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INSULIN FUSION PROTEIN

CROSS-REFERENCE TO RELATED APPLICATIONS
[6061] This application claims benefit of priority to US. Provisional Patent Application
No. 63/315,296, filed March 1, 2022, the disclosure of which is incorporated herein by reference

m its entirety for all purposes.

SEQUENCE LISTING
{8062} The Sequence Listing XML associated with this application is provided in XML file format
and 1s hereby incorporated by reference into the specification. The name of the XML file
containing the Sequence Listing XML 1s SCTB 017 01WO ST26.xml The XML file 1s 40,960
bytes, and created on February 27, 2023, and is being submitted electronically via USPTO Patent

Center.

FIFI D

{8063} The disclosure relates generally to compositions and methods for treating diabetes.

BACKGROUND

{8004 Diabetes mellitus 18 a syndrome associated with protracted hyperglycemia dus to loss or
dysfunction of insulin secretion by pancreatic beta cells, dimmished insulin sensitivity 1o tissues,
or both. In the dog, beta cell loss tends to be rapid and progressive, and 15 usually due to immune-
mediated destruction, vacuolar degeneration, or pancreatitis. In the cat, loss or dysfunction of beta
cells is the result of insulin resistance, islet amyloidosis, or chronic lymphoplasmacytic
pancreatitis. In humans, beta cell loss 1s caused by an autoimmune response in Type 1 diabetes
and diminished insulin sensitivity in Type 2 diabetes.

18005} Insulin 1s an endogenous peptide hormone produced by beta cells of the pancreatic islets

and 1t 1s considered to be the main anabolic hormone of the body. Insulin is the mainstay of therapy
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for diabetes in mammals. The current standard of care 1s twice daily mosulin nyections along with
frequent medical office visits and disposable diagnostics that are expensive, time consuming and

meonventent,

[8666] The present disclosure provides compositions and methods related to an insulin fusion

protein o provide sustained halt-life of tnsulin,

SUMBMARY

[80687} The present disclosure provides a fusion protein for treatment of companion animals,
comprising a proinsulin and serum albumin, wherein the proinsulin is a canine proinsulin or a

feline prowsulin,
0068} In some embodiments, the proinsulin is canine proinsulin

18009} In some embodiments, the canine proinsulin sequence shares at least 80%, at least 85%, at

least 90%, at least 95%, at least 99%, or 100% identity SEQ ID NO: 12
18018} In some embodiments, the proinsulin 1s feline promsulin

{8611} In some emboediments, the feline proinsulin sequence shares at least 80%, at least 85%, at
least 90%, at least 95%, at least 99%, or 100% identity SEQ 1D NO: 1S

[6012] In some embodiments, the fusion protein comprises a polypeptide that shares at least
80%, at least 85%, at least 90%, at least 95%, at least 99%, or 100% idenuty to SEQ ID NO: 1.
{6013} In some embodiments, the fusion protein comprises an N-terminal signal peptide.

[0014] In some embodiments, the signal peptide 1s a canine insulin signal peptide.

[6015] In some embodiments, the signal peptide comprises the sequence that shares at least 80%,
at least 83%, at least 90%, at least 95%, at least 99%, or 100% identity to

MALWMRLLPLLALLALWAPAPTRA (SEQID NG 7).

18016} In some embodiments, the canine proinsulin is a canine proinsulin variant having a
mutation at one or more cleavage sites compared to a reference polypeptide sequence as set

forth in SEQ 1D NO: 10,

]
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[0037] To some embodiruents, the canine prownsulin comprises K53R, R55K, and L86R nutations

compared to a reference polypeptide sequence as set forth in SEQ ID NG: 10,

[0018] In some embodiments, the canine proinsulin~-serum albunun fusion protein comprises a
finker that shares at least 80%, at least 85%, at least 90%, at least 93%, at least 99%, or 100%

identity to SEQ 1D NO: §,

[8919] Insome embodiments, the polynucleotide encoding the fusion protein 1s operatively linked

to a promoter.

[8926] In some embodiments, the promoter 1s a cytomegalovirus enhancer/chicken b-actin

promoter.

[8921] The present disclosure provides pharmaceutical composition suitable for use in treating
a metabolic diseasein a canine or feline comprising the fusion protemn of an ermnbodiment of the

present disclosure

18022} 1o some embodiments, the fusion proteins and/or pharmaceutical compositions of the
present disclosure are used in a method for treating a canine or feline subject having a metabolic

disease, optionally diabetes.

[8623] In some embodiments, the fusion proteins and/or pharmaceutical compositions of the
present disclosure are used in the manufacture of a medicament for treating a canine or feline

subject having a metabolic disease, optionally diabstes.

[8024] 1o some embodimuents, the fusion protein is formulated at a concentration of at least about
0.01 mg/kg, at least about 0.05 mg/kg, at least about 0.1 mg/kg, at least about 1 mg/kg, at least
about 2 mg/kg, at least about S mg/kg, at least about 10 mg/kg, or at least about 15 mg/kg of the

fusion protein and/or wherein the fusion protein 1s administered intravenously.

[6025] In some embodiments, the fusion protein 1s administered at a dose of at least about 0.01
mg, at least about 0.05 mg, at least about 0.1 mg, at least about 1 mg, at least about 2 mg, at least

o2

about 5 mg, at least about 10 mg, or at least about 15 mg.

(98]



WO 2023/168288 PCT/US2023/063510

10026} 1o some embodiments, the fusion proten 1s administered to the carune or feline subject

intravenously.

[8627] The present disclosure provides a method of treating a canine or feline subject having a
metabolic disease, comprising administering to the canine or feline subject an effective amount
of the fusion protein of the present disclosure and/or the pharmaceutical composition of the

present disclosure.

[8028] In some embodiments, the metabolic disease is diabetes.

[8929] In some embodiments, the diabetes i3 Type 1 diabetes,

[8038] To some embodiments, the diabetes s Type 2 diabetes,

{8031} Insome embodiments, the therapeutically effective amount is administered intravenously.

18032} In some embodiments, the therapeutically effective amount is between 0.01 mg/kg to 15

mg/kg of the fusion protein.

18033} In some embodiments, the therapeutically effective amount is between 1 mg/kg to 15

mg/kg of the fusion protein.

{0034] In some embodiments, the method decreases fasting blood glucose in the subject by
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about

45%, or about 50%.

[8035] The present disclosure provides a polynucleotide encoding a fusion protein for
treatment of companion arumals, the fusion protein comprising a proinsulin and serum

albumin, wherein the proinsulin is a canine proinsulin or a feline promsulin.

[0036] Tn some embodiments, the canine proinsulin-serum albumin fusion polynucleotide shares
at least B0%, at least 85%, at least 90%, at least 95%, at least 99%, or 100% dentity to SEQ ID
NG 2.

{8937} In some embodiments, the feline proinsulin-seruro albumin fusion polvnucleotide shares
at least 80%, at least 85%, at least 90%, at least 95%, at least 99%, or 100% ideuntity to SEQ 1D

NG 19
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BRIEF DESCRIPTION OF THE DRAWINGS

[9938] FiGs. 1A — 1C show schematic diagrams of illustrative camine msulin proteins of the
present disclosure. All three proteins incorporate a native signal peptide {8P) and modified furin
sites. FIG. 1A shows a schematic diagram of an illustrative canine prepromnsulfin-serum altbumin
fuston protein (cINS-Alb). The caINS-Alb protein has a glycine/serine linker that links the A-chan
of msulin to camne serurn albumin. FIG. 1B shows a schematic diagram of an illustrative canine
prepromsuiin-transferrin fusion protein {¢INS-Tf). The calNS-Tf protein has a glycine/serine
finker that links the A-chaiu of insulin to canine transferrin, FIG. 1C shows a schematic diagram
of an 1Hustrative canine prepromnsulin protein containing the furin site modifications and serves as

a controf {cIN§-2-1),

18039} FIG. 2 shows in vitre jusulin bioactivity of caINS-Alb and calNS-Tf compared to a control
meulin standard. ECso values are listed in the table below the graph. Ligand-induced activation of
the msulin receptor n response to mcreasing concentrations of purified cINS-Alb and cINS-TE. A
reference insulin standard was used as a control. Relative potency 15 represented as Relative Light

Umts.

DETAILED DESCRIPTION

[0048] As described elsewhere herein, the present disclosure is predicated, at least in part, on the
mventors” surprising finding that insulin fusion proteins achigve sustained bicactivity of insulin

in canings and felines. Provided are methods of making and using fusion proteins,

{0941} An insulin fusion protein engineered to overcome the short half-life of the native hormone
by fusion to a protein with longer half-life {e.g., serum albumin) s a therapeutic advancement for
the treatment of diabetes. Long-acting imsulin fusion protein expression constructs have been
developed for use in camine and feline anmmals. The expression constructs comprise a secrefion
signal peptide, as well as a fusion domam mtended to prolong the time 1o circulation of the

resulting fusion protein.

