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WHAT IS CLAIMED:
1. A stable co-formulation composition, wherein:
the composition has a pH of between or about between 6.8 to 7.8; and
the composition comprises:
5 a therapeutically effective amount of a fast-acting insulin;
a hyaluronan-degrading enzyme in an amount sufficientfo render the
composition super-fast acting;
NaCl at a concentration between or about betweeny’ 50 mM to 200 mM,;
an anti-microbially effective amount of a presefvative or mixture of
10 preservatives; and
a stabilizing agent or agents,
whereby the composition is stable for at least/6 months at a temperature from
or from about 2°C to 8°C and/or for at least 14 days at a temperature from or from
about 20°C to 30°C.
15 2. The stable co-formulation of€laim 1, wherein:
the hyaluronan-degrading enzym¢ in the co-formulation retains at least 50%
of the initial hyaluronidase activity for'at least 6 months at a temperature from or from
about 2°C to 8°C and/or for at least’14 days at a temperature from or from about 20°C
to 30°C; and/or
20 the insulin in the composition retains:
at least 90% potency or recovery of the initial level of insulin in the
composition for at least 6 months at a temperature from or from about 2°C to 8°C
and/or for at least 14 days at a temperature from or from about 20°C to 30°C; and/or
ayleast 90% of the iniﬁal insulin purity for at least 6 months at a
25  temperature from or from about 2°C to 8°C and/or for at least 14 days at a
temperatug€ from or from about 20°C to 30°C; and/or
less than 2% high molecular weight (HMW?) insulin species for at
leasy’6 months at a temperature from or from about 2°C to 8°C and/or for at least 14
ys at a temperature from or from about 20°C to 30°C.
3 The stable co-formulation of claim 1 or claim 2, wherein the NaCl

concentration is between or about between 80 mM to 200 mM, 80 mM to 140 mM, 50




WO 2012/174478 PCT/US2012/042816

-312 -

mM to 100 mM, 80 mM to 100 mM, 50 mM to 80 mM, 100 mM to 140 mM or 120
mM to 140 mM.

4. The stable co-formulation of any of claims 1-3, comprising a sufficient

amount of a buffering agent to maintain the pH range of between or about befween
5 68t078.

5. A stable co-formulation composition, wherein:

the composition has a pH of between or about between 6.5 16 7.5;

the composition comprises:

a therapeutically effective amount of a fast-acjing insulin;
10 a hyaluronan-degrading enzyme in an amouyft sufficient to render the
composition super-fast acting;
NaCl at a concentration between or afout between 120 mM to 200
mM;
an anti-microbially effective amount of a preservative or mixture of
15 preservatives; and
a stabilizing agent or agexts; and

whereby the composition is stable for at least 3 days at a temperature from or
from about 32°C to 40°C and/or ig/stable for at least 3 hours under agitation.

6. The stable co-formulation of claim 5, wherein the stabilizing agent

20 comprises an effective amoyfit of a hyaluronidase inhibitor.

7. The stable/co-formulation of claim 6, wherein the hyaluronidase
inhibitor is selected frgm among a protein, a substrate of a hyaluronan-degrading
enzyme, polysacchdrides, fatty acids, lanostanoids, antibiotics, anti-nematodes,
synthetic organi¢ compounds and a plant-derived bioactive component.

25 . 8. The stable co-formulation of claim 6 or claim 7, wherein the
hyaluronidase inhibitor is selected from among a glycosaminoglycan (GAG), serum
hyalurpnidase inhibitor, Withania somnifera glycoprotein (WSG), heparin, heparin
sulfgte, dermatan sulfate, chitosans, B-(1,4)-galacto-oligosaccharides, sulphated
yérbascose, sulphated planteose, pectin, poly(styrene-4-sulfonate), dextran sulfate,
sodium alginate, polysaccharide from Undaria pinnatifida, mandelic acid
condensation polymer, eicosatrienoic acid, nervonic acid, oleanolic acid, aristolochic

acid, ajmaline, reserpine, flavone, desmethoxycentauredine, quercetin, apigenin,
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kaempferol, silybin, luteolin, luteolin-7-glucoside, phloretin, apiin, hesperidin,
sulphonated hesperidin, calycosin-7-O-B-D-glucopyranoside, sodium flavone-7-
sulphate, flavone 7-fluoro-4’-hydroxyflavone, 4’-chloro-4,6-dimethoxychalco
sodium 5-hydroxyflavone 7-sulphate, myricetin, rutin, morin, glycyrrhizin, vitamin C,
D-isoascorbic acid, D-saccharic 1,4-lactone, L-ascorbic acid-6-hexadecandate
(Vepal), 6-O-acylated vitamin C, catechin, nordihydroguaiaretic acid, ¢ircumin, N-
propyl gallate, tannic acid, ellagic acid, gallic acid, phlorofucofuroedkol A, dieckol,
8,8’-bieckol, procyanidine, gossypol, celecoxib, nimesulide, dexgmethasone,
indomethcin, fenoprofen, phenylbutazone, oxyphenbutazone, Salysylates, disodium
cromoglycate, sodium aurothiomalate, transilist, traxanox, f/vermectin, linocomycin
and spectinomycin, sulfamethoxazole and trimerthopring, neomycin sulphate, 30~
acetylpolyporenic acid A, (255)-(+)-12a-hydroxy-3gémethylcarboxyacetate-24-
methyllanosta-8,24(3 1)-diene-26-oic acid, lanostanoid, polyporenic acid ¢, PS53
(hydroquinone-sulfonic acid-formaldehyde po
sulfonate), VERSA-TL 502, 1-tetradecane

polymer (SAMMA), 1,3-diacetylbenzi

er), polymer of poly (styrene-4-
Ifonic acid, mandelic acid condensation
tdazole-2-thione, N-monoacylated
benzimidazol-2thione, N,N’-diacylated benzimidazol-2-thione, alkyl-2-phenylindole
derivate, 3-propanoylbenzoxazole,2-thione, N-alkylated indole derivative, N-acylated
indole derivate, benzothiazole dérivative, N-substituted indole-2- and 3-carboxamide
derivative, halogenated anal@ggs (chloro and fluoro) of N-substituted indole-2- and 3-

carboxamide derivative,

“(4-hydroxyphenyl)-3-phenylindole, indole carboxamides,
indole acetamides, 3-hénzolyl-1-methyl-4-phenyl-4-piperidinol, benzoyl phenyl
benzoate derivatives/ L-arginine derivative, guanidium HCL, L-NAME, HCN,
linamarin, amygdalin, hederagenin, aescin, CIS-hinokiresinol and 1,3-di-p-
hydroxyphenyl-4-penten-1-one.

The stable co-formulation of any of claims 6-8, wherein the

idase inhibitor is a hyaluronidase substrate that is a hyaluronan (HA)
oliggsaccharide.

10. The stable co-formulation of claim 9, wherein the concentration of HA

is between or about between 1 mg/mL to 20 mg/mL.

11.  The stable co-formulation of any of claims 5-10, wherein:
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the hyaluronan-degrading enzyme in the co-formulation retains at least 50%
the initial hyaluronidase activity for at least 3 days at a temperature from or from
about 32°C to 40°C or is stable for at least 3 days under agitation; and

the insulin in the composition retains:

at least 90% potency or recovery of the initial level of insylin in the
composition for at least 3 days at a temperature from or from about 327C to 40°C or is
stable for at least 3 days under agitation; and/or

at least 90% of the initial insulin purity for at leagt 3 days at a
temperature from or from about 32°C to 40°C or is stable for/t least 3 hours under
agitation; and/or

less than 2% high molecular weight (H t) insulin species for at
least 3 days at a temperature from or from about 329 to 40°C or is stable for at least
3 days under agitation.

12. The stable co-formulation of an§ of claims 5-11, wherein the NaCl
concentration is between or about between 450 mM to 200 mM or 160 mM to 180
mM.

13.  The stable co-formulation of any of claims 5-12, comprising a
sufficient amount of a buffering agent to maintain the pH range of between or about

between 6.5 to 7.5.

14. e cotformulation of any of claims 1-13, wherein the

anchor or s not membrane-associated when expressed from a cell; or

he hyaluronan-degrading enzyme contains C-terminal truncations of one or
moy¢ amino acid residues to remove all or part of a GPI anchor.

