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syringe, pen, reservoir for a pump or a closed loop system. Also provided herein is a 

syringe or vial containing any of the compositions provided herein. 

The compositions provided herein containing an insulin, such as a regular insulin 

or a rapid acting insulin analog (e.g. aspart, lispro or glulisine or other insulin analog), 

can be used in methods and uses for treating diabetes. For example, provided herein are 

methods of treating diabetes by administering to a subject a therapeutically effective 

amount of a any of the above stable composition provided herein. The diabetes to be 

treated includes type I diabetes mellitus, type 2 diabetes mellitus or gestational diabetes. 

Also provided herein are methods for controlling blood glucose levels in a subject by 

administering to a subject a therapeutically effective amount of a stable composition 

provided herein containing a fast-acting insulin. In practicing the methods herein, the 

stable compositions are administered subcutaneously or intraperitoneally, for example, 

via a syringe or insulin pen or by continuous subcutaneous infusion. In practicing the 

methods herein, the stable compositions can be administered prior to a meal as prandial 

insulin therapy. In the methods provided herein, the stable compositions can be 

administered using a delivery method to achieve continuous subcutaneous insulin 

infusion, such as via an insulin pump or a closed loop system. In some instances, the 

methods provided herein include administering another anti-diabetic drug, that is selected 

from among, but not limited to, sulfonylureas, biguanides, meglitinides, 

thiazolidinediones, alpha-glucosidase inhibitors, peptide analogs, including glucagon-like 

peptide (GLP) analogs and, gastric inhibitory peptide (GIP) analogs and DPP-4 

inhibitors. 

one aspect. there its provided a composition. comprising:, ,In 

a hvaluronidase: and 

lysvl lysine (Lys-Lys) in an amount to render the hvaluronidase stable. 

In one aspect. there 	is provided a 	syringe or vial. comprising the stable 
composition as described herein. 

in one aspect, there is provided a closed loop system, comprising the stable 
composition as described herein. 

In 	one aspect, 	there is provided an insulin pump. 	comprising the stable 
composition as described herein. 

In one assp ct. there is provided an insulin pen. comprising the stable composition 
as described herein. 
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In one aspect, there is provided the use of the composition as described herein for 
treating diabetes or for controlling blood glucose levels in a subject. 

In one aspect. there is provided the use of the composition as described herein for 
the manufacture of a medicament for treating diabetes or for controlling blood glucose 
levels in a subject. 

DETAILED DESCRIPTION 

A. 	Definitions 
B. 	HYALURONAN DEGRADING ENZYME FORMULATIONS AND 

GENERATING INSULIN CO-FORMULATIONS 
1. Hyaluronan-Degrading Enzyme Formulations 

2. Fast-Acting Insulin Formulations 

3. Hyaluronan-Degrading Enzyme and Insulin Co-formulations 

a. 	Opposing requirements for stability 

i. Preservatives 
ii. NaCI and pll 

b. 	Compatible Co-Formulation 

C. 	HYALURONAN DEGRADING ENZYMES 
1. 	Ilyaluronidases 

a. Mammalian-type hyaluronidases 
P1120 

b. Bacterial hyaluronidases 

c. Hyaluronidases from leeches, other parasites and crustaceans 
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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 sufficient . render the 

composition super-fast acting; 

NaC1 at a concentration between or about between 	1 mM to 200 mM; 

an anti-microbially effective amount of a prese 	live or mixture of 

10 	preservatives; and 

a stabilizing agent or agents, 

whereby the composition is stable for at least 6 	oaths at a temperature from 

or from about 2°C to 8°C and/or for at least 14 day ' 	a temperature from or from 

about 20°C to 30°C. 

15 2. The stable co-formulation of • • 	I, wherein: 

the hyaluronan-degrading enzyma n the co-formulation retains at least 50% 

of the initial hyaluronidase activity for t least 6 months at a temperature from or from 

about 2°C to 8°C and/or for at leas 	4 days at a temperature from or from about 20°C 

to 30°C; and/or  

20 the insulin in the co. • . , 'non retains: 

at least 90°/ potency or recovery of the initial level of insulin in the 

composition for at leas 	months at a temperature from or from about 2°C to 8°C 

and/or for at least 1 	days at a temperature from or from about 20°C fo 30°C; and/or 

a east 90% of the initial insulin purity for at least 6 months at a 

25 	temperature 	• m or from about 2°C to 8°C and/or for at least 14 days at a 

temperate. from or from about 20°C to 30°C; and/or  
less than 2% high molecular weight (HMWt) insulin species for at 

Ic• 	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. 

30 3. The stable co-formulation of claim 1 or claim 2, wherein the NaCI 

concentration is between or about between 80mM to 200 mM, 80 mM to 140 mM, 50 
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mM to 100 mid, 80 mM to 100 mM, 50 mM to 80 mM, 100 mM to 140 niM or 120 

mM to 140 mM. 

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

amount of a buffering agent to maintain the pH range of between or about b 	een 

5 6.8 to 7.8. 

5. A stable co-formulation composition, wherein: 

the composition has a pH of between or about between 6.5 . 	.5; 

the composition comprises: 

a therapeutically effective amount of a fast-acti g insulin; 

10 a hyaluronan-degrading enzyme in an amou 	sufficient to render the 

composition super-fast acting; 

NaC1 at a concentration between or a.. t between 120 mM to 200 

mM; 

an anti-microbially effective am. 	t of a preservative or mixture of 

15 preservatives; and 

a stabilizing agent or agen ..; and 

whereby the composition is 	• . e for at least 3 days at atemperature from or 

from about 32°C to 40°C and/or is •: • le for at least 3 hours under agitation. 

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

20 comprises an effective amo 	of a hyaluronidase inhibitor. 

7. The stable 	. formulation of claim 6, wherein the hvaluronidase 

inhibitor is selected fr.. among a protein, a substrate of a hyaluronan-degrading 

enzyme, polysacc i , 	• es, fatty acids, lanostanoids, antibiotics, anti-nematodes, * 

synthetic organi. compounds and a plant-derived bioactive component. 