{8942] The expression constructs are admimstered to subjects in need thereof. Also provided are
methods of using these fusion protems in regimens for treating type 1 diabetes melhitus (T1DM),

<
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type 2 diabetes mellitus (T2DM), or metabolic syndrome in a veterinary subject and increasing the

half-life of msulin in a subject.

[8043] The present disclosure encompasses ionsuhin-albumn fusion protems comprising a
therapeutic protein having insulin activity. The present disclosure also  encompasses
polynucleotides comprising, or alternatively consisting of, nucleic acid molecules encoding a
therapeutic protein having insulin activity fused to albumin or a fragment {(portion) or variant of
albumin. Albumm may be fused to the N-terminus, the C-termunus, or both termini of the
therapeutic protein baving insulin activity. Tn some embodiments, the albumin is fused to the C-
terminus of the promsulin. The present disclosure also encompasses polynucieotides, comprising
nucleic acid molecules encoding proteins comprising a therapeutic protein having insulin activity
fused to albumin or 8 fragment {portion} or variant of albunun, that 15 sufficient to prolong its

activity iz vivo.

Leader sequence

{8044} In one embodiment, the insulin protein comprises a leader sequence, which may comprise
a secretion signal peptide. As used heren, the term “leader sequence” refers to any N-terminal
sequence of a polypeptide. In one embodiment, the canine or feline insulin proteins described
herem comprise a leader, or signal sequence, and proinsulin, The leader sequence 13, m one
embodiment, a native sequence {canine or feline insulin} leader. In another embodiment, the leader
sequence 13 a heterologous sequence, te., derived from ancther protein than canine or feline
meulin,

8043} In one embodiment, the leader is a canine [L-2 sequence. In one embodiment, the 11.-2
ieader comprises a sequence that shares at least 80%, at least 85%, at least 90%, at least 95%;, at
least 99%, or 100% identity to SEQ 1D NG: 21

[8946] SEQ ID NG 21 MYKMQLLSCIALTLVLVANS

{60471 In another embodiment, the leader 1s the native camine insulin sequence. In one
embodiment, the canine leader comprises a sequence that shares at least 30%, at least 85%, at least
90%, at least 95%, at least 99%, or 100% identity to SEQ 1D NQG: 7.

6
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[0048] SEQ ID NO: 7 MALWMRLELPLLALLALWAPAPTRA

8949} In one emboduuent, the leader sequence is a feline 1L-2 sequence. In one embodiment, the
IL-2 leader comprises a sequence that shares at least 80%, at least 85%, at least 90%, at least 95%,

at least 99%, or 100% identity to SEQ ID NO: 13,
[8058] SEQ ID NG: 13 MYKIQLLSCIALTLILVTNS

{8951} In another embodiment, the leader is the native feline insulin sequence. In one embodiment,
the canine leader comprises a sequence that shares at least 80%, at least 85%, at least 90%, at least

95%, at least 99%, or 100% identity to SEQ ID NG: 9.
[6032] SEQ ID NG: 9 MAPWTRLLPLLALLSLWIPAPTRA

{0053} The leader sequence may be derived from the same species for which administration is
ultimately intended, 1.e., a canine or feline animal. As used herein, the terms “derived” or “derived
from” mean the sequence or protein 13 sourced from a specific subject species or shares the same
sequence as a protein or sequence sourced from a specific subject species. For example, a leader
sequence which is “derived from” a canine or feline, shares the same sequence {or a variant thereof,
as defined herein) as the same leader sequence as expressed in a canine or feline. However, the
specified nucleic acid or amino acid need not actually be sourced from a canine or feline. Various
techniques are known in the art which are able to produce a desired sequence, including
mutagenesis of a similar protein (e.g., a homolog) or artificial production of a nucleic acid or amino
acid sequence. The “derived” nucleic acid or amino acid retains the function of the same nucleic
acid or aminoe acid n the species from which it 1 “derived”, regardless of actual source of the

derived sequence.

Insulin

{8034} Insulin 15 wmvolved m regulation of glucose utilization in the body. The body’s mability to
synthesize insulin or cells that are resistant to msulin leads to diabetes melhtus which s
characterized by chronic hyperglycenua Prepromsolin 1s transcribed as a 110 amino acid chain
Removal of the signal peptide from its N-terminus produces proinsulin, Formation of disulfide

bonds between the A- & B-chain components, and removal of the intervening C-chain, produces

-~
7
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a biologically active mnsulin molecule comprising 51 amino acids, in size less than half of the

origingl translation product.

[80358] As used heremn the term “insulin” refers to wmsulin or a functional fragment thereof,
meluding promnsulin and preproinsulin, and amine-acid sequence variants of insulin or functional
fragments thereof The disclosure provides proteins comprising canine insulin or feline wsulin, as
well as polynucleotides and expression vectors encoding such proteins. In some embodiments, the
insulin protein comprises a polynucleotide sequence encoding a polypeptide comprising {a) a
secretion signal peptide and (b) a proinsulin polypeptide. In one embodument, the protein
comprises a canine .2 signal peptide and camine proinsulin. In another embodiment, the protem
comprises a canine nsulin signal peptide and canine promnsulin. The anmino acid sequence of native

camne promnsubin is shown i SEQ 1D NO: 10,

{0056} In one embodiment, the protein comprises a feline [L2 signal peptide and feline prownsulin,
In another embodiment, the protein comprises a feline msulin signal peptide and feline promsulin.

The amino acid sequence of native feline proinsulin s shown m SEQ 1D NG: 11

[8057] In some embodiments, canine or feline insulin mehudes vanants which may include up to
about 10% vanation from an msulin nocleic acid or ammo acid sequence described herein or
known m the art, which retain the function of the wild-type sequence. As used herein, by “retain
function” it is meant that the nucleic acid or amino acid functions in the same way as the wildtype
sequence, although not necessarily at the same level of expression or activity. For example, in one
embodiment, a functional variant has increased expression or activity as compared to the wildtype
sequence. In another embodiment, the functional variant has decreased expression or activity as
compared to the wildtype sequence. In one embodiment, the functional variant has 10%, 20%,
30%, 40%, 50%, 60%, T0%, 80%, 90% or greater increase or decrease in expression or activity as

compared to the wildtype sequence (SEQ ID NO: 11}

{0058] The canine proinsulin sequence, in one emboediment, contains one or more mutations as
compared to the native sequence. These mutations are, in some embodiments, in the cleavage sites
between the B/C chains and C/A chains. In one embodiment, one or more of the cleavage sites are
mutated to incorporate at least one furin cleavage site at existing protease cleavage sites. In one

8
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embodiment, the proinsulin sequence has a K53R mutation. In another embodiment, the prownsulin
sequence has a R55K mutation. In another embodiment, the promsulin sequence has a LB6R
mutation. In another embodiment, the proinsulin sequence has both KS3R and R535K mutations.
I another embodiment, the promsulin sequence has both K33R and LESR mutations. In another
erbodiment, the proinsulin sequence has both R35K and L86R mutations. In another embodiment,

the proinsulin sequence has K53R, RSSK, and LE6R mutations.

[8039] 1o one embodiment, the canine proinsulin sequence 1s a sequence that shares at least 30%,

at least 85%, at least 90%, at least 95%, at least 99%, or 100% identity SEQ ID NG 12,

{8068} 1o one embodiment, the feline proinsulin sequence 13 a sequence that shares at least 30%,

at least 85%, at least 90%, at least 95%, at least 99%, or 100% identity SEQ 1D NG 15,

180861} When a variant or fragrment of the proinsulin sequence s desired, the coding sequences for
these peptides may be generated using site-directed mutagenesis of the wild-type nucleic acid
sequence. Alternatively, or additionally, web-based or commercially available computer
programs, as well as service-based companies may be used to back translate the aminge acids
sequences to nucleic acd coding sequences, mchuding both RNA and/or ¢DNA. See, eg.,
backtranseq by EMBOSS; Gene Infinity; and/or ExPasy. In one embodiment, the RNA and/or
cDNA coding sequences are designed for optimal expression in the subject species for which

administration s ultimately intended, i.e., a canine or a feline.

