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PEGYLATED | NSULI N LI SPRO COVPOUNDS The present
invention relates to the field of di abetes. Mre

w@arviisaibarly, the invention relates to PEGy| ap@miusS2009/046704

insulin lispro compounds that are highly sol uble and
have an extended profile of action, to nethods of
provi di ng such nol ecul es, to pharnaceutica
conmpositions containing them and to the therapeutic
use of such conpounds. In order to achi eve nornm
glycema, insulin replacenent therapy is designed to
paral | el as BEGYRIATER INSSEINDLESRREQ GONMPOUNDS
endogenous insulin secretion in normal individuals.
The daily physiol ogi cal demand for insulin fluctuates
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mechanical m1x1ng to insure product uniformity, have increased intra-subject Varlablhty,

and tend to peak rather than provide an ideal “flat” pharmacodynamic profile necessary to
maintain optimal fasting blood glucose for an extended period of time between meals.
Therefore, insulin formulations that rely on a insoluble state to protract insulin payout are
inherently less predictable than soluble formulations and result in less than adequate

control of blood glucose and a greater susceptibility to life-threatening hypoglycemic
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and tend to peak rather than provide an ideal "flat"
phar macodynanmi c profile necessary to maintain optinal

wo as9i1seg2$| ood gl ucose for an extended peri od BPET/UBI089/046704

bet ween neals. Therefore, insulin formulations that
rely on a insoluble state to protract insulin payout
are inherently |l ess predictable than sol uble
formul ations and result in |less than adequate control
of bl ood glucose and a great@r susceptibility to
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fn{cﬁ&ﬂﬁtp@veight poly(ethylene glycol) derivatives to provide PEGylated insulin lispro
compounds that have therapeutically effective basal insulin activity, extended time-action
profiles, are highly soluble at physiological pH, and/or are mixable with other commonly
used prandial insulin formulations.

The present invention provides a compound of Formula I:

P-[(A)-(B)], or a pharmaceutically acceptable salt thereof, wherein:
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injection), flatter activity, pharmacokinetic profiles
(i.e., lower "peak-to-trough" ratios), reduced

WO pdopaspe’ i ent variability (i.e., nore predi ctedil/ES2009/046704

time-action profile translating into reduced incidence
of hypogl ycem a and/ or wei ght gain) and/or |esser
injection site irritation or pain upon injection are
needed. W report here the discovery that insulin

i spro can be PEGyl ated w t h3hi gh nol ecul ar wei ght

pol y(et hyl ene gl ycol) derivatives to provide PEGyl at ed
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compound of the present invention for therapy.

nsulin lispro

The present invention also includes the use of a PEGylated insulin lispro
compound of the present invention for the manufacture of a medicament for the treatment
of hypoglycemia, diabetes mellitus, or gestational diabetes.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 graphically depicts simulated human PK profiles for 20 kDa PEG-B28-
insulin lispro, 40 kDa-PEG-B28-insulin lispro, and insulin detemir, based on allometric
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metal ions, or buffers further conprise a
therapeutically effective anobunt of an insulin anal og.

wab@opsagent invention al so provi des net hods oPCT/US2009/046704

treating hyperglycem a, diabetes nellitus or

gestational diabetes conprising adm nistering to a
patient a therapeutically effective anount of a

phar maceuti cal conposition conprising a PEGyl at ed
insulin lispro compound of t#e present invention. The
present invention also includes the use of a PEGyl at ed
iserdin PAPK ipgametesdhqpo tatrind fdogsh & refilesiepresanhoteritosiog inftayal
tf&lﬁf\xﬁﬁ)%a wadkeofROARE rNthEB(@ﬂE hREh AakQroufictalees the use

of aF Iated 'Esﬁgl'n lﬁ‘?ﬁrl 0 &#‘Ed of theftﬁgres n

i nvent BB Tt ernl Shahitiea Ve ae” [ Bt g tigancons
1dP%¢a&fﬁE]i*Ft PSRy odryeertt §N5/ﬁinéﬂék1§§f%| F Pas medkg) or insulin
%ﬁsglﬁ@ loon@i gl m@mﬁnofﬁ% #&QE@&B&B’I&%@&M 1&4553541%&%1

v food. S ERGSRaatepRbuist. s Dl Rieieui e wiin Lity

HRscaRBEG-aBgtorins whd used fodpitle, obagrded dvgul i n det emi r, based
on allonetricscaling of PK paraneters fromrats and

a veek of dbEAICeR R BRAON B A P EKRION T o oo

Figure 2 is a graph of glucose infusion rates (G R) in

gtégzaggh@foﬁl%mg BHBGHE AR BRUS AR En.OA CRI: WB&bnitrile. Boc: rerr-

n | (LY;
e o) S W i stz ROy Ao iRE D &'k
mratifyldneshlarde. DASEdV, Bnlirngtbdformamaat BV m dting selphoxide.
smomhloe@aws@@@%mﬁ@ﬁa%ﬁh&@@éacéw dcldOMt: @{ﬁ;&lh Beditr

arch

ct | devel o Res
IPgIﬁZHP]a#n WQ?“&]&? %Y‘Mﬂi}onp’h é&@bég oigygcigd. Da: Dalton.
'BEW@E&@EM PTILANY @R CRdahNVENTONisT ). frohb:owinnglonal

