synthesized using Fc fragments from the canine IgGA (SEQ ID NO: 15), canine IgGB (SEQ ID NO: 16), canine 1IgGC
(SEQ ID NO: 17), or canine IgGD (SEQ ID NO: 18) immunoglobulins. Using the conventional purification method, only
the compounds comprising the canine IgGA and the canine IgGB showed any appreciable protein yields. However, just
like before, the canine IgGA version of the compound was highly aggregated with low levels of bioactivity, whereas the
canine |gGB version of the compound exhibited a low degree of aggregation (i.e. high %shomodimer), a high titer of the
desired homodimer (i.e., a homodimer titer greater than 50 mg/L), and appreciable levels of long-duration glucose
lowering bioactivity in dogs (i.e., the NAOC value was greater than 150 %FBGL-days-kg/mg). Using an alternative
purification method, the canine IgGC version of the compound was recovered with low degrees of aggregation, but it
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was minimally bioactive in dogs (i.e., the NAOC value was less than 150 %FBGL-days-kg/mg), presumably due to its
low affinity for the FcRn receptor. Therefore, with respect to a dog-specific product, the canine IgGB (SEQ ID NO: 16)
is the preferred Fc fragment for all insulin-Fc fusion proteins used in dogs, regardless of the choice of insulin polypeptide.
[0065] Replacing the human Fc with feline 1gG2 is preferable to minimize any unwanted immunogenicity in cats due
to the 1gG2 isotype’s lack of Fc(gamma) effector function in cats (much like the human IgG2 isotype in humans). Unlike
the case with the dogs, in embodiments containing the insulin polypeptide of SEQ ID NO: 4, it was discovered that
insulin-Fc fusion proteins comprising the feline |gG2 fragment (SEQ ID NO: 21) and the feline IgG1b fragment (SEQ ID
NO: 20) were similarly high yielding with low degrees of aggregation (i.e., homodimer titers greater than 50 mg/L) and
appreciable insulin receptor affinity (i.e., insulin receptor IC50 values less than 5000 nM). However, unexpectedly when
the insulin polypeptide was changed to SEQ ID NO: 7, the insulin-Fc fusion protein comprising the feline 1I9G2 fragment
(SEQ ID NO: 21) was not bioactive in cats (i.e., the NAOC was less than 150 %FBGL-days-kg/mg), whereas the insulin-
Fc fusion protein comprising the feline 1gG1b fragment (SEQ ID NO: 20) exhibited a low degree of aggregation (i.e.,
high %homodimer), a high titer of the desired homodimer (i.e., a homodimer titer greater than 50 mg/L), and appreciable
levels of long-duration glucose lowering bioactivity in cats (i.e., the NAOC value was greater than 150 %FB-
GL-days-kg/mg). Therefore, with respect to a cat-specific product, the feline IgG1b fragment (SEQ ID NO: 20) is the
preferred Fc fragment when the insulin polypeptide sequence comprises SEQ ID NO: 7.

[0066] Given that the feline 1IgG1b isotype interacts with Fc(gamma) receptors with higher affinities than the feline
1gG2 isotype counterpart, there may or may not be a risk of unwanted immunogenicity after repeated injections. One
methodforreducing the Fc(gamma) interactioninvolves deglycosylating or preventing the glycosylation of the Fcfragment
during synthesis in the host cell. Each IgG fragment contains a conserved asparagine (N)-glycosylation site in the CH2
domain of each heavy chain of the Fc region. Herein, the notation used to refer to the conserved N-glycosylation site is
"cNg". One way to remove the attached glycan from a synthesized insulin-Fc fusion protein is to mutate the cNg site to
prevent the attachment of glycans altogether during production in the host cell. Herein, the notation used to describe a
cNg mutation is cNg-(substituted amino acid). For example, if the asparagine at the cNg site is mutated to serine, this
mutation is notated as "cNg-S".

[0067] The absolute position of the cNg site from the N-terminus of the B-chain of the insulin-Fc fusion protein varies
depending onthe length of the insulin polypeptide, the length of the linker, and any omitted amino acids in the Fcfragment
prior to the cNg site. Herein, the notation used to refer to the absolute position of the cNg site in a given insulin-Fc fusion
protein sequence (as measured counting from the N-terminus of the B-chain of the insulin-Fc fusion protein) is
"NB(number)". For example, if the cNg site is found at the 151st amino acid position as counted from the N-terminus of
the B-chain, the absolute position of this site is referred to as cNg-NB151. As a further example, if the cNg site is found
atthe 151t amino acid position as counted from the N-terminus of the B-chain, and the asparagine at this site is mutated
to serine, this mutation is noted as "cNg- NB151-S".

[0068] In embodiments (not part of the invention) containing the insulin polypeptide of SEQ ID NO: 5 and the canine
IgGB Fc fragment with the cNg-Q, cNg-S, cNg-D, and cNg-K mutations, it was unexpectedly discovered that only the
compounds containing the ctNg-K and cNg-S mutations exhibited the requisite homodimer titer greater than 50 mg/L
and lowest Fc(gamma)RI binding affinities. On the other hand, in an embodiment containing the insulin polypeptide of
SEQ ID NO: 8 and the canine IgGB Fc fragment with the cNg-S mutation, it was unexpectedly discovered that the
resultingcompound was significantly less bioactive in dogs comparedto the native canine IgGB Fc-containing counterpart
(i.e., the NAOC value was significantly lower for the counterpart containing the native glycosylation site amino acid, e.g.,
cNg-N). The bioactivity was unexpectedly restored in the cNg-S mutant (i.e., the NAOC value increased significantly)
when the B16 amino acid was mutated to alanine as described above for insulin polypeptide SEQ ID NO: 11. Taken
together, there is an unexpected and significant interaction between the choice of cNg mutation and the composition of
the insulin polypeptide such that experimentation is required to identify the preferred embodiments. In specific embod-
iments (not part of the invention), the canine IgGB Fc mutant containing the cNg-S mutation is preferred and the sequence
with underlined cNg-S is shown as:

DCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGKQMQT
AKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQAHQPS

VYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSYFLYS
KLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 22)

The feline IgG1b Fc mutant as defined in claim 1 contains the cNg-S mutation:
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DCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWEFVDNTQVYTA
KTSPREEQFSSTYRVVSVLPILHOQDWLKGKEFKCKVNSKSLPSPIERTISKDKGQPHEPQVY
VLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPPQLDSDGTYFLYSRL
SVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 23)

Insulin-Fc Fusion Proteins

[0069] Provided herein and as defined in the claims are methods for preparing insulin-Fc fusion proteins comprising
aninsulin polypeptide, an Fcfragment, and a linker between the insulin polypeptide and the Fcfragment. In embodiments,
the insulin polypeptide comprises domains in the following orientation from N- to C-termini: (N-terminus)--B-chain--C-
chain--A-chain--(C-terminus). Inembodiments, theinsulin polypeptide is located on the N-terminal side of the Fcfragment.
In embodiments, the fusion protein comprises domains in the following orientation from N- to C-termini: (N-terminus)--
insulin polypeptide--linker--Fc fragment--(C-terminus) (e.g., (N-terminus)--B-chain--C-chain--A-chain--linker--Fc frag-
ment--(C-terminus)) as illustrated in FIG. 1.

[0070] The claimed non-glycosylated, cNg-S mutated feline IgG1b Fc fragment of SEQ ID NO: 23 is combined with
the preferred B16A mutated insulin polypeptide sequence of SEQ ID NO: 10 using the preferred linker of SEQ ID NO:
14 to produce a family of high homodimer titer-yielding, non-aggregated, bioactive, non-immunogenic insulin-Fc fusion
proteins of SEQ ID NO: 28 that exhibit homodimer titers greater than 50 mg/L, NAOC values greater than 150 %FB-
GL-days-kg/mg in cats, and NAOCR values greater than 0.5 after the third injection in a series of repeated injections in
cats. The following shows SEQ ID NO: 28 with non-native amino acids underlined:

FVNQHLCGSXILVEALALVCGERGFHY GGGGGGSGGGGGIVEQCCX2STCSLDQLENYCGG
GGGQGGGGQGGGGQGGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLG
PDDSDVQITWFVDNTQVYTAKTSPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSL
PSPIERTISKDK GQPHEPQVY VLPPAQEELSRNK VSVTCLIEGFYPSDIAVEWEITGQPEPENN
YRTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ
ID NO: 28)

where X, is not D and X, is not H.

[0071] In a preferred embodiment, the X; is H and X, is T in SEQ ID NO: 28 to produce the high homodimer ftiter-
yielding, non-aggregated, bioactive, non-immunogenic insulin-Fc fusion protein of SEQ ID NO: 40 that exhibits a ho-
modimer titer greater than 50 mg/L, a NAOC value greater than 150 %FBGL-days-kg/mg in cats, and a NAOCR value
greater than 0.5 after the third injection in a series of repeated injections in dogs. The following shows SEQ ID NO: 40
with non-native amino acids underlined:

FVNQHLCGSHLVEALALVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGEGQGEGEGQGGGEGGEDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGP
DDSDVQITWFVDNTQVYTAKTSPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLP
SPIERTISKDKGQPHEPQVY VLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNY
RTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID

NO: 40)

[0072] In some embodiments, an insulin-Fc fusion protein described herein does not include a leader amino acid
sequence at the N-terminus. In other embodiments, an insulin-Fc fusion protein described herein includes a leader
sequence, e.g., at the N-terminus. An exemplary leader sequence includes the amino acid sequence MEWSWVFLF-
FLSVTTGVHS (SEQ ID NO: 30). In some embodiments, an insulin-Fc fusion protein described herein is encoded by a
nucleic acid molecule comprising a leader sequence, e.g., for expression (e.g., recombinant expression) in cells (e.g.,
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eukaryotic, e.g., mammalian cells). In certain embodiments, the leader sequence is cleaved off, e.g., in the cell culture,
during expression. An exemplary nucleic acid sequence encoding a leader sequence includes the nucleic acid sequence:
atggaatggagctgggtctttctcticticctgtcagtaacgactggtgtecactee (SEQ ID NO: 29).

[0073] Also disclosed herein are nucleic acid sequences (e.g., cDNA) encoding the insulin-Fc fusion proteins of SEQ
ID NO:040.

[0074] Inthe embodiment comprisingtheinsulin-Fc fusion protein of SEQ ID NO: 40, the nucleic acid sequence (leader
sequence underlined) is:

atggaatggagctggotctttctcticttcctgtcagtaacgactggtotccactecttcgtgaaccageacctgtgcggceteccacctggtggaag

ctctggcactegtgtgcgocgagegogpcttccactacgggpotgocgoagoagottctggtogcgocggaggcatcgtggaacagtectgc

acctccacctgetccctggaccagetggaaaactactgeggtggeggaggtegtcaaggaggcggtggacagggtogagotooocaggoag
gaggcggoooagactgccccaaatgtectccgectgagatgctgggtgeccctageatcttcatcttcccgeccaageccaaggatactetgte

cattagcaggacccccgaggtgacctgectggtggtggacctggggecagacgactctgacgtgcagatcacctggttcgtagacaacaccca
ggtttacactgccaagaccagtcccagggaggageagticageageacatacagggtggtgagegttetgeccatectgeaccaggactgget
gaaaggcaaagagttcaagtgtaaggtgaacagcaagagectgeccagecccattgaaaggaccatcagcaaggacaagggecagecgeac
gagccccaagtctacgtgetgeccccageacaggaagagetgageaggaacaaggttagegtgacatgectgatcgagggtttctaceeccage
gacatcgeegtggagtgggaaatcaccggecaacccgageccgagaacaactacaggaccactccgecgeaactggacagegacgggace
tacttcttgtatagcaggctgagegtggaccggageaggtggcagaggggcaacacctacacttgecagegtgagecacgaggecttgcacage
caccacactcagaagagtctgacccagageccgggatag (SEQ ID NO: 39)

Insulin-Fc fusion Protein Production
[0075] A fusion protein can be expressed by a cell as described in more detail in the Examples section.
Expression and Furification

[0076] An insulin-Fc fusion protein can be expressed recombinantly, e.g., in a eukaryotic cell, e.g., mammalian cell
or non-mammalian cell. Exemplary mammalian cells used for expression include HEK cells (e.g., HEK293 cells) or CHO
cells. CHO cells can be subdivided into various strains or subclasses, (e.g. CHO DG44, CHO-M, and CHO-K1), and
some of these cell strains may be genetically engineered for optimal use with a particular type of nucleic acid molecule
(e.q., a vector comprising DNA) or a particular cell growth media composition as described in the Examples section.
Cells are transfected with a nucleic acid molecule (e.g., vector) encoding the insulin-Fc fusion protein (e.g., where the
entire insulin-Fc fusion protein is encoded by a single nucleic acid molecule). In embodiments, HEK293 cells are trans-
fected with a vector that encodes for the insulin-Fc fusion protein, but only results in temporary expression of the insulin-
Fc fusion protein for a period of time (e.g., 3 days, 4 days, 5, days, 7 days, 10 days, 12 days, 14 days, or more) before
the host cell stops expressing appreciable levels of the insulin-Fc fusion protein (i.e., transient transfection). HEK293
cells that are transiently transfected with nucleic acid sequences encoding for insulin-Fc fusion proteins often allow for
more rapid production of recombinant proteins which facilitates making and screening multiple insulin-Fc fusion protein
candidates. In embodiments, CHO cells are transfected with a vector that is permanently incorporated into the host cell
DNA and leads to consistent and permanent expression (i.e., stable transfection) of the insulin-Fc fusion protein as long
as the cells are cultured appropriately. CHO cells and CHO cell lines that are stably transfected with nucleic acids
encoding for insulin-Fc fusion proteins often take longer to develop, but they often produce higher protein yields and are
more amenable to manufacturing low cost products (e.g., products for use in the veterinary pharmaceutical market).
Cells and cell lines can be cultured using standard methods in the art. In preferred embodiments, HEK cells comprising
the cDNA sequence with SEQ ID NO: 39 are used to express insulin-Fc fusion proteins. In preferred embodiments, CHO
cells comprising the cDNA sequence with SEQ ID NO: 39 are used to express insulin-Fc fusion proteins.

[0077] In some embodiments, the insulin-Fc fusion protein is purified or isolated from the cells (e.g., by lysis of the
cells). In other embodiments, the insulin-Fc fusion protein is secreted by the cells and purified or isolated from the cell
culture media in which the cells were grown. Purification of the insulin-Fc fusion protein can include using column
chromatography (e.g., affinity chromatography) or using other separation methods based on differences in size, charge,
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and/or affinity for certain molecules. Purification of the insulin-Fc fusion proteininvolves selecting or enriching for proteins
containing an Fc fragment, e.g., by using Protein A beads or a Protein A column that cause proteins containing an Fc
fragment to become bound with high affinity at neutral solution pH to the Protein A covalently conjugated to the Protein
A beads. The bound insulin-Fc fusion protein may then be eluted from the Protein A beads by a change in a solution
variable (e.g. a decrease in the solution pH). Other separation methods such as ion exchange chromatography and/or
gel filtration chromatography can also be employed alternatively or additionally. Purification of the insulin-Fc fusion
protein further comprises filtering or centrifuging the protein preparation. In embodiments, further purification of the
insulin-Fc fusion protein comprises dialfiltration, ultrafiltration, and filtration through porous membranes of various sizes,
as well as final formulation with excipients.

[0078] The purifiedinsulin-Fcfusion protein can be characterized, e.g., for purity, protein yield, structure, and/or activity,
using a variety of methods, e.g., absorbance at 280 nm (e.g., to determine protein yield), size exclusion or capillary
electrophoresis (e.g., to determine the molecular weight, percent aggregation, and/or purity), mass spectrometry (MS)
and/or liquid chromatography (LC-MS) (e.qg., to determine purity and/or glycosylation), and/or ELISA (e.g., to determine
extent of binding, e.g., affinity, to an anti-insulin antibody). Exemplary methods of characterization are also described
in the Examples section.

[0079] In embodiments, the protein yield of an insulin-Fc fusion protein after production in transiently transfected HEK
cells and protein A purification is greater than 5 mg/L, 10 mg/L, or 20 mg/L. In preferred embodiments, the protein yield
of an insulin-Fc fusion protein after production in transiently transfected HEK cells and protein A purification is greater
than 50 mg/L (e.g., greater than 60 mg/L, greater than 70 mg/L, greater than 80 mg/L, greater than 90 mg/L, greater
than 100 mg/L). Inembodiments, the %homodimer of aninsulin-Fcfusion protein after productionin transiently transfected
HEK cells and protein A purification is greater than 70% (e.g., greater than 80%, greater than 85%, greater than 90%,
greater than 95%, greater than 96%, greater than 97%, greater than 98%, greater than 99%). In embodiments, the
homodimer titer of an insulin-Fc fusion protein after production in transiently transfected HEK cells and protein A purifi-
cation, calculated as the product between the insulin-Fc fusion protein yield and the %homodimer is greater than 50
mg/L (e.g., greater than 60 mg/L, greater than 70 mg/L, greater than 80 mg/L, greater than 90 mg/L, greater than 100
mg/L). Only candidates with a homodimer titer of greater than 50 mg/L were considered useful in the present invention,
because experience has demonstrated that homodimer titers less than this level will not likely result in commercial
production titers in CHO cells that meet the stringently low manufacturing cost requirements for veterinary products.
[0080] In embodiments, the protein yield of an insulin-Fc fusion protein after production in stably transfected CHO
cells (e.g., CHO cell lines or CHO cell clones) and protein A purification is greater than 100 mg of insulin-Fc fusion protein
per L (e.g. mg/L of culture media). In preferred embodiments, the protein yield of an insulin-Fc fusion protein after
production in stably transfected CHO cells (e.g. CHO cell lines or CHO cell clones) and protein A purification is greater
than 150 mg insulin-Fc fusion protein/L of culture media (e.g., greater than 200 mg/L, greater than 300 mg/L, greater
than 400 mg/L, greater than 500 mg/L, greater than 600 mg/L or more). In embodiments, the %homodimer of an insulin-
Fc fusion protein after production in stably transfected CHO cells (e.g. CHO cell lines or CHO cell clones) and protein
A purificationis greaterthan 70% (e.g., greater than 80%, greaterthan 85%, greater than 90%, greater than 95%, greater
than 96%, greater than 97%, greater than 98%, greater than 99%). In embodiments, the homodimer titer of an insulin-
Fc fusion protein after production in stably transfected CHO cells (e.g. CHO cell lines or CHO cell clones) and protein
A purification, calculated as the product between the insulin-Fc fusion protein yield and the %homodimer is greater than
150 mg/L (e.qg., greater than 200 mg/L, greater than 300 mg/L, greater than 400 mg/L, greater than 500 mg/L, greater
than 600 mg/L or more).

Functional Features of Insulin-Fc Fusion Proteins

[0081] Described herein (but not claimed) are methods for interacting with the insulin receptors to lower blood glucose
in companion animals (e.g., dogs or cats), wherein the method comprises administering to a subject an insulin-Fc fusion
protein, e.g., a fusion protein described herein. In some embodiments, the subject has been diagnosed with diabetes
(e.g., canine diabetes or feline diabetes).

[0082] Theinsulin-Fc fusion protein as claimed binds to the insulin receptor with an appreciable affinity as measured
by the IC50 in the 4°C IM-9 insulin receptor binding assay described in Example 7 (e.g. IC50 less than 5000 nM, IC50
less than 4000 nM, IC50 less than 3000 nM, IC50 less than 2500 nM). Based on experience, only compounds exhibiting
insulin receptor activity IC50 values less than 5000 nM were deemed likely to exhibit bioactivity in the target species.
Generally, higher affinity insulin receptor binding (i.e., lower IC50 values) is preferred. However, it is well-known that the
clearance ofinsulin andinsulin analogs (e.g., insulin polypeptides described herein) is governed primarily through binding
to the insulin receptor followed by insulin receptor internalization and degradation within the cell. Therefore, insulin-Fc
fusion proteins with too high of an insulin receptor binding affinity (i.e., too low of an IC50) may be cleared too quickly
from circulation resulting in a lower than desired duration of glucose-lowering bioactivity in the target animal.

[0083] In embodiments, an insulin-Fc fusion protein as claimed is capable of lowering glucose levels (e.g., blood
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glucose levels) after administration in a subject. In embodiments, the glucose lowering activity of the insulin-Fc fusion
protein is greater than that of an insulin reference standard. In some embodiments, the duration of activity of the insulin-
Fc fusion protein can be measured by a decrease, e.g., a statistically significant decrease, in fasting blood glucose
relative to a pre-dose fasting blood glucose level. In embodiments, the duration of activity of the insulin-Fc fusion protein
(e.g., the time during which there is a statistically significant decrease in fasting blood glucose level in a subject relative
to a pre-dose level) is longer than about 2 hours. In embodiments, the duration of activity of the insulin-Fc fusion protein
(e.g., the time during which there is a statistically significant decrease in blood glucose level in a subject relative to a
pre-dose level) is longer than about 6 hours, 9 hours, 12 hours, 18 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 4
days, 5 days, 6 days, 7 days, or longer. In embodiments, the insulin-Fc fusion protein is long-acting (e.g., has a long
half-life, e.g., in serum).

[0084] In embodiments, the serum half-life of the insulin-Fc fusion protein in the target animal (e.g., cat) is longer than
that of an insulin reference standard or control formulation. In embodiments, the serum half-life of the insulin-Fc fusion
protein (e.g., in the blood of a subject upon administration) in the target animal (e.g., cat) is longer than about 2 hours.
In embodiments, the serum half-life of the insulin-Fc fusion protein in the target animal (e.g., cat) is about 0.5 days, 1
day, 2 days, or 2.5 days. In preferred embodiments, the serum half-life of the insulin-Fc fusion protein in the target animal
(e.g., cat) is about 3 days or longer.

[0085] In embodiments, the combination of potency and duration of bioactivity may be quantified by calculating the
area over the percent fasting blood glucose (%FBGL) curve normalized to a given dose in mg/kg (NAOC) with units of
%FBGL-days-kg/mg. In embodiments, the NAOC of the insulin-Fc fusion proteinis greater than 150 %FBGL-days-kg/mg
(e.q. greater than 200 % FBGL-days-kg/mg, greater than 250 %FBGL-days-kg/mg or more). Again, based on experience,
at NAOC values greater than 150 %FBGL-days-kg/mg, the dose requirements in the target species will be sufficiently
low so as to achieve an acceptable treatment cost. In embodiments, the NAOC of the insulin-Fc fusion protein must be
maintained after repeated dosing in the target species (i.e., the ratio of the NAOC after the third dose to the NAOC after
the first dose of the insulin-Fc fusion protein is greater than 0.50 (e.g., greater than 0.60, greater than 0.70. greater than
0.80, greater than 0.90, or more).

[0086] Insome embodiments, the insulin-Fc fusion protein described herein binds to the Fc(gamma) receptor with an
affinity that is lower than that of an insulin-Fc fusion protein reference standard as measured according to Example 8.
In some embodiments, the ratio of the Fc(gamma) receptor affinity of the insulin-Fc fusion protein to that of an insulin-
Fc fusion protein reference standard is less than 0.50 (e.g. less than 0.40, less than 0.30, less than 0.20).

Treatment and Characteristics of Subject Selection

[0087] Described herein are methods (not part of the invention) for treating diabetes (e.g., feline diabetes), comprising
the administration of an insulin-Fc fusion protein (e.g., an insulin-Fc fusion protein as claimed) to a subject.

[0088] A reference standard described herein comprises a reference treatment or reference therapy. The reference
may comprise a standard of care agent for diabetes treatment (e.g., a standard of care agent for feline diabetes). The
reference standard may be a commercially available insulin or insulin analog. The reference standard may comprise a
long-lasting insulin, intermediate-lasting insulin, short-lasting insulin, rapid-acting insulin, short-acting, intermediate-
acting, long-acting insulin. The reference standard may comprise Vetsulin® Prozinc®, insulin NPH, insulin glargine
(Lantus®), or recombinant human insulin.

[0089] A reference standard used in any method described herein includes an outcome, e.g., outcome described
herein, of a diabetes therapy (e.g., a canine diabetes therapy or a feline diabetes therapy).

[0090] A reference standard may be a level of a marker (e.g., blood glucose or fructosamine) in the subject prior to
initiation of a therapy, e.g., an insulin-Fc fusion protein therapy described herein; where the subject has diabetes. The
blood glucose level in a companion animal (e.g. cat) may be greater than 200 mg/dL (e.g. greater than 250 mg/dL, 300
mg/dL, 350 mg/dL, 400 mg/dL or more) priortoinitiation of therapy. In embodiments, the fructosamine levelina companion
animal (e.g. cat) is greater than 250 micromol/L, 350 micromol/L (e.g. greater than 400 micromol/L, 450 micromol/L,
500 micromol/L, 550 micromol/L, 600 micromol/L, 650 micromol/L, 700 micromol/L, 750 micromol/L or more) prior to
initiation of therapy. A reference standard may be a measure of the presence of or the progression of or the severity of
the disease or may be a measure of the presence of or the severity of the disease symptoms prior to initiation of a
therapy, e.g., an insulin-Fc fusion protein therapy described herein, e.g., where the subject has diabetes.

Pharmaceutical Compositions and Routes of Administration
[0091] Provided herein (but not claimed) are pharmaceutical compositions containing an insulin-Fc fusion protein
described herein that can be usedto lower blood glucose in companion animals (e.g. cats). The amountand concentration

of the insulin-Fc fusion protein in the pharmaceutical compositions, as well as the quantity of the pharmaceutical com-
position administered to a subject, can be selected based on clinically relevant factors, such as medically relevant
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characteristics ofthe subject(e.g., age, weight, gender, other medical conditions, andthe like), the solubility of compounds
in the pharmaceutical compositions, the potency and activity of the compounds, and the manner of administration of the
pharmaceutical compositions. For further information on Routes of Administration and Dosage Regimes the reader is
referred to Chapter 25.3 in Volume 5 of Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial
Board), Pergamon Press 1990.

[0092] Formulations of the present disclosure include those suitable for parenteral administration. The phrases
"parenteral administration" and "administered parenterally” as used herein means modes of administration other than
enteral and topical administration, usually by intravenous or subcutaneous injection.

[0093] Examples of suitable aqueous and non-aqueous carriers that may be employed in the pharmaceutical compo-
sitions of the disclosure include water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, and the
like), and suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of
the required particle size in the case of dispersions, and by the use of surfactants, e.g., Tween-like surfactants. In some
embodiments, the pharmaceutical composition (e.g., as described herein) comprises a Tween-like surfactant, e.g.,
polysorbate-20, Tween-20 or Tween-80. In some embodiments, the pharmaceutical composition (e.g., as described
herein) comprises a Tween-like surfactant, e.g., Tween-80, at a concentration between about 0.001% and about 2%,
or between about 0.005% and about 0.1%, or between about 0.01% and about 0.5%.

[0094] In some embodiments, the concentration of the insulin-Fc fusion protein in the aqueous carrier is about 3
mg/mL. In some embodiments, the concentration of the insulin-Fc fusion protein in the aqueous carrier is about 6 mg/mL.
In some embodiments, the concentration of the insulin-Fc fusion protein in the aqueous carrier is about 8 mg/mL, 9
mg/mL, 10 mg/mL, 12 mg/mL, 15 mg/mL or more.

[0095] In some embodiments, the insulin-Fc fusion protein is administered as a bolus, infusion, or an intravenous
push. Insome embodiments, the fusion proteinis administered through syringe injection, pump, pen, needle, orindwelling
catheter. In some embodiments, the insulin-Fcfusion proteinis administered by a subcutaneous bolus injection. Methods
of introduction may also be provided by rechargeable or biodegradable devices. Various slow release polymeric devices
have been developed and tested in vivo in recent years for the controlled delivery of drugs, including proteinaceous
biopharmaceuticals. A variety of biocompatible polymers (including hydrogels), including both biodegradable and non-
degradable polymers, can be used to form an implant for the sustained release of a compound at a particular target site.

Dosages

[0096] Actual dosage levels of the insulin-Fc fusion protein can be varied so as to obtain an amount of the active
ingredient that is effective to achieve the desired therapeutic response for a particular subject (e.g. cat). The selected
dosage level will depend upon a variety of factors including the activity of the particular fusion protein employed, or the
ester, salt or amide thereof, the route of administration, the time of administration, the rate of excretion of the particular
compound being employed, the duration of the treatment, other drugs, compounds and/or materials used in combination
with the particular fusion protein employed, the age, sex, weight, condition, general health and prior medical history of
the subject being treated, and like factors well known in the medical arts.

[0097] In general, a suitable dose of an insulin-Fc fusion protein will be the amount that is the lowest dose effective
to produce atherapeutic effect. Such an effective dose will generally depend upon the factors described above. Generally,
intravenous and subcutaneous doses of the insulin-Fc fusion protein for a cat will range from about 0.001 to about 1 mg
per kilogram (e.g. mg/kg) of body weight per day, e.g., about 0.001 to 1 mg/kg/day, about 0.01 to 0.1 mg/kg/day, about
0.1 to 1 mg/kg/day, or about 0.01 to 1 mg/kg/day. In still other embodiments, the fusion protein is administered at a dose
between 0.025 and 4 mg per kilogram of body weight per week, e.g., between 0.025 and 0.5 mg/kg/week.