25 

30 

8. The stable co-formulation of claim 6 or claim 7, wherein the 

hyaluroni• , e inhibitor is selected from among a glycosaminoglyean (GAG), serum 

hyalur. idase inhibitor, Withania somnifera glycoprotein (WSG), heparin, heparin 

sul Ite, dermatan sulfate, chitosans,13-(1,4)-galacto-oligosaccharides, sulphated 

rbascose, sulphated planteose, pectin-, poly(styrene-4-sulfonate), dextran sulfate, 

sodium alginate, polysaccharide from Undaria pinnanfida, muddle acid 

condensation polymer, eicosatrienoic acid, nervonic acid, oleanolic acid, aristolochic 

acid, ajmaline, reserpine. Savona, desmethoxyccntaurcdinc, quercetin, apigenin, 
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5 

kaempferol, silybin, luteolin, luteolin-7-glucoside, phloretin, apiin, hesperidin, 

sulphonated hesperidin, calycosin-7-043-D-glucopyranoside, sodium flavone-7-

sulphate, flavone 7-fluoro-4'-hydroxyflavone, 4'-chloro-4,6-dimethoxychalcone 

sodium 5-hydroxyflavone 7-sulphate, myricetin, rutin, morin, glycyrrhizin, 	' 	' • C, 

D-isoascorbic acid, D-saccharic 1,4-lactone, L-ascorbic acid-6-hexadecan . • to 

(Vcpal), 6-0-acylated vitamin C, catechin, nordihydroguaiaretic acid, c • cumin, N- 

propyl pate, tannic acid, ellagic acid, gallic acid, phlorofucofuroe 	of A, dieckol, 

8,8'-biecicol, procyanidine, gossypol, celecoxib, nimesulide, dex 	ethasone, 

indomethcin, fenoprofen, phenylbutazone, oxyphenbutazone 	• ysylates, disodium 

10 cromoglycate, sodium aurothiomalate, transilist, traxanox, 	ermectin, linocomycin 

and spectinomycin, sulfamethoxazole and trimerthoprim 	eomycin sulphate, 3a-

acetylpolyporenic acid A, (25S)-(+)-12u-hydroxy-3a- ethylcarboxyacetate-24-

methyllanosta-8,24(31)-diene-26-oic acid, lanos : • .id, polyporenic acid c, PS53 

(hydroquinone-sulfonic acid-formaldehyde pol 	er), polymer of poly (styrene-4- 

15 sulfonate), VERSA-TL 502, 1-tetradecane 	fonic acid, mandelic acid condensation 

polymer (SAMMA), 1,3-diacetylbenz' • .. . le-2-thione, N-monoacylated 

benzimidazol-2thione, N,NP-diacylat-• benzimidazol-2-thione,.alkyl-2-phenylindole 

derivate, 3-propanoylbenzoxazole- -thione, N-alkylated indole derivative, N-acylated 

indole derivate, benzothiazole . rivative, N-substituted indole-2- and 3-carboxamide 

20 derivative, halogenated ana • • 	(chloro and fluoro) of N-substituted indole-2- and 3- 

carboxamide derivative, 	4-hydroxyphenyI)-3-phenylindole, indole carboxamides, 

indole acetamides, 3-• • .1y1-1-methyl.-4-pheny1-4-piperidinol, benzoyl phenyl 

benzoate derivativ 	L-arginine derivative, guanidium HCL, L-NAME, HCN, 

Inaamarin, amy.  _ • • 	• hederagenin, aescin, CIS-hinokiresinol and 1,3-di-p- 

25 hydroxyp • 	• 	-4-penten-l-one. 

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

hyaluranidase inhibitor is a hyaluronidase substrate that is a hyaluronan (HA) 

oh 	saccharide. 

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

30 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% of 

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: 

5 at least 90% potency or recovery of the initial level of Std. 	in the 

composition for at least 3 days at a temperature from or from about 32°• 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 least 	days at a 

temperature from or from about 32°C to 40°C or is stable for 	east 3 hours under 

10 agitation; and/or 

less than 2% high molecular weight (HM 	t) insulin species for at 

least 3 days at a temperature from or from about 32°C • 40°C or is stable for at least 

3 days under agitation. 

12. The stable co-formulation of any • f claims 5-11, wherein the NaCI 

15 concentration is between or about between 1 	mM to 200 mM or 160 mM to 180 

mM. 

13. The stable co-formula 	n of any of claims 5-12, comprising a 

sufficient amount of a buffering a 	to maintain the pH range of between or about 

between 6.5 to 7.5. 

20 14. The stable co- :•rmulation of any of claims 1-13, wherein the 

hyaluronan-degrading en • 	e is a hyaluronidase or a chcmdroitinase. 

15. The sta. e co-formulation of any of claims 1-14, wherein the 

hyaluronan-degradi g enzyme is a hyaluronidase that is active at neutral pH. 

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

25 the h 	uronan-degrading enzyme lacks a glycosylphosphatidylinositol (GPI) 

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

i e hyaluronan-degrading enzyme contains C-terminal truncations of one or 

mo 	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 

30 hyaluronan-degrading enzyme is a hyaluronidase that is a PH2O or a C-terminal 

truncated form thereof 
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18. The stable co-formulation of any of claims 1-17, wherein the 

hyaluronan-degrading enzyme is a PI-120 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 s-0. 	ea 

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, vila , 	, the 

hyaluronan-degrading enzyme is a C-terminal truncated PH2O tha 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 1 	9, wherein the amount 

of a hyaluronan-degrading enzyme is between or about b= 	een 10 U/mL to 20000 

U/mL, 10 U/mL to 15000 UhnL, 10 UhnL to 10000 	10 U/mL to 5000 U/mL, 

50 U/mL to 10000 U/mL, 50 U/mL to 4000 U/mL 	00 U/mL to 2000 U/mL, 300 

Uhra, to 2000 Ultra., 600 U/mL to 2000 U/mL • 100 U/mL to 1000 U/mL. 

21. The stable co-formulation of .y of claims 1-20, wherein the amount 

of a byaluronan-degrading enzyme is at 	or is about or is 30 U/mL, 35 UMIL, 40 

U/mL, 50 U/mL, 100 U/mL, 150 U 	200 U/mL, 250 U/niL, 300 U/mL, 350 U/mL, 

400 UhnL, 450 U/mL, 500 U/mL, • 10 U/mL, 700 U/n2L, 800 U/mL, 900 U/mL, 1000 

U/mL, 2000 U/mL, 3000 U/mL 000 U/mL, 5000 U/mL, 10000 U/mL, 15000 U/mL 

or 20000 U/mL. 

