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WHATS-GEAIMEDIS:CLAIMS

1. Use of (i) a polynucleotide, an expression cassette, a vector, or a rAAV particle

comprising a nucleotide sequence encoding a human insulin (Ins) protein, wherein the

nucleotide sequence is at least 85%, 90%, 95%, 99%, or 100% identical to any one of:
(a) nucleic acids 73-330 of any of SEQ ID NOs: 43-57, 110-116, 150-151, 154-155 or
157-159, nucleic acids 88-345 of any of SEQ ID NOs: 117-122, 152 or 156, or
nucleic acids 79-336 of SEQ ID NO: 153; or (b) SEQ ID NO: 43-57, SEQ ID NO:
110-122, or SEQ ID NO: 150-159; and (ii) a polynucleotide, an expression cassette, a

vector, or a rAAV particle comprising a nucleotide sequence encoding a human

glucokinase (Gck) protein, wherien the nucleotide seqeunce is at least 85%, 90%,

95%, 99%, or 100% identical to a sequence selected from any of (a) nucleic acids 1-
1398 of any of SEQ ID NO: 61-80 or 162; or (b) SEQ ID NO: 61-80 and 162 in the

manufacture of a medicament for treating or ameliorating the symptoms associated

with diabetes.
The use of claim 1, wherein the encoded human Ins protein comprises the amino acid

seqguence of any of amino acids 25-110 of SEQ ID NO: 41, amino acids 25-110 of SEQ
ID NO: 144, amino acids 25-110 of SEQ ID NO: 145, SEQ ID NO: 41, SEQ ID NO: 144,
or SEQ ID NO: 145.

The use of claim 2 or 3, wherein the human Ins protein comprises a signal peptide.

The use of claim 3 wherein the signal peptide is a wild-type preproinsulin signal

seqguence, an IL-6 signal sequence, or a fibronectin signal sequence.

The use of any one of claims 1-4, wherien the polynucleotide, the expression cassette, the

vector, or the rAAV particle further comprises a heterologous expression control

sequence operably linked to the nucleotide sequence encoding the human Ins protein.

The use of claim 5, wherein the heterologous expression control sequence is a promoter,

optionally a CMV promoter.

The use of any one of claims 1-6, wherein the vector comprising the nucleotide sequence

encoding the human Ins protein is an adeno-associated virus (AAV) vector.
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The use of any one of claims 1-7, wherein the encoded human Gck protein comprises the

amino acid sequence of SEQ ID NO: 82.

The use of any one of claims 1-8, wherein the polynucleotide, the expression cassette, the

10.

vector, or the rAAV particle comprising the nucleotide sequence encoding the human

Gck comprises a sequence at least 85%, 90%, 95%, 99%, or 100% identical to a sequence

selected from any of SEQ ID NO: 20-39 or any combination thereof.

The use of any one of claims 1-9, wherien the polynucleotide, the expression cassette, the

11.

vector, or the rAAV particle further comprises a heterologous expression control

sequence operably linked to the nucleotide sequence encoding the human Gcek protein.

The use of claim 10, wherein the heterologous expression control sequence is a promoter,

12.

optionally a CMV promoter.

The use of any one of claims 1-11, wherein (i) the polynucleotide, the expression cassette,

13.

the vector, or the rAAV particle comprising the nucleotide sequence encoding the human
Ins protein is at least 95%, 99%, or 100% identical to SEQ ID NO: 121: and (ii) the
polynucleotide, an expression cassette, a vector, or a rAAV particle comprising the

nucleotide sequence encoding the human Gck protein is at least 95%, 99%, or 100%
identical to SEQ ID NO: 68.

The use of any one of claims 1-12, wherein the AAV serotype is selected from the group

14.

consisting of AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6, AAVT7, AAVS, AAVRHS,
AAVrh9, AAV9, AAVrh10, AAV10, AAVRH10, AAV1l, AAV12.