[0098] The present disclosure contemplates formulation of the insulin-Fc fusion protein in any of the aforementioned
pharmaceutical compositions and preparations. Furthermore, the present disclosure contemplates administration via
any of the foregoing routes of administration. One of skill in the art can select the appropriate formulation and route of
administration based on the condition being treated and the overall health, age, and size of the patient being treated.

EXAMPLES

[0099] The present technology is further illustrated by the following Examples and Comparative Examples, which
should not be construed as limiting in any way.
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GENERAL METHODS, ASSAYS, AND MATERIALS

Example 1: Synthesis and Methods of Making an Insulin-Fc Fusion Protein in HEK293 Cells

[0100] Insulin-Fc fusion proteins were synthesized as follows. A gene sequence of interest was constructed using
proprietary software (LakePharma, Belmont, CA) and was cloned into a high expression mammalian vector. HEK293
cells were seeded in a shake flask 24 hours before transfection and were grown using serum-free chemically defined
media. A DNA expression construct that encodes the insulin-Fc fusion protein of interest was transiently transfected into
a suspension of HEK293 cells using the (LakePharma, Belmont, CA) standard operating procedure for transient trans-
fection. After 20 hours, the cells were counted to determine the viability and viable cell count, and the titer was measured
by FortéBio® Octet® (Pall FortéBio LLC, Fremont, CA). Additional readings were taken throughout the transient trans-
fection production run. The culture was harvested on or after day 5.

Example 2: Synthesis and Methods of Making an Insulin-Fc Fusion Protein in CHO Cells

[0101] ACHO celllinewas originally derivedfrom CHO-K1 (LakePharma, Belmont, CA), andthe endogenous glutamine
synthetase (GS) genes were knocked out by recombinant technology using methods known in the art. Stable expression
DNA vectors were designed and optimized for CHO expression and GS selection and incorporated into a high expression
mammalian vector (LakePharma, Belmont, CA). The sequence of each completed construct was confirmed prior to
initiating scale up experiments. The suspension-adapted CHO cells were cultured in a humidified 5% CO, incubator at
37°Cin a chemically defined media (CD OptiCHO; Invitrogen, Carlsbad, CA). No serum or other animal-derived products
were used in culturing the CHO cells.

[0102] Approximately 80 million suspension-adapted CHO cells, growingin CD OptiCHO media during the exponential
growth phase, were transfected by electroporation using MaxCyte® STX® system (MaxCyte, Inc., Gaithersburg, MD)
with 80 p.g DNA to a create a stable CHO cell line for each insulin-Fc¢ fusion protein (DNA construct contains the full-
length sequence of the insulin-Fc fusion protein). After twenty-four hours, the transfected cells were counted and placed
under selection for stable integration of the insulin-Fc fusion genes. The transfected cells were seeded into CD OptiCHO
selection media containing between 0-100 wM methionine sulfoximine (MSX) at a cell density of 0.5x 108 cells/mL in a
shaker flask andincubated at 37°C with 5% CO,. During a selection process, the cells were spun down and resuspended
in fresh selection media every 2-3 days until the CHO stable pool recovered its growth rate and viability. The cell culture
was monitored for growth and titer.

[0103] The cells were grown to 2.5% 108 cells per mL. At the time of harvest for cell banking, the viability was above
95%. The cells were then centrifuged, and the cell pellet was resuspended in the CD OptiCHO media with 7.5% dimethyl
sulfoxide (DMSO) to a cell count of 15X 108 cells per mL per vial. Vials were cryopreserved for storage in liquid nitrogen.
[0104] A small-scale-up production was performed using the CHO cells as follows. The cells were scaled up for
production in CD OptiCHO growth medium containing 100 p.M MSX at 37°C and fed every 2-4 days as needed, with
CD OptiCHO growth medium supplemented with glucose and additional amino acids as necessary for approximately
14-21 days. The conditioned media supernatant harvested from the stable pool production run was clarified by centrifuge
spinning. The protein was run over a Protein A (MabSelect, GE Healthcare, Little Chalfont, United Kingdom) column
pre-equilibrated with binding buffer. Washing buffer was then passed through the column until the OD280 value (Nan-
oDrop, Thermo Scientific) was measured to be at or near background levels. The insulin-Fc fusion protein was eluted
using a low pH buffer, elution fractions were collected, and the OD280 value of each fraction was recorded. Fractions
containing the target insulin-Fc fusion protein were pooled and optionally further filtered using a 0.2 .M membrane filter.
[0105] The cell line was optionally further subcloned to monoclonality and optionally further selected for high titer
insulin-Fc-fusion protein-expressing clones using the method of limiting dilution, a method known to those skilled in the
art. After obtaining a high titer, monoclonal insulin-Fc fusion protein-expressing cell line, production of the insulin-Fc
fusion protein was accomplished as described above in growth medium without MSX, or optionally in growth medium
containing MSX, to obtain a cell culture supernatant containing the recombinant, CHO-made, insulin-Fc fusion protein.
The MSX concentration was optionally increased over time to exert additional selectivity for clones capable of yielding
higher product titers.

Example 3: Purification of an Insulin-Fc Fusion Protein

[0106] Purification ofaninsulin-Fc fusion protein was performed as follows. Conditioned media supernatants containing
the secreted insulin-Fc fusion protein were harvested from the transiently or stably transfected HEK production runs and
were clarified by centrifugation. The supernatant containing the desired insulin-Fc fusion protein was run over a Protein
A or a Protein G column and eluted using a low pH gradient. Optionally, recovery of the insulin-Fc fusion proteins could
be enhanced by reloading of the initial Protein A or Protein G column eluent again onto a second Protein A or Protein
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G column. Afterwards, the eluted fractions containing the desired protein were pooled and buffer exchanged into 200
mM HEPES, 100 mM NaCl, 50 mM NaOAc, pH 7.0 buffer. Afinal filtration step was performed usinga 0.2 pm membrane
filter. The final protein concentration was calculated from the solution optical density at 280 nm. Further optional purifi-
cation by ion-exchange chromatography (e.g. using an anion exchange bead resin or a cation exchange bead resin),
gel filtration chromatography, or other methods was performed as necessary.

Example 4: Structure Confirmation by Non-reducing and Reducing CE-SDS.

[0107] Capillary electrophoresis sodium dodecyl sulfate (CE-SDS) analysis was performed in a LabChip® GXII (Perkin
Elmer, Waltham, MA) on a solution of a purified insulin-Fc fusion protein dissolved in 200 mM HEPES, 100 mM NaCl,
50 mM NaOAc, pH 7.0 buffer, and the electropherogram was plotted. Under non-reducing conditions, the sample was
run against known molecular weight (MW) protein standards, and the eluting peak represented the 'apparent’ MW of
the insulin-Fc fusion protein homodimer.

[0108] Under reducing conditions (e.g. using beta-mercaptoethanol to break disulfide bonds of the insulin-Fc fusion
homodimer), the apparent MW of the resulting insulin-Fc fusion protein monomer is compared against half the molecular
weight of the insulin-Fc fusion protein homodimer as a way of determining that the structural purity of the insulin-Fc
fusion protein is likely to be correct.

Example 5. Sequence Identification by LC-MS with Glycan Removal

[0109] To obtain an accurate estimate of the insulin-Fc mass via mass spectroscopy (MS), the sample is first treated
to remove naturally occurring glycan that might interfere with the MS analysis. 100 p.L of a 2.5 mg/mL insulin-Fc fusion
protein dissolved in 200 mM HEPES, 100 mM NacCl, 50 mM NaOAc, pH 7.0 buffer solution is first buffer exchanged into
0.1 M Tris, pH 8.0 buffer containing 5 mM EDTA using a Zeba desalting column (Pierce, ThermoFisher Scientific,
Waltham, MA). 1.67 p.L of PNGase F enzyme (Prozyme N-glycanase) is added to this solution in order to remove N-
linked glycan present in the fusion protein (e.g., glycan linked to the side chain of the asparagine located at the cNg-N
site), and the mixture is incubated at 37°C overnight in an incubator. The sample is then analyzed via LC-MS (NovaBi-
oassays, Woburn, MA) resulting in a molecular mass of the molecule which corresponds to the desired homodimer
without the glycan. This mass is then further corrected since the enzymatic process used to cleave the glycan from the
cNg-asparagine also deaminates the asparagine side chain to form an aspartic acid, and in doing so the enzymatically
treated homodimer gains 2 Da overall, corresponding to a mass of 1 Da for each chain present in the homodimer.
Therefore, the actual molecular mass is the measured mass minus 2 Da to correct for the enzymatic modification of the
insulin-Fc fusion protein structure in the analytical sample.

Example 6: %Homodimer by Size-Exclusion Chromatography

[0110] Size-exclusion chromatography (SEC-HPLC) of insulin-Fc fusion proteins was carried out using a Waters
2795HT HPLC (Waters Corporation, Milford, MA) connected to a 2998 Photodiode array at a wavelength of 280 nm.
100 p.L or less of a sample containing an insulin-Fc fusion protein of interest was injected into a MAbPac SEC-1, 5 pm,
4 X 300 mm column (ThermoFisher Scientific, Waltham, MA) operating at a flow rate of 0.2 mL/min and with a mobile
phase comprising 50 mM sodium phosphate, 300 mM NaCl, and 0.05% w/v sodium azide, pH 6.2. The MAbPac SEC-
1 column operates on the principle of molecular size separation. Therefore, larger soluble insulin-Fc aggregates (e.qg.
multimers of insulin-Fc fusion protein homodimers) eluted at earlier retention times, and the non-aggregated homodimers
eluted at later retention times. In separating the mixture of homodimers from aggregated multimeric homodimers via
analytical SEC-HPLC, the purity of the insulin-Fc fusion protein solution in terms of the percentage of non-aggregated
homodimer was ascertained.

Example 7: In vitro IM-9 Insulin Receptor Binding of an Exemplary Insulin-Fc Fusion Protein at 4°C

[0111] Human IM-9 cells (ATTC# CCL-159) that express human insulin receptor were cultured and maintained in
complete RPMI 5% FBS medium at 70-80% confluency. Cultures of IM-9 cells were centrifuged at 250xg (~1000 rpm)
for 10 min to pellet the cells. Cells were washed once with HBSS or PBS buffer, resuspended in cold FACS staining
medium (HBSS/2mM EDTA/0.1% Na-azide + 4% horse serum) to a concentration of 8 X108 cells/mL and kept on ice
or 4°C until test solutions were made. The insulin-Fc protein was diluted in FACS buffer in 1:3 serial dilutions as 2%
concentrations in 1.2 mL tubes (approx. 60 pL volume of each dilution), and the solutions were kept cold on ice until
ready for pipetting.

[0112] Biotinylated-RHI was diluted in FACS staining medium to a concentration of 1.25 pg/mL. 40 p.L of the serially
diluted test compound and 8 pL of 1.25 p.g/mL Biotin-RHI were added into each well of a V bottom microtiter plate,
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mixed by slow vortexing, and placed on ice. 40 pL of an IM-9 cell suspension (8x108 cells/mL) was then added to each
well by multichannel pipette, mixed again gently and incubated on ice for 30 min to allow competitive binding on the
insulin receptor on IM-9 cells. Cells were then washed twice with 275pL of ice-cold FACS wash buffer (HBSS/2mM
EDTA/0.1% Na-azide + 0.5% horse serum) by centrifuging the V-bottom plate at 3000 rpm for 3 min and aspirating the
supernatant. Cells were then resuspended in 40p.L of FACS staining medium containing 1:100 diluted Streptavidin-PE
(Life Technologies) for 20 min on ice. Cells were then washed once with 275 p.L of ice-cold FACS buffer and finally fixed
with 3% paraformaldehyde for 10 min at room temp. Cells were then washed once with 275 pL of ice-cold FACS buffer
and resuspended in 250p.| of FACS buffer for analysis.

[0113] The V-bottom plates containing cells were then analyzed on a Guava 8-HT flow cytometer (Millipore). Bioti-
nylated-RHI binding to insulin receptor was quantitated by the median fluorescence intensity (MFI) of the cells on the
FACS FL-2 channel for each concentration of the test compound. Control wells were labeled only with biotinylated-RHI
and were used to calculate the percent (%) inhibition resulting from each test compound concentration. The % inhibition
by test compounds of biotinylated-RHI binding on IM-9 cells was plotted againstlog concentrations of the test compound,
and the resulting IC50 values were calculated using GraphPad Prism (GraphPad Software, La Jolla, CA) for the test
compounds. Lower IC50 values of the test compound therefore indicate greater levels of biotinylated-RHI inhibition at
lower concentrations indicating stronger binding of the insulin-Fc fusion protein to the insulin receptor. A control com-
pound, such as unlabeled recombinant human insulin (RHI) was also used as an internal standard to generate an RHI
IC50 against which a given compound IC50 could be ratioed (IC50(compound)/IC50(RHI)). Lower IC50 ratios have more
similar binding to RHI (stronger binding to insulin receptor), while higher IC50 ratios have weaker binding to the insulin
receptor relative to RHI.

Example 8: In vitro Fc(gamma) Receptor | Binding Affinity Assay

[0114] The binding of insulin-Fc fusion proteins to the Fc(gamma) receptor | at pH 7.4 was conducted using an ELISA
assay asfollows. Since neither canine norfeline Fc(gamma) receptor I was not commercially available, human Fc(gamma)
receptor | (i.e., rhFc(gamma) receptor |) was used as a surrogate mammalian receptor. Insulin-Fc compounds were
diluted to 10 p.g/mL in sodium bicarbonate buffer at pH 9.6 and coated on Maxisorp (Nunc) microtiter plates overnight
at 4°C, after which the microplate strips were washed 5 times with PBST (PBS/0.05% Tween-20) buffer and blocked
with Superblock blocking reagent (ThermoFisher). Serial dilutions of biotinylated rhFc(gamma) receptor | (recombinant
human Fc(gamma)R-I; R&D Systems) were prepared in PBST/10% Superblock buffer from 6000 ng/mL to 8.2 ng/mL
and loaded at 100 pL/well onto the microplate strips coated with insulin-Fc fusion protein. The microtiter plate was
incubated for 1 hour at room temperature after which the microplate strips were washed 5 times with PBST and then
loaded with 100 p.L/well of streptavidin-HRP diluted 1: 10000 in PBST/10% Superblock buffer. After incubating for 45
min, the microplate strips were washed again 5 times with PBST. TMB was added to reveal the bound Fc(gamma)
receptor | proteins and stopped with ELISA stop reagent (Boston Bioproducts). The plate was read in an ELISA plate
reader at 450 nm, and the OD values (proportional to the binding of rhFc(gamma) receptor | to insulin-Fc protein) were
plotted against log concentrations of rhFc(gamma) receptor | added to each well to generate binding curves using
GraphPad Prism software.

Comparative Example 9: In vitro Measurement of Insulin-Fc Fusion Protein Affinity for the Canine FcRn receptor

[0115] Invitro binding affinity of insulin-Fc fusion proteins containing Fc fragments of canine or feline |gG origin to the
canine FcRn receptor was measured via an ELISA technique conducted at a solution pH of 5.5. The slightly acidic pH
is the preferred binding environment for Fc fragment-containing molecules to bind to the FcRn receptor. In vivo, cells
express FcRn on their surfaces and internally in the endosomes. As molecules containing Fc fragments are brought into
the cell through natural processes (e.g. pinocytosis or endocytosis), the pH changes to a lower pH in the endosomes,
where the FcRn receptor binds to Fc fragment-containing molecules that would otherwise be degradedin the endosomal-
lysosomal compartments, thereby allowing these molecules to recycle back to the cellular surface where the pH is closer
to neutral (e.g., pH 7.0-7.4). Neutral pH disfavors binding to the FcRn receptor and allows release of the Fc-fragment
containing molecules back into circulation. This is a primary mechanism by which Fc fragment-containing molecules
exhibit prolonged circulatory pharmacokinetic half-lives in vivo.

[0116] Insulin-Fc fusion proteins comprising Fc fragments of canine or feline origin were diluted to 10 pg/ml in sodium
bicarbonate pH 9.6 buffer and coated in duplicate on Maxisorb ELISA plate strips for 1-2 hours at RT. The strips were
then washed 4 times with PBST (PBS/0.1% Tween-20) buffer and blocked with Superblock blocking reagent (Ther-
moFisher). Strips for FcRn binding were then washed again twice with pH 5.5 MES/NaCl/Tween (50mM MES/150mM
NaCl/0.1% Tween-20) buffer before addition of the FcRn reagent (biotinylated canine FcRn; Immunitrack). Since no
feline FcRn reagent was found to be commercially available, insulin-Fc fusion proteins containing either a canine Fc
fragment or a feline Fc fragment were assayed for binding to the canine FcRn. Serial dilutions (1:3X dilutions) of bioti-
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nylated FcRn reagent were prepared in pH 5.5 MES/NaCl/Tween/10%Superblock buffer at concentrations from 1000
ng/ml to 0.45 ng/ml and loaded at 100 p.L/well using a multichannel pipettor onto the strips coated with the insulin-Fc
fusion protein compounds. The assay plate was then incubated for 1 hour at room temperature. FcRn binding strips
were washed 4 times with pH 5.5 MES/NaCl/Tween buffer and then loaded with 100 pliwell streptavidin-HRP diluted
1:10000in pH 5.5 MES/NaCl /10%Superblock buffer. After incubating for 45 minutes, strips were washed again 4 times
with pH 5.5 MES/NaCl/Tween buffer. TMB was finally added to reveal the bound biotinylated-canine FcRn reagent, and
the color development was stopped with the ELISA stop reagent. The plate was read in an ELISA plate reader at a
wavelength of 450 nm. The OD values (proportional to the binding of canine-FcRn to the insulin-Fc fusion protein test
compounds) were plotted against log concentrations of FcRn added to each well to generate binding curves using
GraphPadPrism software. EC50values for each binding curve were calculated to compare between different compounds.

Example 10: Generalized Procedure for Determination of In vivo Pharmacodynamics (PD) After Single Administration
of Insulin Fc-Fusion Proteins in Dogs (comparative) or Cats.

[0117] Insulin-Fc fusion proteins were assessed for their effects on fasting blood glucose levels as follows. N=1, 2, 3
or more healthy, antibody-naive, dogs weighing approximately 10-15 kg or cats weighing approximately 5 kg were used,
one for eachinsulin-Fc fusion protein. Animals were also observed twice daily for signs of anaphylaxis, lethargy, distress,
pain, etc., and, optionally for some compounds, treatment was continued for an additional three weekly subcutaneous
injections or more to observe if the glucose lowering capability of the compounds lessened over time, a key sign of
potential induction of neutralizing anti-drug antibodies. On day 0, the animals received a single injection either via
intravenous or subcutaneous administration of a pharmaceutical composition containing an insulin Fc-fusion protein
homodimer at a concentration between 1 and 10 mg/mL in a solution of between 10-50 mM sodium hydrogen phosphate,
50-150 mM sodium chloride, 0.005-0.05% v/v Tween-80, and optionally a bacteriostat (e.g. phenol, m-cresol, or meth-
ylparaben) at a concentration of between 0.02-1.00 mg/mL, at a solution pH of between 7.0-8.0, at a dose of 0.08-0.80
mg insulin-Fc fusion protein/kg (or approximately equivalent to 1.2-12.3 nmol/kg or approximately equivalent to 0.4-4.0
U/kg insulin equivalent on molar basis). On day 0, blood was collected from a suitable vein immediately prior to injection
and at 15, 30, 45, 60, 120, 240, 360, and 480 minand at 1, 2, 3, 4, 5, 6, and 7 days post injection.

[0118] Foreach time point, a minimum of 1 mL of whole blood was collected. A glucose level reading was immediately
determined using a glucose meter (ACCU-CHEK® Aviva Plus), which required approximately one drop of blood. Average
% fasting blood glucose levels (% FBGL) from day 0 to day 7 were plotted to assess the bioactivity of a given insulin-
Fc fusion protein.

Example 11: Generalized Procedure for Determination of In vivo Pharmacodynamics (PD) After Repeated Administration
of Insulin-Fc Fusion Proteins in Canines (comparative) or Felines.

[0119] Insulin-Fc fusion proteins were assessed for their effects on blood glucose levels over repeated injections as
follows. Healthy, antibody-naive, dogs or cats weighing approximately between 5 and 20 kg were used, and each animal
was administered doses of an insulin-Fc fusion protein. Animals were observed twice daily for signs of anaphylaxis,
lethargy, distress, pain, and other negative side effects, and optionally for some compounds, treatment was continued
for up to an additional two to five subcutaneous injections to observe if the glucose lowering capability of the compounds
decreased over time, indicating the possible presence of neutralizing anti-drug antibodies in vivo. On day 0, the animals
received a single subcutaneous injection of a pharmaceutical composition containing an insulin Fc-fusion protein in a
solution of 10-50 mM sodium hydrogen phosphate, 50-150 mM sodium chloride, 0.005-0.05% v/v Tween-80, and op-
tionally a bacteriostat (e.g. phenol, m-cresol, or methylparaben) at a concentration of between 0.02-1.00 mg/mL, at a
solution pH of between 7.0-8.0, at a dose of 0.08-0.80 mg insulin-Fc fusion protein/kg (or approximately equivalent to
1.2-12.3 nmol/kg or approximately equivalent to 0.4-4.0 U/kg insulin equivalent on molar basis). On day 0, blood was
collected from a suitable vein immediately prior to injection and at 15, 30, 45, 60, 120, 240, 360, and 480 min and at 1,
2, 3,4, 5, 8, and 7 days post injection.

[0120] Subsequent subcutaneous injections were given no more frequently than once-weekly, and in some cases the
injections were given at differentintervals based on the pharmacodynamics of a giveninsulin-Fcfusion protein formulation.
Subsequent injections for each insulin-Fc fusion protein were adjusted to higher or lower doses, depending on the
demonstrated pharmacodynamics of the insulin-Fc fusion protein. For instance, if the dose of a first injection on day 0
was found to be ineffective at lowering blood glucose, the subsequent dose levels of injected insulin-Fc fusion protein
were adjusted upward. In a similar manner, if the dose of a first injection on day 0 was found to lower glucose in too
strong a manner, then subsequent dose levels of injected insulin-Fc fusion protein were adjusted downward. It was also
found that interim doses or final doses could be adjusted in a similar manner as needed. For each dose, blood was
collected from a suitable vein just immediately prior to injection and at 15, 30, 45, 60, 120, 240, 360, and 480 min and
at1, 2, 3, 4,5, 6,7 days (and optionally 14 days) post injection. For each time point, a minimum of 1 mL of whole blood

27



10

15

20

25

30

35

40

45

50

55

DK/EP 4186920 T5

was collected. A glucose level reading was immediately determined using a glucose meter (ACCU-CHEK® Aviva Plus),
which required approximately one drop of blood. Average % fasting blood glucose levels (% FBGL) from throughout the
study were plotted against time which allows the bioactivity of a fusion protein to be determined.

[0121] To determine the bioactivity of each dose, an area-over-the-curve (AOC) analysis was conducted as follows.
After constructingthe %FBGL versus time data, the data was then entered into data analysis software (GraphPad Prism,
GraphPad Software, San Diego CA). The software was used to first conduct an area-under-the curve analysis (AUC)
to integrate the area under the %FBGL vs. time curve for each dose. To convert the AUC data into the desired AOC
data, the following equation was used: AOC = TPA - AUC; where TPA is the total possible area obtained by multiplying
each dose lifetime (e.g., 7 days, 14 days, etc.) by 100% (where 100% represents the y = 100% of the %FBGL vs. time
curve). For example, given a dose lifetime of 7 days and a calculated AUC of 500 %FBGL-days, gives the following for
AOC: AOC =(100 %FBGL X 7 days) - (500 %FBGL-days) = 200 %FBGL-days. The analysis can be performed for each
injected dose in a series of injected doses to obtain the AOC values for injection 1, injection 2, injection 3, etc.

[0122] As the doses of insulin-Fc fusion protein may vary as previously discussed, it is often more convenient to
normalize all calculated AOC values for a given insulin-Fc fusion protein to a particular dose of that insulin-Fc fusion
protein. Doing so allows for convenient comparison of the glucose-lowering potency of an insulin-Fc fusion protein across
multiple injections, even if the dose levels change across the injections of a given study. Normalized AOC (NAOC) for
a given dose is calculated as follows: NAOC = AOC / D with units of %FBGL-days-kg/mg; where D is the actual dose
injected into the animal in mg/kg. NAOC values may be calculated for each injection in a series of injections for a given
animal and may be averaged across a group of animals receiving the same insulin-Fc fusion protein formulation.
[0123] The NAOC ratio (NAOCR) may also be calculated for each injection in a series of injections for a given animal
by taking the NAOC values for each injection (e.g. injections 1, 2, 3,...N) and dividing each NAOC for a given injection
by the NAOC from injection 1 as follows: NAOCR = (NAOC(Nth injection) / NAOC(injection 1)). By evaluating the NAOCR
of a given insulin-Fc homodimer fusion protein formulation for the Nth injection in a series of injections, it is possible to
determine whether the in vivo glucose lowering activity of a given insulin-Fc fusion protein has substantially retained its
bioactivity over a series of N doses (e.g., NAOCR for the Nth dose of greater than 0.5) or whether the in vivo glucose
lowering activity of a given insulin-Fc fusion protein has lost a substantial portion of its potency (e.g., NAOCR of the Nth
dose is less than 0.5) over a course of N doses, indicating the potential formation of neutralizing anti-drug antibodies in
vivo. In preferred embodiments, the ratio of NAOC following the third subcutaneous injection to the NAOC following the
first subcutaneous injection is greater than 0.5 (i.e., the NAOCR of the third subcutaneous injection is greater than 0.5).

Example 12: Generalized Procedure for the Determination of In vivo Pharmacokinetics (PK) in Canine (comparative)
and Feline Serum

[0124] An assay was constructed for measuring the concentrations of insulin-Fc fusion proteins comprising Fc frag-
ments of a canine isotypein canine serum as follows. The assay comprises a sandwich ELISA formatin which therapeutic
compounds in serum samples are captured by an anti-insulin/proinsulin monoclonal antibody (mAb) coated onthe ELISA
plates and then detected by a HRP-conjugated anti-canine IgGFc specific antibody followed by use of a TMB substrate
system for color development. Maxisorp ELISA Plates (Nunc) are coated with the anti-insulin mAb clone D6C4 (Biorad)
in coating buffer (pH=9.6 sodium carbonate-sodium biocarbonate buffer) at 5 pg/ml overnight at 4°C. Plates are then
washed 5x with PBST (PBS + 0.05% Tween 20) and blocked for a minimum of one hour at room temperature (or overnight
at 4C) with SuperBlock blocking solution (ThermoFisher). Test serum samples are diluted to 1:20 in PBST/SB/20%HS
sample dilution buffer (PBS+0.1%Tween 20+10% SuperBlock+20% horse serum). For making a standard curve, the
insulin-Fc fusion protein of interest is diluted in sample dilution buffer (PBST/SB/20%HS) + 5% of pooled beagle serum
(BiolVT) from a concentration range of 200 ng/ml to 0.82 ng/ml in 1:2.5 serial dilutions. Standards and diluted serum
samples are added to the blocked plates at 100 pl/iwell in duplicate and are incubated for 1 hour at room temperature.
Following incubation, samples and standards are washed 5x with PBST. HRP-conjugated goat anti-canine 1gG Fc
(Sigma) detection antibody is diluted to about 1:15,000 in PBST/SB/20%HS buffer and 100 p.l is added to all the wells
and incubated for 45 minutes at room temperature in the dark. Plates are washed 5x with PBST and once with deionized
water and developed by the addition of 100 pl/well TMB (Invitrogen) for 8-10 minutes at room temperature. Color
developmentis then stopped by the addition of 100 p.l/well ELISA Stop Solution (Boston Bioproducts) and the absorbance
is read at 450 nm using a SpectraMax plate reader (Molecular Devices) within 30 minutes. Concentrations of insulin-Fc
fusion protein compounds in the samples are calculated by interpolation on a 4-PL curve using SoftMaxPro software.