17. The stable co-formulation of any of claims 1-16, wherein the
hyaluronan-degrading enzyme is a hyaluronidase that is a PH20 or a C-terminal

truncated form therecof.
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18.  The stable co-formulation of any of claims 1-17, wherein the
hyaluronan-degrading enzyme is a PH20 polypeptide that has the sequence of amipo
acids set forth in any of SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273, or a
sequence of amino acids that exhibits at least 70%, 75%, 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more s¢duence
identity to any of SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273

19.  The stable co-formulation of any of claims 1-18, whetein the
hyaluronan-degrading enzyme is a C-terminal truncated PH20 thdt comprises a
sequence of amino acids set forth in any of SEQ ID NOS: 4-9;

20. The stable co-formulation of any of claims ¥-19, wherein the amount
of a hyaluronan-degrading enzyme is between or about Between 10 U/mL to 20000
U/mL, 10 U/mL to 15000 U/mL, 10 U/mL to 10000 XJ/mL, 10 U/mL to 5000 U/mL,
50 U/mL to 10000 U/mL, 50 U/mL to 4000 U/ml/ 100 U/mL to 2000 U/mL, 300
U/mL to 2000 U/mL, 600 U/mL to 2000 U/mLs or 100 U/mL to 1000 U/mL.

21.  The stable co-formulation of/any of claims 1-20, wherein the amount
of a hyaluronan-degrading enzyme is at }€ast or is about or is 30 U/mL, 35 U/mL, 40
U/mL, 50 U/mL, 100 U/mL, 150 U/md., 200 U/mL, 250 U/mL, 300 U/mL, 350 U/mL,
400 U/mL, 450 U/mL, 500 U/mL, 600 U/mL, 700 U/mL, 800 U/mL, 900 U/mL, 1000
U/mL, 2000 U/mL, 3000 U/mL; 4000 U/mL, 5000 U/mL, 10000 U/mL, 15000 U/mL
or 20000 U/mL.

22.  The stable€o-formulation of any of claims 1-21, wherein the fast-
acting insulin is a regyfar insulin.

23.  The gtable co-formulation of claim 22, wherein the regular insulin is a
human insulin oypig insulin.

24.  /The stable co-formulation of claim 22 or claim 23, wherein the regular
insulin is af insulin with an A chain having a sequence of amino acids set forth in
0:103 and a B chain having a sequence of amino acids set forth in SEQ ID
NO;404; or an insulin with an A chain having a sequence of amino acids set forth as
aphino acid residue positions 88-108 of SEQ ID NO:123 and a B chain having a
sequence of amino acids set forth as amino acid residue positions 25-54 of SEQ ID

NO:123.
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25.  The stable co-formulation of any of claims 1-21, wherein the fast-
acting insulin is an insulin analog.

26.  The stable co-formulation of any of claims 1-25, wherein the fagf-
acting insulin is an insulin analog selected from among insulin lispro, insuliy aspart

5  and insulin glulisine.

27.  The stable co-formulation of claim 25 or claim 26, whefein the insulin
analog is selected from among an insulin having an A chain with a §equence of amino
acids set forth in SEQ NOS:103 and a B chain having a sequencé of amino acids set
forth in any of SEQ NOS:147-149.

10 28.  The stable co-formulation of any of claims 1-27, wherein the amount
of fast-acting insulin is 10 U/mL to 1000 U/mL, 50 U/wL to 500 U/mL, 100 U/mL to
1000 U/mL or 500 U/mL to 1000 U/mL, inclusive.

29.  The stable co-formulation of any of claims 4 and 13-28, wherein the
buffering agent is selected from among Tris, histidine, phosphate and citrate.

15 30.  The stable co-formulation of’any of claims 4 and 13-29, wherein the
buffering agent is Tris.

31.  The stable co-formulation of any of claims 4 and 13-30, wherein the
concentration of the buffering agert is between or is between about 1 mM to 100 mM,
10 mM to 50 mM or 20 mM to40 mM.

20 32.  The stable cofformulation of any of claims 1-31, wherein the
preservative(s) in the forghulation comprises one or more of a phenolic
preservative(s), a nonyphenolic preservative(s) or a phenolic preservative(s) and a
non-phenolic preserfvative(s).

33. e stable co-formulation of any of claims 1-32, wherein the

25  preservative(g) is(are) selected from among phenol, m-cresol, methylparaben, benzyl
alcohol, timerosal, benzalkonium chloride, 4-chloro-1-butanol, chlorhexidine
dihydrgchloride, chlorhexidine digluconate, L-phenylalanine, EDTA, bronopol,
pherylmercuric acetate, glycerol, imidurea, chlorhexidine, sodium dehydroacetate, o-

e¢sol, p-cresol, chlorocresol, cetrimide, benzethonium chloride, ethyl paraben,

propylparaben, butylparaben and any combinations thereof.
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34.  The stable co-formulation of any of claims 1-33, wherein the
formulation contains a single preservative or a mixture of preservatives that contajfis
2, 3 or 4 different preservatives.

35.  The stable co-formulation of any of claims 1-34, comprising
one phenolic preservative.

36.  The stable co-formulation of any of claims 1-35, whercin the
preservative(s) is(are) phenol, m-cresol or phenol and m-cresol.

37.  The stable co-formulation of any of claims 1-36, #herein the total
(%) of mass
concentration (w/v) in the formulation is or is between 0.1% and 0.4%, 0.1% to 0.3%,

0.15% to 0.325%, 0.15% to 0.25%, 0.1% to 0.2%, 0.2%to 0.3% or 0.3% to 0.4%

amount of the one or more preservative agents as a percenta

inclusive.
38.  The stable co-formulation of any of claims 1-37, wherein the
preservatives are phenol and m-cresol and the dmount as a % of mass concentration
(w/v) in the formulation is between or aboyf between 0.1% to 0.25% phenol and
between or about between 0.05% to 0.29
0.10% to 0.2% phenol and between

between or about between 0.1% t9’0.15% phenol and 0.8% t 0.15% m-cresol, is

o m-cresol, is between or about between

about between 0.6% to 01.8% m-cresol,

between or about between 0.10%% to 0.15% phenol and between or about between 0.06
to 0.09% m-cresol or is between or about between 0.12% to 0.18% phenol and
between or about betweed 0.14 to 0.22% m-cresol.

39.  The stgble co-formulation of any of claims 1-38, comprising a
stabilizing agent thdt is selected from among an amino acid, an amino acid derivative,
an amine, a sugaf, a polyols, a salt and a surfactant.
40. / The stable co-formulation of claim 39, wherein the stabilizing agent is
an amino 4cid that is glycine or proline.

41.  The stable co-formulation of claim 39 or claim 40, wherein the
congentration of the amino acid is between or between about 0.01 Mto 1 M, 0.01 M
0.1 M, 0.1M to 0.75M or 0.2M to 0.5M, inclusive.

42.  The stable co-formulation of claim 39, wherein the stabilizing agent is
an amino acid is selected from among arginine, glutamic acid, and/or salts thereof

and/or combinations thereof.
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43, The stable co-formulation of claim 42, wherein the concentration of
the amino acids are 1 to 100 mM, 10 to 100 mM, or of or of about 30 mM, 50 mM 6r

80 mM.
44, The stable co-formulation of any of claims 1-43, wherein the
5  stabilizing agent is a surfactant and the amount of surfactant as a % of mags
concentration (w/v) in the formulation is between or about between 0.005% to 1.0%,
0.01% to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.01% to 0.02%
45, The stable co-formulation of claim 44, wherein thé surfactant is
selected from among a polypropylene glycol, polyethylene glycol, glycerin, sorbitol,
10 poloxamer and polysorbate.
46, The stable co-formulation of claim 44 or€laim 45, wherein the
surfactant is selected from among poloxamer 188, polysorbate 20 and polysorbate 80.
47.  The stable co-formulations of any ¢f claims 1-46, wherein:
the stabilizing agent is a surfactant thaj/s poloxamer 188 and is provided in
15  an amount as a % of mass concentration (w/{) of between or about between 0.01% to
0.05%; or
the stabilizing agent is a surfagtant that is polysorbate 20 and is provided in an
amount as a % of mass concentration (w/v) of between or about between 0.01% to
0.05%; or
20 the stabilizing agent i§ a surfactant that is polysorbate 80 and is provided in an
amount as a % of mass coficentration (w/v) of between or about between 0.01% to
0.05%.
48.  The gtable co-formulations of any of claims 1-47, comprising a tonicity
modifier to mainfain the osmolarity of between or about between 245 mOsm/kg to
25 305 mOsm/kg.
49 The stable co-formulation of claim 48, wherein the tonicity modifier is
selected from among glycerin, salt, amino acids, polyalcohols and trehalose.
50.  The stable co-formulation of claim 48 or claim 49, comprising glycerin
i a concentration less than 60 mM, less than 55 mM, less than 50 mM, less than 45
mM, less than 40 mM, less than 35 mM, less than 30 mM, less than 25 mM, less than
20 mM, less than 15 mM, less than 10 mM.

51.  The stable co-formulation of any of claims 48-50, wherein:
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the fast-acting insulin is an insulin analog that is insulin aspart and the
formulation comprises glycerin in a concentration between or about between 20
to 50 mM, inclusive; or

the fast acting insulin is a regular insulin or is insulin lispro and the

5  formulation comprises glycerin in a concentration between or about betwéen 40 mM
to 60 mM, inclusive.