Fusion Domains

{0062} The disclosure provides fusion proteins comprising a fusion domain. By fusing an msulin
to a fusion domain with longer half-life, the insulin fusion protein overcomes the short haif-life
of the native hormone. In some embodiments, the fusion domain comprises either (i) a canine
serum albumin or a functional variant thereof, (11} a cantne [gG Fe ora functionalvariant thereof,
or {11} a canine transferrin or a functional varant thereot. In some embodiments, the fusion
domain comprises a canine serum albumin,

{8963} In some embodiments, the fusion domain comprises either (i} a feline serum albumin or a
functional variant thereof, (i1} a feline IgG Fe or a functionalvariant thereof, or {11} a feline

9
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transferrin or a functional variant thereof. In some embodiments, the fusion domain comprises a

feline serurn alburin,

[8064] In some emboduments, the fusion domain is a canine serum albumin comprising a sequence
that shares at least 80%, at least 85%, at least 90%, at least 95%, at least 99%, or 100% identity to

SEQ ID NO: 16,

[8065] In some embodiments, the fusion domain 1s a canine fransferrin comprising a sequence that
shares at least 80%, at least 83%, at least 90%, at least 95%, at least 99%, or 100% 1dentity to SEQ

IDNO: 17

[8866] Tun some embodiments, the fusion domain is a feline serum albunun comprising a sequence
that shares at least 80%, at least 85%, at least 90%, at least 95%, at least 99%, or 100% identity o

SEQ ID NO: 18,

Insulin Fusion Proteins

18067} The disclosure provides fusion proteins comprising one or more copies of promsulin, as
well as polynucleotides and expression vectors encoding such fusion proteins. In some
ernbodiments, the fusion protein comprises a polynucleotide sequence encoding a fusion protein
comprising {a) a leader sequence comprising a secretion signal peptide, {(b) a proiosulin, and {¢) a
fuston domamn comprising etther (i) an IgG Fe or a functional variant thereof, {11} an albumin or a
functional variant thereof, or (iti} a transferrin or a functional varant thereof. In one embodiment,
the fusion protein compnises a thrombin leader sequence, a proinsulin, and an [gG Fe or funcional
variant thersof. In another embodiment, the fusion protein comprises a thrombin feader sequence,

a prowmsulin, and an albumin or functional vanant thereof.

[0068] In some embodiments, the fusion protein comprises a canine insulin leader sequence, a
camne proinsulin (K33R, RSSK and L.86R), a glycine/serine Hinker, and a canine serum altbomin,
In an embodiment, the fusion protem comprises a sequence that shares at least 80%, at least 85%,
at least 90%, at least 95%, at least 99%, or 100% identity to SEQ ID NO: L.

>

{8069} In some embodiments, the fusion protein comprises a canine nsulin leader sequence, a

camine pronsulin {KS3R, R35K and 1L.86R), a glycine/serine hinker, and a canine transferrin. Inan
10
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embodiment, the fusion proten comprises a sequence that shares at least 80%, at least 85%, at

least 90%, at least 95%, at least 99%, or 100% 1dentity to SEQ D NO: 3.

[8078] In some embodiments, the fusion protein cormprises a canine insulin leader sequence and a
canine proinsuhin (KS3R, RSSK and LBOR). In an embodiment, the fusion protemn comprises a
sequence that shares at least 80%, at least 835%, at least 90%, at least 95%, at least 99%, or 100%

identity to SEQ ID NO: S

10871} Tn some emboduments, the fusion protein comprises a feline nsulin leader sequence, a
feline promsulin (K33R, RSSK and LB6R), a glycine/serme linker, and a feline serum albunun, In
an embodiment, the fusion protein comprises a sequence that shares at least 80%, at least 85%, at

least 90%, at least 95%, at least 99%, or 100% 1dentity to SEQ ID NO: 6.

18672} 1o one embodiment, the fusion protein comprises an 1nsulin leader sequence, a proinsulin,
and an albumin or functional variant thereof. In one embodiment, the fusion protein comprises an

imsulin leader sequence, a promnsulin, and a transferrin or functional variant thereof

{8073} In one embodiment, the fusion protein comprises an 112 leader sequence, a promsulin, and
an alburoin or functional varant thereof. In one embodiment, the fusion protein comprises an IL.2

ieader sequence, a proinsulin, and a transferrin or functional variant thereof.

[8874] In addition to the leader sequence, promnsubing and msulin polypeptides provided herein,
nucleic acid sequences {used interchangeably with “polynuclectides™) encoding these
polypeptides are provided. In one embodiment, a nucleic acid sequence 15 provided which encodes
for the promnsulin-serum albumin fusion polypeptide described herein. In some embodiments, the
nucleic acid sequence which encodes the canine promsulin-serum albumin fusion comprises a
sequence that shares at least B0%, at least 85%, at least 90%, at least 95%, at least 99%, or 100%

identity to SEQ 1D NO: 2.

{8075} In some embodiments, the nucleic acid sequence which encodes the canmne promsulin-
transferrin fusion comprises a sequence that shares at least 80%, at least 5%, at least 90%, at least

95%, at feast 99%, or 100% identity to SEQ 1D NO: 4.

11
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10876} In some ermnbodiments, the nucleic acid sequence which encodes the feline proinsulin-
serurn albumin fusion comprises a sequence that shares at feast 80%, at least 85%, at least 90%, at

least 95%, at least 99%, or 100% identity to SEQ ID NG: 19

{8677} The in vivo function and stability of the fusion proteins of the present disclosure may be
optimized by adding smail peptide limkers, eg., to prevent potentially unwanted domamn
mteractions or for other reasons. Further, a glycine-rich linker may provide some structural
flexability such that the prowsulin portion can interact productively with the insulin receptor on
target cells. Thus, the C-terminus of the proinsulin and the N-terminus of the fusion domain of the
fuston protein are, in one embodiment, fused via a inker. In some embodirnents, the linker inclodes
1, 2,3, or nrepeats of a G-rich peptide linker having the sequence (GGGGS k. In one embodiment,
the linker includes 1, 1.5, or 2 repeats of a G-rich peptide linker having the sequence
GOGGSGGGGSGGEES (SEQ 1D NO: 14). In one embodiment, the hinker includes repeats of a
Gerich peptide linker having the sequence GGGGSGGGGSGGGS (SEQ 1D NO: 8) In one
embodiment, the linker includes repeats of a Genich peptide linker having the sequence
GGGGSGGGES (SEQ 1D NO: 20).

{8978} In some embodiments, the fusion protein of the present disclosure comprises, in 5 to 37

{a} canine insulin signal peptide;

{c} Gly/Ser hnker; and
{d} canine serum albumin.

[8679] In some embodiments, the expression cassette comprises a nucleic acid sequence that
shares at least 75%, at least 80%, at least 859, at least 90%, at least 95%, at least 99%, or 100%

identity to SEQ ID NO: 2.
{0088} In some embodiments, the fusion protein of the present disclosure comprises, in 5 to 37
{a} feline msulin signal peptide;

{b} feline projosulim (K53R, R55K and LEOR);
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{cy Gly/Ser linker; and
{d} feline serum albumin

{0081} In some embodiments, the expression cassetie comprises a nucletc acid sequence that
shares at least 75%, at least 80%, at least 83%, at least 90%, at least 95%

identity to SEQ ID NG: 19,

at least 99%, or 100%

>

Expression Cassette

[8082] In some embodiments, the expression cassette refers to a nucleic acid molecule which
comprises the promsulin fusion construct coding sequences, promoter, and may include other
regulatory sequences therefor. The expression cassette may be engineered into a genetic element
{e.g., a plasrod) for delivery into cells and purification of the fusion protein for therapeutic

admnistration.

[8983] The expression cassette typically contains a promoter sequence as part of the expression
control sequences. In one embodiment, a constitutive promoter 13 used. In the plasoids and
expression vectors described herein, a CB7 promoter may be used. CB7 is a chicken B-actin
promoter with cytomegalovirus enhancer elemnents. Other promoters, such as viral promoters,
constitutive promoters, regulatable promoters (see, e.g., WO 201 1/126808 and W0 2013/04943),
or a promoter responsive to physiologic cues may be used may be utilized in the expression vectors

described heremn.

[8084] In some embodiments of the plasmids and expression vectors described herein, 3 CMV
enhancer, chicken beta-Actin promoter and rabbit beta-Globin splice acceptor site (CAG)
promoter may be used. In some embodiments of the plasmids and expression vectors described

herein, an elongation factor-1 alpha (EF1a) promoter may be used.