[0125] Similarly, an assay was constructed for measuring the concentrations of insulin-Fc fusion proteins comprising
Fc fragments of a feline isotype in feline serum as follows. The assay comprises a sandwich ELISA format in which
therapeutic compounds in serum samples are captured by an anti-insulin/proinsulin mAb coated on the ELISA plates
and then detected by a HRP-conjugated goat anti-feline IgGFc¢ specific antibody followed by use of a TMB substrate
system for color development. Maxisorp ELISA Plates (Nunc) are coated with the anti-insulin mAb clone D6C4 (Biorad)
in coating buffer (pH=9.6 sodium carbonate-sodium biocarbonate buffer) at 5 pg/ml overnight at 4°C. Plates are then
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washed 5x with PBST (PBS + 0.05% Tween 20) and blocked for a minimum of one hour at room temperature (or overnight
at 4C) with SuperBlock blocking solution (ThermoFisher). Test serum samples are diluted to 1:20 in PBST/SB/20%HS
sample dilution buffer (PBS+0.1%Tween 20+10% SuperBlock+20% horse serum). For making a standard curve, the
insulin-Fc fusion protein compound of interest is diluted in sample dilution buffer (PBST/SB/20%HS) + 5% of normal cat
serum (Jackson Immunoresearch) from a concentration range of 200 ng/ml to 0.82 ng/mlin 1:2.5 serial dilutions. Stand-
ards and diluted serum samples are added to the blocked plates at 100 p.l/well in duplicate and are incubated for 1 hour
at room temperature. Following incubation, samples and standards are washed 5x with PBST. HRP-conjugated goat
anti-feline 1gG Fc (Bethyl Lab) detection antibody is diluted to about 1:20,000 in PBST/SB/20%HS buffer and 100 pl is
added to all the wells and incubated for 45 minutes at room temperature in the dark. Plates are washed 5x with PBST
and once with deionized water and developed by the addition of 100 pl/well TMB (Invitrogen) for 8-10 minutes at room
temperature. Color development is then stopped by the addition of 100 p.l/well ELISA Stop Solution (Boston Bioproducts)
andabsorbanceis read at450 nm using a SpectraMax plate reader (Molecular Devices) within 30 minutes. Concentrations
of insulin-Fc fusion protein compounds in the samples are calculated by interpolation on a 4-PL curve using SoftMaxPro
software.

Comparative Example 13: Assay Protocol for Measuring Anti-Drug Antibodies in Canine Serum

[0126] Maxisorp ELISA Plates (Nunc) are coated with the insulin-Fc fusion protein of interest diluted in coating buffer
(pH=9.6 Carbonate-Biocarbonate buffer) at 10 p.g/mL overnight at 4°C for measuring ADAs against the test compound.
For measuring ADAs against the insulin portion of the insulin-Fc fusion protein containing an Fc fragment of canine 1gG
origin, plates are coated with purified insulin at 30 p.g/mL in coating buffer. Plates are then washed 5x with PBST (PBS
+ 0.05% Tween 20) and blocked for at least 1 hour (or overnight) with SuperBlock blocking solution (ThermoFisher,
Waltham MA). For calculating the ADAs in canine 1gG units, strips are directly coated with 1:2 serial dilutions of canine
1gG (Jackson Immunoresearch Laboratories, West Grove PA) in pH=9.6 Carb-Biocarb coating buffer at concentrations
between 300-4.69ng/ml overnight at 4°C and used to create a 7-point pseudo-standard curve. The standards strip plates
are also washed and blocked with SuperBlock blocking solution for at least 1 hour (or overnight).

[0127] Testserum samples are dilutedto greater than or equalto 1:100 (typically tested as 1:200) in PBST/SB/20%HS
sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse serum) and added to the insulin-Fc fusion
protein coated (or RHI coated) strips at 100 pL/well in duplicate. Duplicate strips of canine IgG coated standard strips
are also added to each plate and filled with PBST/SB (PBS+0.1% Tween 20+10% SuperBlock) buffer at 100 p.L/well.
Plates are incubated for 1 hour at RT and then washed 5x with PBST. For detection of ADAs, HRP-conjugated Goat
anti-feline 1gG F(ab’)2 (anti-feline 1gG F(ab’)2 reagent is cross-reacts to canine antibodies; Jackson Immunoresearch
Laboratories, West Grove PA), which is diluted in PBST/SB to 1: 10000 and added at 100 pL/well to both sample and
standard wells and incubated for 45 minutes at RT in dark. Plates are washed 5x with PBST and then one time with
deionized water andthen developed by adding 100 pL/well TMB substrate (Invitrogen, ThermoFisher Scientific, Waltham
MA) for 15-20 minutes at room temperature in the dark. Color development is then stopped by addition of 100 pL/well
of ELISA Stop Solution (Boston Bioproducts) and the absorbance is read at 450 nm using a SpectraMax plate reader
within 30 minutes. The anti-drug antibody concentration is determined by interpolating the OD values inthe 4-PL pseudo-
standard curve using SoftMax Pro Software (Molecular Devices, San Jose CA).

[0128] To demonstrate the specificity of the detected ADAs, an "inhibition" assay is carried out. In the drug inhibition
ADA assay, serum samples are diluted 1:100 in PBST/SB/20%HS buffer and mixed with an equal volume of 300 p.g/mL
of the relevant therapeutic compound (final sample dilution at 1:200 and final inhibitory compound at 150 p.g/mL) and
incubatedfor 30-40 minutes at room temperature to allow anti-drug antibodies to bind the free inhibitor (i.e., the therapeutic
compound). After pre-incubation, the samples are added to insulin-Fc fusion protein coated (or RHI coated) strips at
100 p.LAwell in duplicate. Samples diluted 1:200 in PBST/SB/20%HS buffer without the inhibitory compound are also
tested in the sample plates along with duplicate strips of canine IgG coated standards. Remaining steps of the assay
procedure are carried out as described above. The ADAs measured in the drug-inhibited wells are matched with the
non-inhibited ADA concentrations to assess the specificity of the ADAs. If significant inhibition of ADA signals is observed
in the drug-inhibited wells, this means the ADAs are specific to the therapeutic compound.

Example 14: Assay Protocol for Measuring Anti-Drug Antibodies in Feline Serum

[0129] Maxisorp ELISA Plates (Nunc) are coated with the insulin-Fc fusion protein of interest diluted in coating buffer
(pH=9.6 Carbonate-Biocarbonate buffer) at 10 p.g/mL overnight at 4°C for measuring ADAs against the insulin-Fc fusion
protein containing an Fc fragment of feline |gG origin. For measuring ADAs against the insulin portion of the insulin- Fc
fusion protein, plates are coated with purified insulin at 30p.g/mL in coating buffer. Plates are then washed 5x with PBST
(PBS + 0.05% Tween 20) and blocked for at least 1 hour (or overnight) with SuperBlock blocking solution (ThermoFisher,
Waltham MA). For calculating the ADAs in feline 1gG units, strips are directly coated with 1:2 serial dilutions of feline
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19G (Jackson Immunoresearch Laboratories, West Grove PA) in pH=9.6 sodium carbonate-sodium bicarbonate coating
buffer at concentrations between 300-4.69ng/mL overnight at 4°C and used to create a 7-point pseudo-standard curve.
The standards strip plates are also washed and blocked with SuperBlock blockingsolution for atleast 1 hour (or overnight).
[0130] Testserum samples are dilutedto greater than or equal to 1:100 (typically tested as 1:200) in PBST/SB/20%HS
sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse serum) and added to the insulin-Fc fusion
protein coated (or RHI coated) strips at 100 pL/well in duplicate. Duplicate strips of feline 19G coated standard strips
are also added to each plate and filled with PBST/SB (PBS+0.1% Tween 20+10% SuperBlock) buffer at 100 p.L/well.
Plates are incubated for 1 hour at room temperature and then washed 5x with PBST. For detection of ADAs, HRP-
conjugated goat anti-feline IgG F(ab’)2 (Jackson Immunoresearch Laboratories, West Grove PA) is diluted in PBST/SB
by a factor of 1:10000 and added at 100 p.L/well to both sample and standard wells and incubated for 45 minutes at
room temperature in the dark. Plates are washed 5x with PBST and one time with deionized water and developed by
the adding 100 p.L/well TMB substrate (Invitrogen) for 15-20 minutes at room temperature in the dark. Color development
is then stopped by addition of 100 p.L/well of ELISA Stop Solution (Boston Bioproducts, Ashland MA) and the absorbance
is read at 450 nm using a SpectraMax plate reader within 30 minutes. Anti-drug antibody concentration is determined
by interpolating the OD values in the 4-PL pseudo-standard curve using SoftMax Pro Software (Molecular Devices, San
Jose CA).

Example 15: Assay Procedure for Immunogenic Epitope Identification

[0131] Maxisorp ELISA microplates (Nunc) are coated with a library of insulin-Fc fusion protein homodimer compounds
with known amino acid sequences, and the coated plates are blocked in a similar manner as described in the anti-drug
antibody ELISA assay Comparative Example 13 and Example 14, except that each compound in the library is coated
on a separate individual strip of ELISA microplate wells. The compounds in the library comprise a range of insulin-Fc
fusion proteins with different insulin polypeptide amino acid compositions, including various B-chain, C-chain, and A-
chain amino acid mutations, different linker compositions, and different Fc fragment compositions, including some of
human origin. Separately, some plate strip wells are directly coated with 1.2 serial dilutions of canine or feline 1gG
(Jackson Immunoresearch Laboratories, West Grove PA) for calculating the anti-drug antibodies (ADA) in canine or
feline 1gG units, respectively, as described in Comparative Example 13 and Example 14.

[0132] Serum obtained from individual dogs or cats receiving repeated doses of an insulin-Fc fusion protein is first
screened on the anti-drug antibody ELISA assay (Comparative Example 13 for dogs and Example 14 for cats). Serum
samples demonstrating moderate or high positivity (e.g. moderate or high titers of antibodies) onthe assay of Comparative
Example 13 or Example 14 are serially diluted (1:200 to 1:8000) in PBST/SB/20%HS sample dilution buffer (PBS+0.1%
Tween 20+10% SuperBlock+20% horse serum) and added to the plates coated with the library of insulin-Fc fusion
protein compounds for 1 hour at RT. Following incubation, the plates are washed 5 times with PBST. For detection of
canine or feline antibodies capable of cross-reacting to the coated compound library, HRP conjugated goat anti-feline
19G F(ab’)2 (Jackson Immunoresearch Laboratories, West Grove PA), which is cross-reactive to both canine and feline
19Gs, is diluted in PBST/SB to 1: 10000 and added at 100 p.L/well to both sample and standard wells and incubated for
45 min at RT in the dark. Plates are washed 5 times with PBST, once with deionized water, and developed by the adding
100 pL/well TMB substrate (Invitrogen, ThermoFisher Scientific, Waltham MA) for 15-20 min at RT in the dark. Color
development is then stopped by addition of 100 p.L/well of ELISA Stop Solution (Boston Bioproducts, Ashland MA) and
absorbance is read at 450 nm using a SpectraMax plate reader within 30 min. Anti-compound cross-reactive antibody
concentrations present in the serum samples are determined by interpolating the OD valuesin the 4-PL pseudo-standard
curve against the directly coated canine or feline IgG antibody controls using SoftMax Pro Software (Molecular Devices,
San Jose CA).

[0133] By correlating the resulting antibody concentrations from the assay with the known amino acid compositions
of the coated insulin-Fc fusion protein library, one can determine whether particular amino acid mutations or epitopes
are responsible for causing none, some, most, or all of the total antibody signal on the assay, indicating no binding,
weak binding, or strong binding to various insulin-Fc fusion protein homodimers. The mutations or epitopes responsible
for moderate or strong binding are herein referred to as immunogenic "hot spots”.

Example 16: Design Process for Obtaining Insulin-Fc fusion Proteins with High Homodimer Titers and Acceptable Levels
of Acute and Repeated Dose Bioactivity in the Target Species

[0134] The process for meeting the design goals described in the Detailed Description of the Invention comprised the
following steps. First, the insulin polypeptide of SEQ ID NO: 4 or SEQ ID NO: 5 was combined with a species-specific
Fc fragment of a particular IgG isotype and a linker such that the resulting insulin-Fc fusion protein was most likely to
yield a long acting bioactivity product with minimal immunogenicity (e.g., a species-specific IgG isotype was chosen with
minimal Fc(gamma)receptor | binding). The DNA sequence coding for the desired fusion protein was prepared, cloned
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into a vector (LakePharma, San Carlos, CA), and the vector was then used to transiently transfect HEK cells according
to the procedure described in Example 1. The insulin-Fc fusion protein was then purified according to Examples 3 and
the overall protein yield and %homodimer measured according to Example 6. Only candidates with a homodimer titer
of greaterthan 50 mg/L were considered acceptable, because titers less than this level are notlikely to resultin commercial
production titers that meet the stringently low manufacturing cost requirements for veterinary products. Selected insulin-
Fc fusion proteins were then screened for indicators of bioactivity through in vitro insulin receptor binding studies as
described in Example 7. Based on experience, only compounds that exhibited IR activity IC50 values less than 5000
nM were deemed likely to exhibit bioactivity in the target species. Although the in vitro IR IC50 value is a useful qualitative
screening tool, it utilizes human IM-9 cells which express the human insulin receptor and therefore it may not capture
some of the small differences in affinity between the canine or feline IR and the human IR. Furthermore, factors other
than insulin receptor binding may influence a compound’s bioactivity in vivo (e.g., affinity for canine or feline FcRn to
allow for extended pharmacokinetic elimination half-lives in vivo). Therefore, selected insulin-Fc fusion proteins that
were acceptable from a manufacturing and IR activity IC50 value standpoint were further screened for bioactivity in the
animal of interest (e.g., dog or cat) to screen out any materials with less than the desired potency and/or duration of
bioactivity (e.g., NAOC of less than 150 %FBGL-days-kg/mg). Again, based on experience, at NAOC values of greater
than 150 %FBGL-days-kg/mg, the dose requirements in the target species will be sufficiently low so as to reach an
acceptable treatment cost. Lastly, an additional evaluation criterion was added which is mentioned rarely if ever in the
art. As discussedin more detail in the Examples below, many insulin-Fc fusion protein embodiments that exhibit accept-
able NAOC levels in the target species after the first dose, unexpectedly fail to maintain that level of bioactivity after
repeated doses. Furthermore, in most cases the reduction in repeated dose bioactivity in the target species is correlated
with the development of neutralizing anti-drug antibodies. This propensity to generate anti-drug antibodies and the failure
to maintain activity render such insulin-Fc fusion proteins impractical for use in treating a chronic disease such as canine
diabetes or feline diabetes. Therefore, only the insulin-Fc fusions proteins exhibiting acceptable levels of repeated dose
bioactivity (e.g., NAOCR values greater than 0.50 for the third dose relative to the first dose) with minimal levels of anti-
drug antibodies were deemed acceptable for use in the presentinvention.

RESULTS - INSULIN-FC FUSION PROTEINS COMPRISING A CANINE Fc FRAGMENT

Comparative Example 17: Canine Insulin-Fc Fusion Protein Comprising the Canine Fc IgGA Isotype

[0135] An attempt was made to produce an insulin-Fc fusion protein comprising the insulin polypeptide sequence of
SEQ ID NO: 5 and the Fc fragment of the canine IgGA isotype (SEQ ID NO: 15) using the peptide linker of SEQ ID NO:
12. The full amino acid sequence for the resulting insulin-Fc fusion protein is as follows:

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQISWFV
DGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCR VNHIDLPSPIERTISKARG
RAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHRMTPPQLDED
GSYFLYSKLSVDKSRWQQGDPFTCAVMHETLQNHYTDLSLSHSPG (SEQ ID NO: 42)

[0136] The insulin-Fc fusion protein of SEQ ID NO: 42 was synthesized in HEK cells according to Example 1 and
purified according to Example 3. The protein yield was 22 mg/L after the Protein A purification step. The structure of the
insulin-Fcfusion protein was confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequence
was further identified by LC-MS with glycan removal according to Example 5. The %homodimer was measured by size-
exclusion chromatography according to Example 6 and determined to be 24%, indicating a high degree of homodimer
aggregates. The resulting homodimer titer was therefore only 5 mg/L. In summary, manufacturing of the insulin-Fc fusion
protein of SEQ ID NO: 42 in HEK cells resulted in a high level of aggregates and a low homodimer titer (5 mg/L), which
did not meet the design goal of a homodimer titer of greater than 50 mg/L.

[0137] Nevertheless, the insulin-Fc fusion protein of SEQ ID NO: 42 as evaluated for bioactivity. First, the insulin
receptor binding of the insulin-Fc fusion protein of SEQ ID NO: 42 was measured according to Example 7, resulting in
an IC50 value of 2,733 nM indicating that the compound is likely to be bioactive in vivo (i.e. IC50 less than 5000 nM).
[0138] Next, the in vivo pharmacodynamics (PD) of the insulin-Fc fusion protein of SEQ ID NO: 42 was measured
after a single intravenous administration of the compound to N=3 canines, according to Example 10. FIG. 2 shows the
percent fasting blood glucose level of SEQ NO: 42 as a function of time. The NAOC for SEQ ID NO: 42 was calculated
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to be 105 %FBGL -days-kg/mg according to the procedure of Example 11. The in vivo half-life of SEQ ID NO: 42 was
calculated to be less than one day using the method of Example 12. The relatively low NAOC was likely the result of
the high amount of aggregates in the sample (i.e., low %homodimer), but what soluble homodimer remainedin circulation
still only had a pharmacokinetic elimination half-life of less than one day which was deemed unlikely support of once-
weekly administration.

Comparative Example 18: Mutations of the Fc Fragment Region of Insulin-Fc Fusion Proteins Comprising the Canine
IgGA Isotype

[0139] In an attempt to increase the %homodimer content, improve the bioactivity, and increase the half-life of the
insulin-Fc fusion protein of SEQ ID NO: 42, mutations were inserted into the Fc fragment CH3 region to try to prevent
intermolecular association (e.g., Fc fragment-Fc fragment interactions between molecules) and encourage stronger
binding to the FcRn receptor (e.g., higher affinity for the FcRn) to increase recycling and systemic circulation time. The
followinginsulin-Fc fusion proteins were synthesizedin HEK cells according to Example 1, purified according to Examples
3, and tested according to Examples 4-7, which are shown below. The sequence alignment of SEQ ID NOs: 44, 46, 48,
and 50 against SEQ ID NO: 42 and the differences in amino acid sequences are shown in Fig. 3.

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQISWFV
DGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERTISKARG
RAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHRMTPPQLDED
GSYFLYSKLSVDKSRWQQGDPFTCAVLHEALHSHYTQKSLSLSPG (SEQ ID NO: 44)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTICVVLDLGREDPEVQISWFV
DGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERTISKARG
RAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHRMTPPQLDED
GSYFLYSKLSVDKSRWQQGDPFTCAVLHETLQSHYTDLSLSHSPG (SEQ ID NO: 46)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQISWFV
DGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERTISKARG
RAHKPSVYVLPPSPKEL SSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHRMTPPQLDED
GSYFLYSKLSVDKSRWQQGDPFTCAVMHETLQSHYTDLSLSHSPG (SEQ ID NO: 48)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQISWFV
DGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERTISKARG
RAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHRMTPPQLDED
GSYFLYSKLSVDKSRWQQGDPFTCAVLHETLQNHY TDLSLSHSPG (SEQ ID NO: 50)

[0140] Theinsulin-Fc fusion proteins based on canine IgGA variants are listed in Table 2 along with the corresponding
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proteinyields, %homodimer, and homodimer titers. The results show that the various mutations to the IgGA Fc fragment,
instead of improving the %homodimer and homodimer titer, gave rise to highly aggregated proteins with extremely low
homodimer titers of less than 5 mg/L. As such, the in vivo bioactivity and pharmacokinetics of the compounds could not
be evaluated.

Table 2: Homodimer titers for sequences utilizing a native or mutated canine IgGA Fc fragment CH3 region
SEQ ID NO: Protein Yield (mg/L) %Homodimer Homodimer Titer (mg/L)
SEQ ID NO: 42 22 24% 5

SEQID NO: 44 33 0% 0

SEQ ID NO: 46 57 0% 0

SEQID NO: 48 67 0% 0

SEQ ID NO: 50 80 0% 0

Comparative Example 19: Canine Insulin-Fc Fusion Protein Using Other Canine Fc Fragment Isotypes

[0141] As described above, canine IgGA is thought to be the preferred isotype for the Fc fragment to produce non-
immunogenic insulin-Fc fusion protein for dogs due to its lack of Fc(gamma) | effector function in canines (much like the
human IgG2 isotype in humans). However, insulin-Fc fusion proteins manufactured with a canine IgGA Fc fragment
were highly aggregated with an unacceptably low homodimer titer and unacceptably low levels of bioactivity and duration
of action. Therefore, Fc fragments from the other canine 1gG isotypes (canine IgGB of SEQ ID NO: 16), canine IgGC of
SEQ ID NO: 17, and canine |gGD of SEQ ID NO: 18) were evaluated as replacements for the canine IgGA Fc fragment
of the insulin-Fc¢ fusion of SEQ ID NO: 42. The three insulin-Fc fusion proteins containing Fc fragments based on the
canine |gGB, 1gGC, and IgGD isotypes were synthesized using the same insulin polypeptide of SEQ ID NO: 5 and
peptide linker of SEQ ID NO: 12 as were used to make the insulin-Fc fusion protein of SEQ ID NO: 42. The proteins
were manufactured in HEK293 cells according to Example 1. The insulin-Fc fusion proteins were then purified using a
Protein A column according to Example 3. The structures of the insulin-Fc fusion proteins were confirmed according to
Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
removal according to Example 5. The %homodimer was measured by size-exclusion chromatography according to
Example 6. Their sequences are shown below and their sequence alignment comparison against SEQ ID NO: 42 is
shown in Fig. 4:

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLK GKQFTCK VNNKALPSPIERTISK ARGQ
AHQPSVY VLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGS
YFLYSKLSVDK SRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 52)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGCNNCPCPGCGLLGGPSVFIFPPKPKDILVTARTPTVTCVVVDLDPENPEVQISWFVD
SKQVQTANTQPREEQSNGTYRVVSVLPIGHQDWLSGKQFKCKVNNKALPSPIEEIISKTPGQ
AHQPNVYVLPPSRDEMSKNTVTLTCLVKDFFPPEIDVEWQSNGQQEPESKYRMTPPQLDED
GSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQISLSHSPG (SEQ ID NO: 54)
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FVYNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGCISPCPVPESLGGPSVFIFPPKPKDILRITRTPEITCVVLDLGREDPEVQISWFVDGKE
VHTAKTQPREQQFNSTYRVVSVLPIEHQDWLTGKEFKCRVNHIGLPSPIERTISKARGQAHQ
PSVYVLPPSPKELSSSDTVTLTCLIKDFFPPEIDVEWQSNGQPEPESKYHTTAPQLDEDGSYFL
YSKLSVDKSRWQQGDTFTCAVMHEALQNHYTDLSLSHSPG (SEQ ID NO: 56)

The resulting protein yields, %homodimer, and homodimer titers are given in Table 3. Unexpectedly, only the insulin-
Fc fusion protein of SEQ ID NO: 52 comprising an Fc fragment based on the canine IgGB isotype demonstrated a
homodimer titer which met the design criteria of greater than 50 mg/L. The insulin-Fc fusion protein of SEQ ID NO: 54
comprising an Fc fragment based on the canine IgGC isotype did not yield any compound at all, and the insulin-Fc fusion
protein of SEQ ID NO: 56 comprising an Fc fragment based on the canine IgGD isotype demonstrated an appreciable
protein yield but with a high degree of aggregation and therefore an unacceptably low homodimer titer.

[0142] In vitro insulin receptor binding for the insulin-Fc fusion proteins of SEQ ID NO: 52 and SEQ ID NO: 56 was
tested according to the procedure of Example 7. The insulin-Fc fusion protein of SEQ ID NO: 56 demonstrated an IC50
of greater than 5000 nM, indicating that the compound was highly unlikely to show bioactivity in vivo. However, the
insulin-Fc fusion protein of SEQ ID NO: 52 demonstrated an IC50 of 28 nM indicating that this sequence was likely to
be bioactive in vivo.

Table 3: Homodimer titers for sequences utilizing native canine IgGB, IgGC, and IgGD Fc fragments

SEQ ID NO: lgG Protein %Homodimer Homodimer IR
Fragment Yield Titer (mg/L) Binding,
(mg/L) IC50 (nM)
SEQ ID NO: 42 (Comparative I9GA 21 24% 5 2,733
Example 17)
SEQ ID NO: 52 19GB 80 93% 74 28
SEQ ID NO: 54 19GC 0 0% 0 DNM*
SEQ ID NO: 56 19GD 134 12% 16 >5000

*DNM = Did Not Measure

Comparative Example 20: In vivo Efficacy of an Insulin-Fc fusion Protein Comprising the Insulin Polypeptide of SEQ ID
NO: 5 with a Canine IgGB Isotype Fc Fragment

[0143] Giventhe promising homodimer titer andinsulin receptor activity results in Comparative Example 19, the insulin-
Fc fusion protein of SEQ ID NO: 52 was tested for in vivo bioactivity according to Example 10 following an intravenous
injection in each of N=3 healthy, antibody-naive, beagle dogs weighing approximately 10 kg. In a separate experiment,
the compound was administered subcutaneously to N=3 naive beagle dogs. FIG. 5 shows the %FBGL versus time for
a single intravenous administration of the insulin-Fc fusion protein of SEQ ID NO: 52, and FIG. 6 shows the %FBGL vs.
time for a single subcutaneous administration of the insulin-Fcfusion protein of SEQ ID NO: 52, both of which demonstrate
that the insulin-Fc fusion protein of SEQ ID NO: 52 is significantly bioactive in dogs.

[0144] The NAOC was calculated according to the procedure of Example 11 to determine the relative bioactivity and
duration of action of the insulin-Fc fusion protein. The NAOC of the insulin-Fc fusion protein of SEQ ID NO: 52 injected
intravenously was 399 %FBGL-days-kg/mg which was 3.8 times the NAOC of the insulin-Fc fusion protein of SEQ ID
NO: 42 injected intravenously, illustrating significantly increased bioactivity for the insulin-Fc fusion protein comprising
the canine IgGB Fc fragment versus the insulin-Fc fusion protein comprising the canine IgGA Fc fragment. The NAOC
of the insulin-Fc fusion protein of SEQ ID NO: 52 injected subcutaneously was 366 %FBGL-days-kg/mg, demonstrating
a level of bioactivity via subcutaneous administration that is similar to that obtained via intravenous administration.
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Comparative Example 21: In Vivo Immunogenicity Screening After Repeated Subcutaneous Doses of the Insulin-Fc
Fusion Protein Comprising the Insulin Polypeptide of SEQ ID NO: 5 with a Canine 1gGB [sotype Fc Fragment

[0145] Next, the repeated dose subcutaneous bioactivity of the insulin-Fc fusion protein of SEQ ID NO: 52 was tested
in dogs as per the method described in Example 11. N=3 animals were dosed subcutaneously at day 0, at day 35, and
at day 42, and the %FBGL was measured for the 7-day window after each dose according to Example 11. The NAOC
and NAOCR were calculated according to the procedure of Example 11 for each repeated subcutaneous injection. As
illustrated in Table 4, repeated subcutaneous dosing in dogs unexpectedly revealed a significant decay in bioactivity by
the third dose as measured by a significant decrease in the NAOCR (i.e., the NAOC for the third injection was only 0.40,
or 40%, of the NAOC for the first injection).

Table 4: NAOC per dose and NAOCR for repeated doses of SEQ ID NO: 52
Injection Number of SEQID NO: 52 NAOC (%FBGL-days-kg/mg) NAOCR (ratioed to Week 1)

1 330 1.0
2 339 1.1
3 115 0.4

[0146] Without being bound to any particular explanation, it was postulated that the cause of the significant reduction
in bioactivity of the insulin-Fc fusion protein of SEQ ID NO: 52 after the third repeated subcutaneous dose in dogs was
duetothe development of anti-drug antibodies that neutralized its biological activity. Anti-drug antibodies may be directed
againstthe insulin polypeptide, linker, or Fc-fragment portions of an insulin-Fc fusion protein. The immunogenic response
manifests as interactions between antigen presenting cells, T-helper cells, B-cells, and their associated cytokines, which
may lead to the production of endogenous antibodies against the drug (e.g. anti-drug antibodies). Binding antibodies
are all isotypes capable of binding the insulin-Fc fusion protein, and these may be detected in an immunoassay as
described in Comparative Example 13. Neutralizing antibodies that inhibit functional activity of the insulin-Fc fusion
protein are generally directed against an epitope that is required for bioactivity. To assess whether this was the case,
serum that was collected prior to the administration of each dose and at the end of the experiment described in Examples
11 and 12 was tested to quantify the levels of anti-drug antibodies according to Comparative Example 13. As shown in
FIG. 7, levels of anti-drug antibodies did indeed increase with multiple subcutaneous administrations of the compound,
indicating that the generation of neutralizing anti-drug antibodies were the likely cause for the reduction in the NAOCR
after the third injection of the insulin Fc-fusion protein of SEQ ID NO: 52.