22. The stable 	• formulation of any of claims 1-21, wherein the fast- 

acting insulin is a regu 	insulin. 

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

human insulin • . sig insulin. 

24. The stable co-formulation of claim 22 or claim 23, wherein the regular 

insulin is ,. insulin with an A chain having a sequence of amino acids set forth in 

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

NO 04; or an insulin with an A chain having a sequence of amino acids set forth as 

,,, . • acid residue positions 88-108 of SEQ 11) 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. 

5 

10 

15 

20 

25 

30 . 
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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 fast- 

acting insulin is an insulin analog selected from among insulin lispro, insulin 	. art ' 

5 and insulin gtulisine. 

27. The stable co-formulation of claim 25 or claim 26, why 	c the insulin 

analog is selected from among an insulin having an A chain with a sec ence of amino 

acids set forth in SEQ NOS:103 and a B chain having a sequence • amino acids set 

forth in any of SEQ NOS:147-149. 

0 28. The stable co-formulation of any of claims 1 	7, wherein the amount 

of fast-acting insulin is 10 U/mL to 1000 U/mL, 50 U . 	. 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 	aims 4 and 13-28, wherein the 

buffering agent is selected from among Tris, •' • , . • c e, phosphate and citrate. 

5 30. The stable co-formulation of 	y of claims 4 and 13-29, wherein the 

buffering agent is Iris. 

31. The stable co-formula:,  . of any of claims 4 anc1.13-30, wherein the 

concentration of the buffering ages 	between or is between about 1 mM to 100 mM, 

10 mM to 50 m.M or 20 rail to • t mM. 

:0 32. The stable co- 	rmulation of any of claims 1-31, wherein the 

preservative(s) in the fo, 	lation comprises one or more of a phenolic 

preservative(s), a non . enolic preservative(s) or a phenolic preservative(s) and a 

non-phenolic prese t - . 	ve(s). 

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

t5 preservativ 	is(are) selected from among phenol, m-cresol, methylparaben, benzyl 

alcohol, t 	.arose!, benzalkonium chloride, 4-chloro-l-butanol, chlorhexidine 

dihydr 	hloride, chlorhexidine digluconate, L-phenylalanine, EDTA, bronopol, 

ph 	(mercuric acetate, glycerol, imidurea, chlorhexidine, sodium dehydroacetate, o- 

30 

• ol, 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 contains 

2, 3 or 4 different preservatives. 

35. The stable co-formulation of any of claims 1-34, comprising at 

one phenolic preservative. 

36. The stable co-formulation of any of claims 1-35, wherein 	e 

preservative(s) is(are) phenol, m-eresol or phenol and m-cresol. 

37. The stable co-formulation of any of claims 1-36, w i - in 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% - s s 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 1.3% or 03% to 0.4% 

inclusive. 

38. The stable co-formulation of any of • aims 1-37, wherein the 

preservatives are phenol and m-cresol and the , ...tint as a % of mass concentration 

(w/v) in the formulation is between or about 	tween 0.1% to 0.25% phenol and 

between or about between 0.05% to 0.2% 	-cresol, is between or about between 

0.10% to 0.2% phenol and between or s • • ut between 0.6% to 01.8% m-cresol, 

between or about between 0.1% to 1.15% phenol and 0.8% t 0.15% m-cresol, is 

between or about between 0.10V . 0.15% phenol and between or about between 0.06 

to 0.09% m-cresol or is betw•-. or about between 0.12% to 0.18% phenol and 

between or about between • 14 to 0.22% m-cresol. 

39. The sta e co-formulation of any of claims 1-38, comprising a 

stabilizing agent th 	is selected from among an amino acid, an amino acid derivative, 

an amine, a su • 	a polyols, a salt and a surfactant. 

40. s e stable co-formulation of claim 39, wherein the stabilizing agent is 

an amino 	d that is glycine or proline. 

1. 	Tne stable co-formulation of claim 39 or claim 40, wherein the 

co . -s tration of the amino acid is between or between about 0.01 3.4 to 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. 

5 
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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 

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 mas • 

concentration (w/v) in the formulation is between or about between 0.0 i • % to 1.0%, 

0.01% to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.01% to 0.02% 

10 

45. The stable co-formulation of claim 44, wherein th 	urfactant is 

selected from among a polypropylene glycol, polyethylene gly' it, glycerin, sorbitol, 

poloxamer and polysorbate. 

46. The stable co-formulation of claim 44 or 	- . 45, wherein the 

surfactant is selected from among poloxamer 188, pol ,.thate 20 and polysorbate 80. 

47. The stable co-formulations of any o claims 1-46, wherein: 

the stabilizing agent is a surfactant that'. 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 surfac,  a that is polysorbate 20 and is provided in an 

amount as a % of mass eancentrat • i (w/v) of between or about between 0.01% to 

0.05%; or 

20 the stabilizing agent 	a surfactant that is polysorbatc 80 and is provided in an 

amount as a % of mass co •. centration (w/v) of between or about between 0.01% to 

0.05%. 

48. The 	• ble co-formulations of any of claims 1-47, comprising a tonicity 

modifier to main' in the osmolarity of between or about between 245 mOstn/kg to 

25 305 mOsm/kd 

49. The stable co-formulation of claim 48, wherein the tonicity modifier is 

sel:. 	rn among glycerin, salt, amino acids, poiyalcohols and trehalose. 

50. The stable co-formulation of claim 48 or claim 49, comprising glycerin 

a concentration Tess than 60 mM, less than 55 mM, less than 50 mM, less than 45 

30 mM, less than 40 mM, less than 35 rru'vl, 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 mM 

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 betty 	40 mM 

to 60 mM, inclusive. 

52. The stable co-formulation of any of claims 1-51, corn 	. g an 

antioxidant. 

53. The stable co-formulation of claim 52, wherein 	e antioxidant is 

10 	selected from among cysteine, tryptophan and methionine. 

54. The stable co-formulation of claim 52 or c - . 53, wherein the 

antioxidant is at a concentration from between or fro 	I. • ut between 5 mM to 50 

mM, 5 mM to 40 mM, 5 mM to 20 mM or 10 mM . 20 mM, inclusive. 