{8083} In addition to a promoter, an expression cassette and/or an expression vector may contamn
other appropriate transcription mhiation, termination, enhancer sequences, efficient RNA
processing signals such as splicing and polyadenylation (polv A} signals; sequences that stabilize
cytoplasmic mRNA; sequences that enhance translation efficiency (e, Kozak consensus
sequence), sequences that eshance protein stability; and when desired, sequences that enhance

13
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secretion of the encoded product. Hiustrative examples of suitable poly A sequences include, e.g.,

rabbit beta globin, SV40, bovine growth hormone (bGH), and TK polyA.

[8686] Hlustrative examples of suitable enhancers include, e.g., the alpha fetoprotein enhancer,
the TTR minumal promoter/enhancer, LSP {TH-binding globulin promoter/alphal-
microglobulin/bikunin enhancer}, amongst others. In one embodiment, the poly A s a rabbit globin

polvA.

[8087] These conirol sequences are “operably hnked” o the prownsulin fusion construct seguences.
As used herein, the term “operably linked” refers to both expression control sequences that are
contiguous with the gene of interest and expression control sequences that act in trans or at a

distance to control the gene of interest.

[B088] In one embodiment, an expression cassette is provided which includes a CB7 promoter,
chimeric mtron, coding sequence for the protem encoded by SEQ ID NO: 2, and a rabbit beta

globin poly A.

{8089} In one embodiment, an expression cassette 13 provided which includes a CB7 promoter,
chimeric mtron, coding sequence for the protein encoded by SEQ ID NO: 4, and a rabbut heta
globin poly A

[8098] In one embodiment, an expression cassetie is provided which inciudes a CB7 promoter,
chimeric fntron, coding sequence for the protemn encoded by SEQ ID NO. 19, and a rabbit beta
globin poly A.

{0991} The methods used to construct any embodiment of this disclosure are known to those with
skill in nucleic acid manipulation and include genetic engineering, recombinant enginegring, and
synthetic techniques.

18092} In some embodiments, the fusion protein of the present disclosure comprises an
expression cassette comprising, in 3' to 3",

{a} a cytomegalovirus (CMV} enhancer/chicken b-actin (CAG) promoter;

(b} canine nsulin signal peptide;

14
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{c} carune proinsulin (K33R, R35K and LE6R);
{d) Gly/Ser hinker; and
{e} canine serum albumin

{6093} In some embodiments, the expression cassette comprises a nucleic acid sequence that
shares at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, at least 99%, or 100%

identity to SEQ 1D NO: 2.

18094} In some embodiments, the fusion protein of the present disclosure comprises an

expression cassette comprising, in 3 1o 3"

{a} a cytomegalovirus (CMV)} enhancer/chicken b-actin (CAG) promoter;
{b) feline insulin signal peptide;

{c) feline proinsulin (K53R, R55K and LEOR);

{d) Gly/Ser linker; and

{e) feline serum albumin

{8095} In some embodiments, the expression cassette comprises a nucleic acid sequence that
shares at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, at least 99%, or 100%

identity to SEQ 12 NO: 19.

18096} In one embodiment, the nucleic acid sequences enceding the proinsulin fusion constructs
described herein are engineered imto any suitable genetic element, e g, naked DNA, phage,
transposon, cosmid, RNA molecule {e.g, mRNA), episome, recombinant AAV, etc, which
transters the proinsulin fusion sequences carried thereon to a host cell, eg., for generating
nanoparticles carrying DNA or RNA, virions in a packaging hest cell and/or for delivery to a host
cell in a subject. In one embodiment, the genetic elerent 15 a plasmid. The selected genetic element
may be delivered by any suitable method, including transfection, electroporation, liposome
delivery, membrane fusion techniques, high velocity DNA-~coated pellets, viral infection and
protoplast fusion. The methods used to make such constructs are known to those with skill
nucleic acid manipulation and include genetic engineering, recombinant engineering, and synthetic
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techniques. See, e.g., Green and Sambrook, Molecular Cloning: A Laboratory Manual, Cold

Spring Harbor Press, Cold Spring Harbor, NY (2012).

{8697} Tu some embodiments, the promsulin fusion constructs described herein may be delivered
via virions including, but not himited to, recombinant AAV (rAAV). Such other vitions may
melude any virus suitable for gene therapy may be used, including but not limited to adenovirus;
herpes virus; lentivirus; retrovirus; etc. Suitably, where one of these other virions is generated, it

13 produced as a replication-defective virion.

Cell culture

[8098] Animal cells, maramalian cells, cultured cells, animal or mammalian host cells, host cells,
recombinant cells, recombinant host cells, manufacturing cell line, and the like, are all terms for
the cells that can be maintained in cell culture media. Such cells are typically cell lines obtained
or derived from mammals and are able to grow and survive when placed in either movolayer
culture or suspension culture in mediumn containing appropriate nutrients and/or growth factors.
Growth factors and nutrients that are necessary for the growth and mamtenance of particular cell
cultures are able to be readily determined empinically by those having skill in the pertinent art,
such as s described, for example, by Barnes and Sato, {1980, Cefi, 22:649}; in Mammalian Cell

Culture, Ed. J. P. Mather, Plenum Press, N'Y, 1984, and in U8 Pat. No. 5,721,121

{0999} In addition, cell culture conditions are typically employed and known for batch, fed-bateh,
or contingous culturing of celis, with attention paid to pH, e.g., about 6.5 to about 7.5; dissolved
oxygen {1}, e.g., between about 5-50% of air saturation and carbon diopxade (CQz), agitation and

humidity, m addition to temperature.

{0166} The cell hne cells are typically animal or mammalian cells that can express and secrete, or
that can be molecularly engineered to express and secrete, large quantities of a particolar protemn
mto the culture medium. It will be understood that the protemm of nterest produced by a host cell
can be endogenous or homologous to the host cell. In one embodimeni, the protein of interest is
produced and secreted by a Chinese hamster ovary {CHO) host cell. In some embodiments, the

protein of interest is a proinsulin-serum albumin fusion protein.
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18181} Nonhinuting examples of anumal or mammalian bost cells suitable for harboring,
expressing, and producing proteins for subsequent solation and/or purification include Chinese

hamster ovary cells (CHO).

[8162] The cells suitable for culturing in the processes of the present disclosure may contain
mtroduced, e.g., via transformation, transfection, mfection, or injection, expression vectors
{coustructs), such as plasmids and the hike, that harbor coding sequences, or portions thereof,
encoding the protemns for expression and production m the culturing process. Such expression
vectors contain the necessary elements for the transcription and translation of the inserted coding

sequence.

[6163] In the culturing methods encompassed by the present disclosure, the protein produced by
the cells 13 typically collected, recovered, isolated, and/or purified, or substantially purified, as
desired, at the end of the total cell culture period using 1solation and purification methods as known
and practiced in the art. In some embodiments, the protemn of interest 13 secreted from the cultured
celis and 15 1solated from the culture medium or supernatant. In some embodiments, protein can
also be recovered from the host cells, e.g., cell lysates, using methods that are known and practiced

i the art.

Methods of treating subjects with the disclosed compositions

{8164} Also provided are compositions which include the fusion proteins described herein. The
pharmaceutical compositions described herein are designed for delbivery to canine or feling subjects
m need thereof by any sutable route or a combination of different routes. Direct delivery to the
hiver {optionally via intravenous, via the hepatic artery, or by transplant), direct delivery to the
pancreas, oral, inhalation, wntranasal, mtratracheal, intraarterial, intraccular, intravenous,
mtramuscular, subcutaneous, intradermal, and other parental routes of administration. The fusion

proteins described herein may be delivered in a single composition or multiple compositions.

{6165} In some embodiments, the pharmaceutical composttions described herein are designed for

delivery to canine or feline subjects in need thereof by intramuscular administration.
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18106} 1o some embodiments, the pharmaceutical compostiions described herein are designed for

delivery to canine or feline subjects in need thereof by imntravenous administration.

[8187] Tu some embodiments, the pharmaceutical compositions described herein are designed for

delivery to canine or feline subjects in need thereof by subcutaneous administration.

[8108] In some embodiments, a course of freatment may involve repeat administration of the same
fusion proteins. Still other combinations may be selected using the fusion proteins described
heretn. In some embodirnents, the composition described herein may be combined in a regimen
mvolving other diabetic drugs or proten-based therapies (including e.g., insulin analogues, wsulin,
oral antihyperglycemic drugs, sulfonviureas, biguanides, thiazolidinediones, and alpha-
glucostdase mhibitors). Tn some emboduments, the composition described herein may be combined

in a regimen mvolving lifestyle changes including dietary and exercise regimens.

19169} As used herein the terms “promsulin construct”, “proinsulin expression construct” and
synonyms nclude the promsulin sequence as described herein m combination with a leader
{(whether native or heterologous). The terms “promsulin construct”, “proinsulin expression
construct” and synonyms can be used to refer to the nucleic acid sequences encoding the promnsulin

fusion protein or the expression products thereof.

