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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 insuiin 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 | diabetes meilitus, 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 clesed 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.

In one aspect, there is provided a compo
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g hvaloromidese: and

In one aspect
composition as described horein,

g svringe or vial, comprising the sisble

In_one aspect, there 3¢ provided s closed loop system. comprising the stable
composttion as degeribed hereim,

I one aspect, there is provided an insulim punep, comprising the stable
composition as deseribed herein,

In one aspech. there is provided s msulin pen. comprising vhe steble composition
as described herein.
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Tn one aspect, there is provided the use of the composition ay described herein [or

treating diaberes or for controlling blood glucose levels o a subject

I one aspeact, there is nrovided the use of the composition as described heremn for
the mamefacture of a medicament for treating dighetes or for controlling blood clucose
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 Hyaiuronan-Degrading Enzyme and Insulin Co-formulations
a. Opposing requirements for stability
i Preservatives
fi. NaCl and pH
b. Compatible Co-Formulation
C. HYALURONAN DEGRADING ENZYMES
5. Hyaluronidases
2. Mammalian-type hyaluronidases
PH2O0
b. Bacterial hyaluronidases

c. Hysluronidases from leeches, other parasites and crustaceans
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WHAT IS CLAIMED:
L. A stable co-formulation composition, wherein:

the composition has a pH of between or about between 6.8 10 7.8; and
the composition comprises:
a therapeutically effective armount of a fast-acting nsuling
a hyeluronen-degrading enzyme m an amount sufficient tp'render the
composition super-fast acting, ’ '
NaCl at 2 concentration between or about between 56 mM to 200 mM;
an anti-microbially effective amount of a preseryétive or mixture of
preservatives; and
a stabilizing agent or agents,
whereby the composition s stable Tor at least & fonths at 2 temperature from
or from about 2°C fo 8°C and/or for at ieast 14 days

about 20°C 10 30°C.

4t a temperature from or from

2, The stable co-formulation of ¢lim 1, whersin:
the hyaluronan-degrading enzyme/n the co-formulation refains at least 50%
of the initial hyaluronidase activity for £t least & months at a temperature from or from
sbout 2°C 10 8°C and/or for at [eas

1o 30°C; and/or

4 days at a termperature from or from ebout 20°C

the tnsulin in the composition retains:
a1 least 90% potency or recovefy of the initial level of ingulin in the
composition for at leasyt months at a temperature from or from about 2°C 10 8°C
and/or for at least 14/days at & temperature from or from sbout 20°C fo 30°C; and/or
atfeast 50% of the initial insulin purity for at least 6 months at a
temperature fpém or from ebout 2°C to 8°C sndfor for at least 14 days at a
termperatupé from or from about 20°C to 30°C; and/or
iess than 2% high moiecular weight (HMWT) insulin species for at
leagt'6 months &t a temperature from or from about 2°C to 8°C and/or for at least 14
Yavs &t 2 temperature from or from about 20°C to 30°C,
3 The stable co-formulation of ¢laim 1 or claim 2, wherein the NaCl

concentration is between or about between 0 mM fo 200 mM, 80 mM to 140 mM, 50
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mM to 100 mi, 80 mM to 100 mM, 530 mM fo 80 mM, 100 mM to 140 mM or 120
mh {0 140 mM,
4, The stable co-formulation of any of claims 1-3, comprising a suffi¢ient
amoeunt of & buffering agent to maintain the pH range of between or about be
6.8 7.8
5. A stable co-formulation compaosition, wherein:
the composition bas a pH of between or about between 6.5 t¢/7.3;
the composition comprises:
& therapeutically effective amount of a fast-actifg inswing
& hyaluronan-degrading enzyme in an amount sufficient to render the
composition super-fast acting,
NaCll at a concentration between or abgdit betwesn 120 mM o 200
mb;
an anti-microbially effective amofint of a preservative or mixture of

preservatives; and
whereby the composition is stghle Tor af least 3 days at s temperaturs from or

4. The stable co-fo

sulfte, dermatan sulfate, chifosans, P-(1.4)-galacto-oligosaccharides, suiphated
yerbascose, sulphated planteose, pectin, poly(styrene-d-sulfonate), dextran sulfate,
sodium alginate, polysaccharide from Undaria pinnarifide, mandelic acid 7
condensation polymer, eicosatriencic acid, nervonic acid, okeanolic acid, aristolochic

acid, ajmaline, reserpine, flavone, desmethoxycentauredine, quercetin, apigenin,
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kaempferol, silybin, luteolin, luteokin-7-glucoside, phioretin, apiin, hesperidm,
suiphonated hesperidin, calycosin-7-0-B-D-glucopyrenoside, sodium fiavone-7-
sulphate, flavone 7-fluoro-4"-hiydroxyflavons, 4’~Chloro-4,6-dimethoxychalcone

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

indomethcin, fenoprofer, phenylbutazone, oxyphenbutazone, salysylates, disodium
cromoglycate, sodium aurothiomalate, transilist, traxanox, ifermectin, linocomycin
and spectinomycin, sulfamethoxazole and trimerthoprimy/necmycin sulphate, 3a-

acetylpolyporenic actd A, (258)-(+)-12a-hydroxy-3e-hethylearboxyacetate-24-
methyllanosta-8,24(3 1}-diene-26-0ic acid, lanostapdid, polyporenic acid ¢, PS53
(hvdroguinone-sulfonic acid-formaldehyde pol
sulfonate), VERSA-TL 302, -tetradecans s

potymer (SAMMA), 1,3-diacetylbenzimy

er), polymer of poly (sthvrene-4-
fondc gcid, mandelic acid condensation
zole-Z-thione, N-monoacylated
benzimidazol-2thione, N N -dizcyliated benzimidazol-2-thione, alkyl-Z-phenylindols
derivate, 3-propancylbenzoxazole-Z-thione, N-alkylated indole derivative, N-acylated
indole derivate, benzothiazole dérivative, N-substituted indole-2- avd 3-carboxamide
derivative, halogenated analpfs (chloro and fluoro) of N-substitured indole-2- and 3-
carboxamide derivative, 24(4-hydroxyphenyl)-3-phenylindole, indole carboxamides,
indole acetamides, 3-bgnzolyl-1-methyl-4-phenvl-4-piperidincl, benzoyl phenyl |
henzoate derivative/ L-arginine deri{fatixre, guanidium HCL, I_—NA_IVIEE, HON,
linamarin, amyg alin, hederagemin, aescin, CIS-hinolkiresmmo! end 1,3-di-p-
hydroxvphengi-4-penten-l-one, _