52.  The stable co-formulation of any of claims 1-51, copprising an
antioxidant.

53. The stable co-formulation of claim 52, whereid the antioxidant is

10 selected from among cysteine, tryptophan and methioning

54.  The stable co-formulation of claim 52 oy'claim 53, wherein the
antioxidant is at a concentration from between or from about between 5 mM to 50
mM, 5 mM to 40 mM, 5 mM to 20 mM or 10 mM to 20 mM, inclusive.

55.  The stable co-formulation of cldim 53, wherein the antioxidant is

15  methionine and the concentration is between or about between 10 mM to 20 mM.

56.  The stable co-formulation of any of claims 1-55, comprising zinc.

57. The stable co-formulation of claim 56, wherein the concentration of
zine is between or about between @.001 to 0.1 mg per 100 units of insulin (mg/100U),
0.001 to 0.05 mg/100U or 0.0140 0.05 mg/100U.

20 58.  The stable co/formulation of any of claims 1-57, comprising a
nicotinic compound.

59.  The stgble co-formulation of claim 58, wherein the nicotinic compound
is selected from amdng nicotinamide, nicotinic acid, niacin, niacinamide, vitamin B3
and/or salts thergof and/or any combination thereof.

25 60. The stable co-formulation of claim 58 or claim 59, wherein the
nicotinic gompound(s) are present in a concentration from or from about 1 mm to 150
mM, 1 mM to 150 mM, 50 mM to 100 mM or of or of about 80 mM.
61.  The stable co-formulation of any of claims 1-60, wherein the
rmulation has a pH of between or about between 7.0 to 7.6, and comprises:
a hyaluronan-degrading enzyme that is a PH20 in an amount between or about

between 100 U/mL to 1000 U/mL, inclusive;
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a fast-acting insulin analog in an amount between or about between 10 U/mL
to 1000 U/mL, inclusive;

a Tris buffering agent at a concentration of between or about between 1¢/mM
to 50 mM, inclusive;

NaCl at a concentration of between or about between 50 to 200 mM, inclusive;

methionine at a concentration between or about between 5 mM6 50 mM, ’
inclusive; ‘ |

glycerin at a concentration from between or about betweert 0 mM to 50 mM,
inclusive;

a surfactant that is poloxamer 188, polysorbate 20 of polysorbate 80 at a
percentage (%) of mass concentration (w/v) of between dr about between 0.01% to
0.5%; and

a preservative(s) that comprises phenol at 4 percentage (%) of mass
concentration (w/v) of between or between aboat between 0.1% to 0.25% and m-
cresol at a % w/v of between or between abgut 0.05% to 0.2%.

62.  The stable co-formulation/of claim 61, comprising zinc at a
concentration of 0.001 to 0.1 mg per 100 units of insulin (mg/100U).

63. The stable co-formulation of claim 61 or claim 62, wherein:

the fast-acting insulin ig/a fast-acting insulin analog that is insulin lispro,

the formulation has g/pH between or about between 7.0 to 7.6; and

between 100 U/mLAo 1000 U/mL, inclusive;

insulin ligpro in an amount between or about between 10 U/mL to 1000 U/mL,
inclusive;
is buffering agent at a concentration of between or about between 25 mM
to 35 , inclusive;

NaCl at a concentration of between or about between 50 mM to 120 mM,

methionine at a concentration between or about between 10 mM to 30 mM,

inclusive;
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glycerin at a concentration from between or about between 40 mM to 60 mM

inclusive;

a surfactant that is poloxamer 188, polysorbate 20 or polysorbate 80 at
percentage (%) of mass concentration (w/v) of between or about between 0.01% to
0.05%, inclusive;

zinc at a concentration of 0.017 to 0.024 mg per 100 units of ipSulin
(mg/100U); and

a preservative(s) that comprises a percentage (%) of masg'concentration(w/v)
of between or about between 0.08% to 0.17% phenol, inclusiye, and between or about
between 0.07% to 0.17% m-cresol.

64. The stable co-formulation of claim 63, wherein the NaCl concentration
is between or about between 70 mM to 100 mM.

65. The stable co-formulation of clainy61 or claim 62, wherein:

the fast-acting insulin is a fast-acting igfsulin analog that is insulin aspart,

the formulation has a pH between or’about between 7.0 to 7.6; and

the formulation comprises:

a hyaluronan-degrading enzymde that is a PH20 in an amount between or about
between 100 U/mlL to 1000 U/mL/inclusive;

insulin aspart in an amgunt between or about between 10 U/mL to 1000 U/mL,
inclusive;

a Tris buffering agent at a concentration of between or about between 25 mM
to 35 mM, inclusive;

NaCl at a cghcentration of between or about between 80 mM to 160 mM,
inclusive;

methignine at a concentration between or about between 10 mM to 30 mM,

inclusive;

lycerin at a concentration from between or about between 20 mM to 50 mM,

a surfactant that is poloxamer 188, polysorbate 20 or polysorbate 80 at a
percentage (%) of mass concentration (w/v) of between or about between 0.01% to

0.05%, inclusive;
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zinc at a concentration of 0.017 to 0.024 mg per 100 units of insulin
(mg/100U); and
a preservative(s) that comprises a percentage (%) of mass concentratio
of between or about between 0.08% to 0.17% phenol, inclusive, and betweer/or about
5  between 0.07% to 0.17% m-cresol.
66. The stable co-formulation of claim 65, wherein the NaCA concentration
18 or is about between 70 mM to 100 mM.
67. The stable co-formulation of claim 61 or claim 62, wherein:
the fast-acting insulin is a fast-acting insulin analog thfat is insulin glulisine;
10 the formulation has a pH between or about between'7.0 to 7.6; and
the formulation comprises:
a hyaluronan-degrading enzyme that is a PH20 in an amount between or about
between 100 U/mL to 1000 U/mL, inclusive;
insulin glulisine in an amount between,Or about between 10 U/mL to 1000
15 U/mL, inclusive;
a Tris buffering agent at a concentration of between or about between 25 mM
to 35 mM, inclusive;
NaCl at a concentration of between or about between 80 mM to 200 mM,
inclusive;
20 methionine at a concéntration between or about between 10 mM to 30 mM,
inclusive;
glycerin at a coficentration from between or about between 40 mM to 60 mM,
inclusive;
a surfactant that is poloxamer 188 at a percentage (%) of mass concentration
25  (w/v) of between or about between 0.01% to 0.05%, inclusive; and
eservative(s) that comprises a percentage (%) of mass concentration(w/v)
en or about between 0.08% to 0.17% phenol, inclusive, and between or about
between 0.07% to 0.17% m-cresol.
68. The stable co-formulation of claim 67, wherein the NaCl concentration
i8 between or about between 100 mM to 150 mM.
69. The stable co-formulation of any of claims 1-68 that is formulated for

multi-dose administration.
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70. A composition, comprising:
a therapeutically effective amount of a hyaluronan-degrading enzymie;
and
lysyl lysine (Lys-Lys) in an amount to render the hyaluronan.
5  degrading enzyme stable.

71. The composition of claim 70, wherein the amount of Ly5-Lys is
sufficient such that the hyaluronan-degrading enzyme retains at leagt 50% of the
initial hyaluronidase activity for at least three (3) days at 37°C.

72.  The composition of claim 70 or claim 71, wherein the hyaluronan-

10 degrading enzyme retains at least 50% of the initial hyalurgnidase activity at 37°C for
at least 4 days, 5 days, 6 days, one week, two weeks, three weeks, one month, two
months, three months, four months, five months, six/nonths or more.

73.  The composition of any of claims 70-72, wherein the hyaluronan-
degrading enzyme retains at least 50% of the iffitial hyaluronidase activity for at least

15  one month at 37°C.

74.  The composition of any of claims 70-73 wherein the Lys-Lys
concentration is between or about between 5 mM to 120 mM, 10 mM to 100 mM, 10
mM to 50 mM, 30 mM to 110 mM, 30 mM to 80 mM, 50 mM to 100 mM or 100 mM
to 120 mM.

20 75.  The composition of any of claims 70-74, wherein the pH of the
formulation is_between op’about between 6.5 to 8.0, 6.5t0 7.4, 6.8 to 7.8, 7.0 to 7.6 or
6.8 to 7.2, inclusive.

76.  The Composition of any of claims 70-75, wherein the formulation
further comprisgs a stabilizing agent.

25 77.  / The composition of claim 76, wherein the stabilizing agent is selected

from amopg an amino acid, an amino acid derivative, an amine, a sugar, a polyol, a

salt and’ a surfactant.