AR Bl O PRI g]\B;ISﬁ‘gN)s pAREBARHLL R 180APLC
POABHES L e A A R TR PR
hiadiogetphy.| $10YInsriddel. eriol/&B0he mealrrSPhyfi;anllﬂIammrDJdeuty assay.
Q-ﬂi Rt bR &id oAy a@g%ld%ﬁﬁ)ﬂn%g haviinehid aldiqareld fose

3D 56 P AT 1o Py Pt OlgepohPBh i BEFR.
D&22@(2on. kDa: kilodalton. Lilly: Eli Lilly and

Conp a'T’Me {ehﬂ dfn?tﬁﬁﬁ? A ih@nddah) endg ass 'mf(‘lot &ﬂﬁlllnq{bﬁﬂegg@&m%

Met hanol
el Do tPeRPé‘Pl%“e‘é‘S‘BﬁaQQ.y“P? w?lﬁe@ HSppi s Native
lor gyuld-dypehnsobatagr aphyulin 8EGng sn zeme xcl sgjuemce corresponding to the
QMM¥@£&&9M of imdaith asc‘foﬂﬁ](ﬁjﬁ\rtguﬁé' rI‘UlyIﬁEleBtnﬁ o8 3Rino XY

scintillation proximty a
sequences encoding insulin from a%um er 3% different species are well known to those of

ordinary skill in the art. For example, human insulin has a twenty-one amino acid A-
chain and a thirty amino acid B-chain (SEQ ID NOS: 1 and 2, respectively). Insulin can
be natural (i.e., isolated from a natural source), biosynthetically, or synthetically
produced. The term "insulin" is also intended to include any insulin derivative and/or
insulin analog.

An “insulin analog” or “insulin derivative” is defined herein as protein having
insulin activity and substantially the same amino acid sequence as human insulin but
differing from human insulin by a modification relative to human insulin including one or
more amino acid substitutions, deletions, inversions, or additions. Such compounds are

well known in the art. See, e.g., PCT International Patent Application Publication Nos.
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TFA: trifluoroacetic acid. All amno acid
abbrevi ations used in this disclosure are those

waewepsaeB by the United States Patent and Tr adee®EDE2009/046704

Ofice as set forth in 37 CF.R 1.822(B)(2). The
term"insulin" is intended to enconpass w |l d-type
insulin fromany species including, but not limted

to, porcine insulin, bovine insulin, and human

insulin. Native or wild-typeSinsulin refers to insulin
having an am no aci d sequence corresponding to the
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SEQ ID NO. 1 and the cysteine at position 19 of SEQ ID NO: 3, and between the cysteine
at position 6 of SEQ ID NO: 1 and the cysteine at position 11 of SEQ ID NO: 3.

As used herein, “PEG conjugated insulin lispro” or “PEGylated insulin lispro”
refers to human insulin lispro or a derivative thereof covalently attached to at least one
PEG and possessing insulin activity in vivo.

The biological activities of insulin and insulin lispro are well-established. The
phrase “insulin activity” with respect to a PEGylated insulin lispro compound of the
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adm ni stration. Exenplary fast-acting insulin anal ogs
i ncl ude "nononeric insulin anal ogs" that are

WO 28943028 Nng because they are generally | ess pPONES1009/046704

di meri zation or selfassociati on under physi ol ogi cal
condi tions. Mononeric insulin anal ogs are known in the
art. See, e.g., U S Patent No. 5,700,662, and

Eur opean Patent No. 214 826. Insulin lisprois a

rapi d-acting, nononeric insubin analog in which the
proline at position 28 of the wild-type insulin
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Preferably, the PEG is a monomethoxy-PEG (commonly referred to as mPEG), which is a
linear form of PEG wherein one terminus of the polymer is a methoxy (-OCH,,) group.
Even more preferably, the PEG used in the invention is an “activated mPEG” in which
one end of the linear PEG terminates with a methoxy group and the other end terminates

with a reactive group appropriate for coupling to a desired site on insulin lispro or on an
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The term "pol yethyl ene glycol" or "PEG' refers to a
pol yal kyl ene gl ycol conpound or derivative thereof,

wWowRak/152128 t hout coupl i ng agents or derivati zaRCDOS2002/646704

coupling or activating noieties. Inits typical form
PEGis a linear polynmer with term nal hydroxyl groups
and has the fornmula HO CH 2CH2- (CH 2CH20) CH2CH2- OH.
The nunber of repeating subunits """ in the PEGis
approxi mated for the nol ecul-&F mass described in