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

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

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

57. The stable co-formula... of claim 56, wherein the concentration of 

zinc is between or about between 0 .01 to 0.1 mg per 100 units of insulin (mg/100U), 

0.001 to 0.05 mg/100U or 0.01 . 0.05 mg,/100U. 

20 58. The stable co ormulation of any of claims 1-57, comprising a 

nicotinic compound. 

59. The 	e co-formulation of claim 58, wherein the nicotinic compound 

is selected from .. ,. g nicotinamide, nicotinic acid, niacin, niacinardide, vitamin B3 

and/or salts th 	f and/or any combination thereof 

25 60. The stable co-formulation of claim 58 or claim 59, wherein the 

nicotinic • sinpound(s) are present in a concentration from or from about 1 mm to 150 

mM, , 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 

otmulation has a pH of between or about between 7.0 to 7.6, and comprises: 

30 a hyaluronan-degrading enzyme that is a PH20 in an amount between or about 

between 100 U/mL to 1000 U/ntL, inclusive; 



- 320 - 

a fast-acting insulin analog in an amount between or about between 10 UhriL 

to 1000 U/mL, inclusive; 

a Tris buffering agent at a concentration of between or about between 10 

to 50 mM, inclusive; 

5 NaCI at a concentration of between or about between 50 to 200 m 	inclusive; 

methionine at a concentration between or about between 5 mM ,. 50 mM, 

inclusive; 

glycerin at a concentration from between or about betw—o a mM to 50 mM, 

inclusive; 

10 a surfactant that is poloxamer 188, polysorbate 20 o o . olysorbate 80 at a 

percentage (%) of mass concentration (w/v) of between o about between 0.01% to 

0.5%; and 

a preservative(s) that comprises phenol at a .ementagc (%) of mass 

concentration (w/v) of between or between abo 	between 0.1% to 0.25% and m- 

15 cresol at a % w/v of between or between a... t 0.05% to 0.2%. 

62. The stable co-formulation o f claim 61, comprising zinc at a 

concentration of 0.001 to 0.1 mg per 	* I units of insulin (mg/100U). 

63. The stable co-form 	=tion of claim 61 or claim 62, wherein: 

20 

25 

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

the formulation has a .H between or about between 7.0 to 7.6; and 

the formulation 	• 	prises.  

a hyaluronan 	grading enzyme that is a P1420 in an amount between or about 

between 100 U/mL • 1000 U/m1.., inclusive; 

insulin 1 ..ro in an amount between or about between 10 Ll/mL to 1000 U/mL, 

inclusive; 

a ' 	buffering agent at a concentration of between or about between 25 mM 

to 35 • I 	, inclusive; 

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

elusive; 

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

inclusive; 



- 321 - 

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 a 

percentage (%) of mass concentration (w/v) of between or about between 0.01 	to 

5 	0.05%, inclusive; 

zinc at a concentration of 0.017 to 0.024 mg per 100 units of ins in 

(mg/100U); and 

a preservative(s) that comprises a percentage (%) of mass 	4ncentration(w/v) 

of between or about between 0.08% to 0.17% phenol, inclusive 	d between or about 

10 	between 0.07% to 0.17% m-cresol. 

64. The stable co-formulation of claim 63, wh. ein the NaCI concentration 

is between or about between 70 mM to 100 mM. 

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

15 

the fast-acting insulin is a fast-acting i -• in analog that is insulin aspect, 

the formulation has a pH between or -.out between 7.0 to 7.6; and 

the formulation comprises: 

a hyaluronan-degrading 	• 	that is a PH20 in an amount between or about 

between 100 U/mL to 1000 U/mL, . elusive; 

insulin aspart in an amo .1 between or about between 10 U/mL to 1000 U/mL, 

20 	inclusive; 

a Tris buffering a: 	t at a concentration of between or about between 25 mM 

to 35 mM, inclusive; 

NaCI at a .. ccntration of between or about between 80 mM to 160 mM, 

inclusive; 

25 me •• •nine at a concentration between or about between 10 mM to 30 mM, 

inclusive; 

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

inc • ive; 

a surfactant that is poloxamer 188, polysorbate 20 or polysorbate 80 at a 

30 	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/1001.1); and 

a preservative(s) that comprises a percentage (%) of mass concentration(w 

of between or about between 0.08% to 0.17% phenol, inclusive, and between o about 

5 between 0.07% to 0.17%m-cresol. 

66. The stable co-formulation of claim 65, wherein the NaC1 to ncentration 

is or is about between 70 rnM to 100 mM. 

67. The stable co-formulation of claim 61 or claim 62, 	ercin: 

the fast-acting insulin is a fast-acting insulin analog tha 	s insulin glulisine; 

10 the formulation has a pH between or about between 7.1 to 7.6; and 

the formulation comprises: 

a hyaluronan-degrading enzyme that is a PH20 II an amount between or about 

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

insulin glulisine in an amount between o about between 10 Ultnt to 1000 

15 U/mL, inclusive; 

a Tris buffering agent at a concen r . o on of between or about between 25 mM 

to 35 mM, inclusive;  
NaCl at a concentration of 	een or about between 80 mM to 200 mM, 

inclusive; 

20 methiotinc at a cone. nation between or about between 10 mM to 30 mM, 

inclusive; 

glycerin at a co centration from between or about between 40 mM to 60 mM, 

inclusive; 

a surfac • • t that is poloxamer 188 at a percentage (A) of mass concentration 

25 (w/v) of betty en or about between 0.01% to 0.05%, inclusive; and 

a 	crvative(s) that comprises a percentage (%) of mass concentration(w/v) 

of b 	or about between 0.08% to 0.17% phenol, inclusive, and between or about 

b 	een 0.07% to 0.17% m-cresol. 

68. The stable co-formulation of claim 67, wherein the NaCI concentration 

30 is 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 enz 

and 

lysyl lysine (Lys-Lys) in an amount to render the byaluronan- 

5 degrading enzyme stable. 

71. The composition of claim 70, wherein the amount of L 	s is 

sufficient such that the hyaluronan-degrading enzyme retains at leas 	0% of the 

initial hyaluronidase activity for at least three (3) days at 37°C. 

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

10 degrading enzyme retains at least 50% of the initial hyaluro '<lase activity at 37°C for 

at least 4 days, 5 days, 6 days, one week, two weeks, th 	weeks, one month, two 

months, three months, four months, five months, six ••• onths or more. 