78.  The composition of claim 76 or claim 77, wherein the stabilizing agent
iga surfactant and the amount of surfactant, as a % of mass concentration (w/v) in the
formulation, is between or about between 0.0005% to 1.0%, 0.0005% to 0.005%,
0.001% to 0.01%, 0.01% to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.01% to

0.02%, inclusive.
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79.  The composition of claim 77 or claim 78, wherein the surfactant is
selected from among a polypropylene glycol, polyethylene glycol, glycerin, sorbijdl,
poloxamer and polysorbate.

80.  The composition of any of claims 77-79, wherein the surfactafit is

5  selected from among poloxamer 188, polysorbate 20 and polysorbate 80,

81.  The composition of any of claims 70-80, wherein the cgmposition
comprises an antioxidant.

82.  The composition of claim 81, wherein the antioxjdant is selected from
among cysteine, tryptophan and methionine.

10 83.  The composition of claim 82, wherein the ghtioxidant is methionine.

84.  The composition of any of claims 81-83/ wherein the antioxidant is at a
concentration from between or from about between 8 mM to 50 mM, 5 mM to 40
mM, 5 mM to 20 mM or 10 mM to 20 mM, inclygive.

85.  The composition of any of claipis 70-84, comprising a tonicity

15 modifier to maintain the osmolarity of between or about between 245 mOsm/kg to
500 mOsm/kg, inclusive.

86.  The composition of cldim 85, wherein the tonicity modifier is selected
from among glycerin, salt, amino 4cids, polyalcohols and trehalose.

87.  The compositior of claim 85 or claim 86, wherein the tonicity modifier

20 1isa salt that is NaCl and the/concentration of NaCl is or is about between 20 mM to
200 mM, 40 mM to 160 M, 80 mM to 120 mM, 20 mM to 80 mM or 50 mM to 150
mM, inclusive.
88.  The/composition of any of claims 70-87, comprising NaCl at a
concentration of less than 150 mM, less than 140 mM, less than 130 mM, less than
25 120 mM, lesg'than 110 mM, less than 100 mM, less than 90 mM, less than 80 mM,
less than 70 mM, less than 60 mM, less than 50 mM, less than 40 mM, less than 30
mM, lg8s than 20 mM, less than 10 mM, or less.
89.  The composition of any of claims 70-88, comprising a sufficient
ount of a buffering agent to maintain the pH range of between or about between
6.5t08.0,6.8t07.8,7.0t07.6,6.5t07.2,0r 6.8 to 7.4, inclusive.
90.  The composition of claim 89, wherein the buffering agent is selected

from among Tris, histidine, phosphate and citrate.
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91.  The composition of claim 89 or claim 90, wherein the buffering agent
is a phosphate that is sodium phosphate.

92.  The composition of any of claims 89-91, wherein the concentratigh of
the buffering agent is between or is between about 1 mM to 100 mM, 10 o 80

5 mM, 5 mM to 50 mM or 20 mM to 40 mM, inclusive.

93.  The composition of any of claims 70-92, wherein the hydluronan-
degrading enzyme is a hyaluronidase or a chondroitinase.

94.  The composition of any of claims 70-93, wherein the hyaluronan-
degrading enzyme is a hyaluronidase that is active at neutral

10 95.  The composition of any of claims 70-94; wherein:

the hyaluronan-degrading enzyme lacks a glycogylphosphatidylinositol (GPI)
anchor or is not membrane-associated when expressed from a cell; or

the hyaluronan-degrading contains C-termyihal truncations of one or more
amino acid residues to remove all or part of a GPI anchor.

15 96.  The composition of any of cJdims 70-95, wherein the hyaluronan-
degrading enzyme is a hyaluronidase that'is a PH20 or a C-terminally truncated
fragment thereof.

97.  The composition of/any of claims 70-96, wherein the hyaluronan-
degrading enzyme is a PH20 polypeptide that has the sequence of amino acids set

20  forth in any of SEQ ID NOS/ 4-9, 47-48, 234-254, and 267-273, or a sequence of
amino acids that exhibits 4t least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%,95%, 96%, 97%, 98%, 99% or more sequence identity to any
of SEQ ID NOS: 4,9, 47-48, 234-254, and 267-273.

98. e composition of any of claims 70-97, wherein the hyaluronan-

25  degrading enZyme is a C-terminal truncated PH20 that comprises a sequence of amino

acids set fgrth in any of SEQ ID NOS: 4-9.

9. The composition of any of claims 70-98, wherein the amount of a

hyajironan-degrading enzyme is between or about between 10 U/mL to 20,000

/mL, 50 U/mL to 15,000 U/mL, 50 U/mL to 10,000 U/mL, 50 U/mL to 5000 U/mL,

50 U/mL to 4000 U/mL, 100 U/mL to 10000 U/mL, 100 U/mL to 5000 U/mL, 100

U/mL to 2000 U/mL, 300 U/mL to 5000 U/mL, 300 U/mL to 2000 U/mL, 600 U/mL




WO 2012/174478 PCT/US2012/042816

10

15

20

25

30

-326 -

to 5000 U/mL, 600 U/mL to 2000 U/mL, 100 U/mL to 1000 U/mL, 200 U/mL to 80
U/mL, 100 U/mL to 500 U/mL, or 150 U/mL to 300 U/ml, inclusive.
100.  The composition of any of claims 70-99, wherein the concentrajfon of
Lys-Lys is 5 mM to 50 mM, inclusive.
101.  The composition of any of claim 70-100, wherein:
the pH of the composition is between or about between 6.5 to 7.2,
and the composition comprises:
a hyaluronan-degrading enzyme in an amount thgf is between or about
between 100 U/mL to 500 U/mL, inclusive;
_ Lys-Lys at a concentration that is between gr about between 5 mM to
30 mM, inclusive;
NaCl at a concentration less than 14(/mM NaCl;
a surfactant that is polysorbate 80 4t a percentage (%) of mass
concentration (w/v) of between or about betwegen 0.01% to 0.05%, inclusive;

methionine at a concentratiof that is between or about between 5 mM

- t020 mM, inclusive; and

sodium phosphate at g/concentration that is between or about between
5 mM to 50 mM, inclusive.
102.  The compositiof of any of claims 70-101, wherein the hyaluronan-
degrading enzyme is a PH2@ or a C-terminally truncated fragment thereof.
103.  The composition of any of claims 70-102, further comprising a fast-
acting insulin.
104.  The/composition of claim 103, wherein the concentration of Lys-Lys is
30 mM to 120 , 50 mM to 105 mM or 80 mM to 100 mM, inclusive.
105. / The composition of claim 103 or claim 104, wherein the fast-acting
insulin 18 4 regular insulin.
06. The composition of claim 105, wherein the regular insulin is a human
insylin or pig insulin.
107.  The composition of claim 105 or claim 106, wherein the regular insulin
is an insulin with an A chain having a sequence of amino acids set forth in SEQ ID

NO:103 and a B chain having a sequence of amino acids set forth in SEQ ID NO:104;

or an insulin with an A chain having a sequence of amino acids set forth as amino
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acid residue positions 88-108 of SEQ ID NO:123 and a B chain having a sequence o
amino acids set forth as amino acid residue positions 25-54 of SEQ ID NO:123.
108.  The composition of any of claims 103-107, wherein the fast-actigg
insulin is an insulin analog.
5 109.  The composition of claim 108, wherein the insulin analog j& selected
from among insulin aspart, insulin lispro and insulin glulisine.
110.  The composition of claim 108 or claim 109, wherein/the insulin analog
18 selected from among an insulin having an A chain with a sequgnce of amino acids
set forth in SEQ NOS:103 and a B chain having a sequence ofamino acids set forth in
10 any of SEQ NOS:147-149.
111.  The composition of any of claims 103-1 0, wherein the amount of fast-
acting insulin is between or is about between 10 U/md to 1000 U/mL, 20 U/mL to
500 U/mL, 50 U/mL to 300 U/mL or 200 U/mL tg’800 U/mL, inclusive.
112.  The composition of any of clairgs 103-111, wherein the fast-acting
15 insulin is an insulin analog and the hyaluropan-degrading enzyme is a PH20 or a C-
terminally truncated fragment thereof.
113.  The composition of any of claims 103-112, wherein:
the fast-acting insulin is ap'insulin analog that is glulisine and the
concentration of Lys-Lys is 50 0 105 mM; or
20 the fast-acting insuliy'is an insulin analog that is insulin aspart or insulin lispro
and the concentration of Kys-Lys is 80 to 100 mM.
114.  The copposition of any of claims 70-113 that is for single dosage
administration or ig/for multiple dosage administration.
115.  The composition of claim 114, wherein the composition is for multiple
25  dosage admindstration and comprises an anti-microbially effective amount of a
preservatiye or mixture of preservatives.
16.  The composition of claim 115, wherein the preservative(s) in the
forprulation comprises one or more of a phenolic preservative(s), a non-phenolic
eservative(s) or a phenolic preservative(s) and a non-phenolic preservative(s).
117.  The composition of claim 115 or claim 116, wherein the
preservative(s) is(are) selected from among phenol, m-cresol, methylparaben, benzyl

alcohol, thimerosal, benzalkonium chloride, 4-chloro-1-butanol, chlorhexidine
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dihydrochloride, chlorhexidine digluconate, L-phenylalanine, EDTA, bronopol,
phenylmercuric acetate, glycerol, imidurea, chlorhexidine, sodium dehydroacetat
cresol, p-cresol, chlorocresol, cetrimide, benzethonium chloride, ethyl paraben
propylparaben, butylparaben and any combinations thereof.
118.  The composition of any of claims 115-117, wherein the forfmulation
contains a single preservative; or
contains a mixture of preservatives that contains 2, 3 or 4 different
preservatives.
119.  The composition of any of claims 115-118, corhprising at least one
phenolic preservative.
120.  The composition of any of claims 115-119, wherein the preservative(s)
is(are) phenol, m-cresol or phenol and m-cresol. |
121.  The composition of any of claims £15-120, wherein the total amount of
the one or more preservative agents as a perceftage (%) of mass concentration (w/v)
0.4%, 0.1% to 0.3%, 0.15% to 0.325%,