Dal tons. Typically, PEG reagents used to prepare
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used in the invention Is an "activate
end of the linear PEGterm nates with a net hoxy
g r oup Wathdedphe tothe @EGe'tmbdtmﬂuﬂm hisyire sompdulndeaofitea@tdcueinvention
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desi)roeche PEG has an average molecular weight of about 17.5 kDa and about 40 kDa.
Preferably, the PEG covalently attached to an insulin lispro molecule has a molecular

weight in the range from about 20 kDa to about 30 kDa (n is in the range from about 450
to about 750) or the PEG has an average molecular weight from about 20 kDa to about 30
kDa. More preferably, the PEG covalently attached to an insulin lispro molecule has a
molecular weight in the range from about 17.5 kDa to about 25 kDa (n is in the range
from about 400 to about 550) or the PEG has an average molecular weight of about 17.5
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activated nPEG at a specific site of the insulin
lispro nol ecul e. Because PEGs are typically generated

w@pwInsaeB as m xtures of PEG conmpounds varyi ngP@DUSNE046704

degree in their nol ecul ar weight, one of ordinary

skill in the art generally describes the nol ecul ar
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the average size of the PEG reagent used in the
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chowpolsléw.ons of the present invention is |ess than
about 1.1. More preferably, the PDI for PEG reagents
used to prepare the conpounds or conpositions of the
present invention is |less than about 1.05. Wth
respect to the PEGyl ated insulin Iispro conpounds of
the present invention the PEG covalently attached to
an insulin lispro nolecule has a nol ecul ar weight in
the range from about 17.5 kDa to about 40 kDa (n is in
the range from about 400 to about 1000) or the PEG has
an average nol ecul ar wei ght of about 17.5 kDa and
about 40 kDa
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Preferably, the PEG covalently attached to an insulin
lispro nol ecule has a nol ecul ar weight in the range

wWo e@pitstdietit 20 kDa to about 30 kDa (n is in theCT/HSZPEI/046704

from about 450 to about 750) or the PEG has an average
nol ecul ar wei ght from about 20 kDa to about 30 kDa
More preferably, the PEG covalently attached to an
insulin lispro nol ecule has a nol ecul ar weight in the
range from about 17.5 kDa toY%about 25 kDa (n is in the
range from about 400 to about 550) or the PEG has an
average no(#cul ar wei ght of about 17.5kDa an@)about 25
kDa. Most preferably, the PEG covalently attached to
an insulin lispro wqbecule has a nol ecul ar wei ght in

17.5 kDa to about 20 kDa (n i$ i
t ke 0 to about 500) PE ﬁ&ﬁiN
anOa erage nol i ght fron1ah©a%\1 f&;ﬁ&a/
he PECG/
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preferred enbodi nents, phe PEGyl ated insulin lispro
compounds of the present invention are prepared by
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In certain embodiments, the PEGylated insulin lispro compounds of the present
invention are prepared by conjugating an activated mPEG that is relatively specific for
amines. Activated mPEGs suitable for primarily amine specific PEGylation of insulin
lispro include mPEG-succinimidyl propionate (mPEG-SPA), mPEG succinimidyl
butanoate (mPEG-SBA), mPEG-succinimidyl a-methylbutanoate (mPEG-SMB), mPEG-
succinimidyl carbonate (mPEG-SC), mPEG-benzotriazole carbonate, and mPEG-p-
nitrophenyl carbonate (mPEG-NPC).

In preferred embodiments of the invention, the activated mPEGs used for
PEGylation of insulin lispro result in an insulin lispro covalently attached to a mPEG
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is highly specific and takes place under mld
conditions in the presence of other functional groups.

wo-2009a504epl e, nPEG mal ei m de i s useful as an aRCT/U81082046704

nPEG for preparing PEGyl ated insulin |ispro conjugates

of the present invention. Preferably, the PEGyl ation
procedure uses a nol ar excess of a thiol-derivatized
insulin lispro relative to nPEG mal eimi de to drive the
reaction to conpletion. PrefHrably, the reactions are

al so performed between pH 4.0 and 9.0 at room
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preparation of various insulin analogs. The A- and B- chains of insulin lispro may also be

prepared via a proinsulin-like precursor molecule using recombinant DNA techniques. In
preferred embodiments, a proinsulin-like precursor is used to make the insulin lispro used
to make the PEGylated insulin lispro of the present invention.
The present invention provides a compound of Formula I:
P-[(A)-(B)], or a pharmaceutically acceptable salt thereof, wherein:
A is the A-chain of insulin lispro (SEQ ID NO: 1);
B is the B-chain of insulin lispro (SEQ ID NO: 3); and
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conmpounds generated froma PEGyl ation reaction) in a
sanpl e can be assessed using one or nore of the