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

hyalurgnidase inhibitor is & hyaluronidase substrate that is a hyaluronan (HA)

olighsaccharide.

10, The stable co-formulation of claim 9, wherein the concentration of HA
is betwesn or about between 1 mg/mi to 20 mg/mL.

11, The stable co-formulation of any of claims 5-10, wherein:
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the hyvaluronan-degrading enzyme in the co-formulation retams af 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:
at least 90% potency or recovery of the initial level of insuli
composition for at least 3 days at & teroperature from or from about 32°¢7 10 40°C oris
stable for at least 3 days under agitation; and/or
at leagt 50% of the initial insulin purity for at least ¥ days ata
ternperature from or From about 32°C to 40°C or ig stable for affeast 3 hours under
agitation; and/or
less than 2% high molecular weight (HMW1) insulin species for at
least 3 days at a temperaturs from or from about 32°C Ao 40°C or 15 stable for at least
3 deys under agitation.
12.  The stable co-formulation of anyOf claims 3-11, whergin the NaCl
concentration is between or about between 120 mM {o 200 mM or 160 mM to 180
mM. |
13, The stable co-formulatien of any of claims 5-12, comprising 4
sufficient amount of 2 buffering ageht to maintain the pH range of between or about
hetwsen 5.5 to 7.5,
14.  The stable co-formulation of any of claimg 1-13, wherem the
hyaluronan-degrading enzyme is & hyaluronidase or a chondroitinase.
15, The stable co-formulation of any of claims 1-14, wherein the
hyaluronan-degradige enzyme is 2 hyaluronidase that is active at neutra! pEL
16.  THe stable co-formulation of any of claims 1-15, wherein:
the hyhluronan~-degrading enzyme lacks a glycosylphosphatidylinositol (GPI)
enchor or ¥ not membrane-associated when expressed from a cell; or |
ne hyaluronan-degrading enzyme containg Coterminel truncations of one or
amine acid residues to remove all or part of & GPT anchor,
17, The stable co-formulation of any of claims 1-16, wherein the
hyaluronan-degrading enzyme is & hyaluronidase that is & P20 or a C-terminal

truncaied form thereof,
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18.  The stabie co-formulation of any of claims 1-17, wherein the _
hyaluronen-degrading enzyme is a PH20 polypeptide that has the sequence of aming
acids sst forth {n any of SEQ 1D NOS: 4-9, 47-48, 234254, and 267-273, 07 a
sequence of amino acids that exhibits at least 70%, 75%, §0%, 85%, 86%, 87%
899G, 90%, 91%, 92%, 93%, 94%, 835%, 96%, 97%, 38%, 99% or more seqdence
identity to any of SEG ID NOS; 4.8, 47-48, 234-254, and 267-273

1%, The stable co-formujation of any of claims 1-18, wherein the
hyaluronan-degrading enzyme is a C-terminal truncated PH20 thaycomprises &
sequence of amino acids set forth in any of SEQ 1D WOS: 4.9,

20, The stable co-formulation of any of claims 149, wherein the amount
of 4 hyaluronan-degrading enzyme is between or about bpfwean 10 U/mL 10 26000
UL, 30 Uil to 15000 Uk, 10 Usml to 10000 Uimi, 10 Usml to 5006 U/mi.,
50 UAnL t 10000 U/mL, 30 U/ml to 4000 UmL., A00 U/mL to 2000 U/ml., 300
Ufral, to 2000 UsmL, 800 UsmL 1o 2000 Ulml or 160 UL to 1000 U/mlL.,

21 The stable co-formulation of ghy of claims 1-20, wherein the amount
of a hyaluronan~-degrading enzyme is at lgdst or 1s about or is 30 Uhml., 35 U/ml, 40
Ulml, 50 U/, 100 Ulnl, 150 Uik, 200 Ulml., 250 U/mL, 300 U/mL, 350 Uiml,
400 UimlL, 450 U/ml., 500 UAml, 600 UinlL, 700 U/mL, 800 Usml, 900 UinlL, 1000
UlmL, 2000 U/mL, 3600 UL, A000 UmL, 5000 U/mL, 10006 U/mL, 15000 U/mL
or 20600 U/mL.

22.  The stable do-formulation of any of claims 1-21, wherein the fagt-
acting msulin is a regufar nsulin
' able .co-fomlulation of ¢claim 22, wherein the‘rf:g\ﬁlar insulin is a
human insulin oppig insulin,

24, 'The stable co-formulztion of elaim 22 or claim 23, wherein the regular
insulin 18 gh insulin with an A chain having a sequence of ammino acids set forth in
SEQ IFNO:103 and a B chain having a sequence of amino acids set forth in SEGQ 1D
N0/ 04; or an insulin with an A chain having a sequence of amino acids set forth as
ino acid residue positions 88-108 of SEQ ID NO:123 znd 2 B chain having a
sequence of amina 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 anelog. _
26, The stable co-formulation of any of claims 1-23, wherein the fast-
acting insulin 1s an insulin analog selected from among insulin Hspro, insulin
and msulin glulisine.
27.  The stable co~formulation of clamm 25 or claim 26, whereia the msulin
enalog 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 chamn having a sequence

forth in any of SEQ NOS:147-148.

artno acids set
28, The stable co-formulation of any of claimg 1-27, wherein the amount
of fast-zeting nsulin 1s 16 UimL to 1000 U/mL, 50 UWml Ao 500 U/mi, 100 U/ml to
1606 UfmL or 360 UsmL fo 1000 Usml, mclusive,
26 The stable co-formulation of any of glaims 4 and 13-28, wherein the

buffering agent is selected from among Tris, hisiddine, phosphate and clirate.