73. The composition of any of claims 71-72, wherein the hyaluronan-

degrading enzyme retains at least 50% of the in' al hyaluronidase activity for at least 

15 one month at 37°C. 

74. The composition of any of laims 70-73 wherein the Lys-Lys 

concentration is between or about be • 	en 5 SA to 120 mM, 10 mM to 100 mM, 10 

mM to 50 mM, 30 mM to 110 mM .,0 mM to 80 mM, 50 mM to 100 mM or 100 mM 

to 120 mM. 

20 75. The composi. .n of any of claims 70-74, wherein the pH of the 

formulation is between or ,...trt 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, inclusive. 

76. Tne ..mposition of any of claims 70-75, wherein the formulation 

further comprise a stabilizing agent. 

25 77. • e composition of claim 76, wherein the stabilizing agent is selected 

from am• 	an amino acid, an amino acid derivative, an amine, a sugar, a polyol, a 

salt an• a surfactant. 

78. The composition of claim 76 or claim 77, wherein the stabilizing agent 

' a surfactant and the amount of surfactant, as a % of mass concentration (w/v) in the 

30 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, sorbitol 

poloxamer and polysorbate. 

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

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

81. The composition of any of claims 70-80, wherein the  Co.' . . sition 

comprises an antioxidant. 

82. The composition of claim 81, wherein the antioxid .66t is selected from 

among cysteine, tryptophan and methionine. 

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

84. The composition of any of claims 81-83, 	• erein the antioxidant is at a 

concentration from between or from about between 5 61 	to 50 mM, 5 mM to 40 

mM, 5 in.M to 20 triM or 10 mM to 20 mM, inclusi 	. 

85. The composition of any of el 'in 	0-84, comprising a tonicity 

15 	modifier to maintain the osmolarity of betw • or about between 245 mOsm/kg to 

500 mOsm/kg, inclusive. 

86. The composition of cl 	85, wherein the tonicity modifier is selected 

from among glycerin, salt, amino 	ds, polyalcohols and crehalose. 

87. The composition 6 claim 85 or claim 86, wherein the tonicity modifier 

20 	is a salt that is NaCI and the 	ncentration of NaC1 is or is about between 20 mM to 

200 mM, 40 mM to 160 	80 mM to 120 mM, 20 mM to 80 mM or 50 mM to 150 

mM, inclusive. 
• 

88. The imposition of any of claims 70-87, comprising NaCI at a 

concentration of 	.s than 150 mM, less than 140 mM, less than 130 mM, less than 

25 	120 mM, less -6 an 110 mM, less than 100 mM, less than 90 mM, less than 80 mM, 

less than 76 0 	, less than 60 mM, less than 50 mM, loss than 40 mM, less than 30.  

mM, I 	than 20 mM, less than 10 mM, or less. 

89. The composition of any of claims 70-88, comprising a sufficient 

a 66 ount of a buffering agent to maintain the pH range of between or about between 

30 	6.5 to 8.0, 6.8 to 7.8, 7.0 to 7.6, 6.5 to 7.2, or 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 concentrati 	of 

the buffering agent is between or is between about 1 mM to 100 mM, 10 mM . 80 

5 mM, 5 triM to 50 niM or 20 mM to 40 nthiL inclusive. 

93. The composition of any of claims 70-92, wherein the hy : 	. 	-

degrading enzyme is a hyaluronidase or a chondroitinase. 

94. The composition of any of claims 70-93, wherein • c hyaluronan-

degrading enzyme is a hyaluronidase that is active at neutral p 

10 95. 	The composition of any of claims 70-94, wh 	in: 

the hyaluronan-degrading enzyme lacks a glycol, phosphatidylinositol (GPI) 

anchor or is not membrane-associated when expresse 	torn a cell; or 

the hyaluronan-degrading contains C-termi • al truncations of one or more 

amino acid residues to remove all or part of a G' 	anchor. 

15 96.  The composition of any of cl. ,.. • 70-95, wherein the hyaluronan-

degrading enzyme is a hyaluronidase that s a PH2O or a C-terminally truncated 

fragment thereof.  

97. The composition of 	y of claims 70-96, wherein the hyaluronan- 

degrading enzyme is a PH20 po 	. 'tide that has the sequence of amino acids set 

20 forth in any of SEQ ID NOS• 4-9, 4748, 234-254, and 267-273, or a sequence of 

amino acids that exhibits • least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 

91%, 92%, 93%, 94% • 5%, 96%, 97%, 98%, 99% or more sequence identity to any 

of SEQ ID NOS: 4 	47-48, 234-254, and 267-273. 

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

25 

30 

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

acids set f•. rth in any of SEQ DD NOS: 4-9. 

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

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

.4 /mL, 50 U/mL to 15,000 U/mL, 50 U/mL to 10,000 UhnL, 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 UhnL, 100 

U/mL to 2000 U/mL, 300 U/mL to 5000 U/mL, 300 U/mL to 2000 U/mL, 600 Wail- 
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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 Wall, inclusive. 

100. The composition of any of claims 70-99, wherein the concentratio. of 

Lys-Lys is 5 mM to 50 mM, inclusive. 

5 101. The composition of any of claim 70-100, wherein: 

the pH of the composition is between or about between 6.5 to 7 

and the composition comprises: 

a hyaluronan-degrading enzyme in an amount that ' 	• 	eon or about 

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

10 Lys-Lys at a concentration that is between or , ..ut between 5 mM to 

30 mM, inclusive; 

NaCI at a concentration less than 140 • 	NaCI; 

a surfactant that is polysorbate 80 at 	percentage (%) of mass 

concentration (w/v) of between or about betwe 	0.01% to 0.05%, inclusive; 

15 methionine at a concentration 	at is between or about between 5 mM 

to 20 mM, inclusive; and 

sodium phosphate at 	ncentration that is between or about between 

5 mM to 50 mM, inclusive. 

102. The composition , f any of claims 70-101, wherein the hyaluronan- 

20 degrading enzyme is a PH2O 	a C-terminally truncated fragment thereof. 

103. The compo non of any of claims 70-102, farther comprising a fast-

acting insulin. 