Example 22: Non-Glycosylated Insulin-Fc Fusion Protein Comprising the Insulin Polypeptide of SEQ ID NO: 5 with
Canine IgGB Isotype Fc Fragments to Reduce the Potential Risk of Immunogenicity

[0147] As shown in Comparative Examples 19 and 20, the insulin-Fc fusion protein of SEQ ID NO: 52 showed ac-
ceptable %homodimer content, homodimer titer, and bioactivity in dogs; however, its use for a chronic disease such as
diabetes is compromised by the reduction in bioactivity (Comparative Example 21) and generation of anti-drug antibodies
(Comparative Example 21) with repeated subcutaneous dosing. Without being bound to any particular theory, one
possible cause of the generation of anti-drug antibodies and the reduction in bioactivity is the increased interaction of
the canine IgGB Fc fragment with various receptors of the canine immune system (e.g. Fc(gamma) receptors, e.g.
Fc(gamma)RI). Nevertheless, the canine IgGB isotype was the only one of the four canine 1gG isotypes that, when used
for the Fc fragment, resulted in an insulin-Fc fusion protein meeting the manufacturability and single-dose bioactivity
design goals (Example 16). As described in the Detailed Description of the Invention, one method for reducing the
Fc(gamma) interaction involves mutating the Fc fragment cNg site to prevent glycosylation during synthesis in the host
cell. Therefore, cNg site mutations were made to the Fc fragment region of SEQ ID NO: 52 to reduce the binding affinity
of the Fc fragment for Fc(gamma) receptors in vivo, as measured by binding in an in vitro human Fc(gamma)RI assay
described in Example 8. Verification of the lack of glycan were performed using the LC-MS method of Example 5, but
with omission of the PNGase F treatment step. The position of the cNg site in the insulin-Fc fusion protein of SEQ ID
NO: 52 is ctNg-NB139. Mutations to SEQ ID NO: 52 included SEQ ID NO: 58 comprising a mutation of cNg-NB139-Q,
SEQ ID NO: 60 comprising a mutation of cNg- NB139-S, SEQ ID NO: 62 comprising a mutation of cNg- NB 139-D, and
SEQ ID NO: 64 comprising a mutation of cNg-NB139-K. The full amino acid sequences of the cNg-mutated insulin-Fc
fusion proteins are listed below (with the NB139 position underlined) and the resulting sequence alignments are shown
in Fig. 8 (Clustal Omega):
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FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQC CHSICSLYQLENYCNGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KQMQTAKTQPREEQFQGTYRVVSVLPIGHQDWLK GKQFTCK VNNKALPSPIERTISK ARGQ
AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESK YRTTPPQLDEDGS
YFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 58)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWEFVDG
KOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQ

AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGS
YFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 60)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KQMQTAKTQPREEQFDGTYRVVSVLPIGHQDWLK GKQFTCK VNNKALPSPIERTISKARGQ
AHQPSVY VLPPSREELSKNTVSLTCLIKDFFPPDID VEWQSNGQQEPESKYRTTPPQLDEDGS
YFLYSKLSVDK SRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 62)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KQMQTAKTQPREEQFKGTYRVVSVLPIGHQDWLK GKQFTCK VNNKALPSPIERTISK ARGQ
AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGS
YFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 64)

The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein
A column according to Example 3. The structures of the insulin-Fc fusion proteins were confirmed according to Example
4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal
according to Example 5. The %homodimer was measured by size-exclusion chromatography according to Example 6.
As shown in Table 5, the homodimer titers of the insulin-Fc fusion proteins of SEQ ID NO: 60, SEQ ID NO: 62, and SEQ
ID NO: 64 meet the design goal, while unexpectedly the insulin-Fc fusion protein of SEQ ID NO: 58 containing the cNg-
NB139-Q mutation did not meet the design goal for homodimer titer.

Table 5: Homodimer titers for cNg variations of SEQ ID NO: 52

SEQID NO: cNg Mutation | Protein Yield (mg/L) | %Homodimer | Homodimer Titer (mg/L)
SEQ ID NO: 58 cNg-Q 37 98% 36
SEQ ID NO: 60 cNg-S 77 98% 75
SEQ ID NO: 62 cNg-D 88 98% 86
SEQ ID NO: 64 cNg-K 68 98% 67
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[0148] To determine which of the remaining three compounds was most likely to exhibit reduced immunogenicity, the
Fc(gamma) receptor binding was measured according to the procedure of Example 8. Low Fc(gamma) receptor binding
is most likely to correlate with minimum immunogenicity. Table 6 compares the Fc(gamma) receptor | binding of these
insulin-Fc fusion proteins with the Fc(gamma) receptor binding of the insulin-Fc fusion protein of SEQ ID NO: 52 dem-
onstrating unexpectedly that the insulin-Fc fusion protein of SEQ ID NO: 62, containing the cNg-D mutation, exhibits an
Fc (gamma) receptor binding activity that is approximately twice that of the insulin-Fc fusion proteins of SEQ ID NO: 60,
containing the cNg-S mutation and SEQ ID NO: 64 containing the cNg-K mutation. Therefore, only the insulin-Fc fusion
proteins comprising the latter two compounds containing the cNg-S mutation and the cNg-K mutations were deemed
suitable for repeated dose bioactivity testing in dogs.

Table 6: Fc(gamma) receptor binding for cNg variations of SEQ ID NO: 52
SEQ ID NO: cNg OD450nm Log[Fc OD450nm Minus Assay Ratio to
Mutation (gamma) RI] (ng/mL) Background SEQID NO:
52
SEQ ID NO: 52 Native cNg 0.386 0.323 1.00
SEQ ID NO: 60 cNg-S 0.140 0.077 0.24
SEQ ID NO: 62 cNg-D 0.204 0.141 0.44
SEQ ID NO: 64 cNg-K 0.126 0.063 0.20
Assay background (no N/A 0.063 0.000 N/A
compound)

Comparative Example 23: Evaluation of In Vivo Bioactivity and Immunogenicity of an Insulin Polypeptide of SEQ ID NO:
5 with the Non-Glycosylated cNg-K and cNg-S Canine IgGB Isotype Fc Fragments

[0149] To determine if the insulin-Fc fusion protein of SEQ ID NO: 60, containing the cNg-S mutation, improved the
repeated dose bioactivity performance in dogs, the compound was administered subcutaneously to N=1 dog on day 0,
day 7, day 14, and on day 28 according to the procedure of Example 11. When the dog's %FBGL dropped too low, the
dog was given food to raise the blood glucose to a safe level. The NAOC for the first injection was 191 %FBGL days
kg/mg, showing that the insulin-Fc fusion protein of SEQ ID NO: 60 was satisfactorily bioactive in vivo. The NAOC and
NAOCR were also measured for each subsequent dose according to the general procedure of Example 11, calculated
from the time the dose was administered until just before the next dose was administered. The NAOC and the NAOCR
shown in Table 7 illustrate that the insulin-Fc fusion protein of SEQ ID NO: 60 exhibited an NAOCR that decreased
significantly on doses 3 and 4 of afour dose regimen. Therefore, the insulin-Fcfusion protein of SEQ ID NO: 60, containing
the cNg-S mutation, was unable to demonstrate repeated dose bioactivity in dogs despite having a low Fc(gamma)RI
binding four times lower than that of the insulin-Fc fusion protein of SEQ ID NO: 52.

Table 7: NAOC per dose for repeated doses of SEQ ID NO: 60
Injection Numberof SEQIDNO:60 | NAOC (%FBGL-days-kg/mg) NAOCR

1 191 1.0
2 240 1.3
3 0 0.0
4 39 02

[0150] To determine if the insulin-Fc fusion protein of SEQ ID NO: 64, containing the cNg-K mutation, improved the
repeated dose bioactivity performance in dogs, the compound was administered subcutaneously to N=1 dog on day 0,
day 7, day 14, and on day 28 according to the procedure of Example 11. When the dog's %FBGL dropped too low, the
dog was given food to raise the blood glucose to a safe level. The NAOC for the first injection was 449 %FBGL days
kg/mg, showing that the insulin-Fc fusion protein of SEQ ID NO: 64 was satisfactorily bioactive in vivo. The pharmacok-
inetic profile of the compound was also measured by the method of Example 12 using ELISA, and a two-compartment
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model was fit to the data to determine its elimination half-life which was about 0.9 days. The NAOC and NAOCR were
also measured for each subsequent dose according to the general procedure of Example 11, calculated from the time
the dose was administered until just before the next dose was administered. The NAOC andthe NAOCR shown in Table
8 illustrate that the insulin-Fc fusion protein of SEQ ID NO: 64 maintains an NAOCR greater than 0.6 throughout the
four doses. Therefore, unexpectedly, the insulin-Fc fusion protein of SEQ ID NO: 64, containing the cNg-K mutation,
was the only non-glycosylated mutant of the insulin-Fc fusion protein of SEQ ID NO: 52 resulting in significantly improved
repeated dose bioactivity in dogs.

Table 8: NAOC per dose for repeated doses of SEQ ID NO: 64

Injection Numberof SEQIDNO:64 | NAOC (%FBGL-days-kg/mg) NAOCR
1 449 1.0
2 361 0.8
3 259 0.6
4 638 14

[0151] The levels of anti-drug and anti-insulin antibodies were also measured throughout the course of treatment (28
days) and for an additional two weeks according to Comparative Example 13. FIG. 9 illustrates that the insulin-Fc fusion
protein of SEQ ID NO: 64 still generated anti-drug antibodies with repeated subcutaneous dosing in dogs, but the anti-
drug antibody titers were much lower thanthose generated by the insulin-Fc fusion protein of SEQ IDNO: 52 (Comparative
Example 19).

Comparative Example 24: Screening of Canine Serum Containing Anti-Drug Antibodies and Identification of Potential
Immunogenic Epitopes at the B10D and A8H Positions of the Insulin Polypeptide

[0152] Mutating the cNg site of the canine IgGB Fc fragment to a Lys (i.e., cNg-K) did improve the repeated dose
bioactivity of the insulin-fusion protein comprising the insulin polypeptide of SEQ ID NO: 5 and the peptide linker of SEQ
ID NO: 12 (Comparative Example 23), but the resulting insulin-Fc fusion protein of SEQ ID NO: 64 still gave rise to anti-
drug antibodies (Comparative Example 23). It was hypothesized, therefore, that the insulin polypeptide of SEQ ID NO:
5 may unexpectedly contain specific epitopes (i.e., immunogenic "hot spots") against which the dog’s immune system
is directed. Therefore, the binding specificity of the antibodies present in the serum samples described in Comparative
Example 13 were evaluated according to the general procedure of Example 15. The analysis of the antibody-containing
serum samples from the repeated dosing of the insulin-Fc fusion protein of SEQ |ID NO: 52 (Comparative Example 19)
against the coated insulin-Fc fusion protein library demonstrated that there were unexpectedly two primary "hot spots"
present within the insulin polypeptide sequence of SEQ ID NO: 5: the aspartic acid mutation at the 10th position from
the N-terminus of the B-chain (i.e., B10), and, separately, the histidine mutation at the 8th position from the N-terminal
end of the A-chain (i.e., A8). The results suggest that insulin-Fc fusion proteins comprising insulin polypeptide amino
acid compositions containingthese two particular amino acid mutations are likely to be immunogenicin dogs and therefore
likely to give rise to anti-drug antibodies that neutralize the bioactivity after repeated injections. Therefore, it was deter-
mined that insulin polypeptides that do not contain the B10 aspartic acid and A8 histidine are preferred for insulin-Fc
fusion proteins that need to be repeatedly dosed in dogs over long periods long-term (e.g., to treat canine diabetes).

Comparative Example 25: An Insulin-Fc Fusion Protein Comprising the Insulfin Polypeptide of SEQ ID NO: 5 and a Non-
Glycosylated Canine IgGB Isotype Fc Fragment in Which the B10D and A8H Mutations of the Insulin Polypeptide are
Restored to Native Compositions to Reduce the Potential Risk of Immunogenicity

[0153] To evaluate whether replacing the "hot spot" mutations would improve the immunogenicity and repeated dose
bioactivity of insulin-Fc fusion proteins comprising the insulin polypeptide of SEQ ID NO: 5 and the canine IgGB isotype
fragment, an exemplary insulin-Fc fusion protein (SEQ ID NO: 66) was synthesized in which the B10 and A8 amino
acids of the insulin polypeptide were restored to their native histidine and threonine compositions, respectively (SEQ ID
NO: 125) listed below with non-native amino acids underlined).

FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCN (SEQ
ID NO: 125)
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Furthermore, given the additional potential benefits of the non-glycosylated cNg mutants, the insulin-Fc fusion protein
of SEQ ID NO: 66 contains the cNg-Q mutation. The entire amino acid sequence of the insulin-Fc fusion protein of SEQ
ID NO: 66 is given below:

FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCNGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KOQOMQTAKTQPREEQFQGTYRVVSVLPIGHQDWLK GKQFTCK VNNKALPSPIERTISK ARGQ
AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGS
YFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 66)

[01564] The insulin-Fc fusion protein of SEQ ID NO: 66 was manufactured in HEK293 cells according to Example 1
and purified using a Protein A column according to Example 3. The resulting protein yield was only 21 mg/L. The structure
was confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequence was further identified
by LC-MS with glycan removal according to Example 5. The %homodimer as measured by size-exclusion chromatog-
raphy according to Example 6, was 98.0% indicating that the protein was relatively free of aggregates.

[0155] Despite the relatively low homodimer titer of 21 mg/L, the insulin-Fc fusion protein of SEQ ID NO: 66 was
evaluatedin dogs forin vivo bioactivity andimmunogenicity accordingto the procedures of Examples 11-13, respectively.
FIG. 10 demonstrates that restoration of the B10D and A8H mutations to their native amino acids (i.e., B10H and A8T)
in the insulin-Fc fusion protein of SEQ ID NO: 66 did significantly reduce the immunogenicity of the parent compound
(SEQ ID NO: 52).

[0156] However, as shown in Fig. 11, the insulin-Fc fusion protein of SEQ ID NO: 66 containing the native B10 and
A8 amino acids was not bioactive (i.e., the NAOC was essentially zero).

Comparative Example 26: Attempts to Incorporate Additional B-chain and A-chain Mutations into the Insulin Polypeptide
of SEQ ID NO: 125 to Improve the Bioactivity of the Associated Insulin-Fc Fusion Proteins Containing the Canine IgGB
Fc Fragment

[01567] The factthatthe insulin-Fc fusion protein of SEQ ID NO: 66 did not generate anti-drug antibodies (Comparative
Example 25) compared to the insulin-Fc fusion protein of SEQ ID NO: 52 (Comparative Example 20) provides strong
evidence for the theory that the B10D and A8H mutations in the insulin polypeptide of SEQ ID NO: 5 are likely the
immunogenic epitopes responsible for the production of anti-drug antibodies. However, the lack of in vivo potency of
the insulin-Fc fusion protein of SEQ ID NO: 66 compared to that of SEQ ID NO: 52 indicates that these two amino acid
mutations are also responsible for achieving acceptable levels of bioactivity. The lack of in vivo potency for the insulin-
Fc fusion protein of SEQ ID NO: 66 correlates with its high IC50 (shown in Table 9 below) as measured by the insulin
receptor binding assay according to the method of Example 7. Therefore, further efforts were required to increase the
insulin-Fc fusion protein bioactivity (i.e., decrease the insulin receptor binding assay IC50 value to less than 5000 nM,
or more preferably less than 4000 nM, or even more preferably less than 3000 nM) while maintaining a low degree of
immunogenicity by keeping the native B10 and A8 amino acids in the insulin polypeptide.

[0158] Itis known that various portions of the insulin B-chain and A-chain are required for strong binding to the IR
(Hubbard S.R., "Structural biology: Insulin meets its receptor”, Nature. 2013; 493(7431):171-172). Therefore, portions
of the B-chain or A-chain were modified while keeping the B10 and A8 the same as in native insulin and the C-chain
and peptide linker constant. Several of these insulin-Fc fusion proteins were manufactured in HEK293 cells according
to Example 1 and purified using a Protein A column according to Example 3. Their structures were confirmed according
to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
removal accordingto Example 5. Their %homodimer contentwas measured by size-exclusion chromatography according
to Example 6, and their insulin receptor binding affinities were measured according to Example 7. Their sequences are
shown below, and the resulting sequence alignments against SEQ ID NO: 66 are shown in Fig. 12 (Clustal Omega).
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FVNQHLCGSHLVQALYLVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGGA
GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQA
HQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 68)

FVNQHLCGSELVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGGA

GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQA
HQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 70)

FVNQHLCGSHL VEALALVCGEAGFFYTDPTGGGPRRGIVEQCCTSICSLY QLENY CGGGGA
GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCK VNNKALPSPIERTISKARGQA
HQPSVY VLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESK YRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG (SEQ ID NO: 72)

FVNQHLCGSHLVEALALVCGERGFYYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGGA
GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK

QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQA
HQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 74)

FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGGA
GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQA
HQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 76)

Table 9: %homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.
SEQ ID NO: %Homodimer HEK homodimer titer (mg/L) IRIC50 (nM)

SEQID NO: 66 98.0% 21 >5000

SEQID NO: 68 97.6% 9 2624
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(continued)

Table 9: %homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.
SEQ ID NO: %Homodimer HEK homodimer titer (mg/L) IRIC50 (nM)
SEQIDNO: 70 81.4% 17 633
SEQIDNO: 72 99.1% 22 >5000
SEQIDNO: 74 96.6% 25 2402
SEQIDNO: 76 98.0% 6 >5000

[0159] In only three cases (SEQ ID NOs: 68, 70, and 74 did the proposed mutations improve the IR binding (i.e., lower
the IC50 value) as compared to SEQ ID NO: 66. However, none of the mutations resulted in compounds that meet the
manufacturing design goal of ahomodimertiter greaterthan 50 mg/L, andin some cases, the mutations lead to significantly
reduced manufacturability (e.g., homodimer titers less than 20 mg/L).

Comparative Example 27 Attempts to Incorporate C-chain Mutations into the Insulin Polypeptide of SEQ ID NO: 125
to Improve the Bioactivity of the Associated Insulin-Fc Fusion Proteins Containing the Canine IgGB Fc Fragment

[0160] The results obtained in Comparative Example 26 showed that all attempts to mutate the A-chain and B-chain
of the insulin polypeptide of SEQ ID NO: 125 resulted in unacceptably low HEK homodimer titers of the associated
insulin-Fc fusion (i.e., homodimer titers less than or equal to 25 mg/L). Therefore, there was a need for further experi-
mentation. In the present example, the C-chain composition of the insulin polypeptide of SEQ ID NO: 125 was mutated
by making it longer or by increasing its flexibility. Native insulin (e.g. human insulin) has been shown to undergo a
significant conformational change that involves movement of both the B-chain and A-chain folding as it binds to the
insulin receptor (e.g., as described by Menting, et al.,Nature, 2013; 493(7431). pp241-245). Native insulin, unlike the
insulin polypeptides of the presentinvention, is freely able to undergo this conformational change at the insulin receptor,
because it is a two-chain polypeptide in its native form, connected only through two disulfide bonds with no C-chain
constraining the mobility of the A- and B-chains. Without being bound by any particular theory, it was hypothesized that
the C-chain contained within the insulin polypeptide of SEQ ID NO: 125 was too inflexible (e.g. an amino acid composition
and sequence that does not permit facile movement between the B-chain and A-chain) and/or too short (e.g. not enough
amino acids between the C-terminus of the B-chain and the N-terminus of the A-chain) thus preventing the insulin
polypeptide from undergoing the necessary change in molecular shape required for strong binding to the insulin receptor.
Therefore, several insulin-Fc fusion proteins were synthesized based on the insulin-Fc fusion protein of SEQ ID NO: 66
with variations in the insulin polypeptide C-chain as shown below with the resulting sequence alignments against SEQ
ID NO: 66 shown in Fig. 13 (Clustal Omega).

FVNQHLCGSHLVQALYLVCGERGFFYTDPTQRGGGGGQRGIVEQCCTSICSLYQLENYCGG
GGAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFV
DGKOQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKAR
GQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDE
DGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 78)

FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGGGGSGGGGGIVEQCCTSICSLYQLENYC
GGGGAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISW
FVDGKOQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISK
ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQL
DEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 80)
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FVYNQHLCGSHLVEALALVCGERGFFYTDPGGGGGGGGGIVEQCCTSICSLYQLENYCGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWEFVDG
KQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQ
AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGS
YFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 82)

FVNQHLCGSHLVEALALVCGERGFFYTPGGGGGGGGGIVEQCCTSICSLY QLENYCGGGGA

GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQA
HQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 84)

Table 10: % homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.

SEQ ID NO: %Homodimer HEK homodimer titer (mg/L) IR IC50 (nM)
SEQID NO: 66 98.0% 21 >5000
SEQID NO: 78 94.0% 8 4176
SEQ ID NO: 80 99.6% 37 1609
SEQID NO: 82 98.3% 42 >5000
SEQID NO: 84 98.6% 33 4720

[0161] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-reducing
and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to Example
5. Their %homodimer content was measured by size-exclusion chromatography accordingto Example 6, andtheirinsulin
receptor binding affinities were measured according to Example 7. In only one case, (SEQ ID NO: 80) which comprises
the longest C-chain (GGGGGGSGGGG) (SEQ ID NO: 133), did a C-chain mutation significantly improve the insulin
receptor binding affinity (IC50 less than 3000 nM) compared to that of the insulin-Fc fusion protein of SEQ ID NO: 66.
However, none of these C-chain-mutated insulin-Fc fusion proteins exhibited a homodimer titer greater than the man-
ufacturing design goal of 50 mg/L. In fact, in one case (SEQ ID NO: 78) the C-chain mutation unexpectedly led to
significantly lower homodimer titers.

Comparative Example 28: Attempts to Incorporate Peptide Linker Mutations into Insulin-Fc Fusion Proteins Containing
the Insulin Polypeptide of SEQ ID NO: 125 and the Canine IgGB Fc Fragment to Improve Bioactivity

[0162] Without being bound by any particular theory, another possible reason for the poor insulin receptor binding of
the insulin-Fc fusion protein of SEQ ID NO: 66 was thought toinvolve the steric hindrance between the insulin polypeptide
andthe insulin receptor resulting from the close proximity of the much larger Fc fragment molecule attached to the insulin
polypeptide through the peptide linker. Shorter peptide linkers or more tightly folded peptide linkers were thought to
potentially exacerbate this issue, while longer peptide linkers or peptide linkers that are resistant to folding back on
themselves (e.g., linkers with more molecular stiffness) may alleviate this issue by creating more space between the
insulin polypeptide and the Fc fragment. The increased space between the insulin polypeptide and the Fc fragment
would also increase the distance between the insulin receptor and the

Fc fragment leading to less interference during insulin receptor binding. The peptide linker of SEQ ID NO: 12 (i.e.,
GGGGAGGGG) used to construct the insulin-Fc fusion protein of SEQ ID NO: 66 was hypothesized to be potentially

42



10

15

20

25

30

35

40

45

50

55

DK/EP 4186920 T5

too short and/or too flexible, because the amino acids that comprise the linker contain no side chains (i.e., it contains
only glycine and alanine amino acids). Therefore, to test this hypothesis, two other insulin-Fc fusion protein variants of
the insulin-Fc fusion protein of SEQ ID NO: 66 were synthesized. The insulin-Fc fusion protein of SEQ ID NO: 76
contained the same peptide linker as was used to construct the insulin-Fc fusion protein of SEQ ID NO: 66 but with an
insulin polypeptide in which the asparagine at the 21st position from the N-terminus of the A chain (i.e., A21) was absent
(i.e., des-A21). This particular mutation was incorporated to see whether the junction between the A-chain and the
peptide linker affects the protein yield and/or bioactivity of the molecule. The other insulin-Fc fusion protein of SEQ ID
NO: 86 contains this des-A21N A-chain mutation and a peptide linker that is more than twice the length of that used to
construct the insulin-Fc fusion protein of SEQ ID NO: 66. In this longer peptide linker, alanine is disfavored and instead
is replaced with a glutamine, which contains a polar amide side chain. The glutamine substitutions were expected to
increase the hydrophilic nature of the peptide linker and potentially prevent the linker from folding back against itself.
The sequences are shown below with the resulting sequence alignments against SEQ ID NO: 66 shown in Fig. 14
(Clustal Omega).

FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGGG
QGGGGQGGGGQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPE
DPEVQISWFVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCK VNNKALP
SPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKY

RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID
NO: 86)

FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGGA
GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQA
HQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 76)

Table 11: % homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.

SEQ ID NO: %Homodimer HEK Homodimer titer (mg/L) IR IC50 (nM)
SEQ ID NO: 66 98.0% 21 >5000
SEQID NO: 76 98.0% 6 >5000
SEQ ID NO: 86 99.6% 11 1281

[0163] The two insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified
using a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-
reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to
Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Example 6, and
their insulin receptor binding affinities were measured according to Example 7. The incorporation of a longer peptide
linker of different composition (GGGGGQGGGGQGGGGQGGGGGE for SEQ ID NO: 86 vs. GGGGAGGGG for SEQ ID
NO: 66 did improve the insulin receptor binding as measured by a significant reduction in the IC50 value, indicating that
longer linkers may be a strategy for increasing insulin receptor binding for other insulin-Fc fusion proteins. However, the
incorporation of a longer linker still did not improve the homodimer titers to above the manufacturing design goal of
greater than 50 mg/L.
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Comparative Example 29: Attempts to Delete Portions of the B-chain of the Insulin Polypeptide of SEQ ID NO: 125 to
Improve the Homodimer Titer of the Associated Insulin-Fc Fusion Proteins Containing the Canine IgGB Fc Fragment

[0164] The results from Comparative Example 28 demonstrate that the peptide linker can be modified to increase the
insulin receptor binding affinity of the insulin-Fc fusion protein of SEQ ID NO: 66, which contains the native B10 and A8
aminoacids. However, the peptide linker mutation failedtoincrease the homodimertiter enoughto meetthe manufacturing
design goal. Because the homodimer titer is a function of several properties, including the intracellular synthesis and
processing within cells, it was hypothesized that perhaps the insulin-Fc molecule was selfassociating (i.e., aggregating)
during and after synthesis either intramolecularly between the two monomers of the homodimer or intermolecularly
between two or more separate homodimers. This aggregation would lead to unacceptably low homodimer titers obtained
from the cell culture supernatants during the production process described in Examples 1, 3, and 6. This potential
interaction between the insulin-Fc fusion protein molecules could be due, in part, to insulin’s well-known propensity to
self-associate and form aggregates. One method known in the art to reduce the propensity for insulin to self-associate
involves mutating the amino acids near the C-terminus of the B-chain. For example, insulin lispro (B28K; B29P mutations)
and insulin aspart (B28D mutation) are well-known commercial two-chain insulins with non-native B-chain mutations
that prevent association and aggregation thus giving rise to a predominantly monomeric form of insulin in solution.
Another approach to prevent aggregation involves amino acid structural deletions. For example, a two-chain insulin
known as despentapeptide insulin (DPPI; see Brange J., Dodson G.G., Edwards J., Holden P.H., Whittingham J.L.
1997b. "A model of insulin fibrils derived from the x-ray crystal structure of a monomericinsulin (despentapeptide insulin)"
Proteins 27 507-516), is identical to native two-chain human insulin except that the five C-terminal amino acids of the
B-chain (YTPKT) are removed. DPPI has a lower binding affinity to the insulin receptor as compared to the native two-
chain human insulin, but it is completely monomeric in solution, meaning that there is no significant association or
aggregation between DPPI molecules. Therefore, in an attempt to decrease the potential for intramolecular and inter-
molecular self-association and improve the insulin-Fc fusion protein homodimer titer, several variants of the insulin-Fc
fusion protein of SEQ ID NO: 66 were constructed using partial B-chain amino acid truncation and B-chain amino acid
mutations as described above for DPPI, insulin lispro, and insulin aspart. The sequences are shown below with the
resulting sequence alignments against SEQ ID NO: 66 shown in Fig. 15 (Clustal Omega).

FVNQHLCGSHL VEALALVCGERGFFYTDPGGGGGGGGGIVEQCCTSICSLYQLENYCGGGG
AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCK VNNKALPSPIERTISKARGQ
AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESK YRTTPPQLDEDGS
YFLYSKLSVDK SRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 82)

FVNQHLCGSHLVEALALVCGERGFFYTPGGGGGGGGGIVEQCCTSICSLYQLENYCGGGGA
GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK

QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCK VNNKALPSPIERTISKARGQA

HQPSVYVLPPSREEL SKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESK YRTTPPQLDEDGSY
FLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 84)

FVNQHLCGSHLVEALALVCGERGFFYTQGGGGGGGGGIVEQCCTSICSLYQLENYCGGGG

AGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDG
KQMQTAKTQPREEQFSGTYRVYVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKARGQ
AHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESK YRTTPPQLDEDGS
YFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID NO: 88)
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Table 12: % homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.

SEQ ID NO: %Homodimer HEK Homodimer titer (mg/L) IR IC50 (nM)
SEQ ID NO: 66 98.0% 21 >5000
SEQ ID NO: 82 98.3% 42 1915
SEQ ID NO: 88 99.4% 22 2195
SEQ ID NO: 84 98.6% 33 1930

[0165] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-reducing
and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to Example
5. Their %homodimer content was measured by size-exclusion chromatography accordingto Example 6, andtheirinsulin
receptor binding affinities were measured according to Example 7. The homodimer titer of the resulting compounds was
only significantly increased in one case (SEQ ID NO: 82), but unexpectedly, the insulin receptor affinity was improved
for all of the mutated compounds (SEQ ID NOs: 82, 88, and 84).