30.  The stable co-formulation of giy of claims 4 and 13-29, wherein the
vuffering agent is Tris, '

31, The stable co-formulatiph of any of claims 4 and 13-30, wherein the
concenlration of the buffering ageni/is between or is between about 1 mM o 180 mM,
10 mM to 530 mM or 20 mM 1o 40 mi.

32, The stable co-formuiation of any of claims 1-31, wherein the
preservative(s) in the formpilation comprises one or more of a phenolic

preservative(s), a non-phenclic preservative(s) or 2 phenolic preservative(s) and a

non-phenolic preserfative(s).
33, THe stable co-formulation of sny of claims 1-32, wherein the

preservative(y) is(are) selected from among phenol, m-creso!, methyliparaben, benzyl

phervimercuric acetate, glycerol, imidurea, chlorhexidine, sodium dehydroacetate, o-
zsol, p-cresol, chlorocresol, cefrimide, 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 prégerva'tives that contains
2, 3 or 4 different preservatives,

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

38, The stable co-formulation of any of claims 1-35, wherein §
preservative(s) is(are) phenol, m~cresel or phenol and m-cresol.

37.  The stable co-formulation of any of elaims 1-38, widrein the total
arnount of the one or mors preservative agents as a percentage (7h) of mass
nd 0.4%, 0.1% to 0.3%,
0.15% to 0.325%, (.15% to 0.25%, 0.1% 1o 0.29%, 0.2%10/40.3% or 0.3% to 0.4%

concentration (w/v) in the formulation is or 18 between 0.1%

mclusive.

38, The stable co~formulation of any of ¢ 2ims 1-3 7, wherein the
preservatives are phenol and m-cresol and the arpdont as a Y% of mass concentration
{wiv) in the formulation is between or about bétween 0.1% to 0.25% phenol and
between or about between 0.05% fo 0.2%

0,10% to 0.2% phenol and between or

~crasel, 1s between or about between
out betwean §.6% to O;S% m-cresol,
hetween or about between G.1% o §715% phenol and 0.8% t §.15% m-~crasol, is
berween or about between 0.10%to 0.15% phenol and between or about between 0.00
to 0.09% m-cresol or is betwgén or about between 0.12% w0 0.18% phenol and
between or about between f.14 to 0.22% m-cresol.

39, The stable co-formulanon of any of claims 1-3§, comprising &
stabilizing agent thayis sclected from among an amino acid, an amino acid derivative,
arl armine, a Sugs;

44,

& polyols, 4 salt and & surfactant.
¢ stable co-formulation of claivn 3%, wherein the stabilizing agent is
an emine adid that i3 glycine or proline.

The stable co-formulation of claim 39 or claim 40, wherem the _
congéniration of the aminoe acid s between of between about 0.01 Mto [ M, 0.01 M
0.1 M, 0.1M 1o 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 I8 selected from armong arginine, glutamic acid, and/or saits thereo!

and/or combinations thereof.
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43, The stable co-formulation of claim 42, wherein the concentration of
the amino acidg are 1 to 100 mdvi, 10 to 100 mM, or of or of about 30 mM, 50 M o
80 mM.

44, 'The stable co-formulation of any of claimg 1-43, wherein the
stabilizing agent is g surfactant and the amount of surfactant as a % of mas;
concentration (w/v} in the formulation is between or about between 0.0
0.01% to 0.5%, 0.01% w0 0.1%, 0.01% t0 0.05%, or 0.01% to 0.02%

45, The stable co-formmlation of clamm. 44, wherein theSurfactant is
selected from among 2 nolypropylene glveal, polyetovlene glypbl, glycerin, sorbitol,
poloxamer and polysorbaie.

46, The stable co-formuiation of claim 44 or ¢jélm 45, wherein the
surfactant is selected from among poloxamer 188, polysorbaie 20 and polysarbate §0.
47, The stable co-formulations of any oftlaims 1-46, whercin:
the stabilizing agent is a surfactant that 1€ poloxamer 188 and is provided in
an amount as a % of mass concentration {w/

0.05%; or

7 of berween or about between 0.01% ‘o

the stabilizing agent is a surfacpint thet is polysorbate 20 and is provided in an
arnount as a %o of mass concentrati

(.05%; or

{vifv} of between or about betwesn (1.01% to

the stabilizing agent iy'a surfactant that is polvsorbate 80 and is provided in an
amnount as 8 % of mass copcentration {w/v) of between or sbout between 0.01%% o
0.05%,

48, The gtable co-formulations of any of clatms 1-47, comprising a tonicity
modifier 1o mainpin the csmolarity of betweet or about between 245 mOsm/kg to
The stable co-formulation of claim 48, wherein the tonicity modifier is
from among glycerin, salt, amino acids, polyaicohols and wrehalose.
50.  The stable co-formulation of claim 48 or claim 49, comprising glyeerian

i's concentration less than 60 mM, less than 55 mM, less than 50 mM, less than 45

/M, 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.

31,  The stable co-formulation of any of claims 48-50, wherein:




Lh

10

15

20

-319-

the fast-acting insulin is an insulin analog that ig ingulin aspart and the

formulation comprises ghycerin in & concentration between or about between 20 mM

to 50 mM, inclusive; or
the fast acting insulin is a regular insulin or 1s nsulin lispro and the
formulation comprises glycerin in a concentration between or about betweey! 40 mM

w0 60 mM, inclusive.