[8118] In one aspect, the present disclosure relates to a method of treating a disease or disorder in
a subject in need thereof, comprising administering an sffective amount of a promsulin fusion
protein, thereby ameliorating and/or treating one or more of the symptoms of type I diabetes, type

i1 diabetes or metabolic syndrome.

18111} In some embodiments, the method comprises administering at least about 0.01 my/kg, at
ieast about 0.05 mg/ke, at least about 0.1 mg/kg, at least about 1 mg/kg, at least about 2 mg/kg, at

ieast about 5 mg/ke, at least about 10 mg/ke, or at least about 15 me/kg of the fusion protein.

[ =3

{0112] In some embodiments, 3 unit dose of promnsulin fusion protein comprises at least about
0.01 mg, at least about 0.05 mg, at least about 0.1 mg, at least about 1 mg, at least about 2 mg, at

least about 5 mg, at least about 10 mg, or at least about 15 mg.

18



WO 2023/168288 PCT/US2023/063510

18113} In some embodiments, the fusion protein 13 admunustered intravenously, In some
embodiments, the fusion protein is admimstered intramuscularly. In some embodiments, the
fusion protein is administered subcutanecusly. In some embodiments, the therapeutically
effective amount of proinsulin fusion protein is administered at a dose of at least about 0.01 mg/kg,
at least about 0.05 mg/kg, at least about 0.1 mg/ky, at least about 1 mg/kg, at least about 2 mg/kg,

at least about 5 mg/ky, at least about 10 mg/kg, or at least about 15 mg/ky.

[8114] Io some embodiments, the therapeutically effective amount of proinsulin fusion protern is
administered at a vmit dose of at least about 0.01 mg, at least about 0.05 mg, at least about 0.1 mg,
at least about 1 mg, at least about 2 mg, at feast about 5 myg, at feast about 10 mg, or at least about

15mg.

18115} 1o some embodiments, the therapeutically effective amount of prownsulin fusion protern is
admimistered at a umt dose of at most about 100 mg, at most about 90 mg, at most about 80 mg, at
most about 70 mg, at most about 60 mg, at most about 50 mg, at most about 406 mg, at most about

30 mg, at most about 20 mg, or at most about 10 mg.

[8116] In some embodiments, the method comprises administering the dose of proinsulin fusion
protein once per day, once every 2 days, once every 3 days, once every 4 days, once every 7 days,

once every 14 days, once every 21 days, or once every 28 days,

{8117} In some embodiments, the method comprises administering the dose of proinsulin fusion

protein regimen for at least one week, two weeks, or four weeks.

[0118] In some embodiments, the method comprises administering the dose of proinsulin fusion
protein regimen for at least one month, two months, four months, six months, eight months, ten

months, 12 months, 14 months, 16 months, or 18 months.

8119} In some embodiments, the therapeutically effective amount of proinsulin fusion protemn
regimen 18 administered for at least one month, two months, three months, four months, f{ive
months, six months, seven months, eight months, nine months, ten months, eleven months, one
year, eighteen months, two years, three years, four years, five vears, six years, seven years, eight

years, Nine years, or ten years.
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18128} 1o some embodiments, the method comprises adnmumstering the dose of prownsulin fusion

protein regimen chronically.

[8121] The fusion protein compositions can be formulated in dosage units to contain an amount

of fusion protein that is in the range of about 0.1 mg to about 15 mg.

[8122] In another aspect, a method of sustained bicactivity of a proinsulin fusion proteinina
carune or feline subject 18 provided The method ncludes admimstering a composition as
described herein to a subject in need thereof. In one embodiment, the composition includes a
fusion protein containing a promsulin-serum albumin fusion protein, as described herein. In
some embodiuments, the prownsulin fusion proten described herern results inan extended half-life
of msulin as compared to the native peptide. In some embodiments, the fusion protein provided
heretn results in a half-life of the promnsulin fusion protewn 1n the subject for at least S hours, at
feast 7 hours, at least 10 hours, at least 15 hours, at least 20 hours, at least 25 hours, at feast 30
hours, at least 35 hours, or at least 40 hours. In one embodiment, the fusion protemns may be

delivered in volumes from Ful. to about 100 mL for a veterinary subject. See eg

g., Diehl et al,
J. Applied Toxicology, 21:15-23 (2001} for a discussion of good practices for administration
of substances to varipus veterinary amimals. This document is incorporated herein by
reference. As used herein, the term “dosage” can refer to the total dosage delivered to the
subject in the course of treatment, or the amount delivered in a single (of multiple}

administration.

{8123} In one embodiment, the composition is administered in combination with an effective
amount of insulin. Various commercially available insulin products are known in the ar{, including,
without limitation, protamine zine recombinant human msulin (ProZine®), porcine insulin zine
suspension (Vetsuhin®), and insulin glargine (Lantus®). In some embodiments, combination of
the fusion protens described herein with insulin decreases insulin dose requirements in the subject,
as compared to prior to treatment with the fusion proteins. Such dose requirements may be reduced
by 10% or more, 20% or more, 30% or more, 40% or more, 50% or more, 60% or more, 70% or

more, 80% or more, or 90% or more. The treating physician may determine the correct dosage of

msulin needed by the subject. For example, the subject may be being treated using insulin or other
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therapy, which the treating physician may continue upon admiurustration of the fusion proteins,
Such wsulin or other co-therapy may be continued, reduced, or discontinued as veeded

subsequently.

[8124] In one embodiment, the subject 15 delivered a therapeutically effective amount of a
composition described herein. As used herein, a “therapeutically effective amount” refers to the
amount of the fusion protein that dehvers in the target cells an amount of proinsulin-serum albunun
ameliorate or {reat one or more of the symptoms of type 1 diabetes, type 1T diabetes or metabolic
svadrome. A therapeutically effective amount may be determined based on an animal model, rather
than a canine or feline subject. In another embodiment, the therapeutic goal 15 remussion of the

metabolic disease in the subject.

{0125} The above-described fusion proteins may be delivered to host cells according to published
methods. The fuston proteins, preferably suspended in a physiologically compatible carrer, may
be administered to a desired subject including a canine. Switable carriers may be readily selected
by one of skill in the art in view of the mdication for which the transfer virus 15 directed. For
example, one suitable carrier includes saline, which may be formulated with a variety of buffering
solutions (e.g., phosphate buffered saline). Other exemplary carriers include sterile saline, lactose,
sucrose, calcium phosphate, gelatin, dextran, agar, pectin, peanut oil, sesame oil, and water. The

selection of the carrier 18 not a limitation of the present disclosure.

{8126} In some embodiments, the compositions of the disclosure may contain, in addition to the
fuston proteins and/or variants and carrier(s), other conventional pharmaceutical ingredients, such
as preservatives, or chemical stabilizers. IHustrative preservatives include chiorobutancl,
potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, ethyl vanillin, glycerin,

phenol, and parachlorophenol. Hustrative chemical stabilizers inchude gelatin and albumin,

>

{8127} In some embodiments, the fusion proteins of the present disclosure are formulated as
a depot injection. A depot injection formulation delivers a fusion protein {e.g., a proinsulin-
serum albumin fusion protein) at a tunable, predetermined rate within the therapeutic range
for a specified period. Release can take place directly at the site of action for a local treatment
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or at a systemic level, thus reducing the adverse side effects of the fusion protein to a

RN,

[8128] In some embodiments, the proinsulin-serum albumin fusion protein of the present

disclosure 1s formulated as a depot injection.

[8128] The recombinant fusion proteins described herein may be used in preparing a medicament
for dehivering a proinsulin fusion protein to a subject in need thereof, supplying insulin haviog an
mereased halt-life to a subject, and/or for treating type T diabetes, type II diabetes, or metabolic

syndrome in a subject.

[8138] Tv oneaspect, a method of treating diabetes 1s provided. The method includes administering
a compostiion as described herein 1o a canine or feline subject in need thereof. To one embodiment,

the coroposition includes a proinsulin fusion, as described herein,

[#131] In another ervbodiment, a method for treating type 2 diabetes m a canine or feline is

provided. The method includes administering a promnsulin fusion protein as described herein

[6132] In another embodiment, a method for treating type 1 diabetes m a canine or feline 1

provided. The method includes administering a promnsulin fusion protein as described herein

[8133] In another aspect, a method of treating a metabolic disease in a canine or feline 18 provided.
The method 1ncludes adminstering a composition as described herein to a canine or feline subject
m need thereof In one embodiment, the composition inchudes a proinsulin fusion protein, as
described herein. In one embodiment, the metabolic disease is Type I diabetes. In one embodiment,
the metaboiic disease 1s Type I diabetes. In one embodiment, the metabolic disease 1s metabolic

syndrome.