104. The • • . position 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. 

25 105. ,e composition of claim 103 or claim 104, wherein the fast-acting 

insulin is 	gular insulin. 

06. 	The composition of claim 105, wherein the regular insulin is a human 

.. 	. 	or pig insulin. 

107. 	The composition of claim 105 or claim 106, wherein the regular insulin 

30 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 of 

amino acids set forth as amino acid residue positions 25-54 of SEQ 11) NO:123. 

108. The composition of any of claims 103-107, wherein the fast-actin 

insulin is an insulin analog. 

5 109. The composition of claim 108, wherein the insulin analog is elected 

from among insulin aspart, insulin lispro and insulin glulisine. 

110. The composition of claim 108 or claim 109, wherein 	e insulin analog 

is selected from among an insulin having an A chain with a sequ ,, 	of amino acids 

set forth in SEQ NOS:103 and a B chain having a sequence of .. ino acids set forth in 

10 any of SEQ NOS:147-149. 

111. The composition of any of claims 103-110 wherein the amount of fast- 

acting insulin is between or is about between 10 lib 	. 1000 U/mL, 20 UhaL to 

500 UhnL, 50 U/mL to 300 U/niL or 200 UlmL to • I 0 Uhnle, inclusive. 

112. The composition of any of cl • si : 	03-111, wherein the fast-acting 

15 insulin is an insulin analog and the hyaluro 	-degrading enzyme is a PH20 or a C-

terminally t-uncated fragment thereof. 

113. The composition of an 	. f claims 103-112, wherein: 

the fast-acting insulin is an ii . lin analog that is glulisine and the 

concentration of Lys-Lys is 50 t 	105 mM.; or 

20 the fast-acting insuli 	s an insulin analog that is insulin aspart or insulin lispro 

and the concentration of 	•s-Lys is 80 to 100 inM. 

114. The co , . osition of any of claims 70-113 that is for single dosage 

administration or is or multiple dosage administration. 

115. e composition of claim 114, wherein the composition is for multiple 

25 dosage adrn. 	stration and comprises an anti-microbially effective amount of a 

prescrvati 	or mixture of preservatives. 

16. 	The composition of claim 115, wherein the preservative(s) in the 

fo • 	ation comprises one or more of a phenolic preservative(s), a non-phenolic 

eservative(s) or a phenolic 

	

	 and a non-phenolic preservative(s). preservative(s) 

30 117. 	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-I -butanol, chlorhcxidine 
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dihydrochloride, chlorhexidine digluconate, L-phcnylalanine, EDTA, bronopol, 

phenylmercuric acetate, glycerol, imidurea, chlorhexidine, sodium dehydroacetate, 

cresol, p-cresol, chlorocresol, celrimide, benzethonium chloride, ethyl weber', 

propylparaben, butylparaben and any combinations thereof. 

5 118. The composition of any of claims 115-117, wherein the fo , ulation 

contains a single preservative; or 

contains a mixture of preservatives that contains 2, 3 or 4 di :tent 

preservatives. 

119. The composition of any of claims 115-118, co ., rising at least one 

10 phenolic preservative. 

120. The composition of any of claims 115-11', wherein the preservative(s) 

is(are) phenol, m-cresol or phenol and m-cresol. 

121. The composition of any of claims 1 5-120, wherein the total amount of 

the one or more preservative agents as a percen ge (%) of mass concentration (w/v) 

15 in the formulation is or is between 0.1% and 1 .4%/., 0.1% to 0.3%, 0.15% to 0.325%, 

0.15% to 0.25%, 0.1% to 0.2%, 0.2% to 1 	% or 0.3% to 0.4%, inclusive. 

122. The composition of an of claims 115-121, wherein the preservatives 

are phenol and m-cresol and the , 	• unt as a % of mass concentration (w/v) in the 

formulation is between or about • etween 0.1% to 0.25% phenol and between or about 

20 between 0.05% to 0.2% m-cr sol, is between or about between 0.10% to 0.2% phenol 

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

0.1% to 0.15% phenol • nd 0.08% to 0.15% m-cresol, is between or about between 

0.10% to 0.15% ph- .131 and between or about between 0.06 to 0.09% m-cresol or is 

between or abo 1 .etween 0.12% to 0.18% phenol and between or about between 0.14 

25 to 0.22% m 	.1, inclusive. 

12 . 	The composition of any of claims 70-122, wherein: . 

. 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 PH2O in an amount between 

30 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; 

NaC1 at a concentration of less than 100 talv1; 

a surfactant that is polysorbate 20 at a percentage (%) of mass 

5 	concentration (w/v) of between or about between 0.0005% to 0.005%, incl 	we; 

methionine at a concentration between or about between i ni'vf to 20 

mM, inclusive; and 

a preservative(s) that comprises phenol at a pert i ., :. (%) of mass 

concentration (w/v) of between orbetween about between 0.1 	to 0.25% and in- 

10 	cresol at a % whir of between or between about 0.05% to 0. 	6. 

124. 	The composition of any of claims 70-122 	herein: 

the pH of the composition is between or abo 	ietween 6.8 to 7.4; and 

the composition comprises: 

a hyaluronan-degrading enzyme di i is a PI120 in an amount between 

15 	or about between 100 U/mL to 1000 U/mL, 	elusive; 

a fast-acting insulin analo t 	at is insulin aspart or insulin lispro is an 

amount between or about between 10 4/mL to 1000 U/mL, inclusive; 

Lys-Lys at a con..,  . , tion between or about between 80 mM to 100 

DIM, inclusive; 

20 NaCI at a con 	tration of less than 30 rriM; 

a surf 	i that is polysorbate 20 at a percentage (%) of mass 

concentration (w/v) of • 	een or about between 0.0005% to 0.005%, inclusive; 

me 	onine at a concentration between or about between 5rELM to 20 

mM, inclusive; 	d 

25 a preservative(s) that comprises phenol at a percentage (%) of mass 

conecntra,  • n (w/v) of between or between about between 0.1% to 0.25% and m- 

cresol 	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; 

30 and 
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MgC12  in a sufficient such that the hyaluronan-degrading enzyme 

retains at least 50% of the initial hyalumnidase activity for at least three (3) days at 

37°C. 

126. The composition of claim 125, wherein the MgCl2 concentrati n is 

5 	between or about between 50 niM to 150 mM, 75 niM to 125 mM or 80 .1 . to 100 

mM, inclusive. 