52, The stable co-formulation of any of claims 1-51, corapeising an
antioxidant.
53. The stable co-formulation of claimm 52, whersin te antioxidant is

selected from among cystelne, ryptophan and methionine.
34, The stable co-formyulation of claim 52 or cldim 33, wherein the
antioxidant is at a concentration from between or fro

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

bout between 5 mM to 50
20 mdd, inclusive,

55, The stable co-formulation of claipt 33, wherein the antioxidant is
methionine and the concentration is between 4r about between 10 mM fo 20 mM.
56.  The stable co-formulation g any of claims 1-35, comprising zine,
57.  The stable co-formulatign of claim 36, wherein the concentration of
zing is between or about between 0401 to 0.1 mg per 100 units of insubin (mg/1601),
0.001 to 0.05 mg/100U or 0.01 0 0.05 mg/100U.

' 58.  The stable co-formulation of any of claims 1-37, comprising &
nicofinic compound.

39 The staple co-formulation of claim 58, wherein the nicotinic compound
is selected from ameng nicotinamide, nicotinic acid, niacin, niacinamide, vitamin B3
and/or salfs ther

60,

nicetinic

f and/or any combination thereof.
The stable co-formulation of claim 5% or claim 39, wherein the
mpound(s) are present in a concentration from or from about | mm to 150
mi, 18 M to 130 mM, 53¢ mM o 100 mM or of or of about 80 mM.
61, The stable co-formulation of any of claims 1-60, wherein the
_01"nﬁﬂatian has a pH of between or about between 7.0 1o 7.6, and comprises:

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

netween 100 U/ml to 1000 U/ml, molusive;
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2 fast-acting insulin analog in an amount between or about between 10 UmL
to 1000 UrmL, mchusive;

a Tris buffering agent at a concentration of between or about between 10 M
to 50 mi, inclusive;

NaCl g2 a concentration of between or gbout between 50 to 200 mM nclusive;

methionine at a concentration between or about between 5 mM g 50 M
inclusive;

glyeerin at a concentration from. between or about betweey/0 =M 1o 56 mM,
melusive;

a surfactant that is poloxamer 188, polysorbate 20 oypolysorbate 80 at a
percentage (%) of mass concentration (w/v) of between o7’about between 0.01% to
0.5%; and |

& preservativels) that comprises phenol at 2 percentage (%) ef mass
concentration {(w/v) of betwean or between aboyf betwsen 0.1% o 0.25% and m-
cresol at a % wiv of betwesen or between abat 0.05% o 0.2%.

62.  The stable co-formulation g1 claim 61, comprising zinc at a
concentration of 0.061 0 0.1 mg per 00 units of insulin (mg/1 0010,

8%, The stable co-formutation of claim 61 or clalm 62, wherein:

the fast-acting insulin is £ fast-acting insulin analog that is nsulin lispro,

the formulation has a A between or about between 7.0 1o 7.6; and

the formulation coriprises:

a hvaluronan-d,

hetwaen 100 Uimd,

wrading enzyme that is 2 PTI20 in an amount between ot about

1000 U/mL., inclusive; :

insulin lghro in an amount between or about between 16 U/mL to 106006 Urml,
inclusive;
is buffering agent at a concentration of between or about between 235 mM
, inclugive;
NaCl at 2 concentration of between or about between 50 mM to 120 mM,
Hiclusive,

methionine af & concentration betwesn or about between 10mM o 30 mM,

mnclusive;
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ghveerin at & concentration from between or about between 40 mM to 60 mM,
mclusive;

a swfectant that 1s poloxamer 188, polysorbate 20 or polysorbate 80 ata
percentage (%) of mass concentration (w/v) of between or about between 0.01% to
0.05%, inclusive;

zing at & concentration of 0.017 to 0.024 mg per 100 vnits of mephin
{g/10000); and

a preservative(s) that comprises a percentage (%) of mass cincentration{w/v)
of between or about betwean 0.08% to 0.17% phenol, inclusive And between or about
between 0.07% to 0,17% m-cresol.

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

65.  The stable co-formulation of claim ¢4 or claim 62, wherein:

the fast-acting inselin is a fast-aciing ingdlin analog that is insulin aspart,
the formulation hag a pH between or ghout between 7.0 fo 7.6; and
© the formulation comprises: _

a hyalurenan-degrading enzyme/that 1s 4 PH20 in an amount between or about
between 100 U/l to 1000 U/mL, fclusive; "

Insulin aspart in an armoyat between or about between 10 U/md to 1000 U/mL,
inclusive;

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

Nall at a coficentration of between or ahout between 80 mM 1o 160 mM,
inclusive;

methignine at a conceniration betwesn or about between 16 mM to 30 mM,
inclusive; _

¢lycerin et a concentration from befween or about between 20 mM to 50 m,
incidsive;

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

0,03%, inclusive;
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zine at a concenfration of 0.G17 to 0.024 mg per 100 wnits of insulin
{mg/10010); and

a preservative(s) that comprises a percentage (%) of mass concentration{w/t)
of between or about between 0,08% to 0.17% phenol, inclusive, and between oy about
between $.07% fo 0.17% m-crasol.

66, The stable co-formulation of claim 635, wherein the Na(l
is or is about between 70 mM to 100 mM.