{8134] In another embodiment, a method for treating diabetes in a canine or feline 15 provided.
The method mcludes administering a promsulin-serum albumin fusion protein as described herein,
wherein the fusion protein 1s admnistered after insulin s administered 10 a subject.

[8135] In another embodiment, a method for preventing cataract formation n duabetic canines or
felines 15 provided. The method includes admimstering a promsulin-serum albunmn fusion protein

as described herein
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10136} Iu ancther embodirnent, a method for reducing the blood glucose concentration 1 diabetic
canines or felines is provided. The method ncludes administering a promsulin-serum albunun

fusion proten as described heremn,

[8137] As used herem, the term “treatment” or “treating” is defined encompassing administering
to a subject one or more compounds or composttions described heremn for the purposes of
amehoration of one or more symptoms of type T diabetes, type 1 diabetes (T2DM) or metabolic
syndrome. “Treatment” can thus nclude one or more of reducing progression of type I diabetes,
type H diabetes or metabolic syndrome, reducing the severity of the symptoms, removing the
disease symptoms, delaying progression of disease, or increasing efficacy of therapy in a given

subject.

10138} As used herein, the terro “remission” refers to the ability to cease msulin treatment when

the cat or dog no longer exhibits clinical signs of diabetes and has normal blood glucose levels.

[8139] To another embodiment, a method for treating T2DM in a feline or canine is provided. The

method mchudes administering a fusion protem as described herem.

[8148] o another aspect, a method of treating a metabolic disease ina feline or canine is provided.
The method includes admunistering a composition as described herein to a feline or canine subject
m need thereof In one embodiment, the composition includes a promnsulin fusion protein, as

described herein.

[8141] In another aspect, a method of reducing fasting blood sugar in a canine or feline subject
1s provided. The method includes administering a composition as described herein to a subject in
need thereof. In one embodiment, the composition mcludes a promsolin-serum albumin fusion
protein, as described herein. In some embodiments, the method provided herein decreases
fasting blood glucose in the subject by at least about 10%, at least about 15%, at least about 20%,
at least about 23%, at least about 30%, at least about 35%, at least about 40%, at least about 45%,
or at least about 50%. In some embodiments, the method provided herein decreases fasting bood
glucose in the subject by about 20%. In some embodiments, the method provided herein decreases
fasting blood ghicose in the subject by about 30%. In some embodiments, the method provided

herein decreases fasting blood glucose in the subject by about 40%.
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Definitions

9143} Unless otherwise defined, all terms (including technical and scientific terms) used herern
have the same meaning as commonly understood by one of ordinary skill 1n the art to which this
disclosure belongs. It will be further understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning that is consistent with their meaning
mn the context of the present application and relevant art and should not be interpreted i an
idealized or overly formal sense unless expressly so defined herein. The terminology used in the
description 1s for the purpose of describing particular embodiments only and 15 not intended to be
hmiting. All publications, patent apphications, patents and other references mentioned herein are
mcorporated by reference i thewr entirety. In case of a conflict in terminology, the present

specification 1s controlling.

[0143] A reference to “one embodiment” or “another embodiment” in desceribing an embodiment
does not mmply that the referenced embodiment 18 mutually exclusive with another embodiment
{e.g., an embodiment described before the referenced embodiment), anless expressly specified

otherwise.

{0144] The terms “identical” or percent “identity,” i the context of two or more nucleic acids or
polypeptide sequences, refer {o two or more sequences or subsequences that are the same or have
a specified percentage of aming acid residues or nucleotides that are the same; i.e., share at least
about 80% identity, for example, at least about 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 965,
97%, 98%, 99% identity over a specified region to a reference sequence, when compared and
aligned for maximum correspondence over a comparison window, or designated region as
measured using one of the following sequence comparison algorithms or by manual alignment and
visual inspection. Such sequences are then said to be “substantially identical ” This definition also
refers to the compliment of a test sequence. In some embodiments, the identity exists over a region
that is at least about 25 amino acids or nuclestides n length, for example, over a region that is 50,
100, 260, 300, 400 amino acids or nucleotides in length, or over the full-length of a reference

sequence.
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18143} For sequence comparison, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. Default program parameters can be used,
or alternative parameters can be designated. The sequence comparison aigonithm then calculates
the percent sequence identities for the test sequences relative to the reference sequence, based on
the program parameters. In some embodiments, BLAST and BLAST 2.0 algorithms and the

default parameters are used.

8146} The terms “percent (%) identity”, “sequence identity”, “percent sequence identity”, or
“percent identical” i the context of amino acid sequences refers to the residues in the two
sequences which are the same when aligned for correspondence. Percent identity may be readily
determned for anmuno acid sequences over the full-length of a protem, polypeptide, about 70 aming
acids to about 100 amino acids, or a peptide fragment thereof or the corresponding nucleic acid
sequence coding sequences. A suitable amino acid fragment may be at least about 8 amine acids
m length and may be up to about 150 amino acids. Generally, when referring to “identity”,
“homology”, or “simulariyy” between two different sequences, “identity”, “homology”™ or

“simularity” is determined in reference to “aligned” sequences.

18147} “Aligned” sequences or “alignments” refer to multiple nucleic acid sequences or protein
{amino acids} sequences, often containing corrections for missing or additional bases or amino
acids as compared 1o a reference sequence. Alignments are performed using any of a variety of
publicly or commercially available Multiple Sequence Alignment Programs. Sequence alignment
programs are available for amino acid sequences, e.¢., the “Clustal X7, “MAP”, “PIMA”, “MSA”,
“BLOCKMAKER”, “MEME” and “Match-Box” programs. Generally, any of these programs are
used at default settings, although one of skill in the ant can alter these settings as needed.
Alternatively, one of skill m the art can utilize another algorithm or computer program which
provides at least the level of identity or alignment as that provided by the referenced algorithms

and programs.
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[8148] The term “amino acid substitution” and its synonyms are intended to encompass
modification of an ammno acid sequence by replacement of an amuno acid with another,
substituting, aminoc acid. The substitution may be a conservative substitution. It may also be a non-
conservative substitution. The term conservative, in referring to two amino acids, 1s intended to
mean that the amioo acids share a coramon property recognized by ove of skill in the art. For
example, arono acids baving hydrophobie nonacidic side chaius, amino acids having hvdrophobic
acidic side chaing, amino acids having hydrophilic nonacidic side chains, amino acids having
hydrophilic acidic side chamns, and amine acids having hydrophilic basic side chains. Common
properties may also be aming acids having hydrophobic side chains, amino acids having aliphatic
hydrophobic side chains, amino acids having aromatic hyvdrophobic side chains, amino acids with
polar neutral side chans, amino acids with electrically charged side chains, amino acids with
slectrically charged acidic side chaing, and amino acids with electrically charged basic side chains.
Both naturally occurring and non- naturally occurring amino acids are known n the art and may
be used as substituting aming acids in embodiments. Methods for replacing an amino acid are well
known to the skilled in the art and include, but are not limited to, mutations of the nucleotide
sequence encoding the amino acid seguence. Reference to “one or more” herein 1s intended to

encompass the individual embodimenis of, for example, 1, 2, 3, 4, 5, 6, or more,

{8149} The coding sequences may be designed for optimal expression using codon optimization.
Codon-optimized coding regions can be designed by various different methods. This optimization
may be performed using methods which are available on-line, published methods, or a company
which provides codon optimizing services. One codon optimizing method is described, eg., n
International Patent Application Pub. No. WO 2015/012924, which is incorporated by reference
herein. Briefly, the nucleic acid sequence encoding the product is modified with synonymous
codon sequences. Suitably, the entire length of the open reading frame (ORF) for the product 18
modified. However, in some embodiments, only a fragment of the ORF may be altered. By using
one of these methods, one can apply the frequencies to any given polypeptide sequence and
produce a nucleic acid fragment of a codon-optimized coding region which encodes the

polypeptide.
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18138} 1o an embodiment, the msulin-serom alburin fusion 1s humanized, caninized, felinized or

equinized.

[8151] By “humanized” is meant that the fusion protein comprises an anmino acid sequence that is
compatible with humans, such that the anuno acid sequence is unlikely to be seen as foreign by

the iromune systern of a huran subject.