127. The composition of claim 125 or claim 126, wherein ne hyaluronan- 

degrading enzyme retains at least 50% of the initial hyaluronidas 	'vity at 37°C for 

at least 4 days, 5 days, 6 days, one week, two weeks, three we 	one month, two 

10 	months, three months. four months, five months, six mo $ $ • or more. 

128. The composition of any of claims 125-127, 	$ erein the pH of the 

composition is between or about between 6.5 to 8.0, 6 • 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 cl. ' n 	125-128, wherein the composition 

15 	further comprises a stabilizing agent. 

130. The composition of any $ claims 125-129, wherein the stabilizing 

agent is selected from among an am.  o acid, an amino acid deri;ative, an amine, a 

sugar, a polyol, a salt and a surfa 	It. 

131. The compositio of claim 130, wherein the stabilizing agent is a 

20 	surfactant and the amount 	surfactant, as a % of mass concentration (wtv) in the 

formulation, is between ar about between 0.0005% to 1.0%, 0.0005% to 0.005%, 

0.001% to 0.01%, 0 $ 	./.) to 0.5%, 0.01% to 0.1%, 0.01% to 0.05%, or 0.01% to 

0.02%, inclusive. 

132. e composition of claim 130 or claim 131, wherein the surfactant is 

25 	selected fro. among a polypropylene glycol, polyethylene glycol, glycerin, sorbitol, 

polox 	and polysorbate. 

133. The composition of any of claims 130-132, wherein the surfactant is 

se - ed from among poloxamer 188, polysorbate 20 and polysorbate 80. 

134. The composition of any of claims 125-133, wherein the composition 

30 	comprises an antioxidant. 
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135. The composition of claim 134, wherein the antioxidant is selected fr 

among cysteine, tryptophan and methionine. 

136. The composition of claim 135, wherein the antioxidant is m 	i Jame. 

137. The composition of any of claims 134-136, wherein the anti. idant is 

5 at a concentration from between or from about between 5 mM to 50 	5 rev' to 40 

mM, 5 mM to 20 mM or 10 mM to 20 mM, inclusive. 

• 138. 	The composition of any of claims 125-137, compri 	a sufficient 

amount of a buffering agent to maintain the pH range of betwe 	or about between 

6.5 to 8.0, 6.8 to 7.8, 7.0 to 7.6, 6.5 to 7.2, or 6.8 to 7.4. 

10 139. The composition of claim 138, wherein the .uffering agent is selected 

from among Tris, histidine, phosphate and citrate. 

140. The composition of claim 138 or clai 	139, wherein the buffering 

agent is histidine hydrochloride. 

141. The composition of any of cl• ' . 	138-140, wherein the concentration 

15 of the buffering agent is between or is betw-,. about I mM to 100 mM, 10 mM to 80 

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

142. The composition of ;u.  , of claims 125-141, wherein the hyaluronan-

degrading enzyme is a hyaluronid—e or a chondroitinase. 

143. The compositio , of any of claims 125-142, wherein the hyaluronan- 

20 degrading enzyme is a hyal 	•nidase that is active at neutral pH. 

144. The comp smon of any of claims 125-143, wherein the hyaluronan- 

degrading enzyme lac 	a glycosylphosphatidylinositol (GPI) anchor or is not 

membrane-associa d when expressed from a cell; or the hyaluronan-degrading 

enzyme is a by • 	ronan-degrading enzyme that contains C-terminal truncations of one 

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

14 	The composition of any of claims 125-144, whereisthe hyaluronan-

degrael g enzyme is a hyaluronidase that is a PH20 or a C-terminally truncated 

fray ent thereof. 

146. 	The composition of any of claims 125-145, wherein the hyaluronan- 

30 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 hyaluro . . 

degrading enzyme is a C-terminal truncated PH2O that comprises a sequence .. amino 

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

148. The composition of any of claims 125-147, wherein the -.i mint of a 

hyaluronan-degrading enzyme is between or about between 10 U/ . 	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 Ulm to 5000 U/mL, 100 

10 U/mL to 2000 U/mL, 300 U/mL to 5000 Ural-, 300 U/mL o 2000 U/mL, 600 U/mL 

to 5000 U/mL, 600 U/mL to 2000 U/mL, 100 U/mL to .00 U/mL, 200 U/mL to 800 

U/mL, 100 1.5/mL to 500 U/raL, or 150 U/m1. to 300 ilml, inclusive. 

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

the pH of the composition is between o about between 6.5 to 7.2; and 

15 the composition comprises: 

a hyaluronan-degrading enzyme . an amount that is between or about 

between 100 U/naL to 500 U/mL, inc • 've;  

MgCl2  at a concentration „„ is between or about between 50 mM to 150 mM, 

inclusive; 

20 a surfactant that is .. ysorbate 80 at a percentage (h) of mass concentration 

(w/v) of between or abo 	between 0.01% to 0.05%, inclusive; 

methionine at . concentration that is between or about between 5 mM to 20 

rnlvl, inclusive; an'  

histidinCl at a concentration that is between or about between 5 mM to 50 

25 mM, inchis e. 

1 I 	The stable co-formulation or composition of any of claims 1-149, 

wher 	the volume of the composition is between or about between 0.5 mL to 50 

m 	1 mL to 40 mL, I mL to 20 mL, 1 mL to 10 mL, or 3 mL to 10 nth, inclusive. 

151. 	The stable co-formulation or composition of any of claims 1-150 that 

30 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 ..mposition 

of any of claims 1-153. 

155. A closed loop system, comprising the stable co-fo ' -t : . on or 

composition of any of claims 1-153. 

156. An insulin pump, comprising the stable co-fo 	ulation or composition 

10 of any of claims 1-153. 

157. An insulin pen, comprising the stable co- 	rmulation or composition of 

any of claims 1-153. 

158. A method of treating diabetes, co.. 'rising administering to a subject a 

therapeutically effective amount of a stable co- 'Irmulation or composition of any of 

15 claims 1-153. 

159. The method of claim 158 	herein the diabetes is selected from among 

type 1 diabetes mellitus, type 2 diab 	s mellitus and gestational diabetes. 

160. A method for contra ling blood glucose levels in a subject, comprising 

administering to a subject a tit,  apeutically effective amount of a stable co- 

20 formulation or composition . any of claims 1-153. 