The use of any one of claims 1-13, wherien the AAV serotype of the AAV particles is

15.

AAV1.

The use of any one of claims 1-14, wherien the diabetes is diabetes mellitus type 1

(T1DM) or diabetes mellitus type 2 (T2DM).

1.16. A polynucleotide encoding a human insulin (Ins) protein comprising (i) a nucleotide

sequence encoding a signal peptide, optionally wherein the signal peptide is not a wild-
type preproinsulin signal sequence, and (ii) a nucleotide sequence encoding a proinsulin



217.

3-18.
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polypeptide comprising an amino acid modification at a position selected from amino
acid B10, B28, and/or B29 of the human insulin B-chain, C1 and/or C32 of the human
insulin C-chain, or any combination thereof relative to the corresponding amino acid

position in wild-type proinsulin, and optionally the polynucleotide further comprises a

furin cleavage site.

A polynucleotide comprising a nucleic acid encoding a human insulin (Ins) protein,
wherein the nucleic acid comprises an open reading frame (ORF) comprising: a
nucleotide sequence at least 85%, 90%, 95%, 99%, or 100% identical to any one of: (a)
nucleic acids 73-330 of any of SEQ ID NOs: 43-57, 110-116, 150-151, 154-155 or 157-
159, nucleic acids 88-345 of any of SEQ ID NOs: 117-122, 152 or 156, or nucleic acids
79-336 of SEQ ID NO: 153; or (b) SEQ ID NO: 43-57, SEQ ID NO: 110-122, or SEQ ID
NO: 150-159.

The polynucleotide of claim 217, wherein the encoded human Ins protein comprises the
amino acid sequence of any of amino acids 25-110 of SEQ ID NO: 41, amino acids 25-
110 of SEQ ID NO: 144, amino acids 25-110 of SEQ ID NO: 145, SEQ ID NO: 41, SEQ
ID NO: 144, or SEQ ID NO: 145.

4———The polynucleotide claim 217 or 318, wherein the human Ins protein comprises a signal

5:19.

peptide-

19. TFhepelynucleotide-ofany-ofclaims1-or4-wherein, optionally the signal peptide is a

wild-type preproinsulin signal sequence, an 1L-6 signal sequence, or a fibronectin signal

sequence.

6.20. The polynucleotide of claim 519, wherein the signal peptide comprises amino acids 25-

+21.

1101-24 of SEQ ID NO: 41, amine-acids25-110-0f SEQ ID NO: 144166, or amine-acids
25-110-6FSEQ ID NO: 145167.

The polynucleotide of any of claims £-617-20, wherein the human Ins protein further

comprises a cleavage site.
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8———The polynucleotide of any of claims 1-7-wherein-the-nucleic-acid-further comprisesa-5~

9.22.  Thepelynucleotideofany-ofclaims1-817-21, wherein the nucleic acid further comprises
a 5’ UTR comprising a nucleotide sequence at least 85%, 90%, 95%, 99%, or 100%

identical to SEQ ID NO: 42, SEQ ID NO: 83, SEQ ID NO: 146, or SEQ ID NO: 148.

10-——The polynucleotide or expression cassette of any of claims 1-9-wherein-the-rucleicacid

rtho om e i 2 OB Nno a antide ceannenece a) Q04 0004 QK04
d d t t C c 0 0 6




18:23. Thepelynucleotide-ofany-ofelatms-1-17-22, wherein the nucleic acid is operably linked

to a promoter.

20——The polynucleotide or the expression cassette of claim 19 wherein-the-heterologous

2124, Fhe-pelynucleotide-orthe-expression-cassette-ef-claim-2023, wherein the promoter is a

eukaryotic promoter.

22.25. The polynucleotide or expression cassette of claim 2124, wherein the promoter is a CMV

promoter.

23:26. The polynucleotide or expression cassette of any of the previous claims, wherein the
nucleic acid is operably linked to a polyadenylation (polyA) element.