7. The stable co-formulation of claim 61 or claim 62,

neentration

the fast-acting insulin is a fast-acting insulin 2analog thafs insulin glulisine;
the formulation hag a pH berween or about between JU to 7.6; and
the formulation comprises:
a hyelurcnan-degrading enzyme that is 2 PH20 fh an amount between or about
between 100 UmL to 1600 UAnk, inclusive;
insulin glulisine in an amount between opabout between 16 UinL to 1600
Uiml., mehusive;
a Tris buffering agent at a concentyation of between or about between 25 mM
10 35 mM, inclusive; ,
NaCl at 2 concentration of bétween or about between 80 mM to 200 mb,
inclusive;
methionine at a conceriration between or about between 10 mM o 30 mM,
inclusive;
glycerin at & copcentration from between or about berween 40 mM to 60 mb,
inclusive;
a suwrfactaat that is poloxamer 188 at a percentage (%) of mass concentration

fwiv) of betwden or about between 0.01% to 0.05%, inclusive; and

2en 0.07% 10 0.17% m-cresol.

68, The stable co-fornralation of claim 67, wherein the NaCl concentration
1s between or about between 100 mM o 150 mM.
66, The stable co-formulation of any of claims 1-68 that is formulated for

roulti-dose administration,
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70. A composition, comprising:

a therapentically effective amount of a hyaluronan-degrading enzymeg,

Iyéyl tysine (Lys-Lys) in an amount to render the hyaluronan-
degrading enzyme stable.

71, The compositien of clarm 70, wherein the amount of Lys~Lys is
sufficient such that the hyaluronan-degrading enzyme retains at leasy50% of the
mitial hyaluronidase activity for at least three (3) days at 37°C.

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

egrading enzyme retaing at jeast 50% of the initlal hyaiurofidase activity at 37°C for
ot least 4 days, 5 days, § days, one week, two weeks, thred weeks, one month, two
months, three momnths, four months, five months, six gonths or more.

73.  The composition of any of claims 70+72, wherein the hyaluronan-
degrading enzyme retains at least 50% of the injal hyaluronidase activity for at least
one month at 37°C.

74, The composition of any ofClaims 70-73 wherein the Lys-Lys
fen 5 mM to 120 mM, 10 mM to 100 mM, 10
M to 50 mM, 30 mM to 110 mM,/A0 mM to 80 mM, 30 M to 100 mM or 100 mM

0 120 mM.

concentration is between or about bet

75.  The compositign of én.y of claims 70-74, wherein the pH of the
formulation 1s_between or doout between 6.5 8.0, 6.5107.4,6 810 7.8, 70to 7.6 0or
6.8 to 7.2, inclusive,

76.  The ¢bmposition of any of claims 70-75, wherein the formulation
further compriseya stabilizing agent.

e composition of claim 76, wherein the stabilizing agent 1s selected

¢ an amino acid, an amino acid derivative, an amine, & sugar, a polyol, a

£

salt and/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} inthe

/ formulation, is between or about between 0.0005% to 1.0%, §6.0005% to 0.005%,

0.001% to 0.01%, 0.01% to 0.5%, 0.01% 0 0.1%, 0.01% t0 0.05%, or 0.01% to

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

80.  The composition of any of claims 77-79, wherein the surfactaniis
selected from ameng poloxamer 188, polysorbate 20 and polysorbate 80,

81, The composttion of any of claims 70-80, wherein the compbosition
comprises an antioxidant.

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

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

g4, The composition of any of claimg 81-83, wherein the antioxidant is st a
concentration from between or from about between 5 M to 50 mM, 5 mM 10 40
4, 5 mM to 20 mM or 10 mM to 20 mM, inciusi

g5, The composition of any of claimg/70-84, comprising a tonicity
modifier to maintain the osmoiarity of betweg or about between 245 mQOsm/kg to
300 mOsmikg, inclusive,

86.  The composition of claipd 85, wherein the tonicity modifier {5 selected
from among glycerin, salt, amino acids, polyalcehols and trehalose,

87.  The composition gt claim 85 ar claim 86, wherein the tonicity modifier
is a galt that 18 NaCl and the cgncentration of NaCl is or is about between 20 mM to
200 mM, 40 mM to 160 LS80 mMto 120 mM, 20 mM 1o 80 mM or 50 mM o 150
mM, inchusive,

88,  The
concentration of #ss than 150 mM, less than 140 mM, less than 130 mb, less than
1206 mM, less #

. ~
mposition of any of claims 70-87, comprising NaCl at &

an 110 mM, less than 100 mM, less than 90 mM, less than 80 mM,
icss than 70/mal, less than 60 mM, less than 50 mM, less than 40 mM, less than 30‘
md, les® than 20 mM, less than 10 mM, or less.

' 8%, The composition of any of claims 70-88, comprising a sulficient
apfount of a buffering agent to maintain the pH rangs of between or about between
/6510 8.0,68107.8,7.0107.6,6.5107.2,or 6.8 10 7.4, inclusive.

90.  The composition of claim 89, wherein ths 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 concentration of
the buffering agent is between or is between about 1 mM to 100 mM, 10 mM 10 80
mb, 5 mM to 50 mM 0% 20 mM to 40 mM, inclusive.

93, & composition of any of claims 70-92, wherein the hygitronan-
degrading enzyme {5 a hyaluronidase or a chondroitinase.

G4.  The composition of any of claims 73-93, wherein the hyaluronan-
degrading enzyme 1% a hyaluronidase that is active at neutral pi{

83,  The composition of any of claims 70-94, whefein:

the byaluronan-degrading enzyme lacks a glycogylphosphatidylinositol (GPI)
anchor or is not membrane-associated when sxpressed/rom a cell; or

the hyaluronan-degrading contams C-icrmipal truncations of one or more
amine acid residues to remove 2l or part of a GPT anchor.