3% or 0.3% to 0.4%, inclusive.

in the formulation is or is between 0.1% a
0.15% to 0.25%, 0.1% to 0.2%, 0.2% to
122.  The composition of anyy of claims 115-121, wherein the preservatives
are phenol and m-cresol and the apiount as a % of mass concentration (w/v) in the
formulation is between or aboyt between 0.1% to 0.25% phenol and between or about
between 0.05% to 0.2% m-

and between or about betiween 0.06% to 0.18% m-cresol, is between or about between

esol, is between or about between 0.10% to 0.2% phenol

0.1% to 0.15% phenol/and 0.08% to 0.15% m-cresol, is between or about between
0.10% to 0.15% phenol and between or about between 0.06 to 0.09% m-cresol or is
between or aboyt between 0.12% to 0.18% phenol and between or about between 0.14
t0 0.22% m-¢fesol, inclusive.
The composition of any of claims 70-122, wherein:
e pH of the composition is between or about between 6.8 to 7.4; and
the composition comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between
or about between 100 U/mL to 1000 U/mL, inclusive;

a fast-acting insulin analog that is insulin glulisine is an amount

between or about between 10 U/mL to 1000 U/mL, inclusive;
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Lys-Lys at a concentration between or about between 50 mM to 105
mM, inclusive;
NaCl at a concentration of less than 100 mM,;
a surfactant that is polysorbate 20 at a percentage (%) of mass
concentration (w/v) of between or about between 0.0005% to 0.005%, incHisive;
methionine at a concentration between or about between’>S mM to 20
mM, inclusive; and
a preservative(s) that comprises phenol at a perceptage (%) of mass
concentration (w/v) of between or between about between 0.1% to 0.25% and m-
cresol at a % w/v of between or between about 0.05% to 0,2%.
124.  The composition of any of claims 70-122, wherein:
the pH of the composition is between or aboyt between 6.8 to 7.4; and
the composition comprises:
a hyaluronan-degrading enzyme/that is a PH20 in an amount between
or about between 100 U/mL to 1000 U/mL /nclusive;
a fast-acting insulin analog that is insulin aspart or insulin lispro is an
amount between or about between 10AU/mL to 1000 U/mL, inclusive;
Lys-Lys at a concentration between or about between 80 mM to 100
mM, inclusive;
NaCl at a concentration of less than 30 mM;
a surfactanf that is polysorbate 20 at a percentage (%) of mass
concentration (w/v) ofbetween or about between 0.0005% to 0.005%, inclusive;
methionine at a concentration between or about between 5 mM to 20
mM, inclusive; and
a preservative(s) that comprises phenol at a percentage (%) of mass
concentragion (w/v) of between or between about between 0.1% to 0.25% and m-
cresol af a % w/v of between or between about 0.05% to 0.2%.
125. A composition, comprising:

a therapeutically effective amount of a hyaluronan-degrading enzyme;
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MgCl; in a sufficient such that the hyaluronan-degrading enzyme

retains at least 50% of the initial hyaluronidase activity for at least three (3) days a
37°C.

126.  The composition of claim 125, wherein the MgCl, concentrafion is
between or about between 50 mM to 150 mM, 75 mM to 125 mM or 80 to 100
mM, inclusive.

127.  The composition of claim 125 or claim 126, whereinf the hyaluronan-
degrading enzyme retains at least 50% of the initial hyaluronidagé activity at 37°C for
at least 4 days, 5 days, 6 days, one week, two weeks, three we€ks, one month, two
months, three months, four months, five months, six mont§fs or more.

128. The composition of any of claims 125-127 /wherein the pH of the
composition is between or about between 6.5 to 8.0,6.5 to 7.4, 6.8 to 7.8, 7.0 to 7.6 or
6.8 to 7.2.

129.  The composition of any of clgims 125-128, wherein the composition
further comprises a stabilizing agent.

130.  The composition of any/of claims 125-129, wherein the stabilizing
agent is selected from among an anmyno acid, an amino acid derivative, an amine, a
sugar, a polyol, a salt and a surfactant.

131.  The compositign of claim 130, wherein the stabilizing agent is a
surfactant and the amount gf surfactant, as a % of mass concentration (w/v) in the
formulation, is between/or about between 0.0005% to 1.0%, 0.0005% to 0.005%,
0.001% to 0.01%, 0,81% to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.01% to
0.02%, inclusive.
he composition of claim 130 or claim 131, wherein the surfactant is
fi among a polypropylene glycol, polyethylene glycol, glycerin, sorbitol,
r and polysorbate.

The composition of any of claims 130-132, wherein the surfactant is
se}écted from among poloxamer 188, polysorbate 20 and polysorbate 80.
134, The composition of any of claims 125-133, wherein the composition

comprises an antioxidant.
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135.  The composition of claim 134, wherein the antioxidant is selected fro
among cysteine, tryptophan and methionine.

136.  The composition of claim 135, wherein the antioxidant is methi

137.  The composition of any of claims 134-136, wherein the antioxdant is
at a concentration from between or from about between 5 mM to 50 mM, 8 mM to 40
mM, 5 mM to 20 mM or 10 mM to 20 mM, inclusive.

138.  The composition of any of claims 125-137, comprisidg a sufficient
amount of a buffering agent to maintain the pH range of between/or about between
6.5t08.0,68t07.8,7.0t07.6,6.5t07.2,0r6.8t07.4.

| 139.  The composition of claim 138, wherein the Buffering agent is selected
from among Tris, histidine, phosphate and citrate.

140.  The composition of claim 138 or claipd 139, wherein the buffering
agent is histidine hydrochloride. |

141.  The composition of any of clairmas 138-140, wherein the concentration
of the buffering agent is between or is betwgen about 1 mM to 100 mM, 10 mM to 80
mM, 5 mM to 50 mM or 20 mM to 40

142.  The composition of any of claims 125-141, wherein the hyaluronan-
degrading enzyme is a hyaluronidg$e or a chondroitinase.

143.  The compositioryof any of claims 125-142, wherein the hyaluronan-
degrading enzyme is a hyalyfonidase that is active at neutral pH.

144, The compgsition of any of claims 125-143, wherein the hyaluronan-
degrading enzyme lacls a glycosylphosphatidylinositdll (GP]) anchor or is not
membrane-associatgd when expressed from a cell; or the hyaluronan-degrading
enzyme is a hyajaronan-degrading enzyme that contains C-terminal truncations of one

or more ami

145.

acid residues to remove all or part of a GPI anchor.

The composition of any of claims 125-144, wherein the hyaluronan-
degradjfig enzyme is a hyaluronidase that is a PH20 or a C-terminally truncated
ent thereof.

146.  The composition of any of claims 125-145, wherein the hyaluronan-
degrading enzyme is a PH20 polypeptide that has the sequence of amino acids set
forth in any of SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273, or a sequence of
amino acids that exhibits at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
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91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence identity to any
of SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273.

147.  The composition of any of claims 125-146, wherein the hyalurogan-
degrading enzyme is a C-terminal truncated PH20 that comprises a sequence/0f amino
acids set forth in any of SEQ ID NOS: 4-9.