Comparative Example 30: Attemptsto Combine B-chain, C-chain, and A-chain Mutations, B-chain Truncation, and Linker
Mutations to the Insulin-Fc Fusion Protein of SEQ ID NO: 66 to Further Improve Homodimer Titer and Bioactivity

[0166] Asshownin Comparative Examples 26, 27, 28, and 29, no single strategy successfully incorporated an insulin
polypeptide comprising the non-immunogenic native B10 and A8 amino acids with the canine IgGB Fc fragment to form
an insulin-Fc fusion protein with acceptable insulin receptor activity and homodimer titer. Therefore, the concepts of a
longer C-chain, a longer peptide linker, and truncation of the C-terminal amino acids of the B-chain were combined. In
addition, to potentially further decrease the propensity for self-association and aggregation, additional point mutations
were introduced to the native insulin hydrophobic amino acid residue sites using less hydrophobic amino acids, including
those with side groups that are negatively or positively charged at physiological pH. Example mutations included tyrosine
to alanine, tyrosine to glutamic acid, isoleucine to threonine, and phenylalanine to histidine. Furthermore, to simplify the
analysis, in all cases the cNg site of the canine IgGB Fc fragment was restored to its native asparagine. The sequences
for these insulin-Fc fusion protein variants are shown below with the resulting sequence alignments against SEQ ID NO:
66 shown in Fig. 16 (Clustal Omega).
FVNQHLCGSHLVEALELVCGERGFFYTPKTGGSGGGGGIVEQCCTSTCSLDQLENYCGGGG
GQGGGGQGGGEGEAQGGEGGGDCPK CPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDP
EDPEVQISWFVDGKQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA
LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES
KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ

D NO: 90)

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCNHG
GGGQGGGGQGGGGQGGGGGDCPKCPAPEMLGGPS VFIFPPKPKDTLLIARTPEVTCVVVDL
DPEDPEVQISWFVDGKQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNK
ALPSPIERTISKARGQAHQPSVYVLPPSREEL SKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPE
SKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG

(SEQ ID NO: 92)
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FVNQHLCGSHLVEALELVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCNGG
GGGQGGGGQGGGGQGGGGGDCPKCPAPEMLGGPS VFIFPPKPKDTLLIARTPEVTCVVVDL
DPEDPEVQISWFVDGKQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNK
ALPSPIERTISKAR GQAHQPSVY VLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPE
SKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESL SHSPG
(SEQ ID NO: 34)

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLD
PEDPEVQISWFVDGKQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA
LPSPIERTISKARGQAHQPSVYVLPPSREEL SKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES
KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ
ID NO: 32)

FVNQHLCGSHLVEALELVCGERGFFYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLD
PEDPEVQISWFVDGKOQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA
LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES
KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ
ID NO: 94)

Table 13: %homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.

SEQ ID NO: %Homodimer HEK homodimer titer (mg/L) IR IC50 (nM)
SEQID NO: 66 98.0% 21 >5000
SEQID NO: 90 97.9% 69 3869
SEQID NO: 92 99.5% 101 554
SEQID NO: 34 99.7% 107 1247
SEQ ID NO: 94 99.7% 128 2043
SEQID NO: 32 99.4% 187 2339

[0167] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-reducing
and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to Example
5. Their %homodimer content was measured by size-exclusion chromatography accordingto Example 6, andtheirinsulin
receptor binding affinities were measured according to Example 7. The results show that a combination of decreasing
the hydrophobicity of certain B-chain and A-chain amino acids, using longer and more flexible C-peptide sequences,
truncating several C-terminal B-chain amino acids, and using a longer peptide linker resulted in several useful insulin-
Fc fusion proteins that meet the minimum homodimer titer and insulin receptor binding activity design criteria. SEQ ID
NOs: 92, 34, 32, and 94 (368d), (366d), (218d), and (375d) showed more preferable insulin receptor IC50 values (less
than 3000 nM) and more preferable HEK homodimer titer values (greater than 100 mg/L) than either SEQ ID NO: 66 or
SEQ ID NO: 90. Surprisingly, changing just a few amino acids leads to a multifold improvement in insulin receptor affinity,
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and, in the case of the insulin-Fc fusion protein of SEQ ID NO: 32 a dramatic increase in homodimer titer over the original
insulin-Fc fusion protein of SEQ ID NO: 66.

Example 31: In Vivo Bioactivity, Repeated Dose Bijoactivity, and Immunogenicity of Insulin-Fc Fusion Proteins Con-
structed from the Insulin Polypeptide of SEQ ID NO: 7, the Peptide Linker of SEQ ID NO: 14, and the Canine IgGB Fc
Fragment of SEQ ID NO: 16

[0168] Given the positive homodimer titer and insulin receptor binding activity results from Comparative Example 30,
two of the most promising insulin-Fc fusion proteins (SEQ ID NOs: 32 and 34) were tested in dogs to evaluate the
repeated dose bioactivity and immunogenicity. Each compound comprises the longer, more hydrophilic peptide linker
of SEQ ID NO: 14 and the more manufacturable, less aggregated canine |gGB Fc fragment of SEQ ID NO: 16. Most
importantly, both insulin-Fc fusion proteins comprise insulin polypeptides with the putatively less immunogenic native
B10 and A8 amino acids (i.e. general SEQ ID NO: 7). In the case of the insulin-Fc fusion protein of SEQ ID NO: 34, the
asparagine at position A21 is present (i.e. the insulin polypeptide comprises SEQ ID NO: 9). In the case of the insulin-
Fc fusion protein of SEQ ID NO: 32, the asparagine at position A21 is absent (i.e. the insulin polypeptide comprises
SEQ ID NO: 8).

[0169] The in vivo bioactivity of the insulin-Fc fusion protein of SEQ ID NO: 34 was tested in N=1 dog according to
the procedure of Example 10. The results shown in FIG. 17 for a single subcutaneous dose demonstrate that the insulin-
Fc fusion protein of SEQ ID NO: 34 is indeed bioactive in vivo with an NAOC of 1076 %FBGL-days kg/mg calculated
according to the procedure in Example 11. The insulin-Fc fusion protein of SEQ ID NO: 34 pharmacokinetic profile was
measured by the method of Example 12 using ELISA, and a two-compartment model was fit to the data to determine
its elimination half-life which was 3.5 days.

[0170] The repeated dose bioactivity was then evaluated by continuing to subcutaneously administer the insulin-Fc
fusion protein of SEQ ID NO: 34 to N=1 dog on day 14, day 28, and day 42 after the initial injection according to the
procedure of Example 8. When the dog’s %FBGL dropped too low, the dog was given food to raise the blood glucose
to a safe level. The NAOC and NAOCR were measured for each subsequent dose according to the general procedure
of Example 11, calculated from the time the dose was administered until just before the next dose was administered.
The NAOC and the NAOCR shown in Table 14 illustrate that the insulin-Fc fusion protein of SEQ ID NO: 34 maintains
an NAOCR greater than 0.8 throughout the four doses thus meeting the repeated dose bioactivity design goal.

Table: 14: NAOC per dose for repeated doses of SEQ ID NO: 34

Injection# Day NAOC (%FBGL-days-kg/mg) NAOCR
1 0 1076 1.0
2 14 1005 0.9
3 28 900 0.8
4 42 838 0.8

[0171] The immunogenicity of the insulin-Fc fusion protein of SEQ ID NO: 34 was tested according to the procedure
of Comparative Example 13. FIG. 18 demonstrates that the insulin-Fc fusion protein of SEQ ID NO: 34 exhibits no
apparent immunogenicity in vivo in agreement with the maintenance of in vivo bioactivity throughout the repeated dose
experiment.

[0172] The insulin-Fc fusion protein of SEQ ID NO: 32, with the asparagine at A21 of the insulin polypeptide chain
absent, was also evaluated for repeated dose bioactivity performance in dogs. The compound was administered sub-
cutaneously to N=1 dog on day 0, day 14, day 28, and on day 42 according to the procedure of Example 11. When the
dog's %FBGL dropped too low, the dog was given food to raise the blood glucose to a safe level. The NAOC for the first
injection was an impressive 2278 %FBGL-days-kg/mg, showing that the insulin-Fc fusion protein of SEQ ID NO: 32 was
satisfactorily bioactive in vivo at almost twice the potency of the insulin-Fc fusion protein of SEQ ID NO: 34. The phar-
macokinetic profile of the insulin-Fc fusion protein was measured by the method of Example 12 using ELISA, and a two-
compartment model was fit to the data to determine its elimination half-life which was 4.1 +~ 0.7 days. Figs. 19 and 20
show the single dose blood glucose control and the multidose, multiweek blood glucose control for animals receiving
the homodimer of SEQ ID NO: 32. The NAOC and NAOCR were also measured for each subsequent dose according
to the general procedure of Example 11, calculated from the time the dose was administered until just before the next
dose was administered. The NAOC and the NAOCR shown in Table 15 illustrate that the insulin-Fc fusion protein of
SEQ ID NO: 32 maintains an NAOCR greater than or equal to 1.0 throughout the four doses thus meeting the repeated
dose bioactivity design goal described in Example 16.
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[0173] The immunogenicity of the insulin-Fc fusion protein of SEQ ID NO: 32 was tested according to the procedure
of Comparative Example 13. FIG. 21 demonstrates that the insulin-Fc fusion protein of SEQ ID NO: 32 exhibits no
apparent immunogenicity in vivo in agreement with the maintenance of in vivo bioactivity throughout the repeated dose
experiment.

Table 15: NAOC per dose for repeated doses of SEQ ID NO: 32

Injection# Day NAOC (%FBGL-days-kg/mg) NAOCR
1 0 2278 1.0
2 14 4029 1.8
3 28 3450 15
4 42 3257 1.4

[0174] As discussed in the Detailed Description of the invention, a known enzymatic cleavage site exists between
asparagine-glycine bonds (Vlasak, J., lonescu, R., (2011) MAbs Vol. 3, No. 3 pp 253-263). Omitting the asparagine at
the 21st amino acid in the A chain (i.e., A21) in the insulin polypeptide of SEQ ID NO: 8 contained in the insulin-Fc fusion
protein of SEQ ID NO: 32 with the peptide linker of SEQ ID NO: 14, eliminates the possibility of enzymatic cleavage of
the asparagine-glycine bond between the C-terminus of the A-chain and the N-terminus of the peptide linker. However,
the insulin-Fc fusion protein of SEQ ID NO: 34 comprises the peptide linker of SEQ ID NO: 14 and the insulin polypeptide
of SEQ ID NO: 8, which keeps the asparagine at A21. Therefore, it would have been expected that the insulin-Fc fusion
protein of SEQ ID NO: 34 would have been enzymatically digested during synthesis or in vivo following subcutaneous
administration. However, rather unexpectedly the insulin-Fc fusion protein of SEQ ID NO: 34 was manufacturable in
HEK cells with an acceptable homodimer titer and demonstrated acceptable bioactivity in vivo with no signs of enzymatic
digestion compromising its bioactivity.

Comparative Example 32: Confirmation of the Canine IgGB isotvve Fc Fragment for Optimal Manufacturability and In
Vivo Efficacy of Insulin-Fc Fusion Proteins Comprising the Preferred Insulin Polypeptide of SEQ ID NO: 8 and the
Preferred Peptide Linker of SEQ ID NO: 14

[0175] Having discovered a new insulin polypeptide and peptide linker combination resulting in non-immunogenic,
high yielding, high purity, and highly bioactive insulin-Fc fusion proteins as described in Comparative Examples 30 and
31, a question remained as to whether the canine |IgGB Fc fragment was still the preferred isotype with respect to
homodimer titer and bioactivity as was the case for the insulin-Fc fusion proteins in Comparative Examples 19 and 20.
Therefore, additional insulin-Fc fusion proteins were designed wherein the insulin polypeptide (SEQ ID NO: 8) and
peptide linker (SEQ ID NO: 14) of the insulin-Fc fusion protein of SEQ ID NO: 32 were kept constant, and the canine
IgGB Fc fragment of SEQ ID NO: 16 was replaced by the canine IgGA Fc fragment of SEQ ID NO: 15, the canine IgGC
Fc fragment of SEQ ID NO: 17, or the canine IgGD Fc fragment of SEQ ID NO: 18. The sequences for these resulting
insulin-Fc fusion protein variants are shown below:

FVYNQHLCGSHLVEALELVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLD
PEDPEVQISWFVDGKQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA
LPSPIERTISKARGQAHQPSVYVLPPSREEL SKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES

KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ
ID NO: 32)

438



10

15

20

25

30

35

40

45

50

55

DK/EP 4186920 T5

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLD
LGREDPEVQISWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCR VNHI
DLPSPIERTISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEP
ERKHRMTPPQLDEDGSYFLY SKLSVDKSRWQQGDPFTCAVMHETLQNHY TDLSLSHSPG
(SEQ ID NO: 96)

FVNQHLCGSHLVEALELVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGCNNCPCPGCGLLGGPSVFIFPPKPKDILVTARTPTVTCVVVDL
DPENPEVQISWFVDSKQVQTANTQPREEQSNGTYRVVSVLPIGHQDWLSGKQFKCKVNNK
ALPSPIEEIISKTPGQAHQPNVY VLPPSRDEMSKNTVTLTCLVKDFFPPEIDVEWQSNGQQEP
ESKYRMTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQISLSHSPG
(SEQ ID NO: 98)

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGCISPCPVPESLGGPSVFIFPPKPKDILRITR TPEITCVVLDLGRE
DPEVQISWFVDGKEVHTAKTQPREQQFNSTYRVVSVLPIEHQDWLTGKEFKCRVNHIGLPS
PIERTISKARGQAHQPSVY VLPPSPKELSSSDTVTLTCLIKDFFPPEIDVEW QSNGQPEPESK Y
HTTAPQLDEDGSYFLYSKLSVDKSRWQQGDTFTCAVMHEALQNHY TDLSLSHSPG (SEQ
ID NO: 100)

[0176] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A or Protein G columns according to Example 3. Their structures were confirmed according to Example 4 by
non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according
to Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Example 6,
and their insulin receptor binding affinities were measured according to Example 7. Additionally the insulin-Fc fusion
protein affinities for the canine FcRn receptor were measured according to Example 8. As is shown in Table 16, the
insulin-Fc fusion protein of SEQ ID NO: 32 comprising the canine IgGB Fc fragment demonstrated the highest homodimer
titer of these sequences. The insulin-Fc fusion protein of SEQ ID NO: 96 comprising the canine |gGA Fc fragment
exhibited poor homodimer titer when purified using a Protein A column; however, when it purified using a Protein G
column, the homodimer titer was significantly improved, exceeding the design goal of greater than 50 mg/L. The same
was true for the insulin-Fc fusion protein of SEQ ID NO: 98 comprising the canine IgGC Fc fragment. The insulin-Fc
fusion protein of SEQ ID NO: 100 comprising the canine IgGD Fc fragment did not yield any compound when purified
with either a Protein A or a Protein G column. Therefore, as was demonstrated with the insulin-Fc fusion protein of SEQ
ID NO: 52 containing a different insulin polypeptide (SEQ ID NO: 5 and peptide linker (SEQ ID NO: 12), the canine IgGB
was the preferred Fc fragment with respect to homodimer titer (see Comparative Example 19).
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Table 16: Homodimer titers, IR binding, and FcRn binding for sequences utilizing native canine IgGA, IgGB,
IlgGC, and IgGD Fc fragments

SEQ Fc Protein Yield %Homodimer Homo - IR FcRn First dose
ID Fragme Protein A/ Protein A/ dimer Bindin Binding , NAOC
NO: ntlgG (Protein G) (Protein G) Titer g, 1C50 EC50 (%FBGL-
Isotype (mg/L) (mg/L) (nM) (ng/mL) days-kg/

mg )

SEQ IgGB 187 / (DNM) 99% / (DNM) 185 2339 599 2278
ID
NO:
32

SEQ IgGA 10/ (69) 45% / (91%) 62+ 2586# 1610 174
ID
NO:
96

SEQ IgGC 0/(86) 0% / (94%) 81* 2084% >200000 39
ID
NO:
98

SEQ IgGD 0/(0) (DNM)/ (DNM) 0 DNM DNM DNM
ID
NO:
100

DNM = did not measure; # = purified via Protein A; ¥ = purified by Protein G.

[0177] Thein vivo bioactivity of the insulin-Fc fusion protein of SEQ ID NO: 96 comprising the canine |gGA Fc fragment
that was purified via Protein G was tested according to the procedure of Example 10. The results illustrated in FIG. 22
show that the insulin-Fc fusion protein of SEQ ID NO: 96 is only somewhat bioactive in vivo with a NAOC of only 174
%FBGL-days-kg/mg calculated according to Example 11.

[0178] Theinvivo bioactivity of the insulin-Fc fusion protein of SEQ ID NO: 98 comprising the canine IgGC Fc fragment
was purified via Protein G tested according to the procedure of Example 10. The results illustrated in FIG. 23 show that
the insulin-Fc fusion protein of SEQ ID NO: 98 is only somewhat bioactive in vivo with a NAOC of only 39 %FB-
GL-days-kg/mg calculated according to Example 11.

[0179] Therefore, as was demonstrated with the insulin-Fc fusion protein of SEQ ID NO: 52 containing a different
insulin polypeptide (SEQ ID NO: 5) and peptide linker (SEQ ID NO: 12), the canine IgGB was the preferred Fc fragment
with respect to bioactivity (see Comparative Examples 19 and 20 and Table 16 above).

Comparative Example 33: Non-Glycosylated Insulin-Fc fusion Proteins Comprising the Insulin Polypeptide of SEQ ID
NO: 8, the Peptide Linker of SEQ ID NO: 14, and the Canine IgGB Fc Fragment to Reduce the Potential Risk of
Immunogenicity

[0180] While the insulin-Fc fusion protein of SEQ ID NO: 32 meets all of the design goals (Example 16), there may or
may not be a risk of immunogenicity over extended periods of treatment (e.g., 6 months, 1 year, 2 years or more) which
could compromise the use of this insulin-Fc fusion protein for treating diabetes should this occur. As described in the
Detailed Description of the Invention and in Comparative Examples 21 and 22, one possible cause of a reduction in
bioactivity after repeated doses is the unwanted interaction of the canine IgGB Fc fragment with the dog’s immune
system resulting in the production of neutralizing anti-drug antibodies. However, the results shown in Comparative
Example 32 demonstrate that unexpectedly, the canine IgGB isotype was the only option of the four canine IgG isotypes
that yielded the desired manufacturability and bioactivity. Therefore, further Fc mutations were explored to achieve non-
glycosylated insulin-Fc fusion proteins with low Fc(gamma)RI receptor binding, which should reduce the long-term,
chronic immunogenicity risk.

[0181] Asdescribedinthe Detailed Description of the Invention, one method for reducing the Fc(gamma)RI interaction
involves mutating the Fc fragment cNg site to prevent glycosylation during synthesis in the host cell. Therefore, cNg site
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mutations were made to the Fc fragment region of SEQ ID NO: 32 to reduce the binding affinity of the Fc fragment for
Fc(gamma) receptors in vivo, as measured by binding in an in vitro human Fc(gamma)RI| assay described in Example
8. The position of the cNg site in the insulin-Fc fusion protein of SEQ ID NO: 32 is cNg-NB151. Mutations to SEQ ID
NO: 32 included SEQ ID NO: 104 comprising a cNg-NB151-S mutation and SEQ ID NO: 102 comprising the same cNg-
NB151-S mutation as well as a NB119-A mutation. The NB119-A was incorporated in a further attempt to reduce the
interaction with Fc(gamma)RI as has been described only for use in mouse antibodies by Lo, M. etal. "Effector attenuating
substitutions that maintain antibody stability and reduce toxicity in mice", J. Biol. Chem. (2017), pp. 1-20. The full amino
acid sequences of the resulting insulin-Fc fusion proteins are listed below (NB119 and NB151 sites underlined for clarity)
along with their sequence alignments (Clustal Omega) which are shown in Fig. 24:

FVYNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGOQGGGGQGGGGQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVALD

PEDPEVQISWFVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA
LPSPIERTISKARGQAHQPSVY VLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES
KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG (SEQ
ID NO: 102)

FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPK CPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLD
PEDPEVQISWFVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCK VNNKA
LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES
KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG (SEQ
ID NO: 104)

[0182] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-reducing
and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to Example
5. Their %homodimer content was measured by size-exclusion chromatography accordingto Example 6, andtheirinsulin
receptor binding affinities were measured according to Example 7. As shown in Table 17, incorporating the cNg-NB151-
S mutations on the Fc fragment decreased the %homodimer, indicating an unacceptably high level of aggregation (i.e.,
the %homodimer dropped to just above 70%).

Table 17: Homodimer titers for non-glycosylated insulin-Fc fusion proteins of SEQ ID NO: 102 and 104
SEQID 1gG Relevant Protein %Homodimer Homodimer IR Binding,
NO: Fragment Mutations Yield Titer (mg/L) IC50 (nM)
(mg/L)
SEQID 19GB cNg-NB-151-N 187 99% 185 2339
NO: 32
SEQID 19GB cNg-NB-151-S, 78 73% 57 3093
NO: 102 NB119-A
SEQID 19GB cNg-NB151-S 130 1% 93 2302
NO: 104

[0183] The in vivo bioactivity of the insulin-Fc fusion proteins of SEQ ID NO: 102 and SEQ ID NO: 104 were tested in
N=1 dog each according to the procedure of Example 10. The results shown in FIG. 25 for a single subcutaneous dose
demonstrate that both compounds were significantly less bioactive in vivo than the insulin-Fc fusion protein of SEQ ID
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NO: 32 (NAOC for SEQ ID NO: 104 = 574 %FBGL days-kg/mg, NAOC for SEQ ID NO: 102 = 921 %FBGL-days-kg/mg).
The results indicate that incorporating cNg-NB151-S mutations on the Fc fragment to produce non-glycosylated versions
of the insulin-Fc fusion protein of SEQ ID NO: 32 unexpectedly decreased the in vivo bioactivity of the resulting com-
pounds.

[0184] In an attempt to lessen the degree of aggregation and improve the bioactivity of the insulin-Fc fusion protein
of SEQ ID NO: 104 containing the cNg-NB151-S site mutation, various insulin-polypeptide B-chain variants were inves-
tigated with mutations in the region thought to be responsible for aggregation. The insulin-Fc fusion proteins were
manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3.
Their structures were confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequences
were further identified by LC-MS with glycan removal accordingto Example 5. Their %chomodimer content was measured
by size-exclusion chromatography according to Example 6. Among the B-chain variants tested, one insulin Fc-fusion
protein (SEQ ID NO: 36) containing a tyrosine to alanine substitution at the 16th amino acid from the N-terminus of the
B-chain (i.e., B16) was unexpectedly found to have high homodimer titers (105 mg/L) with low aggregation (99% ho-
modimer), resulting in a homodimer titer of 104 mg/L. The insulin receptor binding measured according to Example 7
was acceptable with an IC50 of 2040 nM. The FcRn receptor binding affinity EC50 value measured according to Example
9 was 1194 ng/mL. The pharmacokinetic profile of the insulin-Fc fusion protein of SEQ ID NO: 36 was measured by the
method of Example 12 using ELISA, and a two-compartment model was fit to the data to determine its elimination half-
life which was 4.1 = 0.7 days. The sequence of SEQ ID NO: 36 is shown below (B16A and cNg-NB151-S mutations
underlined for clarity).

FVNQHLCGSHLVEALAL VCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGEGGQGGEGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLD
PEDPEVQISWFVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA
LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPES

KYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ

ID NO: 36)

[0185] The insulin-Fc fusion protein of SEQ ID NO: 36 was then evaluated for repeated dose bioactivity performance
in dogs. The compound was administered subcutaneously to N=1 dog on day 0, day 7, day 14, and on day 28 according
to the procedure of Example 11. When the dog's %FBGL dropped too low, the dog was given food to raise the blood
glucose to a safe level. Unexpectedly, compared to the insulin-Fc fusion protein of SEQ ID NO: 104, the NAOC for the
first injection of the insulin-Fc¢ fusion protein of SEQ ID NO: 36 containing the B16A mutation, was significantly higher
(1185 %FBGL-days-kg/mg). The first dose in vivo bioactivity plot is shown in Fig. 26. The pharmacokinetic profile of the
compound was also measured by the method of Example 12 using ELISA, and a two-compartment model was fit to the
data to determine its elimination half-life which was 3.5 days. The NAOC and NAOCR were also measured for each
subsequent dose according to the general procedure of Example 11, calculated from the time the dose was administered
until just before the next dose was administered. The NAOC and the NAOCR shown in Table 18 illustrate that the insulin-
Fc fusion protein of SEQ ID NO: 36 maintains an NAOCR greater than or equal to 0.6 throughout the four doses thus
meeting the repeated dose bioactivity design goal. Taken together, the results indicate that it was necessary to mutate
the insulin B-chain sequence to obtain a suitable, non-glycosylated cNg-S variant of SEQ ID NO: 32. Therefore, the
insulin polypeptide of SEQ ID NO: 11 was preferred for non-glycosylated insulin-Fc¢ fusion proteins comprising cNg-
mutated canine IgGB Fc fragments.

Table 18: NAOC per dose for repeated doses of SEQ ID NO: 36

Injection# Day NAOC (%FBGL-days-kg/mg) NAOCR
1 0 1185 1.0
2 7 954 0.8
3 14 764 0.6
4 28 991 0.8

[0186] Finally, select compounds were tested for their likelihood to interact with the immune system by measuring
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their Fc(gamma) receptor binding activity according to the procedure of Example 8. Table 19 compares the Fc(gamma)
receptor | binding of these insulin-Fc fusion proteins with the Fc(gamma) receptor binding of the insulin-Fc fusion protein
of SEQID NO: 52. It can be seen that the non-glycosylatedinsulin-Fc fusion proteins (achieved through a cNg-S mutation)
exhibited the lowest Fc(gamma) receptor binding ratio to SEQ ID NO: 52.

Table 19: Fc(gamma) receptor binding for cNg variations of SEQ ID NO: 52

SEQID | Species | Glycosylation OD450nm at a Fc(gamma)R | OD450nm Minus Ratio to
NO: I Fc Mutation concentration of 3000 (ng/mL) Assay SEQID
Isotype Background NO: 52

SEQID | Canine/ | Native cNg 0.428 0.371 1.00
NO: 52 | IgGB

SEQ ID NO: 32 Canine /IgGB | Native cNg 0.368 | 0.311 | 0.84

SEQ ID NO: 96 Canine /IgGA | Native cNg 0.253 | 0.196 | 0.53

SEQ ID NO: 104 | Canine /IgGB | cNg-S 0.175 | 0.118 | 0.32

SEQ ID NO: 102 | Canine /IgGB | cNg-S and NB119-A | 0.166 | 0.109 | 0.29

SEQ ID NO: 36 Canine /IgGB | cNg-S and B16A 0.177 | 0.120 | 0.32

Comparative Example 34. Exemplary CHO-Based Production Runs Using Preferred Insulin-Fc Fusion Proteins Com-
prising Fc Fragments of Canine IgGB Qrigin Made via Stably Transfected CHO Cell Lines

[0187] Separate CHO cell lines stably transfected with vectors encoding for SEQ ID NO: 32, or SEQ ID NO: 36 were
constructed as described in Example 2. Fed-batch shake flask 14-day production runs (0.5-2.0 L media scale) were
seeded at 0.5 million cells/mL in an incubator-shaker set at 37°C and 5% carbon dioxide, and the runs were conducted
as described in Example 2 above, except that CD OptiCHO was substituted for Dynamis as the growth media (Ther-
moFisher) and Efficient Feed C (ThermoFisher) was used as the feed. Feed was added at 3% v/v starting on production
run day 3, and on day 4, the shake-flask temperature was adjusted to 32°C and the incubator-shaker carbon dioxide
concentration was lowered from 5% to 2%. During the run, the cells increased to between 8-14 million cells/mL, and on
Day 14 the production run was harvested to remove the cells and the culture supernatant was purified and tested to
obtain the insulin-Fc fusion protein as described in Examples 3, 4, 5, and 6. Table 20 describes the manufacturing data
obtained from the production runs with stably transfected CHO cell lines.