96. The camposition of any of clagins 70-95, wherein the hyaluronan-
degrading enzyme is a hyaluronidase thatfs a PEH20 or a C-terminally truncated
fragment thergof, )

97.  The composition of dny of clatms 70-26, wherein the hyaluronan-
degrading enzyme is a PH20 polipeptide 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
amning acids that exhibits &€ least 70%, 75%, 80%, B3%, 86%, B7%, 88%, 89%, 90%,
91%, 92%, 93%, 94% 5%, 96%, 57%, 98%, 29% or more sequence identity to any
of SEQ 1D NOS: 4-%, 47-48, 234254, and 267-273. ’

28, THe composition of any of claims 70-97, wherein the hyaluronan-
degrading engyme is a C-terminal truncated PH20 that comprises a sequence of atnino
acide set fgrth in any of SEG ID NOS: 4-9, ‘

g, The compaosition of any of claims 70-98, wherein the amount of s
hyalironan-degrading enzyme is between or about between 16 UimL 1w 20,000
fml., 50 U/mL to 13,000 UrmL, 30 UlmL to 10,000 UrmL, 50 U/mL fo 5009 UAnL,
50 U/mL to 2000 U/mlb, 100 UL to 10000 Uiml., 100 U/mL to 5000 UmE, 100
U/l to 2000 U/ml, 300 U/mL to 5000 U/ml, 360 UfmL to 2000 U/mL, 606 UimL
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to 5600 UimL, 600 TmL to 2000 U/mL, 100 U/mi to 1000 U/mL, 200 U/mL to 800
U/ml, 100 UimL to 500 U/ml., or 130 U/mL to 300 U/mi, inclusive,

100.  The composition of any of claims 70-99, wherein the concentration/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 betwaen 6.5 o 7.2
and the composition comprises:
a hyaluronan-degrading enzyme in a0 amount that ig between or about
betwsen 100 UmL to 500 UL, inclusive;
Lys-Lys at a concentration that is between or gbout between 3 mi. to
30 o, melusive;
MNal at a concentration less than 140 - NaCh
a swrfactant that is polysorbate 80 at # percentage (%) of mass
concentration (wiv) of between or about betweery0.01% to 0.05%, inclustve;
methionine at a concentration fhat is between or about between 5 mM
to 20 mM, inclusive; and
ncentration that 1s between or about between
5 mM to 50 mM, melusive.
102.  The composition gf any of claims 79-101, whersin the hyaluronan-
degrading enzyme 1¢ 8 PH20 g 2 C-terminally truncated fragment thereof
13, The compogition of any of claims 70-102, further comprising a fast-
acting insulin,
104, The
I mMto 120m

103,

mposition of claim 103, wherein the concentration of Lys-Lys is
50 mM to 105 mM or 80 mM to 100 mM, inclusive,

The composition of claim 103 or clamm 104, wherein the fast-acting
ingulin is sAegular inguiin,

06, The cornposition of claim 103, wherein the regular insulin is & human
or pig insulin,

107. The composition of ciaﬁn 105 or claim 106, wherein the regular insulin
s an ingulin with an A chain having a sequence of amino acids set forth in SEQ ID
N(O:103 and 2 B chain having a sequence of amine acids set forth in SEQ ID NO:104;

or an insulin with an A chain having & 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 ag amino acid residue positions 25-54 of SEQ 1D NO:123,

108, The composition of any of claims 103-107, wherein the fast-acting
msulin is an insulin analog,

169, The compesition of claim 10§, wherein the insulin gnalog is delected
from among insulin aspart, insulin lispro and insulin glulisine.

110.  The composition of claim 108 or claim 109, wherein the insulin snalog
is selected from among an insulin having an A chain with a sequepte of amino acids
set forth in SEQ NOS:103 and a B chain having a sequence of
eny of SEQ NGS:147-149.

mino acids set forth in

111.  The composition of any of cleims 103-1H)wherein the smount of fagt-
acting insulin 18 between or is about between 10 U/ml Ao 1000 U/mi, 20 U/ml. o
500 UtmlL, 50 U/mL to 300 U/mL or 200 UmL o 800 U/mL, inclusive.

112, The composition of any of claimy/163-111, wherein the fast-acting
insulin 13 an insulin analog and the hyelurongd-degrading enzyme 18 a PH2D or 2 C-
terminally truncated fragment thereof.

112, The composition of any6f cleims 103-112, wherpin:

the fast-acting insulin is anhsulin analog that 1s glulising and the
concentration of Lys-Lys is 50t 105 mM; or
the fast-acting insulinds an insulin analog that is insulin aspart or insulin spro
and the congentration of Lyg-Lys is 80 to 100 mM.,

114, The copfosition of any of claims 70-113 that is for single dosage
admimnistration or is for multiple dosage administration.

115.  The somposition of claim 114, wherein the composition is for multiple
idstration and comprises an anti-microalily effective amount of a
pregervatiyé or mixture of preservatives.
16,  The composition of claim 113, whersin the preservative(s) in the
forgghlation 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 ot ¢laim 116, wherein the

preservative(s) is(are) selected from among phenol, m-cresol, methylparaben, benzyl

aleohol, thimerosal, henzalkonium chlorids, 4-chioro-1-butanol, chlorhexidine
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propylparaben, butylparaben and any combinations thereof,
118.  The composition of any of claims 115-117, wherein the forpaulation
contains & single preservative; or

containg a mixtare of preservatives that containg 2, 3 or 4 différent

preservatives.

119, The composition of any of claims 115-118, copprising at lzast one
phenolic preservative.

120, The composition of any of claims 115-11% wherein the preservativels)
18{are) phenol, m-cresol or phenol and m-crasol.