148.  The composition of any of claims 125-147, wherein the/amount of a
to 20,000
U/mL, 50 U/mL to 15,000 U/mL, 50 U/mL to 10,000 U/mL, 50 ¥/mL to 5000 U/mL,
50 U/mL to 4000 U/mL, 100 U/mL to 10000 U/mL, 100 U/mL to 5000 U/mL, 100
U/mL to 2000 U/mL, 300 U/mL to 5000 U/mL, 300 U/ 0 2000 U/mL, 600 U/mL
to 5000 U/mL, 600 U/mL to 2000 U/mL, 100 U/mL to Y000 U/mL, 200 U/mL to 800
U/mL, 100 U/mL to 500 U/mL, or 150 U/mL to 300/ml, inclusive.

hyaluronan-degrading enzyme is between or about between 10 U/

149.  The composition of any of claims ¥25-148, wherein:

the pH of the composition is between or about between 6.5 to 7.2; and
the composition comprises:
an amount that is between or about

between 100 U/mL to 500 U/mL, inclisive;

a hyaluronan-degrading enzyme

MgCl, at a concentration thfat is between or about between 50 mM to 150 mM,
inclusive;

a surfactant that is pplysorbate 80 at a percentage (%) of mass concentration
(w/v) of between or about between 0.01% to 0.05%, inclusive;

methionine at @ concentration that is between or about between 5 mM to 20
mM, inclusive; an

histidine/HCIl at a concentration that is between or about between 5 mM to 50
mM, inclusivé.

150.  The stable co-formulation or composition of any of claims 1-149,
whereigf the volume of the composition is between or about between 0.5 mL to 50
mL,/1 mL to 40 mL, 1 mL to 20 mL, 1 mL to 10 mL, or 3 mL to 10 mL, inclusive.
151.  The stable co-formulation or composition of any of claims 1-150 that
is formulated for delivery using a vial, syringe, pen, reservoir for a pump or a closed

loop system.
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152.  The stable co-formulation or composition of any of claims 1-151 that
is formulated for delivery using a continuous subcutaneous insulin infusion.
153.  The stable co-formulation or composition of any of claims 1-15
wherein the pH is or is about between 6.8 to 7.2
5 154. A syringe or vial, comprising the stable co-formulation or gomposition
of any of claims 1-153.
155. A closed loop system, comprising the stable co-form/ilation or
composition of any of claims 1-153.
156.  An insulin pump, comprising the stable co-forgulation or composition
10 of any of claims 1-153.
157.  Aninsulin pen, comprising the stable co/formulation or composition of
any of claims 1-153.
158. A method of treating diabetes, comprising administering to a subject a
therapeutically effective amount of a stable co/ormulation or composition of any of
15 claims 1-153.
159.  The method of claim 158/wherein the diabetes is selected from among
type 1 diabetes mellitus, type 2 diabetes mellitus and gestational diabetes.
160. A method for contrglling blood glucose levels in a subject, comprising
administering to a subject a thgfapeutically effective amount of a stable co-
20  formulation or composition gf any of claims 1-153.
161.  The method of any of claims 158-160, further comprising
administering a differegfit anti-diabetic drug.
162. A stdble co-formulation or composition of any of claims 1-153 for use
in treating diabetes or for use in controlling blood glucose levels in a subject.
25 163. / Use of a stable co-formulation or composition of any of claims 1-153
for treating diabetes or for controlling blood glucose levels in a subject.

64.  Use of stable co-formulation or composition of any of claims 1-153 for
the manufacture of a medicament for treating diabetes or for controlling blood glucose
lg&els in a subject.

165.  The stable co-formulation or composition or use of any of claims 162-
164, wherein the diabetes is selected from among type 1 diabetes mellitus, type 2

diabetes mellitus and gestational diabetes.
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WHAT IS CLAIMED:

1. A stable co-formulation composition, wherein:
the composition has a pH of between 6.8 to 7.8; and
the composition comprises:
a) a therapeutically effective amount of a fast-acting insulin;

b) a hyaluronan-degrading enzyme in an amount sufficient to render the
composition super-fast acting, wherein a super-fast acting insulin composition more closely
mimics the endogenous post-prandial insulin release of a nondiabetic subject compared to the
fast-acting insulin alone;

¢) NaCl at a concentration between 50 mM to 200 mM;

d) an anti-microbially effective amount of a preservative or mixture of
preservatives, wherein:

at least one preservative is a phenolic preservative; and

the total amount of the one or more preservative agents as a percentage
(%) of mass concentration (w/v) in the formulation is or is between 0.1% and
0.4%, inclusive; and

e) a stabilizing agent or agents,
whereby the composition is stable for at least 6 months at a temperature from 2°C to
8°C, inclusive, and/or for at least 14 days at a temperature from 20°C to 30°C, inclusive.

2. The stable co-formulation of claim 1, wherein the total amount of the one or more
preservatives as a percentage (%) of mass concentration (w/v) in the formulation is at least or
about at least 0.25% but less than 0.4% total preservative.

3. The stable co-formulation of claim 1 or claim 2, wherein the NaCl concentration
is between 80 mM to 200 mM..

4. The stable co-formulation of any of claims 1-3, wherein the NaCl concentration is
between 50 mM to 120 mM -

5. The stable co-formulation of any of claims 1-3, wherein the NaCl concentration is
between 80 mM to 120 mM.

6. A stable co-formulation composition, wherein:

the composition has a pH of between 6.5 to 7.5;
the composition comprises:
a) a therapeutically effective amount of a fast-acting insulin;

b) a hyaluronan-degrading enzyme in an amount sufficient to render the
composition super-fast acting, wherein a super-fast acting insulin composition more closely
mimics the endogenous post-prandial insulin release of a nondiabetic subject compared to the
fast-acting insulin alone;

¢) NaCl at a concentration between 120 mM to 200 mM;

d) an anti-microbially effective amount of a preservative or mixture of
preservatives, wherein:

at least one preservative is a phenolic preservative; and
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the total amount of the one or more preservative agents as a
percentage (%) of mass concentration (w/v) in the formulation is or is between
0.1% and 0.4%, inclusive; and
e) a stabilizing agent or agents;
whereby the composition is stable for at least 3 days at a temperature from 32°C to 40°C,
and/or is stable for at least 3 hours under agitation.

7. The stable co-formulation of claim 6, wherein the stabilizing agent comprises a
hyaluronidase inhibitor.

8. The stable co-formulation of claim 7, wherein the hyaluronidase inhibitor is a
hyaluronidase substrate that is a hyaluronan (HA) oligosaccharide.

0. The stable co-formulation of claim 8, wherein the concentration of HA is between
1 mg/mL to 20 mg/mL.

10.  The stable co-formulation of any of claims 6-9, wherein the NaCl concentration is
between 150 mM to 200 mM or 160 mM to 180 mM.
11.  The stable co-formulation of any of claims 1-10, wherein the hyaluronan-

degrading enzyme is a soluble hyaluronidase that is active at neutral pH.

12.  The stable co-formulation of claim 11, wherein the soluble hyaluronidase is a
PH20 or a C-terminal truncated form thereof.

13. The stable co-formulation of claim 11 or claim 12, wherein the soluble PH20
polypeptide is selected from ovine PH20, bovine PH20 and a soluble human PH20, wherein the
soluble human PH20 lacks all or a portion of the glycosylphosphatidylinositol (GPI) anchor
attachement sequence.

14.  The stable co-formulation of any of claims 1-13, wherein the hyaluronan-
degrading enzyme is a PH20 polypeptide that has the sequence of amino acids set forth in any of
SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273, or a sequence of amino acids that exhibits at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more sequence identity to any of SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273

15.  The stable co-formulation of any of claims 1-14, wherein the hyaluronan-
degrading enzyme is a C-terminal truncated PH20 that comprises the sequence of amino acids set
forth in any of SEQ ID NOS: 4-9.

16.  The stable co-formulation of any of claims 1-15, wherein:

the amount of a hyaluronan-degrading enzyme is between 10 U/mL to 20000 U/mL, 10
U/mL to 15000 U/mL, 10 U/mL to 10000 U/mL, 10 U/mL to 5000 U/mL, 50 U/mL to 10000
U/mL, 50 U/mL to 4000 U/mL, 100 U/mL to 2000 U/mL, 300 U/mL to 2000 U/mL, 600 U/mL
to 2000 U/mL, or 100 U/mL to 1000 U/mL; or

the amount of a hyaluronan-degrading enzyme is at least or is 30 U/mL, 35 U/mL, 40
U/mL, 50 U/mL, 100 U/mL, 150 U/mL, 200 U/mL, 250 U/mL, 300 U/mL, 350 U/mL, 400
U/mL, 450 U/mL, 500 U/mL, 600 U/mL, 700 U/mL, 800 U/mL, 900 U/mL, 1000 U/mL, 2000
U/mL, 3000 U/mL, 4000 U/mL, 5000 U/mL, 10000 U/mL, 15000 U/mL or 20000 U/mL.
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17.  The stable co-formulation of any of claims 1-16, wherein the fast-acting insulin is
a regular insulin or is an insulin analog.

18.  The stable co-formulation of claim 17, wherein the fast-acting insulin is a regular
insulin and the regular insulin is a human insulin or pig insulin.