161. The meth. • of any of claims 158-160, further comprising 

administering a differs' t anti-diabetic drug. 

162. A st .le co-formulation or composition of any of claims 1-153 for use 

in treating diabe s 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 treatin: 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 ,' •ufacture of a medicament for treating diabetes or for controlling blood glucose 

els in a subject. 

30 165. 	The stable co-formulation or composition or use of any of claims 162- 

164, wherein the diabetes is selected from among type I diabetes mellitus, type 2 

diabetes mellitus and gestational diabetes. 
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CLAIMS: 

1. 	A composition, comprising: 

a hyaluronidase; and 

lysyl lysine (Lys-Lys) in an amount to render the hyaluronidase stable. 

2. The composition of claim 1, wherein the Lys-Lys concentration is 
between 5 rnM to 120 mM, 10 mM to 100 mM, 5 mM to 50 mM, 10 inM to 50 mM, 30 
mM to 110 mM, 30 mM to 80 mM, 50 mM to 100 mM or 100 mM to 120 mM. 

3. The composition of claim 1, wherein the Lys-Lys concentration is 5 mM 
to 300 mM. 

4. The composition of claim 1 or claim 3, wherein the Lys-Lys 
concentration is 50 mM to 150 mM, inclusive. 

5. The composition of any of claims 1-4, wherein the concentration of 
hyaluronidase is at least 10 U/mL. 

6. The composition of any of claims 1-5, wherein the amount of 
hyaluronidase is between 10 U/mL to 5000 U/mL, inclusive. 

7. The composition of any of claims 1-6, 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. 

8. The composition of claim 7, 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. 

9. The composition of claim 7 or claim 8, wherein the surfactant is selected 
from among a polypropylene glycol, polyethylene glycol, glycerin, sorbitol, poloxamer 
and polysorbate. 

10. The composition of claim 7 or claim 8, wherein the surfactant is selected 
from among poloxamer 188, polysorbate 20 and polysorbate 80. 

11. The composition of any of claims 1-10, wherein the composition 
comprises an antioxidant or a tonicity modifier. 

12. The composition of any of claims 1-11, comprising a sufficient amount of 
a buffering agent to maintain the pH range of between 6.5 to 8.0, 6.8 to 7.8, 7.0 to 7.6, 
6.5 to 7.2, or 6.8 to 7.4, inclusive, wherein the buffering agent is selected from among 
Tris, histidine, phosphate and citrate. 

13. The composition of any of claims 1-12, wherein the hyaluronidase is a 
soluble hyaluronidase that is active at neutral pH. 

14. The composition of claim 13, wherein the soluble hyaluronidase is a 
PH2O or a C-terminally truncated fragment thereof. 

15. The composition of claim 13 or claim 14, wherein the soluble PH2O 
polypeptide is selected from ovine PH2O, bovine PH2O and a soluble human PH2O, 
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wherein the soluble human PH2O lacks all or a portion of the 
glycosylphosphatidylinositol (GPI) anchor attachement sequence. 

16. The composition of any of claims 1-15, wherein the hyaluronidase is a 
PH2O 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 
91%, or more sequence identity to any of SEQ ID NOS: 4-9, 47-48, 234-254, and 267- 
273. 

17. The composition of any of claims 14-16, wherein the hyaluronidase is a C- 
terminal truncated PH20 that comprises the sequence of amino acids set forth in any of 
SEQ ID NOS: 4-9. 

18. The composition of any of claims 1-4 and 7-17, wherein: 

the amount of a hyaluronidase 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 Ii/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 UMIL to 5000 U/mL, 300 U/mL to 2000 UtmL, 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 hyaluronidase is at least or is 30 U/mL, 35 U/mL, 40 U/mL, 50 
U/mL, 100 U/mL, 150 U/mL, 200 UhnL, 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/mt. 

19. The composition of any of claims 1-18, wherein: 

the pH of the composition is between 6.5 to 7.2; 

and the composition comprises: 

a hyaluronidase 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; 

NaC1 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. 

20. The composition of any of claims 1-19, further comprising a fast-acting 
insulin. 

21. The composition of claim 20, wherein the concentration of Lys-Lys is 30 
mM to 120 mM, 50 mM to 105 mM or 80 mM to 100 mM, inclusive. 

22. The composition of claim 20 or claim 21, wherein the fast-acting insulin is 
a regular insulin or a fast-acting insulin analog. 
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23. The composition of claim 22, wherein the fast-acting insulin is a regular 
insulin and the regular insulin is a human insulin or pig insulin. 

24. The composition of claim 22, wherein the fast-acting insulin is an insulin 
analog and the insulin analog is selected from among insulin aspart, insulin lispro and 
insulin glulisine. 

25. The composition of claim 24, 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. 

26. The composition of any of claims 20-25, 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. 

27. The composition of any of claims 1-26 that is for single dosage 
administration or is for multiple dosage administration. 

28. The composition of claim 27, wherein the composition is for multiple 
dosage administration and comprises an anti-microbially effective amount of a 
preservative or mixture of preservatives. 

29. The composition of any of claims 1-28, wherein: 

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

the composition comprises: 

a hyaluronidase that is a PH2O 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; 

NaC1 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%. 

30. The composition of any of claims 1-28, wherein: 

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

the composition comprises: 

a hyaluronidase that is a PH2O 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; 



- 314 - 

NaC1 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%. 

31. A syringe or vial, comprising the stable composition of any of claims 1- 
30. 

32. A closed loop system, comprising the stable composition of any of claims 
1-30. 

33. An insulin pump, comprising the stable composition of any of claims 1- 
30. 

34. An insulin pen, comprising the stable composition of any of claims 1-30. 

35. Use of the composition of any of claims 20-30 for treating diabetes or for 
controlling blood glucose levels in a subject. 

36. The use of claim 35, wherein the diabetes is selected from among type 1 
diabetes mellitus, type 2 diabetes mellitus and gestational diabetes 

37. Use of the composition of any of claims 20-30 for the manufacture of a 
medicament for treating diabetes or for controlling blood glucose levels in a subject. 

38. The use of claim 37, wherein the diabetes is selected from among type 1 
diabetes mellitus, type 2 diabetes mellitus and gestational diabetes 