Table 20: Homodimer titers for non-glycosylated insulin-Fc fusion proteins of SEQ ID NO: 32 and SEQ ID
NO: 36

SEQ ID NO: Protein Yield (mg/L) %Homodimer Homodimer Titer (mg/L)
SEQ ID NO: 32 485 99.3% 482
SEQ ID NO: 36 260 99.0% 257

Comparative Example 35: Exemplary CHO-Based Production Runs Using Preferred Insulin-Fc Fusion Proteins Com-
prising Fc Fragments of Canine IgGB Origin Made via Stably Transfected CHO Cell Lines

[0188] A CHO cell line stably transfected with vectors encoding for SEQ ID NO: 34 is constructed as described in
Example 2. Fed-batch shake flask 14-day production runs (0.5-2.0 L media scale) is seeded at 0.5 million cells/mL in
an incubator-shaker set at 37°C and 5% carbon dioxide, and the run is conducted as described in Example 2, except
that CD OptiCHO is substituted for Dynamis as the growth media (ThermoFisher) and Efficient Feed C (ThermoFisher)
is used as the feed. Feed is added at 3% v/v starting on production run day 3, and on day 4, the shake-flask temperature
is adjusted to 32°C and the incubator-shaker carbon dioxide concentration is lowered from 5% to 2%. On Day 14, the
production run is harvested to remove the cells, and the culture supernatant is purified and tested to obtain the insulin-
Fc fusion protein as described in Example 3, 4, 5, and 6. The resulting production run gives a protein yield of greater
than 200 mg/L, greater than 95% homodimer, and greater than 190 mg/L homodimer titer of SEQ ID NO: 34.
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RESULTS - INSULIN-FC FUSION PROTEINS COMPRISING A FELINE Fc FRAGMENT

Comparative Example 36: An Insulin-Fc Fusion Protein Comprising an Fc Fragment of the Feline IgG2 Isotype

[0189] To develop a product suitable for use in cats, an attempt was made to produce an insulin-Fc fusion protein
comprising the insulin polypeptide sequence of SEQ ID NO: 4 and the Fc fragment of the feline 1gG2 isotype (SEQ ID
NO: 21) using the peptide linker of SEQ ID NO: 13 with the following amino acid sequence:

FVNQHLCGSDLVEALYLVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
SGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWFVDN
TEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISKAKGQ
PHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPPQLDSDGT
YFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 106)

[0190] The insulin-Fc fusion protein of SEQ ID NO: 106 was synthesized in HEK cells according to Example 1 and
purified according to Example 3. The structure of the insulin-Fc fusion protein was confirmed according to Example 4
by non-reducing and reducing CE-SDS, and the sequence was further identified by LC-MS with glycan removal according
to Example 5. The %homodimer of the resulting compound, measured by size-exclusion chromatography according to
Example 6, was 88%. The resulting homodimer titer was only 20 mg/L, which resulted from the inability for the HEK
cells to make the product in high yield (i.e., the protein yield after Protein a purification was only 23 mg/L). In summary,
manufacturing of the insulin-Fc fusion protein of SEQ ID NO: 106 in HEK cells resulted in a moderate level of aggregates
and a low homodimer titer of 20 mg/L, which did not meet the design goal of a homodimer titer of greater than 50 mg/L.
[0191] Nevertheless, the insulin-Fc fusion protein of SEQ ID NO: 106 was evaluated for bioactivity. First, the insulin
receptor binding of the insulin-Fc fusion protein of SEQ ID NO: 106 was measured according to Example 7, resulting in
an IC50 value of 22 nM indicating that the compound is likely to be bioactive in vivo (i.e., IC50 less than 5000 nM).
[0192] Next, the in vivo pharmacodynamics (PD) of the insulin-Fc fusion protein of SEQ ID NO: 106 was measured
after a single subcutaneous administration of the compound to N=3 cats at a dose of 0.8 mg/kg according to Example
10. FIG. 27 shows the percent fasting blood glucose level for the insulin-Fc fusion protein of SEQ NO: 106 (161c) as a
function of time. The NAOC for the insulin-Fc fusion protein was calculated to be 215 %FBGL-days-kg/mg according to
the procedure of Example 11. Surprisingly, unlike the analogous insulin-Fc fusion protein for dogs of SEQ ID NO: 42
comprising the insulin polypeptide of SEQ ID NO: 5 and the peptide linker of SEQ ID NO: 12, the insulin-Fc fusion protein
for cats of SEQ NO: 106 was found to be much less aggregated and significantly more bioactive in the target animal.
[0193] Sincethe NAOC was acceptable andthe pharmacokinetic data was supportive of a once-weekly administration,
the cats were given additional subcutaneous doses on day 28, day 35, day 42 and day 49 and the %FBGL was measured
for the 7-day window after each dose according to Example 11. The NAOC and NAOCR were calculated according to
the procedure of Example 11 for each repeated subcutaneousinjection. As illustratedin Table 21, repeated subcutaneous
dosing in cats revealed a significant decay in bioactivity by the third dose as measured by a significant decrease in the
NAOCR (i.e., the NAOC for the third injection was only 0.40, or 40%, of the NAOC for the first injection, and the NAOC
for the fourth injection was only 0.10, or 10%, of the NAOC for the first injection). The significant decay in bioactivity for
the insulin-Fc fusion protein of SEQ ID NO: 106 after repeated dosing in cats was similar to that observed for the insulin-
Fc fusion protein of SEQ ID NO: 52 in dogs shown in Comparative Example 20.

Table 21: NAOC per dose for repeated doses of SEQ ID NO: 106
Injection# Day NAOC (%FBGL days kg/mg) NAOCR
1 0 215 1.0
2 28 161 0.7
3 35 120 0.6
4 42 80 0.4
5 49 21 0.1
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Comparative Example 37: Evaluation of Insulin Polypeptide Mutations and the Choice of Feline IgG1b or IgG2 Fc
Fragments on Protein Yield, Purity, and Insulin Receptor Activity

[0194] In an attempt to increase the %homodimer content and protein yield of the insulin-Fc fusion protein of SEQ ID
NO: 106, mutations were inserted into the sequences of the insulin polypeptide B-chain (e.g., the B 16A mutation) and
the peptide linker. Furthermore, the feline 1IgG1b Fc fragment (SEQ ID NO: 20) was evaluated in addition to the feline
19G2 Fc fragment (SEQ ID NO: 21) that was used to construct the insulin-Fc fusion protein of SEQ ID NO: 106. The
resulting insulin-Fc fusion protein sequences are shown below with the resulting sequence alignments against SEQ |ID
NO: 106 shown in Fig. 28 (Clustal Omega).

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
SGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWEFVDNT
QVYTAKTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISKDKGQPH
EPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPPQLDSDGTYF
LYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 108)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
AGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWFVDN
TEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISKAKGQ
PHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPPQLDSDGT
YFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 110)

FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGGG
SGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWFVDN
TEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISKAKGQ
PHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPPQLDSDGT
YFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 112)

[0195] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-reducing
and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to Example
5. Their %homodimer content was measured by size-exclusion chromatography accordingto Example 6, andtheirinsulin
receptor binding affinities were measured according to Example 7. The insulin-Fc fusion protein variants are listed in
Table 22 along with the corresponding protein yields, %homodimer, and homodimer titer. The results show that the
various mutations, when combined with the feline IgG1b isotype Fc fragment to produce the insulin-Fc fusion protein of
SEQ ID NO: 108, gave rise to a much higher protein yield, but the resulting protein was more aggregated (e.g. lower
%homodimer than SEQ ID NO: 106). This was surprising as the feline IgG1b is more similar in function to the canine
IgGB Fc fragment isotype, which was the highly preferred Fc isotype for the production of canine insulin-Fc fusion
proteins (Comparative Example 32). Of the mutated feline compositions containing the feline |gG2 isotype, the ones
comprising B16A mutation of the insulin polypeptide B-chain (i.e., SEQ ID NO: 110 and SEQ ID NO: 112) led to improved
protein yield and homodimer titers. However, the mutated linker presentin SEQ ID NO: 110 (i.e., GGGGAGGGG - SEQ
ID NO: 12) seems to have provided a further doublingin protein yieldand homodimer titer as comparedto SEQ ID NO: 112.
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Table 22: Manufacturing and IR Binding for insulin-Fc fusion proteins utilizing feline IgG1b and IgG2 Fc

fragments
SEQ ID NO: lgG Protein Yield %Homodimer Homodimer Titer IR Binding,
Fragment (mg/L) (mg/L) IC50 (nM)

SEQ ID NO: 19G2 23 88.0% 20 22
106

SEQ ID NO: 19G1b 127 49.0% 62 62
108

SEQ ID NO: 19G2 122 89.7% 109 41
110

SEQ ID NO: 19G2 64 80.4% 51 53
112

Comparative Example 38: In Vivo Immunogenicity Screening After Repeated Subcutaneous Doses of the Insulin-Fc
Fusion Protein Comprising the Insulin Polypeptide of SEQ ID NO: 4 with a Feline IgG2 Isotype Fc Fragment

[0196] Without being bound to any particular explanation, it was postulated that the cause of the significant reduction
in bioactivity of the insulin-Fc fusion protein of SEQ ID NO: 106 after the fourth repeated subcutaneous dose in cats
(Comparative Example 36) was due to the development of anti-drug antibodies that neutralized its biological activity.
Anti-drug antibodies may be directed against the insulin polypeptide, linker, or Fc-fragment portions of an insulin-Fc
fusion protein. The immunogenic response manifests as interactions between antigen presenting cells, T-helper cells,
B-cells, and their associated cytokines, which may lead to the production of endogenous antibodies against the drug
(e.g. anti-drug antibodies). Binding antibodies are all isotypes capable of binding the insulin-Fc fusion protein, and these
may be detected in an immunoassay as described in Example 14. Neutralizing antibodies that inhibit functional activity
of the insulin-Fc fusion protein are generally directed against a biologically active site. To assess whether this was the
case, serum that was collected prior to the administration of each dose and at the end of the experiment described in
Example 11 was tested to quantify the levels of anti-drug antibodies according to Example 14. As shown in FIG. 29,
levels of anti-drug antibodies did indeed increase with multiple subcutaneous administrations of the compound, indicating
that the generation of neutralizing anti-drug antibodies was the likely cause for the reduction in the NAOCR after the
fourth injection of the insulin Fc-fusion protein of SEQ ID NO: 1086.

Comparative Example 39: Screening of Feline Serum Containing Anti-Drug Antibodies and Identification of Potential
Immunogenic Epitopes at the B10D and A8H Positions of the Insulin Polypeptide

[0197] As was observed for SEQ ID NO: 52 in dogs (Comparative Example 20), the repeated dose bioactivity of the
insulin-fusion protein of SEQ ID NO: 106 comprising the insulin polypeptide of SEQ ID NO: 4 and the peptide linker of
SEQ ID NO: 13 still gave rise to anti-drug antibodies (Comparative Example 38). It was hypothesized, therefore, that
the insulin polypeptide of SEQ ID NO: 4 may unexpectedly contain specific epitopes (i.e., immunogenic "hot spots")
against which a cat’'simmune system is directed. Therefore, the binding specificity of the antibodies presentin the serum
samples described in Comparative Example 38 were evaluated according to the general procedure of Example 15. The
analysis of the antibody-containing feline serum samples from the repeated dosing of the insulin-Fc fusion protein of
SEQ ID NO: 106 (Example 38) against the coated insulin-Fc fusion protein library demonstrated that there were unex-
pectedly two primary "hot spots" present within the insulin polypeptide sequence of SEQ ID NO: 4: the B10D site mutation
(i.e., the aspartic acid mutation at the 10th position from the N-terminus of the B-chain (i.e., B10)), and, separately, the
A8H site mutation (i.e., the histidine mutation at the 8th position from the N-terminal end of the A-chain (i.e., A8)). The
results suggest that insulin-Fc fusion proteins comprising insulin polypeptide amino acid compositions containing these
two particular amino acid mutations are likely to be immunogenic in cats and therefore likely to give rise anti-drug
antibodies that neutralize the bioactivity after repeated injections. Therefore, it was determined that insulin polypeptides
that do not contain the B10D and A8H are preferred for insulin-Fc fusion proteins that need to be repeatedly dosed in
cats over long periods long-term (e.g., to treat feline diabetes).
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Comparative Example 40: Insulin-Fc Fusion Proteins Comprising the Insulin Polypeptide of SEQ ID NO: 4 and Glyco-
sylated and Non-Glycosylated Feline IgG1b and 1gG2 Isotype Fc Fragments in Which the B10, A8, and Other Sites of
the Insulin Polypeptide are Further Mutated to Reduce the Potential Risk of Immunogenicity

[0198] To evaluate whether replacing the "hot spot" mutations would improve the immunogenicity and repeated dose
bioactivity of insulin-Fc fusion proteins comprising the insulin polypeptide of SEQ ID NO: 4 and the feline IgG2 isotype
fragment, exemplary insulin-Fc fusion proteins of SEQ ID NOs: 114, 116, and 118 were synthesized in which the B10
and A8 amino acids ofthe insulin polypeptide were restoredto their native histidine and alanine compositions, respectively,
and the histidine at B16 was replaced with alanine (i.e., B16A) as was the case for the insulin polypeptide of SEQ ID
NO: 5 used for many of the canine insulin-Fc fusion proteins. The A21N site of the native insulin was also deleted. For
this example, other insulin polypeptide amino acids were mutated to make the structure more similar to native feline
insulin (e.g., B30A, A8A, A10V, and A18H). The sequence of the resulting insulin polypeptide (SEQ ID NO: 120) is listed
below with the non-native amino acids to feline insulin underlined.
FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYC (SEQ ID NO: 120)
Furthermore, given the additional potential benefits of the non-glycosylated cNg mutants discussed in Comparative
Examples 22 and 33, two of the evaluated insulin-Fc fusion proteins (SEQ ID NOs: 116 and 118) contain the cNg-S
mutation. The entire amino acid sequences of the insulin-Fc fusion proteins are shown below with the resulting sequence
alignments against SEQ ID NO: 108 shown in Fig. 30 (Clustal Omega).

FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG
AGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWFVDN
TEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISKAKGQ
PHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPPQLDSDGT
YFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSP (SEQ ID NO: 114)

FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG
AGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWFVDN
TEMHTAKTRPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISKAKGQ
PHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPPQLDSDGT
YFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 116)

FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG
AGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVALGPDDSDVQITWEFVDNT
QVYTAKTSPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISKDKGQPHE
PQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPPQLDSDGTYFL
YSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID NO: 118)

[0199] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using
a Protein A column according to Example 3. Their structures were confirmed according to Example 4 by non-reducing
and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan removal according to Example
5. Their %homodimer content was measured by size-exclusion chromatography accordingto Example 6, andtheirinsulin
receptor binding affinities were measured according to Example 7. Table 23 below illustrates the manufacturability and
in vitro IR binding parameters for the resulting compounds.
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Table 23: Manufacturing and IR Binding for insulin-Fc fusion proteins utilizing feline IgG1b and IgG2 Fc

fragments

SEQ ID NO: lgG Protein Yield %Homodimer Homodimer Titer IR Binding,

Fragment (mg/L) (mg/L) IC50 (nM)

SEQ ID NO: 19G1b 127 48.6% 62 62
108

SEQ ID NO: 19G1b 18 97.5% 18 >5000
118

SEQ ID NO: 19G2 25 90.5% 23 3,480
114

SEQ ID NO: 19G2 1 73.0% 1 707
116

[0200] Unexpectedly, all three insulin-Fc fusion proteins gave much lower protein yields compared to that of the insulin-

Fc fusion protein of SEQ ID NO: 108. In fact, although it had a sufficiently high insulin receptor binding affinity (IC50 of
707 nM), the insulin-Fc fusion protein of SEQ ID NO: 116 gave almost no protein yield. The insulin-Fc fusion protein of
SEQ ID NO: 118 gave unacceptably low protein yield and homodimer titer and was deemed unlikely to be bioactive in
vivo duetoits high IR binding IC50 value greaterthan 5000 nM. The protein of SEQ ID NO: 114 also gave an unacceptably
low protein yield and a much lower insulin receptor binding affinity (higher IR IC50 value) compared to that of the insulin-
Fc fusion protein of SEQ ID NO: 108.

Comparative Example 41: An Insulin-Fc Fusion Protein Comprising the Insulin Polypeptide of SEQ ID NO: 8, Linker of
SEQ ID NO: 14 and a Feline IgG2 [sotype Fc Fragment

[0201] Inan attemptto obtain an acceptable protein yield of an insulin-Fc¢ fusion protein comprising an insulin polypep-
tide sequence without the immunogenic "hot spot" mutations (i.e., B10D and A8H), learnings were obtained from the
simultaneous and parallel development of canine insulin-Fc fusion proteins that had shown that the use of an insulin
polypeptide of SEQ ID NO: 8 and a peptide linker of SEQ ID NO: 14 on a canine IgGB isotype Fc fragment resulted in
high protein and homodimer titers and acceptable IR binding affinity. Therefore, a feline insulin-Fc fusion protein was
constructed using the insulin polypeptide of SEQ ID NO: 8 and the peptide linker of SEQ ID NO: 14 on a feline 19G2 Fc
fragment of SEQ ID NO: 21 to produce the following sequence:

FVNQHLCGSHLVEALELVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGEGGOGCGEGEGEQGEGEGEGEGEGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLG
PDDSNVQITWEFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSL
PSAMERTISKAKGQPHEPQVY VLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPEN
NYQTTPPQLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ
ID NO: 122)

The sequence alignment of SEQ ID NO: 122 against the Comparative Example 37 sequences SEQ ID NOs: 106 and
112 are shown in Fig. 31 (Clustal Omega).

Table 24: Manufacturing and IR Binding for insulin-Fc fusion proteins utilizing feline IgG1b and IgG2 Fc
fragments

SEQ ID NO: lgG Protein Yield %Homodimer Homodimer Titer IR Binding,
Fragment (mg/L) (mg/L) IC50 (nM)
SEQ ID NO: 19G2 23 88.0% 20 22
106
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Table 24: Manufacturing and IR Binding for insulin-Fc fusion proteins utilizing feline IgG1b and IgG2 Fc

fragments

SEQ ID NO: lgG Protein Yield %Homodimer Homodimer Titer IR Binding,

Fragment (mg/L) (mg/L) IC50 (nM)

SEQ ID NO: 19G2 64 80.4% 51 53
112

SEQ ID NO: 19G2 146 99.0% 145 2,536
122

[0202] The insulin-Fc fusion protein of SEQ ID NO: 122 was manufactured in HEK293 cells according to Example 1

and purified using a Protein A column according to Example 3. The structure was confirmed according to Example 4 by
non-reducing and reducing CE-SDS, and the sequence was further identified by LC-MS with glycan removal according
to Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Example 6,
and their insulin receptor binding affinities were measured according to Example 7. The FcRn receptor binding affinity
was measured according to Example 9. The protein yield was 146 mg/L, and the %homodimer was determined to be
99%, resulting in a homodimer titer of 145 mg/L which meets the manufacturing design goal. The IR binding affinity IC50
value was 2,536 nM indicating that the compound is likely to be bioactive in vivo. The FcRn receptor binding affinity
EC50 value was 3114 ng/mL. Therefore, the insulin-Fc fusion protein of SEQ ID NO: 122 was a potential candidate for
further testing in vivo.

Comparative Example 42: In Vivo Bioactivity of an Insulin-Fc Fusion Protein Constructed ,from the Insulin Polypeptide
of SEQ ID NO: 8, the Peptide Linker of SEQ ID NO: 14, and the Feline IgG2 Fc Fragment of SEQ ID NO: 21

[0203] The insulin-Fc fusion protein of SEQ ID NO: 122 was tested for bioactivity in vivo according to Example 10. A
healthy, antibody-naive, cat weighing approximately 5 kg was used. On day O the cat received a single injection of a
pharmaceutical composition containing the insulin Fc-fusion protein of SEQ ID NO: 122. On day 0, blood was collected
from a suitable vein immediately prior to injection and at 15, 30, 45, 60, 120, 240, 360, and 480 min and at 1, 2, 3, 4, 5,
6, and 7 days post injection. If the subject’s blood glucose dropped to dangerous levels, food and/or dextrose injections
were given to prevent symptomatic hypoglycemia.

[0204] Fig. 32showsthe %FBGL for a single administration, illustrating that, unexpectedly, the insulin-Fc fusion protein
of SEQ ID NO: 122 was only marginally bioactive in vivo (NAOC of essentially 0% FBGL-days-kg/mg). This result was
surprising, especially since the insulin-Fc fusion protein was not aggregated (i.e., had a high “%ehomodimer content), and
the molecule exhibited an IR affinity in a similar range as the canine insulin-Fc fusion proteins that were found to exhibit
significant bioactivity in dogs (Comparative Example 31). Due to the lack of bioactivity on the first administration, repeat
administrations were not performed.

Comparative Example 43: Evaluation of the Substitution of Feline IgG1b for the Feline IgG2 Fc Fragment on the Yield,
Purity, Bioactivity, and Immunogenicity of an Insulin-Fc Fusion Protein Comprising the Insulin Polypeptide of SEQ ID
NO: 8 and the Peptide Linker of SEQ ID NO: 14

[0205] Becausethedogand catlong-actinginsulin research programs were conductedin parallel, some ofthe learnings
of the canine insulin-Fc fusion protein research program were applied to the feline insulin-Fc protein research program.
One key learning from the canine insulin-Fc research program was how the selection of different IgG isotype Fc fragments
(e.g. canine IgGA, canine IgGB, canine IgGC, and canine IgGD isotypes) led to dramatically different manufacturing
andin vivo efficacy performance. Therefore, the feline IgG2 Fc fragment of SEQ ID NO: 122 was replaced with the feline
IgG1b Fc fragment of SEQ ID NO: 20 while keeping the insulin polypeptide of SEQ ID NO: 8 and the peptide linker of
SEQ ID NO: 14 resulting in the following amino acid sequence:
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FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGP
DDSDVOQITWEVDNTQVYTAKTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLP
SPIERTISKDKGQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNY
RTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID
NO: 38)

[0206] The insulin-Fc fusion protein of SEQ ID NO: 38 was synthesized in HEK293 cells according to the procedure
of Example 1 and purified using a Protein A column according to Example 3. The structure was confirmed according to
Example 4 by non-reducing and reducing LC-MS, and the sequence was further identified by LC-MS with glycan removal
accordingto Example 5. The protein yield was 158 mg/L at this stage. The %homodimer for the sequence was measured
by size-exclusion chromatography according to Example 6 and was determined to be 99.5% resulting in a homodimer
titer of 157 mg/L which meets the manufacturing design goal. The in vitro IM-9 insulin receptor binding 1C50 value,
measured according to Example 7, was 2398 nM which also meets the design goal. The FcRn receptor binding affinity
EC50 value was measured according to Example 9 and found to be 1552 ng/mL.

[0207] The insulin-Fc fusion protein of SEQ ID NO: 38 was then tested for bioactivity in vivo according to Example 10.
A healthy, antibody-naive, cat weighing approximately 5 kg received a single subcutaneous injection of a pharmaceutical
composition containing the insulin Fe-fusion protein of SEQ ID NO: 38 at a dose of 0.16 mg insulin-Fc fusion protein/kg.
On day 0, blood was collected from a suitable vein immediately prior to injection and at 15, 30, 45, 60, 120, 240, 360,
and480 minandat1, 2, 3, 4, 5, 6, and 7 days postinjection. If the subject’s blood glucose dropped to dangerous levels,
food and/or dextrose injections were given to prevent symptomatic hypoglycemia.

[0208] Figure 33 shows the %FBGL after the first administration. Food was given to the animal regularly to prevent
symptomatic hypoglycemia, illustrating that the insulin-Fc fusion protein of SEQ ID NO: 38 was significantly bioactive in
vivo with a NAOC of 1838 %FBGL-days-kg/mg. The pharmacokinetic profile of the compound was also measured by
the method of Example 12 using ELISA, and a two-compartment model was fit to the data to determine its elimination
half-life which was 6.3 = 0.5. The difference in biological activity (in vitro and in vivo) between the insulin-Fc fusion
protein of SEQ ID NO: 38 and that of SEQ ID NO: 122 demonstrates that, unexpectedly, the feline IgG1b isotype is
preferred over the feline 1gG2 isotype for the Fc fragment when the insulin polypeptide sequence is modified as in SEQ
ID NO: 8.

[0209] Sincethe NAOC was acceptable andthe pharmacokinetic data was supportive of a once-weekly administration,
the cat was given additional subcutaneous doses on day 14, day 28, and on day 42, and the %FBGL was measured for
the 7-day window after each dose according to Example 11. The NAOC and NAOCR were calculated according to the
procedure of Example 11 for each repeated subcutaneous injection. As illustrated in Table 25, the insulin-Fc fusion
protein of SEQ ID NO: 38 demonstrated acceptable bioactivity in vivo after multiple doses.

Table 25: NAOC per dose for repeated doses of SEQ ID NO: 38

Injection# Day NAOC (%FBGL-days-kg/mg) NAOCR
1 0 1838 1.0
2 14 1431 0.8
3 28 1900 1.0
4 42 2400 1.3

[0210] In addition, serum was collected prior to the administration of each dose and once a week for two weeks after
the end of the experiment in order to test for the presence and quantify the levels of any anti-drug antibodies according
to Example 14. As shown in Fig. 34, there was no measurable increase in anti-drug antibodies above baseline after
multiple administrations of the compound. Therefore, in order to obtain a feline insulin-Fc fusion protein candidate (e.g.
SEQ ID NO: 38) that meets the design criteria of acceptable homodimer titer, in vivo bioactivity, and sustained bioactivity
after repeated weekly injections in cats, it was necessary to replace the insulin polypeptide of SEQ ID NO: 4 with the
insulin polypeptide of SEQ ID NO: 8 and use the feline IgG1b Fc fragment of SEQ ID NO: 20 instead of the feline 1gG2
Fc fragment of SEQ ID NO: 21.
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Comparative Example 44: Non-Glycosylated Insulin-Fc Fusion Proteins Comprising the Insulin Polypeptide of SEQ ID
NO: 8, the Peptide Linker of SEQ ID NO: 14, and the Feline IgG1b Fc Fragment to Reduce the Potential Risk of
Immunogenicity

[0211] While the insulin-Fc fusion protein of SEQ ID NO: 38 meets all of the design goals (Comparative Example 43),
there may or may not be a risk of immunogenicity over extended periods of treatment (e.g., 6 months, 1 year, 2 years
or more), which could compromise the use of this insulin-Fc fusion protein for treating diabetes should this occur. As
described in the Detailed Description of the Invention, one possible cause of a reduction in bioactivity after repeated
doses is the unwanted interaction of the feline IgG1b Fc fragment with the cat’'s immune system resulting in the production
of neutralizing anti-drug antibodies. However, the results shown in Comparative Example 43 demonstrate that unex-
pectedly, the feline IgG1b isotype was preferable over the less immunogenic feline 1gG2 isotype with respect to in vivo
bioactivity. Therefore, further Fc mutations were explored to achieve non-glycosylated insulin-Fc fusion proteins with
low Fc(gamma)RI receptor binding, which should reduce the long-term, chronic immunogenicity risk.

[0212] Asdescribedinthe Detailed Description of the Invention, one method for reducing the Fc(gamma)RlI interaction
involves mutating the Fc fragment cNg site to prevent glycosylation during synthesis in the host cell. Therefore, cNg site
mutations were made to the Fc fragment region of SEQ ID NO: 38 to reduce the binding affinity of the Fc fragment for
Fc(gamma) receptors in vivo, as measured by binding in an in vitro human Fc(gamma)RI| assay described in Example
8. The position of the cNg site in the insulin-Fc fusion protein of SEQ ID NO: 38 is ctNg-NB151. Again, capitalizing on
the learnings from the canine insulin-Fc fusion proteins described in Comparative Example 33, a cNg-NB151-S mutation
was introduced into the Fc fragment of SEQ ID NO: 38. The full amino acid sequence of the resulting insulin-Fc fusion
protein is listed below (cNg-NB151-S underlined for clarity):

FVNQHLCGSHLVEALELVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGP
DDSDVQITWFVDNTQVYTAKTSPREEQFSSTYRVVSVLPILHQDWLK GKEFKCK VNSKSLP
SPIERTISKDK GQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIA VEWEITGQPEPENNY
RTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID
NO: 124)

[0213] The insulin-Fc fusion protein of SEQ ID NO: 124 was synthesized in HEK293 cells according to the procedure
of Example 1 and purified using a Protein A column according to Example 3. The structure of the insulin-Fc fusion protein
was confirmed according to Example 4 by non-reducing and reducing LC-MS, and the sequence was further identified
by LC-MS with glycan removal according to Example 5. The protein yield was 202 mg/L at this stage. The %homodimer
for the sequence was measured by size-exclusion chromatography according to Example 6 and was determined to be
99%, resulting in a homodimer titer of 200 mg/L which meets the manufacturing design goal. However, the in vitro IM-
9 insulin receptor binding IC50 value, measured according to Example 7, was greater than 5000 nM, which is outside
the design goal forin vitro bioactivity. The FcRn receptor binding affinity EC50 value was measured accordingto Example
9 and was 6922 ng/mL.

[0214] Although the insulin-Fc fusion protein of SEQ ID NO: 124 did not meet the insulin receptor binding design goal,
it was tested for bioactivity in vivo according to Example 10. A healthy, antibody-naive, cat weighing approximately 5 kg
was used. On day 0 the cat received a single injection of a pharmaceutical composition containing the insulin Fc-fusion
protein of SEQ ID NO: 124 at a dose of 0.16 mg insulin-Fc fusion protein/kg. On day 0, blood was collected from a
suitable vein immediately prior to injection and at 15, 30, 45, 60, 120, 240, 360, and 480 minand at 1, 2, 3, 4, 5, 6, and
7 days post injection. If the subject’s blood glucose dropped to dangerous levels, food and/or dextrose injections were
given to prevent symptomatic hypoglycemia.

[0215] Fig. 35 shows the %FBGL for a single administration, illustrating that the insulin-Fc fusion protein of SEQ ID
NO: 124 is only somewhat bioactive in vivo with an NAOC of 65 %FBGL-days-kg/mg. Due to the lack of bioactivity on
the first administration, repeat administrations were not performed.