19.  The stable co-formulation of claim 17, wherein the fast-acting insulin is an insulin
analog and the insulin analog is selected from among insulin lispro, insulin aspart and insulin
glulisine.

20.  The stable co-formulation of claim 19, wherein the insulin analog is selected from
among an insulin having an A chain with a sequence of amino acids set forth in SEQ NOS:103
and a B chain having a sequence of amino acids set forth in any of SEQ NOS:147-149.

21.  The stable co-formulation of any of claims 1-20, wherein the amount of fast-
acting insulin is 10 U/mL to 1000 U/mL, 50 U/mL to 500 U/mL, 100 U/mL to 1000 U/mL or
500 U/mL to 1000 U/mlL, inclusive.

22.  The stable co-formulation of any of claims 1-21, wherein the pH range is
maintained by a buffering agent selected from among Tris, histidine, phosphate and citrate.

23.  The stable co-formulation of any of claims 1-22 , wherein the phenolic
preservative is selected from among phenol, m-cresol, methylparaben, o-cresol, p-cresol,
chlorocresol, benzethonium chloride, ethyl paraben, propylparaben, butylparaben and any
combinations thereof.

24.  The stable co-formulation of any of claims 1-23, wherein the preservative(s)
is(are) phenol, m-cresol or phenol and m-cresol.

25.  The stable co-formulation of any of claims 1-24, wherein the total amount of the
one or more preservative agents as a percentage (%) of mass concentration (w/v) in the
formulation is or is between 0.1% to 0.3%, 0.15% to 0.325%, 0.15% to 0.25%, 0.1% to 0.2%,
0.2%t0 0.3% or 0.3% to 0.4% inclusive.

26.  The stable co-formulation of any of claims 1-25, wherein the preservatives are
phenol and m-cresol and the amount as a % of mass concentration (w/v) in the formulation is
between 0.1% to 0.25% phenol and between 0.05% to 0.2% m-cresol, is between 0.10% to
0.2% phenol and between 0.6% to 01.8% m-cresol, between 0.1% to 0.15% phenol and 0.8% t
0.15% m-cresol, is between 0.10% to 0.15% phenol and between 0.06 to 0.09% m-cresol or is
between 0.12% to 0.18% phenol and between 0.14 to 0.22% m-cresol.

27.  The stable co-formulation of any of claims 1-26, wherein the stabilizing agent is
selected from among an amino acid, an amino acid derivative, an amine, a sugar, a polyols, a salt
and a surfactant.

28.  The stable co-formulation of claim 27, wherein the stabilizing agent is selected
from among:

an amino acid that is glycine or proline;

an amino acid selected from among arginine, glutamic acid, and/or salts thereof and/or
combinations thereof; or
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a surfactant selected from among a polypropylene glycol, polyethylene glycol, glycerin,
sorbitol, poloxamer and polysorbate.

29.  The stable co-formulation of claim 27 or claim 28, wherein the stabilizing agent is
a surfactant and the amount of surfactant as a % of mass concentration (w/v) in the formulation
is between 0.005% to 1.0%, 0.01% to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.01% to
0.02%.

30.  The stable co-formulation of any of claims 27-29, wherein the surfactant is
selected from among poloxamer 188, polysorbate 20 and polysorbate 80.

31.  The stable co-formulations of any of claims 1-30, comprising a tonicity modifier,
an antioxidant, zinc or a nicotinic compound.

32.  The stable co-formulation of any of claims 1-31, wherein the formulation has a
pH of between 7.0 to 7.6, and comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between 100 U/mL to 1000
U/mL, inclusive;

a fast-acting insulin analog in an amount between 10 U/mL to 1000 U/mL, inclusive;
a Tris buffering agent at a concentration of between 10 mM to 50 mM, inclusive;
NaCl at a concentration of between 50 to 200 mM, inclusive;

methionine at a concentration between 5 mM to 50 mM, inclusive;

glycerin at a concentration from between 0 mM to 50 mM, inclusive;

a surfactant that is poloxamer 188, polysorbate 20 or polysorbate 80 at a percentage (%)
of mass concentration (w/v) of between 0.01% to 0.5%; and

a preservative(s) that comprises phenol at a percentage (%) of mass concentration (w/v)
of between 0.1% to 0.25% and m-cresol at a % w/v of between or between about 0.05% to
0.2%.

33. The stable co-formulation of claim 32, wherein:

the fast-acting insulin is a fast-acting insulin analog that is insulin lispro,

the formulation has a pH between 7.0 to 7.6; and

the formulation comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between or 100 U/mL to
1000 U/mL, inclusive;

insulin lispro in an amount between 10 U/mL to 1000 U/mL, inclusive;
a Tris buffering agent at a concentration of between 25 mM to 35 mM, inclusive;

NaCl at a concentration of between 50 mM to 120 mM, inclusive; methionine at a
concentration between 10 mM to 30 mM, inclusive;

glycerin at a concentration from between 40 mM to 60 mM, inclusive;

a surfactant that is poloxamer 188, polysorbate 20 or polysorbate 80 at a percentage (%)
of mass concentration (w/v) of between 0.01% to 0.05%, inclusive;

zinc at a concentration of 0.017 to 0.024 mg per 100 units of insulin (mg/100U); and

a preservative(s) that comprises a percentage (%) of mass concentration(w/v) of between
0.08% to 0.17% phenol, inclusive, and between 0.07% to 0.17% m-cresol.
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34, The stable co-formulation of claim 32, wherein:

the fast-acting insulin is a fast-acting insulin analog that is insulin aspart,
the formulation has a pH between 7.0 to 7.6; and

the formulation comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between 100 U/mL to 1000
U/mL, inclusive;

insulin aspart in an amount between 10 U/mL to 1000 U/mL, inclusive;
a Tris buffering agent at a concentration of between 25 mM to 35 mM, inclusive;

NaCl at a concentration of between 80 mM to 160 mM, inclusive; methionine at a
concentration between 10 mM to 30 mM, inclusive;

glycerin at a concentration from between 20 mM to 50 mM, inclusive;

a surfactant that is poloxamer 188, polysorbate 20 or polysorbate 80 at a percentage (%)
of mass concentration (w/v) of between 0.01% to 0.05%, inclusive;

zinc at a concentration of 0.017 to 0.024 mg per 100 units of insulin (mg/100U); and

a preservative(s) that comprises a percentage (%) of mass concentration(w/v) of between
0.08% to 0.17% phenol, inclusive, and between 0.07% to 0.17% m-cresol.

35.  The stable co-formulation of claim 32, wherein: the fast-acting insulin is a fast-
acting insulin analog that is insulin glulisine;

the formulation has a pH between 7.0 to 7.6; and

the formulation comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between 100 U/mL to 1000
U/mL, inclusive;

insulin glulisine in an amount between 10 U/mL to 1000 U/mL, inclusive;

a Tris buffering agent at a concentration of between 25 mM to 35 mM, inclusive;
NaCl at a concentration of between 80 mM to 200 mM, inclusive;

methionine at a concentration between 10 mM to 30 mM, inclusive;

glycerin at a concentration from between 40 mM to 60 mM, inclusive;

a surfactant that is poloxamer 188 at a percentage (%) of mass concentration (w/v) of
between 0.01% to 0.05%, inclusive; and

a preservative(s) that comprises a percentage (%) of mass concentration(w/v) of between
0.08% to 0.17% phenol, inclusive, and between 0.07% to 0.17% m-cresol.

36.  The stable co-formulation of any of claims 1-35 that is formulated for multi-dose
administration.
37. A composition, comprising:
a therapeutically effective amount of a hyaluronan-degrading enzyme; and

lysyl lysine (Lys-Lys) in an amount to render the hyaluronan-degrading enzyme
stable.
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38. The composition of claim 37 wherein the Lys-Lys concentration is between 5
mM to 120 mM, 10 mM to 100 mM, 5 mM to 50 mM, 10 mM to 50 mM, 30 mM to 110 mM, 30
mM to 80 mM, 50 mM to 100 mM or 100 mM to 120 mM.

39.  The composition of claim 37 or claim 38, wherein the pH of the formulation is
between 6.5t0 8.0,6.5t07.4,6.8t07.8,7.0t0 7.6 or 6.8 to 7.2, inclusive.

40.  The composition of any of claims 37-39, wherein the formulation further
comprises a stabilizing agent selected from among an amino acid, an amino acid derivative, an
amine, a sugar, a polyol, a salt and a surfactant.

41.  The composition of claim 40, wherein the stabilizing agent is a surfactant and the
amount of surfactant, as a % of mass concentration (w/v) in the formulation, is between
0.0005% to 1.0%, 0.0005% to 0.005%, 0.001% to 0.01%, 0.01% to 0.5%, 0.01% to 0.1%,
0.01% to 0.05%, or 0.01% to 0.02%, inclusive.