[8152] By “canimzed” 15 meant that the fusion protein comprises an ammno acid sequence that is
compatible with canine, such that the amino acid sequence 1s unlikely to be seen as foreign by the
mmune system of a canine subject. In the present disclosure, the term for a polypeptide preceded
by the prefix “ca” refers to a vaniant of the human polypeptide 10 which the human fusion domain
is replaced with the canine homolog of that fusion domain and, where the proinsulin is a fragment
or variang of a huran protein, the proinsulio 1s replaced with the canine homolog of that fragment

or variant.

[8153] By “felinized” 18 roeant that the fusion protein comprises an amino acid sequence that s
compatible with feline, such that the ammno acid sequence 15 unlikely to be seen as foreign by the
momune system of a feline subject. In the present disclosure, the term for a polypeptide preceded
by the prefix “fe” refers to a variant of the human polypeptide in which the human fusion domain
13 replaced with the feline homolog of that fusion domam and, where the promsulin 15 a fragment
or variant of a human protein, the promsulin is replaced with the feline homolog of that fragment

or variant.

[0154] By “equinized” 15 meant that the fusion protein comprises an amino acid sequence that s
compatible with equine, such that the amino acid sequence is unlikely 1o be seen as foreign by the

immune system of an equine subject.

{8185} As noted elsewhere herein, the present disclosure extends to fusion proteins that are
compatible with species other than human, canine, feline, and equine. In this context, the fusion
proteins can be referred to as “speciesized”, referring to the target species to which the molecule

will be administered.
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18136} 1u some embodiments, the compositions and methods described herern are mtended to be
for use n feline animals. The term feline (family Felidae) refers to any of 37 cat species that among
others include the cheetah, puma, jaguar, leopard, lion, lynx tiger, and domestic cat. In an
embodiment, the subject 15 a domestic cat. In some embodiments, the compositions and methods
described herein are intended to be for use in canine anumals. The term canine refers to any of
species found in the Carudae family that arnong others includes domestic dogs, wolves, and foxes.
In an embodiment, the subject is a domestic dog, also known as Canis lupus familians or Canis
famihiaris.

{81387} As used in the description of the disclosure and the appended claims, the singular forms

6,0 ok

a7, “an”, and “the” are intended o include the ploral forms as well, unless the context clearly

mdicates otherwise.

{8158 Also as used herem, “and/or” refers to and encompasses any and all possible combmations
of one or more of the associated listed items, as well as the lack of combinations when interpreted

in the alternative {or}.

[8159] As used herem, the phrase “consisting essentially of” refers (o the genera or species of
active pharmaceutical agents recited in a method or composition, and further can include other

agents that, on their own do not have substantial activity for the recited mdication or purpose.

{8166} The words “comprise”, “comprises”, and “comprising” are to be mnferpreted melusively
rather than exclusively, The words “consist”, “consisting”, and its variants, are to be interpreted
exclusively, rather than inclusively. While various embodiments in the specification are presented
using “comprising” language, under other circumstances, a related embodiment s also intended to

be interpreted and described using “consisting of” or “consisting essentially of " fanguage.

{0161} As used herein, the term “about” means a vanability of 10% from the reference given,
unless otherwise specified.

{6162} The term “regulation” or varations thereof as used herein refers to the ability of a

composttion to inhibit one or more components of a biological pathway.
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18163} As used herewn, “disease”, “disorder” and “condition” are used interchangeably, to mmdicate

an abnormal state in a subject.

[8164] The terms “subject” “individual,” and “patient” interchangeably refer to a mammal, a
human or a non-human privoate, domesticated mammals {e.g., canine or feline), laboratory

mammals, and agricultural marmomals. In various embodiments, the subject can be a buman {e.g.,

adult male, aduit female, adolescent male, adolescent female, male child, female child). Tn various
embodiments, the subject 1s a companion anunal. Hlustrative companion animals include, but are
not hmited to, dogs, cats, horses, rabbits, ferrets, birds, and guinea pigs. In various embodiments,
the subject 15 a canine. In various embodiments, the subject is a feline. In various embodiments,

the subject 1s & mammal

18163} As used herein, the term “target cell” refers to any target cell in which expression of a
protein 13 desired. In certain embodiments, the target cell 18 a liver cell. In some embodiments, the

target cell 18 a muscle cell

[B166] As used herein, an “expression cassetie” refers to a nucleic acid molecule which corprises
a biologically useful nucleic acid sequence {e.g., a gene ¢cDNA encoding a protein, enzyme or other
useful gene product, mRNA, etc.) and regulatory sequences operably hinked thereto which direct
or modulate transeription, translation, and/or expression of the nucleic acid sequence and its gene
product. As used herein, “operably hnked” sequences mclude both regulatory sequences (also
referred to as elements) that are contiguous or non- contiguous with the nucleic acid sequence and
regulatory sequences that act in trans or ¢is nucleic acid sequence. Such regulatory sequences
typically include, e.g., one or more of a promoter, an enhancer, a transcription factor, transcription
terminator, an intron, sequences that enhance translation efficiency {1e, a Kozak consensus
sequence), efficient RNA processing signals such as slicing and a polyadenylation sequence,
sequences that stabilize cytoplasmic mRNA, for example Woodchuck Hepatitis Virus (WHP)
postiransiational Regulatory Element (WPRE), and a TATA signal. The expression cassette may
contain regulatory sequences upstream (3 to} of the gene sequence, e.g., one or more of a
promoter, an enhancer, an intron, etc., and one or more of an enhancer, or regulatory sequences

downstream (3’ to) a gene sequence, ¢.g., 3’ uniranslated region (3° UTR} comprising a
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polyadeunylation site, arnong other elements. Tn certain emboduments, the regulatory sequences are
operably linked to the nucleic acid sequence of a gene product, wherem the regulatory sequences
are separated from nucleic acid sequence of a gene product by an ntervening nucleic acid
sequence, i.e., S -untransiated regions {8 UTR}. In certain ernbodiments, the expression cassette
comprises nuclewc acid sequence of one or more of gene products. In some embodiments, the

expression cassette can be a monocistronic or a bicistronic expression cassetie,

[8167] As used heremn, “administering” refers to local and systemic admirustration, ¢.g., including
enteral, parenteral, pulmonary, and topical/Aransdermal administration. Routes of adnunistration
for pharmaceutical ingredients that find use in the methods described heremn include, e.g., oral {per
os (P.O.)) admimstration, nasal or nhalation administration, administration as a supposiiory,
topical contact, transdermal delivery {e.g., via a transdermal pateh), intrathecal (IT) administration,
mtravenous {“iv7) administration, wtraperttoneal (Yip”) admumstration, intramuscular (o)

"y adminisiration, or the

adrumstration, intralesional administration, or subcutaneous (“s¢”)
mplantation of a slow-release device e.g., a mini-osmotic pump, a depot formulation, etc., (0 a
subject. Parenteral administration includes, e.g, infravenous, intramuscular, intraarierial,
mtrarenal, intraurethral, intracardiac, mtracoronary, intramyocardial, intradermal, epidural

subcutanecus, intraperitoneal, intraveniricular, wnophoretic and intracranial.

{0168} The terms “systemic administration” and “systemically administered” refer to a method of
administering a pharmaceutical ingredient or composition to a mammal s¢ that the pharmaceutical
mgredient or composition s delivered to sites in the body, mcluding the targeted site of
pharmaceutical action, via the circulatory system. Systemic administration inclodes, but is not
limited to, oral, intranasal, rectal and parenteral {e.g., other than through the alimentary tract, such

as intramuscular, intravenous, intra-arterial, transdermal and subcutaneous) administration.

18169} The term “effective amount” or “pharmaceutically effective amount” refer to the amount
and/or dosage, and/or dosage regime of one or more pharmaceutical ingredients {e.g., fusion

proteins) necessary to bring about the desired result
[8376] As used herein, the terms “treating” and “treatment” refer to delaying the onset of, retarding

or reversing the progress of, reducing the severity of, or alleviating or preventing either the disease
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or condition to which the term applies, or one or more symptoms of such disease or condition. The
terms “treating” and “treatment” also winclude preventing, nutigating, ameliorating, reducing,

inhibiting, eluminating and/or reversing one or more symptoms of the disease or condition.

[8171] The term “muitigating” refers to reduction or elimination of one or more symptoms of that
pathology or disease, and/or a reduction in the rate or delay of onset or severity of one or more
symptoms of that pathology or disease, and/or the prevention of that pathology or disease. Tn some
embodiments, the reduction or ehimination of ove or more symptoms of pathology or disease can

melude, ¢.g., measurable and sustained decrease of fasting blood glucose.
fedewek

{8172} All publications and patents mentioned herein are hereby incorporated by reference in their
entirety as if each individual publication or patent was specifically and individually indicated to
be mcorporated by reference. In case of conflict, the present application, including any definitions
herein, will control. However, mention of any reference, article, publication, patent, patent
publication, and patent application cited herein is not, and should not be taken as an
acknowledgment, or any form of suggestion, that they constitute valid prior art or form part of the

common general knowledge in any country in the world.