24.27. A vector comprising the polynucleotide or expression cassette of any of the previous

claims, wherein the vector is a viral vector, a non-viral vector, a plasmid, a lipid, or a

lysosome.

25— The vector of claim 24 whereinthe vector is-a-viral-veetor -anon-viral- veetor -aplasmie:

26.28. Thevectorofclabm-2427, wherein the vector is an adeno-associated virus (AAV) vector

or a Lentivirus vector.

27:29. A recombinant AAV (rAAV) particle, comprising an AAV capsid and a vector genome
comprising the polynucleotide or the expression cassette of any of claims £-2317-26.
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28:30. The vector or rAAV particle of claim 2628 or 2729, wherein the AAV serotype is
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAV5, AAVG,
AAV7, AAV8, AAVRHS, AAVrh9, AAV9, AAVrhl10, AAV10, AAVRH10, AAV11,
AAV12.

29.31. The polynucleotide, the expression cassette, the vector, or the rAAV particle of any of the
previous claims, wherein the signal peptide is an IL-6 signal peptide or a fibronectin

signal peptide.

30:32. A host cell comprising the polynucleotide, the expression cassette, the vector, or the

rAAYV particle of any of the previous claims.
31.33. The host cell of claim 3032, wherein the host cell is a mammalian cell.

32.34. A method of producing human Ins protein in a cell, comprising contacting and/or
transforming the cell with the polynucleotide, the expression cassette, the vector, or

rAAYV particle of any of claims 1-2917-31, thereby producing the human Ins protein in

the cell.

subjeet-theThe polynucleotide, the expression cassette, the vector, or rAAV particle of
any of claims 1-29-thereby producing-the-human-tasproteinl7-31 for use in the subjeet:

34.35. A methodtreatment of treating or amehiorating the symptoms associated with diabetes in a

36. A polynucleotide comprising a nucleic acid encoding a human glucokinase (Gck) protein,

wherein the nucleic acid comprises an ORF comprising:

(a) a nucleotide sequence at least 85%, 90%, 95%, 99%, or 100% identical to a
sequence selected from any of (a) nucleic acids 1-1398 of any of SEQ ID NO: 61-80 or
162; or (b) SEQ ID NO: 61-80 and 162, or any combination thereof.
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37.  The polynucleotide of elaimsclaim 36, wherein the encoded human Gck protein

comprises the amino acid sequence of SEQ ID NO: 82.

38.  The polynucleotide of claim 36 or claim 37, wherein the nucleic acid further comprises a
5’ UTR comprising a nucleotide sequence at least 85%, 90%, 95%, 99%, or 100%
identical to nucleic acids 5-329 of SEQ ID NO: 42.

39.  The polynucleotide of any of claims 36-38, wherein the nucleic acid further comprises a
5’ UTR comprising a nucleotide sequence at least 85%, 90%, 95%, 99%, or 100%
identical to SEQ ID NO: 42, SEQ ID NO: 83, SEQ ID NO: 146, or SEQ ID NO: 148.

40.  The polynucleotide of any of claims 36-39, wherein the nucleic acid further comprises a
3> UTR comprising a nucleotide sequence at least 85%, 90%, 95%, 99%, or 100%
identical to SEQ ID NO: 60, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ
ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108, SEQ ID NO: 109, or
SEQ ID NO: 149.

41.  The polynucleotide of any of claims 36-40, wherein the 3> UTR further comprisesa

(a) a nucleotide sequence at least 85%, 90%, 95%, 99%, or 100% identical to a
sequence selected from any of SEQ ID NO: 20-39 or any combination thereof.

{@)a-hucleotide-seguence-at-least 85%,-90%,-95%-99%--The polynucleotide or

A laan a an om a 'a AN RN\ 0_0 ala 4d o
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44-42. Fhe-pelynuclestideexpresson cassette of any of claims 36-4341, wherein the nucleic acid

is operably linked to a promoter.
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46— The-The polynucleotide or the expression cassette of claim 45-wherein-the-heterologeus

47— The poelynucleotideor-the-expression-cassette-of-elaim-4642, wherein the promoter is a

eukaryotic promoter-

is, optionally

a CMV promoter.