[0216] Unexpectedly, as was the case in Comparative Example 33 for the canine insulin Fc-fusion protein of SEQ ID
NO: 36, it was found that mutating the insulin polypeptide sequence of SEQ ID NO: 124 such that the 16th amino acid
from the N-terminus of the B-chain (B16) was mutated from tyrosine to alanine (i.e., B16A) rendered the resulting insulin-
Fc fusion protein of SEQ ID NO: 40 bioactive. The amino acid sequence of the resulting insulin-Fc fusion protein is
shown below (B16A and cNg-NB151-S mutations underlined for clarity):
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FVNQHLCGSHLVEALALVCGERGFHY GGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG
GGQGGGGQGGGGQGGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGP
DDSDVQITWFVDNTQVYTAKTSPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLP
SPIERTISKDKGQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNY
RTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID
NO: 40)

[0217] The insulin-Fc fusion protein of SEQ ID NO: 40 was synthesized in HEK293 cells according to the procedure
of Example 1 and purified using a Protein A column according to Example 3. The structure of the insulin-Fc fusion protein
was confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequence was further identified
by LC-MS with glycan removal according to Example 5. The protein yield was 174 mg/L at this stage. The %homodimer
for the sequence was measured by size-exclusion chromatography according to Example 6 and was determined to be
98.9% resulting in a homodimer titer of 172 mg/L which meets the manufacturing design criteria. The in vitro IM-9 insulin
receptor binding IC50 value of 4635 nM, measured according to Example 7, also meets the design goal. The Fc(gamma)
receptor activity was measured according to Example 8 and found to be approximately four times less than that obtained
for the insulin-Fc fusion protein of SEQ ID NO: 38 using the same procedure indicating that the insulin-Fc fusion protein
is less likely to adversely interact with the cat's immune system. The FcRn receptor binding affinity EC50 value was
measured according to Example 9 and was 8157 ng/mL.

[0218] The insulin-Fc fusion protein of SEQ ID NO: 40 was then tested for bioactivity in vivo according to Example 11.
A healthy, antibody-naive, cat weighing approximately 5 kg was used. On day 0, day 7, and day 21 the cat received a
single subcutaneous injection of a pharmaceutical composition containing an insulin Fc-fusion protein of SEQ ID NO:
40 at a dose of 0.1 mg insulin-Fc fusion protein/kg. On day 0, blood was collected from a suitable vein immediately prior
to injection and at 15, 30, 45, 60, 120, 240, 360, and 480 min and at 1, 2, 3, 4, 5, 6, and 7 days post injection. If the
subject’s blood glucose dropped to dangerous levels, food and/or dextrose injections were given to prevent symptomatic
hypoglycemia.

[0219] Fig. 36 shows the %FBGL after the first administration, illustrating that the insulin-Fc fusion protein of SEQ ID
NO: 40 is bioactive in vivo with a NAOC of 159 %FBGL-days-kg/mg for a subcutaneous dose of 0.1 mginsulin-Fc fusion
protein/kg. A second higher subcutaneous dose of 0.2 mg insulin-Fc fusion protein/kg gave a much higher NAOC of
702 %FBGL -days-kg/mg and is shown in Fig. 37. The pharmacokinetic profile is measured by the method of Example
12 using ELISA, and a two-compartment model is fit to the data to determine its elimination half-life which is greater
than 3 days. These results are in contrast to the results obtained with the insulin-Fc fusion protein of SEQ ID NO: 124
which showedthatthe same compound comprising atyrosine at B16 instead of an alanine was only very weakly bioactive
at approximately the same dose (0.16 mg insulin-Fc fusion protein/kg). Therefore, the insulin polypeptide of SEQ ID
NO: 11 was preferred for non-glycosylated insulin-Fc fusion proteins comprising cNg mutated feline IgG1b Fc fragments.
[0220] To analyze the repeatable bioactivity after multiple doses, the cat was given a further dose of the insulin-Fc
fusion protein of SEQ ID NO: 40 on day 7, on day 21, and on day 35. When the cat's %FBGL dropped too low, the cat
was given food to raise the blood glucose to a safe level. The NAOC and NAOCR were measured for each subsequent
dose according to the general procedure of Example 11, calculated from the time the dose was administered until just
before the next dose was administered. The NAOC and the NAOCR shown in Table 26 illustrate that the insulin-Fc
fusion protein of SEQ ID NO: 40 is bioactive in vivo after multiple doses.

Table 26: NAOC per dose for repeated doses of SEQ ID NO: 40

Injection# Day NAOC (%FBGL-days-kg/mg) NAOCR
1 0 159 1.0
2 7 702 4.4
3 21 462 2.9
4 35 670 42

[0221] In addition, serum was collected prior to the administration of each dose and at the end of the experiment in
order to test for the presence and quantify the levels of any anti-drug antibodies according to Example 14. There is no
measurable increase in anti-drug antibodies above baseline after multiple administrations of the compound. Therefore,
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in order to obtain a feline insulin-Fc fusion protein meeting the manufacturing and bioactivity design criteria with signif-
icantly reduced Fc(gamma) receptor activity, it was not only necessary to mutate the cNg to serine but also to mutate
the insulin polypeptide B16 amino acid to alanine.

Comparative Example 45: Exemplary CHO-Based Production Runs Using Preferred Insulin-Fc Fusion Proteins Com-
prising Fc Fragments of Feline IgG1b Origin Made via Stably Transfected CHO Cell Lines

[0222] A CHO cell line stably transfected with vectors encoding for SEQ ID NO: 38 was constructed as described in
Example 2 above. Fed-batch shake flask 14-day production runs (0.5-2.0 L media scale) were seeded at 0.5 million
cells/mL in an incubator-shaker set at 37°C and 5% carbon dioxide, and the runs were conducted as described in
Example 2 above, except that CD OptiCHO was substituted for Dynamis as the growth media (ThermoFisher) and
Efficient Feed C (ThermoFisher) was used as the feed. Feed was added at 3% v/v starting on production run day 3, and
on day 4, the shake-flask temperature was adjusted to 32°C and the incubator-shaker carbon dioxide concentration was
lowered from 5% to 2%. During the run, the cell density increased to between 8-14 million cells/mL, and on Day 14 the
production run was harvested to remove the cells, and the culture supernatant was purified and characterized to obtain
the insulin-Fc fusion protein as described in Example 3, 4, 5, and 6. Table 27 describes the manufacturing data for the
insulin-Fc fusion protein obtained via these stably transfected CHO cell line production runs.

Table 27: Homodimer titers for non-glycosylated insulin-Fc fusion proteins of SEQ ID NO: 38
SEQ ID NO: Protein Yield (mg/L) %Homodimer Homodimer Titer (mg/L)
SEQ ID NO: 38 633 96.3% 610

Example 46: Exemplary CHO-Based Production Runs Using Preferred Insulin-Fc Fusion Proteins of Feline IgG1b Origin
Made via Stably Transfected CHO Cell Lines

[0223] A CHO cell line stably transfected with vectors encoding for SEQ ID NO: 40 is constructed as described in
Example 2 above. Afed-batch shake flask 14-day production run (0.5-2.0 L media scale) is seeded at 0.5 million cells/mL
in an incubator-shaker set at 37°C and 5% carbon dioxide, and the run is conducted as described in Example 2 above,
except that CD OptiCHO is substituted for Dynamis as the growth media (ThermoFisher) and Efficient Feed C (Ther-
moFisher) is used as the feed. Feed is added at 3% v/v starting on production run day 3, and on day 4, the shake-flask
temperature is adjusted to 32°C and the incubator-shaker carbon dioxide concentration is lowered from 5% to 2%. On
Day 14, the production run is harvested to remove the cells, and the culture supernatant is purified and characterized
to obtain the insulin-Fc fusion protein as described in Example 3, 4, 5, and 6. The resulting production run gives a protein
yield of greaterthan 200 mg/L, greaterthan 95% homodimer, and greaterthan 190 mg/L homodimertiter of SEQ D NO: 40.

Example 47: Exemplary Insulin-Fc Fusion Protein Domains and Sequences

[0224] Exemplary insulin-Fc fusion protein amino acid sequences and corresponding DNA sequences used in the
above Examples are shown Figs. 38, 39, 40 (as claimed), 41, and 42.

[0225] In the claims, articles such as "a," "an," and "the" may mean one or more than one unless indicated to the
contrary or otherwise evident from the context. Claims or descriptions that include

[0226] "or" between one or more members of a group are considered satisfied if one, more than one, or all of the group
members are presentin, employedin, or otherwise relevantto a given product or process unless indicated to the contrary
or otherwise evident from the context.

[0227] It is also noted that the terms "comprise(s)," "comprising," "contain(s)," and "containing" are intended to be
open and the use thereof permits the inclusion of additional elements or steps. Where ranges are given, endpoints are
included. Furthermore, unless otherwise indicated or otherwise evident from the context and understanding of one of
ordinary skill in the art, values that are expressed as ranges can assume any specific value or sub-range within the
stated ranges in different embodiments of the disclosure, to the tenth of the unit of the lower limit of the range, unless
the context clearly dictates otherwise.
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PATENTKRAV

Fremgangsmade til fremstilling af en rekombinant celle, som omfatter en nukleinsyre,
der koder for et fusionsprotein, hvilket fusionsprotein omfatter et insulinpolypeptid og et
Fc-fragment, hvor insulinpolypeptidet og Fc-fragmentet er forbundet med hinanden ved
hjeelp af en linker,

hvor Fc-fragmentet omfatter felgende sekvens:
DCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWFVDNTQ
VYTAKTSPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISKDKGQ
PHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPPQL
DSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG (SEQ ID
NO: 23),

og hvor insulinpolypeptidet omfatter falgende sekvens:
FVNQHLCGSXLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCX,STCSLDQLEN
YC (SEQ ID NO: 10)

hvor X, ikke er D, og Xz ikke er H,

hvilken fremgangsmade omfatter:

transfektion af en veertscelle med en nukleinsyre, der koder for fusionsproteinet, hvor

fusionsproteinet udtrykkes i den rekombinante celle efter transfektionstrinet.

Fremgangsmade ifglge krav 1, som endvidere omfatter:
dyrkning af den rekombinante celle i celledyrkningsmedium og
hgst af cellekultursupernatant fra celledyrkningsmediet, hvilken cellekultursupernatant

omfatter det udtrykte fusionsprotein.

Fremgangsmade ifglge krav 2, som endvidere omfatter:

oprensning eller isolering fra celledyrkningsmedium.

Fremgangsmade ifglge krav 3, hvor oprensnings- eller isoleringstrinene omfatter

centrifugering, filtrering og/eller kromatografi.

Fremgangsmade ifglge krav 1, hvor transfektionstrinet omfatter stabil transfektion af

veertscellen.

Fremgangsmade ifslge krav 1, hvor nukleinsyren omfatter cDNA, der koder for
fusionsproteinet, hvilket fusionsprotein omfatter falgende sekvens:
FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENY
CGGGGGQGGGGOQGGGGQGGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPE
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VTCLVVDLGPDDSDVQITWFVDNTQVYTAKTSPREEQFSSTYRVVSVLPILHQDWLKG
KEFKCKVNSKSLPSPIERTISKDKGQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPS
DIAVEWEITGQPEPENNYRTTPPQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHE
ALHSHHTQKSLTQSPG (SEQ ID NO: 40).

Fremgangsmade ifslge krav 6, hvor cDNA'et omfatter falgende nukleinsyresekvens:
atggaatggagctgggtcttictcticticctgtcagtaacgactggtgtccactcctticgtgaaccagcacctgtgeggceteee

acctggtggaagctctggcactcgtgtgcggcgageggggcticcactacgggggtggeggaggaggttctggtggegg
cggaggcatcgtggaacagtgctgcacctccacctgctccctggaccagetggaaaactactgeggtggecggaggtggt

caaggaggcggtggacagggtggaggtgggcagggaggaggcgggggagactgccccaaatgtcctcecgectgag
atgctgggtggccctagceatcticatcticccgeccaageccaaggatactctgtccattagcaggacceccecgaggtgacce
tgcctggtggtggacctggggccagacgactctgacgtgcagatcacctggticgtagacaacacccaggtttacactge
caagaccagtcccagggaggagcagticagcagcacatacagggtggtgagcegttctgcccatectgcaccaggactg
gctgaaaggcaaagagticaagtgtaaggtgaacagcaagagcctgcccagecccatigaaaggaccatcagcaag
gacaagggccagccgcacgagccccaagtctacgtgctgcccccagcacaggaagagcetgagcaggaacaaggtt
agcgtgacatgcctgatcgagggtttctaccccagcgacatcgecgtggagtgggaaatcaccggeccaacccgagecce
gagaacaactacaggaccactccgccgcaactggacagcgacgggacctacttcttgtatagcaggctgagegtggac
cggagcaggtggcagaggggcaacacctacacttgcagcgtgagccacgaggcecttgcacagccaccacactcaga

agagtctgacccagagcccgggatag (SEQ ID NO: 39).
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SEQ ID NO: 44 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 46 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 48 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 42 FVNQHELCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: &0 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

S ST R

SEQ ID NO: 44 GAGGGERCTDTPPCPVPEPLGGPSVLI FPPKPKDILRI TRTPEVTCVVLDLGREDPEVQT 120

SEQ ID NO: 46 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVIDLGREDPEVQT 120

SEQ ID NO: 48 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVLBLGREDPEVQT 120

SEQ ID NO: 42 GAGGGERCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVLDLGREDPEVQT 120

SEQ ID NO: 50 GAGGGERCTDTPPCPVPEPLGGPSVLI FPPKPKDILRI TRTPEVTCVVLDLGREDPEVGT 120
W Yr Fe e de-de % v W Yo dr W e de o e e e v T dr e e o e o Ve 9 Sk de Y o o o o e Yo o e Yo e e de Yo S e e e o e b e Ye v e e e o e o

SEQ ID NO: 44 SWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPTEHQDWLTGKEFKCRVNHIDLPSPTERT 180

SEQ ID NO: 46 SWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180

SEQ ID NO: 48 SWEVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPTERT 180

SEQ ID NO: 42 SWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPTEHQDWLTGKEFKCRVNHIDLPSPTERT 180

SEQ ID NO: 50 SWFVDGKEVHTAKTQSREQOFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPTERT 180
khkkhkh kbbb hdk kbbb hbhkkdbhhdb bk kb ddhhbdbdb bbb hbdbb b ki bbb bbbkt dhhhkd

SEQ ID NoO: 44 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQQEPERKHR 240

SEQ ID NO: 46 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 4B ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 42 I SKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 50 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQQEPERKHR 240
hkkhhkhbhkhkkhdehkrhhhrhhhhhrRrhhhrhhhhhhkhkdhbhhkhhrhhhhrkhhhhhhik

SEQ ID NO: 44 MTPPQLDEDGSYFLY SKLSVDKSRWQQGDPFTCAVLHEALHSHY TOKSLSLSPG 294

SEQ ID NO: 46 MTPPQLDEDGSYFLYSKLSVDKSRWQQGDPFTCAVLEETLQSHY TDLSLSHSPG 294

SEQ ID NO: 48 MTPPQLDEDGS ¥ FLY SKLSVDKSRWQQGDPFTCAVMHETLOSHY TDLSLSHS PG 294

SEQ ID NO: 42 MTPPQILDEDGSYFLYSKLSVDKSRWQQGDPFTCAVMHETLONHY TDLSLSHS PG 294

SEQ ID NO: 50 MTPPQLDEDGSYFLYSKLSVDKSRWQQGDPFTCAVLHETLONHY TDLSLSHSPG 294

Fhkhhhkhddhhdhbbbhhdhhhhbhdhhdhhdbddhddoka k. Fbkd dkd

FIG. 3
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SEQ ID NO: 42 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 56 FYNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 52 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 54 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
e 3 v e b 3 e v 3 de de Je Fr e 3 v v v e e e e de ok e g e v o e o T o A e e o e e o o o ok e e ek o e ok Yook e o o

SEQ ID NO: 42 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTICVVLDLGREDPEVQT 120

SEQ ID NO: &6 GAGGGGC---ISPCPVPESLGGPSVFIFPPKPKDILRITRTPEITCVVLDLGREDPEVQI 117

SEQ ID NO: 52 GAGGGGDCPK---CPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDLDPEDPEVQI 117

SEQ ID NO: 54 GAGGGG-CNN-CPCPGCGLLGGPSVFIFPPKPKDILVTARTPTVICVVVDLDPENPEVQI 118
kT x KK *%x 22 PR A A R TS AN 22 L PR L N R T 2 2

SEQ ID NO: 42 SWFVDGKEVHTAKTQSREQOFNGTYRVVEVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180

SEQ ID NO: 56 SWEVDGKEVHTAKTQPREQQFNSTYRVVSVLPIEHODWLTGKEFKCRVNHIGLPSPIERT 177

SEQ ID NoO: 52 SWFVDGKOMOTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERT 177

SEQ ID NO: 54 SWFVDSKQVQTANTQPREEQSNGTYRVVSVLPIGHQDWLSGKQFKCKVNNKALPSPIEEL 178
TAEEK ko rkkokk Fhkak Kk hhFkAXkAAAE Fhkxkhkk Khhk ok Kohkk. *hkxkkkk

SEQ ID NO: 42 ISKARGRAHKPSVYVLPPSPKELSSSDIVSITCLIKDFYPPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 56 TSKARGQAHQPSVYVLPPSPKELSSSDTVTLTCLIKDFFPPEIDVEWQSHNGQPEPESKYH 237

SEQ ID NO: b2 TSKARGQAHQPSVYVILPPSREELS-KNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYR 236

SEQ ID NO: 54 ISKTPGQAHQPNVYVLPPSRDEMS -KNIVILTCLVKDFFPPEIDVEWQSNGQQOEPESKYR 237
Tkk: KokK .k KKKKHKE Kok k. kR E KKK KK KIKKAIREEE AAK ko -

SEQ ID NO: 42 MTPPQLDEDGSYFLY SKLSVDKSRWQQGDPFTCAVMHETLONHY TDLSLSHSPG 294

SEQ ID NO: 56 TTAPQLDEDGSYFLY SKLSVDKSRWQOGDTFTCAVMHEALONHY TDLSLSHSPG 291

SEQ ID NO: 52 TTPPQLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEATLHNHY TQESLSHSPG 290

SEQ ID NO: 54 MTPPQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTQISLSHSPG 291

* kkkdkkkkhkkkhhhkhhhkhkkhkhbdokd k Fhhkkhho ko kddkk o dhhddkx

FIG. 4
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SEQ ID NO: 58 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 60 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 62 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 64 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

ok ok S do de ok e g ok de e ke e ok ok e e gk ok ke e de ol K g g ke ke de e de ke K e e ok K e ode de ke ke e e ek ke ke ke ke ke ke he ke Rk
SEQ ID NO: 58 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 60 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 62 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 64 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120

KEKEEKEE KA L EEKEKRA AL RARKRKERKAA A AR R AT AKRRR AR A KRR AR AR Rk Ak hhkkk
SEQ ID NO: 58 VDGKQMOTAKTQPREEQFQGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 60 VDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 62 VDGKOMQTAKTQPREEQFDGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 64 VDGKQMQTAKTQPREEQFKGTYRVVSVLPIGHOQDWLKGKQFTCKVNNKALPSPIERTISK 180

Kk ok kdokdkdkdkkkkkkdkd kokdkdokdokddekkkkdkkkkkkkkdhkokkdkkkdkdkkkihkk
SEQ ID NO: 58 ARGQAHQPSVIVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240
SEQ ID NO: 60 ARGQAHQPSVYIVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTEP 240
SEQ ID NO: 62 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTEP 240
SEQ ID NO: 64 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240

ek ke g gk A gk ke e gk gk K e gk gk ok ok ok ek e ke ok e ke ek gk e e ok ok e e de e ok ke ok ok e ke ke ke o e ok e ok ek ok ok
SEQ ID NO: 58 QLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 230
SEQ ID NO: 60 QLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 290
SEQ ID NO: 62 QLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEALHNHY TOESLSHS PG 290
SEQ ID NO: 64 QLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 290

Thkhkkkkhkhhhkhkkhkhkhkhkrhkkkkhkhkhkkhkhhkkkkhkhkkkkrrhkhkhhkhkkhkkk

FIG. 8
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFEY TDPTGGGPRRGIVEQCCTSICSLYQLENY CNGGG 60
SEQ ID NO: 68 FVNOHLCGSHLVQALYLVCGERGFFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 70 EVNQHLCGSELVEALALVCGERGFEFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 72 FVNQHILCGSHLVEALAIVCGEAGFEFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 74 FVNQHT.CGSHLVEALAIVCGERGFYY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 76 FVNQHLCGSHLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59

khkkhkkkkhkk dhkohkk dhkkkd Akrhxkbdkhcrk kb hkhhhkkbb kb bbhkkkkkkdkokkhx o+ ¥

SEQ ID NO: 66 GAGGGGDCPKCPAPEMLGGPSVF IFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 68 GAGGGGDCPKCPAPEMLGGPSVF IFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 70 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 72 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 74 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 76 GAGGGGDCPKCPAPEMLGGPSVF IFPPRPKDTLLIARTPEVITCVVVDLDPEDPEVQISWE 119

dkkkkkdhdhkhkkdkdhkhbrhhhbdbdkhkdhkhddbhkkddkhbhkhbdbdkhdbdbddbddbhkhbddkdkdhd

SEQ ID NO: 66 VDGKOMOTAKTQPREEQFQGTYRVVEVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 180
SEQ ID NO: 68 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID NO: 70 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID MO: 72 VDGKOMOTAKTQPREEQFSCTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTISK 179
SEQ ID NO: 74 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID NO: 76 VDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERTISK 179

FEIKRITIKKRKEIIRATIK AT X AT A I AR AT X R A IXRRA IS KA LA A AR Ak bk kT h*

8EQ ID NO: 66 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240
SEQ ID NO: 68 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 70 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQOFE PESKYRTTPP 239
SEQ ID NO: 72 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 74 ARGRAHQPSVYVLPPSREELSKNTVSLTCLIKDFEPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 76 ARGRAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239

hhdhkdhhhrhhhhdhdhbhhhhddhhhdrhhhbdhdbabhhhdhhbbakdhhdbhbbdhdhr

SEQ ID NO: 66 QLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHY TOESLSHSPG 290
SEQ ID NO: 68 QLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 289
SEQ ID NO: 70 QIDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEAT.HNHYTQESLSHSPG 288
SEQ ID NO: 72 QIDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 289
SEQ ID NO: 74 QIDEDGSYFLY SKLSVDKSRWQRGDTFICAVMEEATHNHYTQESLSESPG 289
SEQ ID NO: 76 QIDEDGSYFLY SKLSVDKSRWORGDTFICAVMHEATHNHY TQESLSHSPG 289

LZEA RS RS A ERERS SR ER SRR RR R RS st R]
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGG =~~~ GPRRGIVEQCCTSICSLYQLENY 55
SEQ ID NO: 78 FVNQHLCGSHLVQALYLVCGERGFFYTDPTQRGGEGE - -GGQRGIVEQCCTSICSLYQLENY 58
SEQ ID NO: 80 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGGGESGEEGGIVEQCCTSICSLYQLENY 60
SEQ ID NO: 82 FVNQHLCGSHLVEALALVCGERGFFYTDPGGEG- - - ~GGGGGIVEQCCTSICSLYQLENY 56
SEQ ID NO: 84 FVNQHLCGSHLVEALALVCGERGFFYT-PGGEGG- - - —GGGGEIVEQCCTSICSLYQLENY 55
Fhkkkhkkxhhk ;hk khkkkkkkkxkk * * *hhkkkhkhkkkhhkkkhkkkk
SEQ ID NO: 66 CNGGGGAGGGEDCPKCPAPEMLGGPSVFI FPPRPKDTLLIARTPEVTCVVVDLDPEDPEY 115
SEQ ID No: 78 CGG-GGAGEEEDCPKC PAPEMI.GGPSVFIFPPRPKDTLLIARTPEVTCVVVDLOPEDPEV 117
SEQ ID NO: 80 CGG-GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEV 119
SEQ ID NO: 82 CGG-GGAGEGEDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEV 115
SEQ ID NO: 84 CGG-GGAGGGEGDCPKC PAFEMLGGPSVF I FPPKPKDTLLIARTPEVTCVVVDLDPEDPEV 114

h ok khkkkhkhhkhhkhkhkhkhddkhdbhkddbhk bbbk hrhdhhhhhhhhdhbhhddhhhhbhdhid

SEQ ID NO: 66 QISWFVDCKQMQTAKTQPREEQFQGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIE 175
SEQ ID NO: 78 QISWEVDGRQMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCRVNNRALPSPIE 177
SEQ ID NO: 80 QISWFVDCKQMQTAKTQPREEQFSCGTYRVVSVLPIGHRDWLKGKQFTCKVNNKALPSPIE 179
SEQ ID NO: 82 QISWFVDCGRQMQTAKRTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNRALPSPIE 175
SEQ ID NO: 84 QISWEFVDGRQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIE 174
dhkkkkkkkkkkkkhhkkhkkhkkd hhbkkhkhkkhkxhkhhkhhkkkhhrrhbhrhtotdt
SEQ ID NO: 66 RTISKARGOAHOPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNGOOEPESKY 235
SEQ ID NO: 78 RTISKARGQAHQPSVYVLPPSREELSKNIVSLICLIKDFFPPDIDVEWQSNGRQEPESKY 237
SEQ ID NO: 80 RTISKARGQAHQOPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQOEPESKY 239
SEQ ID NO: 82 RTISKARGRAHQPSVYVLPPSREELSKNTVSLTICLIKDFFPPDIDVEWQSNGQQEPESKY 235
SEQ ID NO: 84 RTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKY 234

Ik kh kA rh kR hhhdhhkkhbhk kb hbdkfrhrhhdhdrhhrddrodbrherbdrds

SEQ ID NO: 66 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 250
SEQ ID NO: 78 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 292
SEQ ID NO: 80 RTITPPQLDEDGESYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 294
SEQ ID NO: B2 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALENHYTQESLSHSPG 250
SEQ ID NO: B84 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 289

hhkkkkhhkkkhkkhkkhkkhkhkkhkhhkhkkhkhhhhhkhhhhhhkhhkhhhkkhhkhkd
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SEQ ID NO: B6 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGG 60
SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCNGGG €0
SEQ ID NO: 76 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGG 60

HhRKRKRRIER I TREE TR T AT IR A R AR R R AR TR rhh bbbk bk hhhokdd ddh

SEQ ID NO: 86 GREGEBEREGBEEREEEEEDCPRCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDLD 120
SEQ ID NO: 66 GA--——————---— GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDILD 109
3EQ ID NO: 76 A-==mmm—mmm——— GGGGEDCPRCPAPEMLGGPSVFIFPPKPEKDTLLIARTPEVICVVVDLD 108

khkkdkkkkhbhkhdbhkkddbkhkdhhkdhhhhhdhhkhbhdhhbhkbhrhddh

SEQ ID NO: 86 PEDPEVQISWEVDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 180
SEQ ID NO: 66 PEDPEVQISWFVDGKQMQTARTQPREEQFQGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 169
SEQ ID NO: 76 PEDPEVQISWEFVDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 168

hhkkdkkkhkkhhhkkhkhhkkhkdhrdkddbhkkhbddk dhdhhkhdhbrrhbhbrhhdhhhhkrhhkdd

SEQ ID NO: 86 LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQ 240
SEQ ID NO: 66 LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQ 229
SEQ ID NO: 76 LPSPIERTISKARGQAHQPSVYVLPPSREELSENTVSLTCLIKDFFPPDIDVEWQSNGQQ 228

HhIRR R A A IR AT AR TR AR A RN R R b hhd R hhrh bbb bk bhkhhhhkdhkidn

SEQ ID NO: 86 EPESKYRITPPQLDEDGSYFLY SKLSVDRSRWQRGDTFICAVMHEALHNHYTQESLSHSP 300
SEQ ID NO: 66 EPESKYRTTPPQLDEDGSYFLY SKLSVDESRWQRGDTFICAVMHEATHNHYTQESLSHSP 289
SEQ ID NO: 76 EPESKYRTTPPQLDEDGSYFLYSKLSVDRSRWQRGDTFICAVMHEALHNHYTQESLSHSP 288