[8173] The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.

[8174] While iliustrative embodiments have been illustrated and described, 1t will be appreciated
that various changes can be made therem without departing from the spirit and scope of the

disclosure.

EXAMPLES

[8173] The following examples are put forth 50 as to provide those of ordivary skill in the art with
a description of how the compositions and methods described herein may be used, made, and
evaluated, and are intended to be purely exemplary of the disclosure and are not 1ntended to lunit
the scope of what is regarding as the disclosure.
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Example I: Generation of a Half-Life Exiended Canine Insulin-Seviurm Albwmmin Fusion and

Evaluation of in vitre Potency of Canine Insulin Fusion Proteing

[8176] A canine insulin-serum albumin fusion protein has been developed for the management

of hyperglycenua and hyperglycemia-associated clinical signs of diabetes mellitus in dogs.

{81771 A camne prepromnsulin-seruro albumin fusion protein {cINS-Alb) was generated by

constructing a fusion polypeptide containing the following elements (FIG. 1A) (SEQ I NG: 1)

¢ Native canine 1nsulin signal peptide (5P)
¢ Canine proinsulin, where the native sequence has been modified at 3 amino acid positions
(KS3R, RSSK and L86R} to incorporate 2 furin cleavage sites at existing protease cleavage
sites {B~Chain, C-Peptide, A-Chain}
s (ly/Ser linker comprising the sequence GGGGSGGGGSGGES (SEQ 1D NO: 8)
& Canine serum albumin
{0178} A canine preprotnsulin fusion protein was made with the same elements as above except
the canine serum albumin sequence was replaced with canine transferrin {(cINS-Tfy (FIG. 1B)
{(SEQ ID NO: 3). A control canine preproinsulin sequence, with the 3 amine acid modifications

(K53R, R55K and L86R) was also generated as a contro! (cINS-2-1} (FIG. 1C) (SEQ 1D NO: 5.

[6179] A study was conducted to evaluate the i vitro potency of the two fusion proteins (cfINS-
Alb and cINS-Tf), C-terminal histidine-tagged versions of each of the proteins was produced in
mammalian cells following transient transfection of expression plasmids contaming the cDNA
encoding the respective proteins. The proteins were purified from the cell supernatant via nickel
affinity chromatography and were assaved for insulin bicactivity using a PathHunterO™ Insulin
Bioassay kit (Eurofins™ DiscoverX Products, LLC) as per the kit instructions. A standard msulin
provided i the kit was used as a reference control. Both ¢INS-Alb and cINS-Tf demonstrated
bioactivity m this assay (FIG. 2} The modifications made to the insulin molecule m both of the

fusion proteins resulted in a small loss n potency as indicated by the shift in ECso values.
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CLAIMS

What 1s clatmed 1s:

1. A fusion protein for treatment of companion animals, comprising a

proinsulin and serum albumin, wherein the proinsulin is a canine proinsulin or a feline

proinsulin,
2. The fusion protein of claim 1, wherein proinsulin is canine proinsulin,
3. The fusion protein of claim 2, wherein the canine proinsulin sequence

shares at least 80%, at least 85%%, at least 90%, at least 95%, at least 9995, or 10096 identity SEQ

IDNOG: 12

4. The fusion protein of claim 1, wherein proinsulin 3 feline prownsuling

S. The fusion protein of claim 4, wherein feline promsulin sequence shares at
least B0%, at least 85%, at least 0%, at least 93%, at least 99%, or 100% identity SEQ 1D NG:

is

o. The fusion protein of claim 1 or clanm 2, wherein the fusion protein
comprises a polypeptide that shares at least 80%, at least 85%, at least 90%, at least 95%, at
ieast 99%, or 100% identity to SEQ 1D NO: 1

7. The fusion protein of any one of claims 1 to 6, wherein the fusion protein

comprises an MN-terminal signal peptide.

8. The fusion protein of claim 7, wherein the signal peptide is a canine

nsulin signal peptide.
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3. The fusion protein of claim 7 or clain §, wherein the signal peptide
comprises the sequence that shares at least §0%, at least 85%, at least 90%, at least 93%, at least

99%, or 100% identity to MALWMRLLPLLALLALWAPAPTRA (SEGQGID NG 7).

0. The fusion protein of any one of claims 1 to 3 or & to 9, wherein the
canine proinsulin is a canine proinsulin variant having a mutation at one or more cleavage

3

sites compared o a reference polypeptide sequence as set forth in SEQ ID NG: 10

It The fusion protein of any one of claims 1 to 3 or 6 to 10, wherein the
canine promnsulin comprises K33R, R35K, and LREGR mutations compared to a reference

polypeptide sequence as set forth in SEQ [D NO: 10,
P2, The fusion protein of any one of claims 1 to 3 or 6 to 11, wherein the
canine promsulin-serum albunmin fusion protein comprises a linker that shares at least 80%, at

{east 85%, at least 90%, at least 95%, at least 99%, or 100% 1dentity to SEQ ID NG &

3. The fusion protein of any one of claims 1 to 12, wherein the

polynucieotide encoding the fusion protein 1s operatively linked to a promoter.

14, The fusion protein of claim 13, wherein the promoter is a cytomegalovirus

enhancer/chicken b-actin promoter,

is. A pharmaceutical composition suitable for use in treating a metabolic

diseasein a canine or feline comprising the fusion protein of any one of claims 1 to 14,
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16. The fusion protein of any one of claims 1 to 14 or the pharmaceutical
coraposition of claim 15 for use in a method for treating a canine or feline subject having a

metabolic disease, optionally diabetes.

17. Use of the fusion protein of any one of claims 1 to 14 or the
pharmaceutical composition of claim 15 in the manufacture of a medicament for treating a

canine or feline subject having a metabolic disease, optionally diabetes.

I8 The fusion protein of any one of claims 1 1o 14, wherein the fusion protein is
formulated to be admunistered at a concentration of at least about 0.01 mg/kg, at least about 0.05
mg/ke, at least about 0.1 mg/ks, at least about T mg/kg, at feast about 2 mg/kg, at least about 5
mg/kg, at least about 10 mg/kg, or at least about 15 mg/kg of the fusion protein and/or wherein

the fusion protein 1s administered mtravenously.

9. The fusion protein of any one of claims 1 1o 14, wherein the fusion protein is
administered at a dose of at least about 0.01 mg, at least about 0.05 mg, at least about 0.1 mg, at

foet]

ieast about 1 mg, at least about 2 mg, at least about 5 mg, at least about 10 mg, or at least about 15
mg.
20. The fusion protein of any one of claims 1 to 19, wherein the fusion protein

is administered to the canine or feline subject intravenously.
21. A method of treating a canine or feline subject having a metabolic disease,

comprising administering to the canine or feling subject an effective amount of the fusion

protein of any one of claims 1 to 14 or the pharmaceutical composition of claim 15

22. The method of claim 21, wherein the metabolic disease is diabetes.
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23, The method of ¢laim 22, wherein the diabetes 1s Type 1 diabetes.
24, The method of claim 22, wherein the diabetes is Type 2 diabetes.
25, The method of any one of claims 21 to 24, wherein the therapeutically

effective amount 1s administered intravenously.
26, The method of any one of claims 21 t0 24, wherein the therapeutically

effective amount is between 0.01 mg/kg to 15 mg/kg of the fusion protein.

27. The method of any one of claims 21 to 26, wherein the therapeutically

etfective amount is between 1 mg/kg to 15 my/kg of the fusion protein.

28. The method of any one of claims 21 to 27, wherein the method decreases
fasting blood glucose in the subject by about 10%, about 15%, about 20%, about 25%, about

30%, about 35%, about 40%, about 45%, or about 50%.

29, A polynucleotide encoding a fusion protein for treatment of
companton animals, the fusion protein comprising a promsulin and serum albunun, wherein

the proinsulin is a canine proinsulin or a feline promsulin,

30. The polynucleotide of claim 29, wherein the canine proinsulin-serum
albumin fusion polynucleotide shares at least 80%, at least 85%, at least 90%, at least 95%, at

feast 99%, or 100% identity to SEQ ID NO: 2.

31 The polynucleciide of claim 29, wherein the feline proinsulin-serum
albumin fusion polynucleciide shares at least 80%, at least 85%, at least 90%, at least 95%, at
least 99%, or 100% identity to SEQ D NO: 19,
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