121, The composifion of any of claims 1735-120, wherein the total amount of
the one or more preservative agents as a percenfdge (%) of mass concentration (w/v)
in the formui,atiml.is or is between 0.1% and 8.4%, 0.1% to 0.3%, 0.15% 10 0.325%,
0.15% to 0.25%, 0.1% %0 0.2%, §.2% to 3/3% or 0.3% to 0.4%, inclusive,

122, The composition of anyof claims 1135-121, wherein the preservatives
are phenol and m-cresol and the amdunt as a % of mass concentration (w/v) in the
formulation is between or about between 0.1% o 6.25% phenol and betwesn or about
between 0.05% to 0.2% m-crgsol, is between or abowt between 0.10% to 1.2% phenol
and between or about bhetween 0.06% to 0.18% me-cresol, is between or about between
0.1% 1o 0.15% phenol And 0.08% to 0.15% m-cresol, is between or about between
0.10% to 0.15% phefiol and between or abouf between §.06 10 0.0%% m-creso! or is
between or abowybetween 0.12% to 0.18% phenol and between or about between .14
to 0.22% m-cpesol, mclusive,

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

he pH of the composition is between or about between 6.8 fo 7.4; and

the composition comprises:

& hvaluronan-degrading enzyme that is e PH20 in an amount between
or about between 100 U/mL to 1000 U/mL, inclusive;
a fast-acting insulin analog that 1 msolin glulisine is an amount

between or about between 10 Li/mL to 1000 Ul inclusive;
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Lys-Lys at a concentration between or about betweea 50 mM to 105
m, inclugive;
Nall at & concentration of less than 100 mM;

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

mbl, inclusive; and _
a pmscrvaiive(é) that comprises phenol at a percentage (%) 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 §.05% to 0.25%.
124, The composition of any of claims 70122, Avherein:
the pH of the composition is between or aboutbetwesn 6.8 to 7.4; and
the composition compriscs:
a hyaluronan-degrading enzyme fhat is a PH20 in an amount between
or about between 100 UimL to 1000 L/ml., ibchusive;

a fast-acting ingulin analog/that is insulin aspart or insulin lispro is an

amount between or about between 10 FmL to 1000 U/mL, inclusive;
Lys-Lys at a concenffation between or about between 80 mM to 100

mb, inclusive;
Na(l at a congbotration of less than 30 mM;.
a surfactany’that is polysorbate 20 a1 a percentage (%) of mass

concentration (wiv) of Ketween or about between 0.0005% to 0.005%, inclusive,

methfonine at & concentration between or about between 3 mM to 20

cragol o a % wiv of between or between about §.05% to 0.2%.
[25. A composition, comprising:

a therapeutically effective amount of a hyaluronan-degrading enzyme;
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MegCls in a sufficient such that the hyaluronan-degrading enzyme
retains at least 50% of the mitial hyaluronidase activity for at least three (3) days at
37°C.

126, The composition of claim 125, wherem the MgCly concentratigh is
between or about between 50 mM 1o 150 mM, 75 mM to 123 mM or 80 o 100
i, inclusive.

127, The compesition of claim 125 or claim 126, wherein the hyaluronan-
degrading enzyme retains at least 30% of the initial hyaluronidase/activity a 37°C for
at teast 4 davs, 5 days, 6 days, one week, two weeks, three weeks, one month, two
months, three months, four months, five months, six monthyor more.,
128, The composition of any of claims 125-127, wherein the pH of the
composition 1s between or about between 6.5t 8.0, 6610 74, 6810 7.8, 7.0t 7.6 or

5810 7.2

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

130, The compaosition of e.ry/vf clarmms 125-129, wherein the stabilizing

gent is selected from among an amigo ackd, an amino acid dcuvatwe an aming, a
sugar, 3 polvol, a salt and e surfactant,

131, The compositiorf of claim 130, wherein the stabilizing agent is 2
susfactant and the amdunt of surfactant, as a % of mass concentration (w/v) in the
formudation, is between gt about between 0.0005% to 1.0%, 0.8003% o 0.005%,
0.001% to 0.01%, 0.01% to 0.5%, 0.01% fo 0.1%, 0.01% to 0.05%, or 0.01% to
(.02%, tnclusive.

132. he compasition of claim 130 or claim 131, wherein the surfactant is
selected fropd among a polypropylens glycol, polyethyiene glycol, glycerin, sorbitol,
poloxamgt and polysorbats. ‘

133, The composition of any of claims 130-132, wherein the surfactant is
selgoted from arnong poloxarer 188, polysorbate 20 and polysorbate 80.

i34,  The compositon 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 froff
among cysteine, iryptophan and methionine.
136,  The composition of claim 135, wherein the anfioxidant is methignine.

137, The composition of any of claims 134-136, wherein the anio?
at & conceniretion from between or from about between 5 mM to 30 mMyS mM to 40
mM, 3 mM to 20 mM or 10 mM to 20 mM, inclusive.

138, The composition of any of claims 125-137, compriging a sufficient
amount of a buffering agent to maintain the pH range of betweegd or sbout between
65180,68w0 7.8, 700766572, orb.8t0 74,

139.  The composition of claim 138, wherein thebuffering agent is selected
from among Tris, histidine, phogphate and citrate.

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

141, The composition of any of claings 138-140, wherein the concentration
of the buffering agent is between or is betwgen about § m to 100 mM, 10 mM to &0
mM, 5 mM to 50 mM or 20 mM to 40

142, The composition of agg of claims 125-141, wherein the hyaluronan-
degrading enzyme is a hyaluronidgée or a chondroitinase.

143, The compositiop/of any of claims 125142, swherein the byaluronan-
degrading enzyme is a hyalysonidase that is active at nevtral pH.

144, The compasition of any of claims 125-143, wherein the hyaluronan-
degrading enzyme lacks a glycosyiphosphatidylinositol (GPI) anchor\or is not
membrane-associatéd when expressed from a cell; or the hyvaluronan-degrading
enzyme 18 & hyalironan-degrading enzylﬁe that containg C-termingl truncations of one
of more ami

4%

acid residues to remove &l or part of 2 GPL anchor.

The composition of any of claima 125-144, wherem the hyvaluronan-
degradife enzyme is a hyaluronidase that s 2a PH20 or a C-terminally truncated
ent thereof.