49:44. The polynucleotide or expression cassette of any of claims 36-4843, wherein the nucleic
acid is operably linked to a polyadenylation (polyA) element.

50:45. A vector comprising the polynucleotide or expression cassette of any of claims 36-4944,

wherein the vector is a viral vector, a non-viral vector, a plasmid, a lipid, or a lysosome.

51 The vector of claim 50, wherein the vector is a viral vector, a non-viral vector, a plasmid,

52.46. Thevectorofclabm-5145, wherein the vector is an adeno-associated virus (AAV) vector

53:47. A recombinant AAV (rAAV) particle, comprising an AAV capsid and a vector genome
comprising the polynucleotide or the expression cassette of any of claims 36-4946.

54.48. The vector or rAAV particle of claim 5246 or 5347, wherein the AAV serotype is
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAV5, AAVG,
AAV7, AAV8, AAVRHS, AAVrh9, AAV9, AAVrhl0, and AAV10, AAV1l, AAV12.

55.49. A host cell comprising the polynucleotide, the expression cassette, the vector, or the
rAAYV particle of any of claims 36-5448.

56:50. The host cell of claim 5549, wherein the host cell is a mammalian cell.

57.51. A method of producing human Gck protein in a cell, comprising contacting and/or
transforming the cell with the polynucleotide, the expression cassette, the vector, or
rAAV particle of any of claims 36-5448, thereby producing the human Gck protein in the

cell.



subjeet-theThe polynucleotide, the expression cassette, the vector, or rAAV particle of
any of claims 36-54.-thereby-producing-the-human-Gek-proteind8 for use in the subjeet:

- Aqmethedircatment of reatingoramehorabing-the-symplomsasseciatewith-diabetes-i#

comprisingUse of the (i) the polynucleotide, the expression cassette, the vector, or rAAV
particle of any of any of claims £-2917-31 and/or (ii) the polynucleotide, the expression
cassette, the vector, or rAAV particle of any of any of claims 36-54-thereby-producing

es-in-the-subject-48, in

64-54. Fhe-method-of any-efclaims61-63-wherein Use of the (i) the polynucleotide, the

expression cassette, the vector, or rAAV particle of any of any of claims 4-2917-31 and

(ii) the polynucleotide, the expression cassette, the vector, or rAAV particle of any of any



55.

56.
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of claims 36-54-are-administered-simultaneoushy-er-seguentialy-48, in the manufacture of

a medicament for the treatment of diabetes.

Fhe-methodUse of the polynucleotide, the expression cassette, the vector, or rAAV

particle of claim 53 or 54, wherein the diabetes is diabetes mellitus type 1 (T1DM) or
diabetes mellitus type 2 (T2DM).

Use of the polynucleotide, the expression cassette, the vector, or rAAV particle of any of

65:57.

claims 32-35,-57-60.53-55, wherein (i) the polynucleotide, the expression cassette, the
vector, or rAAV particle of any of any of claims 17-31 and 61-64whereinthe
delivery(ii) the polynucleotide, the expression cassette, the vector, or rAAV particle of

any of any of claims 36-48 are to be administered simultaneously or sequentially.

Use of the polynucleotide, the expression cassette, the vector, or rAAV particle of any of

claims 35 and/er 52-56, wherein the administration is intramuscular.

66-58. Fhe-methodUse of the polynucleotide, the expression cassette, the vector, or rAAV

particle of any of claims 32-35,-57-60; and 61-6552-57, wherein (i) glycated blood
hemoglobin (HbAlc) levels are reduced and/or regulated in the subject; (ii) circulating
ketones are reduced in the subject, (iii) triglycerides are reduced in the subject, or (iv) any

combination thereof.