A2 AR AR AL A RA R AR SRR ARttt ad ittt l s

SEQ ID NO: 86 G 301

SEQ ID NO: 66 G 290

SEQ ID NO: 76 G 289
*
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGG-PRRGIVEQCCTSICSLYQLENYCNGG 59
SEQ ID NO: 82 FVNQHLCGSHLVEALALVCGERGFFYTDPGGGGGGGGGIVEQCCTSICSLYQLENYCGG- 59
SEQ ID NO: 88 FVNQHLCGSHLVEALALVCGERGFFYTQG-GGGGGGGGIVEQCCTSICSLYQLENYCGG- 58
SEQ ID NO: 84 FVNQHLCGSHLVEALALVCGERGFFYTPG-GGGGGGGGIVEQCCTSICSLYQLENYCGG- 58
e e e e e ok ek ke kR Kk ek kK ok ok ke ke ok k kok ok * ok k dhkkhkhkhkhhkhhhhhkhhk K
SEQ ID NO: 66 GGAGGGGDCPRCPAPEMLGGPSVE IFPPRPKDTLLIARTPEVTICVVVDLDPEDPEVQISW 119
SEQ ID NO: B2 GGAGGGGDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISW 119
SEQ ID NO: 88 GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTICVVVDLDPEDPEVQISW 118
SEQ ID NO: B4 GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISW 118

dhhkkkkkhhh kb ke kh Ak kb hkkkhhdkdhhkhhhhrdbhhdhdkdhhhkdhdkdk

SEQ ID NO: 66 FVDGKQMQTAKTQRPREEQFQBTYRVVSVLPIGHRDWLKGKQFTCKVNNKALPSPIERTIS 179
SEQ ID NO: B2 FVDGRQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGRQFTCKVNNRATLPSPIERTIS 179
SEQ ID NO: 88 FVDGKOMOTAKTQPREEQF SGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTIS 178
SEQ ID NO: B4 FVDGROMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCRKVNNRALPSPIERTIS 178

hohkA kA kkkkhhkkhhkhdd khkdkkkddhkkdkkhddhkhkdhhhbhhhdhhkrhdhkdhhkdk

SEQ ID NO: 66 KARGQAHQPSVYIVLPPSREELSKNTVSLICLIKDFFPPDIDVEWQSNGQQEPESKYRTTP 239
SEQ ID NO: B2 KARGQAHQPSVYVLPPSREELSKENTVSLTCLIRDFEFPPDIDVEWQSNGQQEPESKYRTTP 239
SEQ ID No: 88 KARGQRAHQPSVIVLPPSREELSKNTVSLICLIKDFFPPDIDVEWQSNGQQEPESKYRTTP 238
SEQ ID NO: B4 KARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTP 238

HEERX I T AT FTRE AT TFAERARAARATFRA RS IR AR ATk Ak dk Ak hrrkdd

SEQ ID NO: 66 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 290
SEQ ID NO: B2 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 290
SEQ ID NO: 88 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 288
SEQ ID NO: B4 PQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTQESLSHSPG 2889

hhkkkkhdkhhhkhkhddhkhhddbhhkddbrrdkdddhdhhdrhhrbdhhktbdoid
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGG-GPRRGIVEQCCTSICSLYQLENYCNGG 59
SEQ ID NO: 90 FVNQHLCGSHLVEALELVCGERGFFYTPRTGGSGGGGGIVEQCCTSTCSLDQLENYCGG— 59
SEQ ID NO: 92 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCNHG 60
SEQ ID NO: 34 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCNGG 60
SEQ ID NO: 32 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGS GGGGGIVEQCCTSTCSLDQLENYCGG- 59
SEQ ID NO: 94 FVNQHLCGSHLVEALELVCGERGFFYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGG- 59
dkkkkkhkhhhkkhh khkkhkhdk K *k Kk kkkkhkhkkkk kkk khkkhkk
SEQ ID NO: 66 GG-=-——=—————== AGGGEDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVD 107
SEQ ID NO: S0 GGEQRGGGERGEGEEQGCEGCDCPECPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVD 119
SEQ ID NO: 92 GGGQRGGGEERGEGEEQGGEGEDCPKCPAPEMLGGPSVFIFPPRKPKDTLLIARTPEVTICVVVD 120
SEQ ID NO: 34 GGCUGGGERGEGEERGEEGCDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVYVD 120
SEQ ID NO: 32 GGGRGGGEREEEEQGGEECICPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTICVVVD 119
SEQ ID NO: 94 GGGUGGGEERGEGEQCEECCDCPRKCPAPEMLGGPSVEIFPPEPKDTLLIARTPEVTCVVYD 119
* %k NAAAEE LA LSRRttt Rt ittt
SEQ ID NO: 66 LDPEDPEVQRISWFVDGROMQTAKTQPREEQFQGTYRVVSVLPIGHQDWLKGKQFTCKVNN 167
SEQ ID NO: 90 LDPEDPEVQISWFVDGKOMQTAKTQPREEQFNGTYRVVSVLPIGHODWLKGKQFTCKVNN 179
SEQ ID NO: 92 LDPEDPEVQRISWFVDGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 180
SEQ ID NO: 34 LDPEDPEVQISWFVDCGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 180
SEQ ID NO: 32 LDPEDPEVQISWEVDGRQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 179
SEQ ID NO: 94 LDPEDPEVQISWFVDGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 179

HRERKIEEAKARRER AR IR AT IR AR AR RAR R T ARA A h ko hh bk hhhhhds

SEQ ID NO: 66 KALPSPIERTISKARGRAHQPSVYVLPPSREELSKNTVSLTCLIRDEFFPPDIDVEWQSNG 227
SEQ ID NO: 90 RALPSPIERTISKARGQAHQPSVYVLPPSREELSKENTVSLTCLIRDFFPPDIDVEWQSNG 239
SEQ ID NO: 92 KALPSPIERTISKARGRAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 240
SEQ ID NO: 34 KALPSPIERTISRARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 240
SEQ ID NO: 32 KALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 239
SEQ ID NO: 94 KALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRKDFFPPDIDVEWQSNG 239

hhkkhkhkhkkkhkhhkkhhkhkkkhkdhhdhkdhbdhhbbdhbhhkhbhhddrhhhbdhddhdhrrhhbhid

SEQ ID NO: 66 QREEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 287
SEQ ID NO: 90 QOEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWOQRGDTFICAVMHEATLHNHYTQESTLSH 299
SEQ ID NO: 92 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 300
SEQ ID NO: 34 QQOEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 300
SEQ ID NO: 32 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 299
SEQ ID NO: 94 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 299

HETRR KX A I I I RI I IR RRF AT XA AT RR A AT AT I Tk Th bk hhkkhhhokdkhhkk

SEQ ID NO: 66 SPG 290
SEQ ID NO: 90 SPG 302
SEQ ID NoO: 92 SPG 303
SEQ ID NO: 34 SPG 303
SEQ ID NO: 32 SPG 302
SEQ ID NO: 94 SPG 302

hk*
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100
|
L]
m
in
2
50+ ¥ SEQIDNO: 98
0 ] | | |
0 2 4 [
Time (day)
SEQ ID NO: 102 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGS GGGGGIVEQCCTSTCSILDQLENYCGGSG 60
SEQ ID NO: 104 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGS GEGGGGIVEQCCTSTCSLDQLENYCGGG 60

kkkkhkkkhkhkxkkkhkrkkkhkkhkhkhhkkhhkkhkhkkkkkrkkhhhhhhhhkhhhhhhkkhrhkhkk

SEQ ID NO: 102 GGQGGGGERGGGGRGEGGGDCPKCPAPEMLGGPSVEFIFPPKPKDTLLIARTPEVTCVVVAL 120

SEQ ID NO: 104 GGRGEEGEREEEEQEEECEDCPRKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDL 120
dkkkkd Ak kkk kb khkhkkkdhkkhhhkhdhhxhdkddhhdhrhhdhhdhrbhthtdhar *

SEQ ID NO: 102 DEEDPEVQISWEVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCRVNNE 180

SEQ ID NO: 104 DPEDPEVQI SWEVDGKOMQOTAKTUPREEQF3GTYRVVSVLPIGHQDWLKGKQFTCKVNNK 180
hEA KK IRARKRRR AR RRR AR AR RRRR AR R ARR R KRR A AR R AR Ak kb bk kb hkhhhhhh bk

SEQ ID NO: 102 ALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQ 240

SEQ ID NO: 104 ALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDEFFPPDIDVEWQSNGQ 240
kkkhkkdkkkdkhkhhkhdhhkhdhkkhhhhthkkhkhxdhhdhhrhhdhhdhhhhdhtrhth bk

SEQ ID NO: 102 QEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHS 300

SEQ ID NO: 104 QEPESKYRTTPPQLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEALENHYTQESLSHS 300

KEE KK AT A AT AT AR AR R AT AR IA AR XA RR KA AR AN AR Ak A bk bk Ak khhoa

SEQ ID NO: 102 PG 302

SEQ ID NO: 104 PG 302
* %

FIG. 24
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100
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¥+ SEQIDNO: 106
0 k) ¥ ¥ L)
0 2 4 6 38
Time (day}
SEQ ID NO: 108 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 110 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 1086 FVNQHLCGSDLVEALYLVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 112 FVNQHLCGSDLVEALALVCGERGFEFYTDPTGGGPRRGIVEQCCHSTCSLYQLENYCNGGG 60

khkhkhkhhrhhkhhhhkh khkkkhhkhhhhkhhhhhhhhhhkdehrhhhkkhRhkhhkhhrhkhhhkhkk

SEQ ID NO: 108B GSGG-GGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVICLVVDLGPDDSDVQITW 119
SEQ ID NG: 110 GAGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLE ISRTPEVICLVVDLGPDDSNVQITW 120
SEQ ID NO: 106 GSGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVICLVVDLGPDDSNVQITW 120
SEQ ID NO: 112 GSGGGGGEGPKCPVPEIPGAPSVEFIFPPKPKDTLS ISRTPEVICLVVDLGPDDSNVQITW 120

kekk Kk khkkk hk: Kk dhkohkhkkhkhhbhhkhhkhd kb hddhkrhkhhkdhhh bk, hhhhk

SEQ ID NO: 10B FVDNTQVYTAKTS PREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTIS 179
SEQ ID NoO: 110 FVYDNTEMHTAKTRPREEQFNSTYRVVSVLPI LHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
SEQ ID NO: 106 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHODWLKGKEFKCKVNSKSLPSAMERTIS 180
SEQ ID NO: 112 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPI LHODWLKGKEFKCKVNSKSLPSAMERTIS 180
L R L N Y
SEQ ID NO: 108 KDKGQPHEPQVYVLPPAQEELSRNKVSVICLIEGFYPSDIAVEWEITGQPEPENNYRTTP 239
SEQ ID NQ: 110 KAKGOPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEI TGQPEPENNYQTTP 240
SEQ ID NO: 106 KAKGQPHEPQVYVLPPTQEELSENKVSVICLIKGFHPPDIAVEWEITGQPEPENNYQTTP 240
SEQ ID NO: 112 KAKGQPHEPQVYVLPPTQEELSENKVSVICLIKGFHPPDIAVEWEITGQPEPENNYQTTP 240

* AhkKhRIEKRARR L AL hhkEd kK Ahkkkxhhhk kk. % FThdhhkkrhkhkdhhkhrhdk. vhk

SEQ ID NO: 10B PQLDSDGTYFLYSRLSVDRSRWQRGNTY TCSVSHEALHSHHTQKSLTQSPG 290
SEQ ID NO: 110 PQLDSDGTYFLY SRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSPG 291
SEQ ID NO: 106 POQLDSDGTYFLY SRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSPG 291
SEQ ID NO: 112 PQLDSDGTYFLYSRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSPG 291

ThAh Kk hhkhkhh K hhhhhhdk, Ahkdkkd bbb hhkhkkkhhdodrdkhdhhdodk sk
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SEQ ID NC: 114 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG 60
SEQ ID No: 116 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG 60
SEQ ID NO: 108 FVNQHLCGSDLVEALALVCGERGFEFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NoO: 118 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGG-G 59
de de o I v de g kR . e e e de g e g ke e de e e kI g ok O i e B ddeddkkhdedkir * : o g d v v de H **‘. * %
SEQ ID NO: 114 AGGGGGEGPKCEVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWE 120
SEQ ID NO: 116 AGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWE 120
SEQ ID NO: 108 GSGGGGDCPKCFPFPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWE 120
SEQ ID NO: 118 GAGGGGDCPKCPPPEMLGGPSIFIFPPRPKDTLSISRTPEVTCLVVALGPDDSDVQITWE 119
LoKkkk . dkdek kK, *_**:************************ fhkkkddk  kkdkkk
SEQ ID No: 114 VDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISK 180
SEQ ID NoO: 116 VDNTEMHTAKTRPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISK 180
SEQ ID NO: 108 VDNTQVYTAKTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISK 180
SEQ ID NO: 118 VDNTQVYTAKTSPREEQFSSTYRVVSVLPILHOQDWLKGKEFKCKVNSKSLFSPIERTISK 179
hhkkdhk s hkkkk khkkdhhk kkhkkhkkkkkkhhkhkhkkkhkhhkhkhkhkkdhhkkhkh hkhkkk
SEQ ID No: 114 AKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPP 240
SEQ ID NO: 116 AKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPP 240
SEQ ID NO: 108 DKGQFHEPQVYVLPPAQEELSRNKVSVICLIEGFYPSDIAVEWEITGQPEFENNYRTTPP 240
SEQ ID NoO: 118 DKGQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPP 239
**********ii**:***k*.******i**:**:* *****k************:****
SEQ ID NoO: 114 QLDSDGTYFLY SRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSP - 289
SEQ ID NO: 116 QLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALESHHTQRSLTQSPG 290
SEQ ID NC: 108 QLDSDGTYFLY SRLSVDRSRWOQRGNTY TCSVSHEALHSHHTQKSLTQSPG 290
SEQ ID NO: 118 QLDSDGTYFLY SRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTOSPG 289

e e e e ok Sk ok e ok de ke ke ok o e ok ke s ok ke ek e ok ok ok ke ok e e ke ok ok ok ok e ok ok ke ke e ke b ke e
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SEQ ID NO: 106 FVNQHLCGSDLVEALYLVCGERGFFYTDPTGG-GPRRGIVEQCCHSICSLYQLENYCNGG 59

SEQ ID NC: 112 FVNQHLCGSDLVEALALVCGERGFFYTDPTGG-GPRRGIVEQCCHSICSLYQLENYCNGG 59

SEQ ID NO: 122 FVNQHLCGSHELVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG 60
kkkkkkkhkk Kkkkkk Fhkkdkkkhdk k| kk ok *kkkkhkk Kk kkk kkkkhkk kk

SEQ ID NO: 106 GGSG——--—-—-—-——-—— GGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVD 108

SEQ ID NO: 112 GGSG——--—-—————— GGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVD 108

SEQ ID NO: 122 GGQGGGEGERGEGEGEQGEEGEGGEGPKCPVPEIPGAPSVEIFPPKPKDTLSISRTPEVTCLVVD 120
*H ok T R T e e L T A2 L L 2y

SEQ ID NO: 106 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNS 168

SEQ ID NO: 112 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNS 168

SEQ ID NO: 122 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHEDWLKGKEFKCKVNS 180

RhERRRRERTIRIRIRT Tk kdhhkbhrhokhhhrhRXhhkhhXrhhhhrhhxrrhhhhhhhihrd

SEQ ID NC: 106 KSLPSAMERTISKAKGQPHEPQVYVLFPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITG 228
SEQ ID NO: 112 KSLPSAMERTISKAKGQPHEPQVIVLFPTQEELSENKVSVICLIKGFHPFDIAVEWEITG 228
SEQ ID NO: 122 KSLPSAMERTISKAKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITG 240

AhhRETRERRI KRR hhhhdkhkhhhhrhhhkrrhkhhhhrhrhdhhhhrhrhhhhrhidrn

SEQ ID NO: 106 QPEPENNYQTTPPQLDSDGTYFLY SRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQ 288
SEQ ID NC: 112 QPEPENNYQTTPPQLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQ 288
SEQ ID NO: 122 QPEPENNYQTTPPQLDSDGTYFLY SRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQ 300

hhkhkkhkhhkhkhhkhhhhhhhhhhhhkhhhkhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkh

SEQ ID NO: 106 SPG 291
SEQ ID NO: 112 SPG 291
SEQ ID NO: 122 SPG 303
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SEQ ID NO: 31 atggaatggagctgggtctttetcttetteectgtecagtaacgactggtgtecacteette
SEQ IDNOC: 32 M E W 8§ W VvV F L F F L 8 VvV T T GG V H 8 F
gtgaaccagcacctgtgeggeteccacetggtggaagetetggaactegtgtgeggegag
vV N Q H L ¢ G &8 H L V EATULETLV C G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R ¢6 F H ¥ 6 6 6 G 6 6 8 6 66 G 66 & I VvV E
cagtgectgcacctecacectgetecctggaccagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 8 T C 8 L D Q L E N Y C G G G G
ggtecaaggaggeggtggacagggtggaggtgggecagggaggaggegggggagactgecec
G @ ¢ 6 6 6 Q 6 ¢ 6 6 Q@ 6 6 6 6 G D C P
aagtgceccegetececgagatgetgggeggacccagegtgttecatettececteccaagece
K ¢ P A P EMIULG G P 8 V F I F P P K P
aaggacacactgcetgatcgeccaggaceceggaggtgacctgegtggtggtggacetggat
K D T L L I A R T P E V T C V vV V DL D
ccegaagaccecgaggtgeagatecagetggttegtggatggaaagecagatgecagacegee
P E D P E V Q I 8 W F V D 66 K ¢ M @ T A
aagacccaacccegggaagageagttcaacggeacctacagggtggtgagtgtgttgeec
K T @ P R E E Q F N G T ¥ R V V 8 V L P
atceggecaccaggactggectgaaggggaagcaattcacatgcaaggttaataacaaggec
I ¢ H Q DWUL K G K Q@ F T C KV NN K A
ctgcccagcceccatcgagaggaccatcagcaaggccaggggccaggecccaccagecatet
L P 8 P I E R T I 8 K A R G Q A H Q P S
gtgtacgtgctgecceccatctagggaggaactgagcaagaacacagtcagecttacttge
vV ¥y v L P P 8 R EU EUL S KNTV S L T C
ctgatcaaggacttettcocaceggacatagacgtggagtggecagagtaacggecageag
L T K D F ¥ P P D I DV E W Q 8 N G Q Q
gagecacgagagcaagtataggaccacacegececaactggacgaggacggaagetactte
E P E 8 K ¥ R T T P P @ L D ED G 8 Y F
ctcectacagecaaattgagegttgacaaaagcaggtggcagegaggegacacetteatetge
L ¥ 8 K L. 8 Vv b XK 8 R W Q R G D T F I C
geaegtgatgecacgaggetttgeataaccactacacccaggagagectgteecacagecee
A VM H E A L H N EH Y T Q E 8 L S H 8 P

ggatag
G —_
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SEQ ID NO: 33 atggaatggagctgggtotttoctottcticocctgtcagtaacgactggtgtocactectico
SEQ ID NO: 34 M E W 8 W VvV ¥ L. F F L 8 VvV T T 66 V H 8 F
gtgaaccagecacctgtgeggeteccacctggtggaagetotggaactegtgtygcggegay
v N ¢ H L € ¢ 8 H L. vV E A L. E L VvV € G E
cgggycttoecactacgggggtggeggaggaggttetggbggeggeggaggeategtggaa
R ¢ F B ¥ 6 6 ¢6 &6 G 6 8 6 ¢ ¢ ¢ 6 I v E
cagtgetgeacctecacctgetecctggaccagetggaaaactactgeaacggtggeggsa
¢ ¢ T 8 7T ¢ 8 L D Q L E N Y C N G 6 G
ggtggtceaaggaggeggtggacagggtggaggtgggeagggaggaggegggggagactge
G G Q 6 6 6 &6 ¢ &6 6 6 6 @ 6 6 66 & ¢ D C
cocaagtgeccegetocogagatgoetgggeggacecagegtgtteatottoccteccaag
P K ¢ P A P E M L 6 G P &8 ¥V F I F P P X
cccaaggacacactgetgatcocgcoccaggacoceggaggtgacetgegtggtggtggacetg
P K D T L L. I A R T P E V T C V VvV V D L
gatcocgaagaccoegaggtgoagatcagetggtiteghggat ggaaagoagatgocagace
D P E D P E V ¢ I 8 W F V D GG K O M @ T
gocaagacecaaceccggygaagageagttcaacggeacetacagggtggtgagtgtgttg
A K T g P R E E @ F N 6 7 ¥ R VvV VvV &8 V L
cocatcggecaccaggactggetgaaggggaagecaattcacatgeaaggttaataacaag
P I G H ¢ D W IL.L X ¢ K ¢ F T C K v N ¥ K
geoectgeccagecccatecgagaggaccat cageaaggooaggggocaggeccaceageca
A L P 8 P I E R T I 8 K A B G @ B B © P
totghgtacgtgetgeoccecatctagggaggaactgageaagaacacagtcagecttact
s vV Y Vv L P P 58 B E E L &8 K N T V 5 L T
tgectgatcaaggacttcettocecaccggacatagacgtggagtggecagagtaacggecag
¢ L I K D F F P F D I D V E W g 8 N G Q
caggagecegagageaagtataggacecacacogecccaactggacgagygacggaagetae
¢ E P E 8 K ¥ R T T P P ¢ L D E D G 8 ¥
ttectctacageasattgagegttgacaaaagecaggtggeagoegaggegacacetteate
¥ L ¥ 8 K L 8 ¥V D K 8 R W ¢ R G D T F I
tgogocgtgatgeacgaggettigeataaccactacaccoocaggagagectgtoccacage
¢ A vV M H E A L. H N H ¥ T g E 858 L & H 8
ceeggatag
P G -
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SEQ ID NO: 35 atggaatggagctgggtctttctettettectgtecagtaacgactggtgtecactectte
SEQ IDNO: 3 M E W 8 W V F L F F L 8 VvV T T G V H 8 F
gtgaaccagcacctgtgeggeteccacetggtggaagetetggeactegtgtgeggegag
vV N g H L C 6 &8 HL V E AL ATLV C G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R 6 F H Y 6 6 666 66 66 8 6 6 66 6 G I VvV E
cagtgetgcacctecacetgetecctggaccagetggaaaactactgeggtggeggaggt
¢ ¢ ¢c T s T ¢ 8 L D Q@ L E N Y C G G G G
ggtcaaggaggeggtggacagggtggaggtgggeagggaggaggegggggagactgecee
G Q 6 6 6 6 g 6 6 6 6 g 6 6 6 68 & D Cc P
aagtgeceegetecegagatgetgggeggacecagegtgtteatetteceteceaageee
K ¢ P A P EMUIL GG P S8 Vv F I F P P K P
aaggacacactgcetgategecaggaceceeggaggtgacetgegtggtggtggacctggat
K b T L. L. T A R T P E V T C V Vv V D L D
ccegaagacceccegaggtgecagatcagetggttegtggatggaaagecagatgcagacegea
P ED P E V Q I 8 W F vV D G K Q M @ T A
aagacccaacccecgggaagagcagtteteaggeacetacagggtggtgagtgtgttgeece
K T Q P R E E Q F 8 6 T Y R V V 8 V L P
atcggecaccaggactggetgaaggggaagcaattcacatgcaaggttaataacaaggec
I 6 H Q D W L K G K Q F T C K V N N K A
ctgeccecagecccategagaggaccatecageaaggecaggggecaggeccaccageeatet
L p 8 P I E R T I 8 KA R G Q A H Qg P S
gtgtacgtgetgecccecatetagggaggaactgageaagaacacagtecagecttacttge
v Y v L. P P 8 R E E L 8 KN T V 8 L T C
ctgatcaaggacttectteeccaceggacatagacgtggagtggecagagtaacggeccageag
L I K b F F P P D I DV EW Q 8 N G Q Q
gagcccgagagcaagtataggaccacaccgecccaactggacgaggacggaagetactte
E P E &8 K Y R T T P P Q L D E D G 8 Y F
ctetacagcaaattgagegttgacaaaagecaggtggcagegaggegacaccttecatetge
L Y s K L &5 vV D K S R W Q@ R G D T F I cC
gcegtgatgeacgaggetttgecataaccactacaceccaggagagectgteccacageecce
A vV M H E A L HNUHY T Q E 8 L S8 H 8 P

ggatag
G —_
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SEQ ID NO: 37 atggaatggagctgggtctttectcttettectgtcagtaacgactggtgteccactectte
SEQ IDNO: 38 M E W 8 W V F L F F L &8 VvV T T ¢ V H & F
gtgaaccagcacctgtgeggctcecccacctggtggaagetetggaactegtgtgeggegag
vV N Q H L ¢ 6 8 H L VvV E A L E L VvV C G E
cggggcttccactacgggggtggecggaggaggttetggtggeggeggaggecategtggaa
R ¢ F H ¥ 6 6 6 6 6 6 8 6 6 ¢ 6 6 I V E
cagtgectgecacctecacctgetecctggaccagetggaaaactactgeggtggeggaggt
Q ¢c ¢c T 8 T ¢ 8 L D Q L E N Y C GG G G G
ggtcaaggaggcggtggacagggtggaggtgggcagggaggaggegggggagactgecce
G Q & 6 6 6 Q 6 66 6 6 Q @6 6 6 G 6 D C P
aaatgtectecegectgagatgetgggtggecctageatettecatettecegeccaagece
K ¢ P P P EMUL G G P &8 I F I F P P K P
aaggatactctgtecattagecaggaccecegaggtgacetgectggtggtggacetgggg
K pD T L 8 I 8 R T PEV T C L V V D L G
ccagacgactetgacgtgeagatcacaetggttegtagacaacacecaggtttacactgece
P DD S DV Q I T™WU F V DNTQV Y T A
aagaccagtecccagggaggagcagttecaacageacatacagggtggtgagegttetgece
K T s P R E E Q F N 8 T Y R V V 8 V L P
atectgeaccaggactggetgaaaggcaaagagttecaagtgtaaggtgaacagecaagage
I L H Q D WL K GG K E F K CE KV N 8 K B8
ctgccecagecceeattgaaaggaccatecagecaaggacaagggecageegecacgagecceaa
L P &8 P I E R T I 8 K D K G Q P H E P Q
gtectacgtgetgececcagecacaggaagagectgagecaggaacaaggttagegtgacatge
v Yy v L P P A QE EUL 8 RN KUV S V T C
ctgategagggtttetacececagegacategeegtggagtgggaaatcaceggecaacce
L I E 6 F Y P 8 D I A V E W E I T G Q P
gagcccgagaacaactacaggaccactecgecgeaactggacagegacgggacetactte
E P ENNY R T TP P Q L D 8 D 6 T Y F
ttgtatagecaggctgagegtggaceggagecaggtggcagaggggcaacacctacacttge
L Y 8 R L. 8 V. D R 8 R W Q R G N T Y T C
agcgtgageccacgaggecttgecacagecaccacactcagaagagtectgacccagageeceg
S vV 8 H E A L H 8 EHEH T Q K 8 L T @Q 8 P
ggatag
G -
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SEQ ID NO: 39 atggaatggagctgggtctttetcttettectgtecagtaacgactggtgtccacteette
SEQ ID NO: 40 M E W &§ WV F L F FL 8V T T GV H 8§ F
gtgaaccagcacctgtgeggecteccacctggtggaagetctggecactegtgtgeggegag
vV N Q H L C 6 &8 H L V EA L ALV C G E
eggggcettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R G F H Y G 6 G 6 G 6 8 6 6 GG 6 ¢ I V E
cagtgctgeaccectecacetgetecetggacecagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 8 T € &8 L D Q L E N Y C G G G G
ggtcaaggaggeggtggacagggtggaggtgggeagggaggaggegygggagactgecee
G Q 6 G 6 G Qg 6 6 6 6 Qg 6 6 G 6 ¢ b C P
aaatgtcctecgectgagatgetgggtggecctageatcttecatettececcgeccaageece
K ¢ p P P EMUL G G P 8 I F I F P P K P
aaggatactetgtecattagecaggacecccecgaggtgacetgectggtggtggacetgggg
K D T L 8 I 8 R T P E V T C L V V D L G
ccagacgactctgacgtgeagatcacectggttegtagacaacacccaggtttacactgec
P DD S D V Q I T wWw F V D N T Q@ V Y T A
aagaccagtcccagggaggagcagttecageagecacatacagggtggtgagegttetgece
K T s P R E E @ F 8 8 T Y R V V 8 VvV L P
atcctgeaccaggactggetgaaaggcaaagagttcaagtgtaaggtgaacagecaagage
I L.B Q D WL K G K EF K CE KV N 8 K 8
ctgcecagcececcattgaaaggaccatcecagecaaggacaagggecageegecacgageoecaa
L P 8 P I E R T I 8 KD K G Q P HE P Q
gtetacgtgetgeccccageacaggaagagetgageaggaacaaggttagaegtgacatge
v Yy v L. P P A Q E E L 8 R N KV 8 VvV T C
ctgategagggtttetaccecagegacategecgtggagtgggaaatecaceggecaacea
L T E 6 F Y Pp 8 DIAV EWETITG Q P
gagcccgagaacaactacaggaccactcecgecgcaactggacagegacgggacctactte
E P E NN Y R T T P P Q L D 8 D G T Y F
ttgtatagcaggctgagegtggaceggagecaggtggcagaggggcaacacctacacttge
L ¥ 8 R L 8 vV D R &8 R W Q R G NTT Y T C
agegtgagecacgaggecttgeacagecaceacactecagaagagtetgacecagageceg
s v 8§ H E A L H 8 H H T @ K 8 L T @ 8 P

ggatag
G —_
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side
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