146,  The composition of any of claims 123-145, wherein the hyaiuronan-
degrading enzyme is a PH20 polypeptide that has the sequence of amino acids set
forth in any of SEQ 1D 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%, 8%, 90%,
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91%, 929%, 93%, 94%, 95%, 96%, 97%, 98%, 39% or more sequence identity fo any
of SEQ ID NOS: 4-0, 47-48, 234-254, and 267-273.
' 147.  The composition of any of claims 125-146, wherein the hyalurongh-
degrading enzyme 1s a C-terminal truncated PE20 that comprises a sequence gt amino
acids set forth in any of SEQ 1D NOS: 4-9,

148, The composttion of any of claims 125-147, wherein the gnount of &
hyaluronan-degrading enzyme is between or about between 10 U/m/to 20,000
Uiml, 30 U/mL to 15,000 U/mL, 50 U/m t0 10,000 U/mL, 50 W/mL to 5000 U/mL,
50 W/mL to 4000 U/mL, 100 U/l to 10000 U/mL, 160 Um 1o 5000 UimlL, 100
U/mL te 2000 UAnL, 300 Uhnl to 5000 U/mi, 360 U/mL o 2660 U/mEL, 600 U/mL
1o 5000 U/mL, 600 U/mL to 2000 U/ml, 100 U/mL to 100 U/mL, 200 U/mL to §00
UfmL, 160 U/mL to 500 UlmL, or 150 UimL w0 300 Jd/ml, inclusive,

149, The composition of any of claims JZ25-148, wherein:
the pH of the cornposition 1s between opabout between €.3 to 7.2; and
the composition comprises:

a hyaluronan-degrading enzyime i an amount that is between or abowt
between 100 UfmL o 300 Ui, incidsive; . ‘

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

a surfactant that is pelysorbate 80 ar 2 percentage (%) of mass concentration
{(wiv} of betwesn or aboyd between 0.01% 10 0.05%, inclusive,

methionine at & concentration that 1§ between or about between 5 mM to 20
mM, inclusive; an

histiding/HCl at & concentration that is between or about between 5 mM to 50

mM, inclustre,

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 punp or a closed

loop system.
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152, The stable co-formulation or composition of any of claims 1-137 that
18 formulated for delivery using & continuous subcutaneous insulin mfusion,

153, The stable co-forntulation or composition of any of claims 1-152
wherein the pH is or s about between 6.8 t0 7.2

154, A syringe ér vial, comprising the stable co-formulation or gémposition
of any of claims 1-153.

155. A ciosed loop system, comprising the stable co-formpdlation or
compositién of any of claims 1-153.

156, An insulin pumnp, comprising the stable co-fordulation or composition
of any of claims 1-153,

157, An msulin pen, comprising the stable co-frmulation or composition of
any of claims 1-153,

158, A mcthod of troating diabetes, compbrising administering to a subjoct a
therapeutically effective amount of a stable co-formulation or composition of any of
claims 1-153. 4

159, The method of claim 158 Avheremn the diabetes 1 selected from among
type 1 dlabetes mellitus, type 2 diabetes mellitus and gestational diabetes.

160. A method for contrplling blood glucose levels in 2 subject, comprising
administering o a subject a thefapeutically effective amount of a stable co-
formulation or compesition of any of claims 1-153,

161, The meihod of anv of claims 158-160, further comprising

administering a differsdt anti-diabetic drug.

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

dizbetes mellitus and gostational 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 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.

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 1s 50 mM to 150 mM, inclusive,

5. The comiposition of any of claims 1-4, wherein the concentration of
hyalaronidase is at [east 10 U/mkE.

6. The composition of any of ¢laims 1-5, wherein the amount of
hyaiuronidase 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 ¢laim 7, wherein the stabilizing agent is a surfactant
and the amount of surfactant, as a % of mass concentration (w/v) m 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, polyethyiene 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 §0.

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 I-11, comprising a sufficient amount of
a buffering agent to maintain the pH range of between 6.5 to 8.0, 6.8 10 7.8, 7.0 to 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.

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 1s a
PH20 or a C-terminaily truncated fragment thereof.

15, The compesition of claim 3 or claim 14, wherein the soluble PH20
polypeptide is selected from ovine PH20, bovine PH20 and a soluble human PH20,
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wherein the soluble human PH20 lacks all or a portion of the
glycosylphosphatidylinositol (GPI) anchor attachement sequence.

16. The composition of any of claims 1-15, wherein the hvaluronidase 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
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 i1s a C-
terminal truncated PH20 that comprises the sequence of amino acids set forth i 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/mlL, 30 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
1o 2000 U/mL, 160 U/mL 1o 1000 U/mL, 200 U/mL o 800 U/mL, 100 U/mL to 500
UfmlL, or 150 U/mL to 300 U/ml, inclusive; or

the amount of a hyaluronidase is at least oris 30 U/mlL., 35 U/mlL., 40 U/mL, 50
U/mL, 100 U/mL, 150 U/mL, 200 Ufml., 250 U/mL, 300 U/mL, 350 U/ml., 400 U/mi.,
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..

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;
NaCl at a concentration less than 140 mM NaCl;

a surfactant that 1s 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 fo 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.



-313 -

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 ghulisine.

25.  The composition of ctaim 24, wheremn 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, inclustive.

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.

26.  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 PH20 in an amount between 100 U/mL to 1000
UfmL, 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-cresoi at a % w/v of between
(.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 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/mlL., inclusive;

Lys-Lys at a concentration between 80 mM to 100 mM, inclusive;
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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%.

31. A syringe or vial, comprising the stable composition of any of claims 1-
3.

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.  Aninsulin 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 33, wherein the diabetes is selected from among type |
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 biood glucose levels in a subject.

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