42.  The composition of claim 40 or claim 41, wherein the surfactant is selected from
among a polypropylene glycol, polyethylene glycol, glycerin, sorbitol, poloxamer and
polysorbate.

43.  The composition of any of claims 40-42, wherein the surfactant is selected from
among poloxamer 188, polysorbate 20 and polysorbate 80.

44.  The composition of any of claims 37-43, wherein the composition comprises an
antioxidant or a tonicity modifier.

45.  The composition of any of claims 37-44, comprising a sufficient amount of a
buffering agent to maintain the pH range of between 6.5 to 8.0, 6.8 t0 7.8, 7.0t0 7.6, 6.5 t0 7.2,
or 6.8 to 7.4, inclusive, wherein the buffering agent is selected from among Tris, histidine,
phosphate and citrate.

46.  The composition of any of claims 37-45, wherein the hyaluronan-degrading
enzyme is a soluble hyaluronidase that is active at neutral pH.

47.  The composition of claim 46, wherein the soluble hyaluronidase is a PH20 or a
C-terminally truncated fragment thereof.

48.  The composition of claim 46 or claim 47, wherein the soluble PH20 polypeptide
is selected from ovine PH20, bovine PH20 and a soluble human PH20, wherein the soluble
human PH20 lacks all or a portion of the glycosylphosphatidylinositol (GPI) anchor attachement
sequence.

49.  The composition of any of claims 37-48, wherein the hyaluronan-degrading
enzyme is a PH20 polypeptide that has the sequence of amino acids set forth in any of SEQ ID
NOS: 4-9, 47-48, 234-254, and 267-273, or a sequence of amino acids that exhibits at least 70%,
75%., 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more sequence identity to any of SEQ ID NOS: 4-9, 47-48, 234-254, and 267-273.

50.  The composition of any of claims 37-49, wherein the hyaluronan-degrading
enzyme is a C-terminal truncated PH20 that comprises the sequence of amino acids set forth in
any of SEQ ID NOS: 4-9.

51. The composition of any of claims 37-50, wherein:
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the amount of a hyaluronan-degrading enzyme is between 10 U/mL to 20,000 U/mL, 50
U/mL to 15,000 U/mL, 50 U/mL to 10,000 U/mL, 50 U/mL to 5000 U/mL, 50 U/mL to 4000
U/mL, 100 U/mL to 10000 U/mL, 100 U/mL to 5000 U/mL, 100 U/mL to 2000 U/mL, 300
U/mL to 5000 U/mL, 300 U/mL to 2000 U/mL, 600 U/mL to 5000 U/mL, 600 U/mL to 2000
U/mL, 100 U/mL to 1000 U/mL, 200 U/mL to 800 U/mL, 100 U/mL to 500 U/mL, or 150 U/mL
to 300 U/ml, inclusive; or

the amount of a hyaluronan-degrading enzyme is at least or is 30 U/mL, 35 U/mL, 40
U/mL, 50 U/mL, 100 U/mL, 150 U/mL, 200 U/mL, 250 U/mL, 300 U/mL, 350 U/mL, 400
U/mL, 450 U/mL, 500 U/mL, 600 U/mL, 700 U/mL, 800 U/mL, 900 U/mL., 1000 U/mL, 2000
U/mL, 3000 U/mL, 4000 U/mL, 5000 U/mL, 10000 U/mL, 15000 U/mL or 20000 U/mL.

52.  The composition of any of claims 37-51, wherein:

the pH of the composition is between 6.5 to 7.2;
and the composition comprises:

a hyaluronan-degrading enzyme in an amount that is between 100 U/mL to 500
U/mL, inclusive;

Lys-Lys at a concentration that is between 5 mM to 30 mM, inclusive;
NaCl at a concentration less than 140 mM NaCl;

a surfactant that is polysorbate 80 at a percentage (%) of mass concentration (w/v)
of between 0.01% to 0‘05%’, inclusive;

methionine at a concentration that is between 5 mM to 20 mM, inclusive; and
sodium phosphate at a concentration that is between 5 mM to 50 mM, inclusive.

53. The composition of any of claims 37-52, further comprising a fast-acting insulin.

54.  The composition of claim 53, wherein the concentration of Lys-Lys is 30 mM to
120 mM, 50 mM to 105 mM or 80 mM to 100 mM, inclusive.

55. The composition of claim 53 or claim 54, wherein the fast-acting insulin is a
regular insulin or an insulin analog.

56. The composition of claim 55, wherein the fast-acting insulin is a regular insulin
and the regular insulin is a human insulin or pig insulin.

57. The composition of claim 55, wherein the fast-acting insulin is an insulin analog
and the insulin analog is selected from among insulin aspart, insulin lispro and insulin glulisine.

58. The composition of claim 57, wherein the insulin analog is selected from among
an insulin having an A chain with a sequence of amino acids set forth in SEQ NOS:103 and a B
chain having a sequence of amino acids set forth in any of SEQ NOS:147-149.

59. The composition of any of claims 53-58, wherein the amount of fast-acting
insulin is between 10 U/mL to 1000 U/mL, 20 U/mL to 500 U/mL, 50 U/mL to 300 U/mL or
200 U/mL to 800 U/mL, inclusive.

60. The composition of any of claims 37-59 that is for single dosage administration
or is for multiple dosage administration.
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61.  The composition of claim 60, wherein the composition is for multiple dosage
administration and comprises an anti-microbially effective amount of a preservative or mixture
of preservatives.

62.  The composition of any of claims 37-61, wherein:

the pH of the composition is between 6.8 to 7.4; and

the composition comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between 100 U/mL
to 1000 U/mL, inclusive; :

a fast-acting insulin analog that is insulin glulisine is an amount between 10
U/mL to 1000 U/mL, inclusive;

Lys-Lys at a concentration between 50 mM to 105 mM, inclusive;
NaCl at a concentration of less than 100 mM,;

a surfactant that is polysorbate 20 at a percentage (%) of mass concentration (w/v)
of between 0.0005% to 0.005%, inclusive;

methionine at a concentration between 5 mM to 20 mM, inclusive; and
a preservative(s) that comprises phenol at a percentage (%) of mass concentration
(w/v) of between 0.1% to 0.25% and m-cresol at a % w/v of between 0.05% to 0.2%.
63.  The composition of any of claims 37-61, wherein:

the pH of the composition is between 6.8 to 7.4; and
the composition comprises:

a hyaluronan-degrading enzyme that is a PH20 in an amount between 100 U/mL
to 1000 U/mL, inclusive;

a fast-acting insulin analog that is insulin aspart or insulin lispro is an amount
between 10 U/mL to 1000 U/mL, inclusive;

Lys-Lys at a concentration between 80 mM to 100 mM, inclusive;
NaCl at a concentration of less than 30 mM;

a surfactant that is polysorbate 20 at a percentage (%) of mass concentration (w/v)
of between 0.0005% to 0.005%, inclusive;

methionine at a concentration between 5 mM to 20 mM, inclusive; and

a preservative(s) that comprises phenol at a percentage (%) of mass concentration
(w/v) of between 0.1% to 0.25% and m-cresol at a % w/v of between 0.05% to 0.2%.

64.  The stable co-formulation or composition of any of claims 1-63, wherein the
volume of the composition is between 0.5 mL to 50 mL, 1 mL to 40 mL, 1 mL to 20 mL, 1 mL
to 10 mL, or 3 mL to 10 mL, inclusive.

65.  The stable co-formulation of any of claims 1-36 or composition of any of claims
53-63 that is formulated for delivery using a vial, syringe, pen, reservoir for a pump, or a closed
loop system.

66.  The stable co-formulation of any of claims 1-36 or composition of any of claims
53-63 that is formulated for delivery using a continuous subcutaneous insulin infusion.
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67. A syringe or vial, comprising the stable co-formulation or composition of any of
claims 1-66.
68. A closed loop system, comprising the stable co-formulation of any of claims 1-36

or composition of any of claims 53-66.

69.  An insulin pump, comprising the stable co-formulation of any of claims 1-36 or
composition of any of claims 53-66.

70.  An insulin pen, comprising the stable co-formulation of any of claims 1-36 or
composition of any of claims 53-66.

71. A stable co-formulation of any of claims 1-36 or composition of any of claims 53-
66 for use in treating diabetes or for use in controlling blood glucose levels in a subject.

72.  Use of a stable co-formulation of any of claims 1-36 or composition of any of
claims 53-66 for treating diabetes or for controlling blood glucose levels in a subject.

73.  Use of stable co-formulation of any of claims 1-36 or composition of any of
claims 53-66 for the manufacture of a medicament for treating diabetes or for controlling blood
glucose levels in a subject.

74.  The stable co-formulation or composition or use of any of claims 71-73, wherein
the diabetes is selected from among type 1 diabetes mellitus, type 2 diabetes mellitus and
gestational diabetes.