W0 200vasaiey met hods: chromat ography, el ect r ophoP@BUS2009/046704

mass spectronetry, and in particular, MALDI -MS, and

NMR spectroscopy. The insulin lispro used to prepare

the PEGylated insulin lispro conpounds of the present

i nvention may be prepared by any of a variety of
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about 4 hours to at least about 4% hours about 60 hours, about ours, about 34 hours,

about 96 hours, about 108 hours, or about 120 hours after a single subcutaneous injection
of the compound at a dose of about 568 nmol/kg, and (e) the compound is characterized
by having an elimination half-life greater than about 24 hours, about 30 hours, about 32
hours, about 34 hours, about 36 hours, 38 hours, about 40 hours, or about 42 hours in a
human upon administration of a single parenteral dose at 0.225 mg/kg.

According to features and principles consistent with the invention, an embodiment

of the invention provides a mono-PEGylated insulin lispro compound comprising a PEG
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covalently attached to insulin lispro via a urethane
bond; (b) the conpound is characterized by having a Ki

w0 orootsea2$uman i nsulin receptor of about 10 nMOF/UBM8%046704

(c) the conpound is characterized by having an
elimnation half-life greater than 6 hours in a
STZ-treated rat dosed at about 568 nnol/kg; and (d)

the conpound is characterized by the activity of

| owering bl ood glucose to a-12vel of about 100 ng/dL

or belowin a STZtreated rat for a period ranging from
dboog anjavgage molagulat whightsf abdyo UT.5 Batabant20 kitoahou6ld kDa,
fag@u&t@o fgbwtab&;z 4bepk §ovaﬂalﬁﬂ5ﬂ ﬁtta%ﬂechﬁfét:ﬁ}% ?ﬁmk&ﬂ% thOMpRa-
abou a ours. a

A B R B BRIl e BRI G or BTG msuin
aisprat, tEe@harolindgouMishe 1pheeﬂelamed atqosipown h d§tha Bechainad énsulin
Ih@prap}@d;LPhém 1nEulin315§1Q)yQ)|r afitech Mloatahﬁﬁ&gleuﬁ @fth@ﬁfshhé Bt position 28

ok AR e o R f'?@? ekt et e SR e rono-
PECy ptavrintin dikpyo torprisaid BEGIhesisg arf eyeragh enobesnipoweight of about
qlaasr@at @Jomzmmy a%YQS‘%Dﬁ%&h |3m<natdr<aﬂ?1§ ?b kph htfta%hed cither
|

AhEab s st O g R S SRl e R PRREE [l B
[elrain h€insdinilisproyor dfc dpolerannge phouod thé ysios et fositian P&vEthe B-
%alagg%u;%qggﬂw MNldre Bfefegﬁl}o\i\hé rﬂ%ﬁr’l‘)s[%t@lg[%@ﬁﬁglﬁgl 1r591tgocf8§{pn§es
R O anth fhd n O PO T MBUL S SO0 S8R gbout, 4
&beLtbo8B30Hd i e, abaltcidtkDeG&adhed tsthe cpsﬂalb@mtmﬁ@mrodm@ysme at
%gn%n & ShRIBRhSH QPME@BQBHI% IER}J:@&Bfe%et%blaHhﬁe %H&@E&Qlated

ose of abou

ool B e ShrrBent BEC RauPng: sk b PRTcRUE! il of FOr F 25 kDa or
gban 26 kDt htarhaeboube P4ildnsamis) gaiop uf thgd Oysheat xqsitmib @6 tof B2 B-
REMUA Sf indRRAUL I%A(zdﬂm §EG8L%B§8 ?fl@ulnl%éf)ﬁ)) BRstHRMERbly RO Hono-

P 3PS TP g LTI BT gt
20 kiog attabedtodhangpstien-freiab graep oéithd lysiricrac peltes 28 of diedi-emnin of
\g;sgﬁn hgﬁo g@V@Eblz _ Eg%%gmﬁh | 5 Iof t Pe i nvention

vi des I nsul i i sp

conpr g%‘}eh @ngodrr-;’r‘:’?ﬁﬁ%\ ALY BFX a%?“@@?ﬁ%?%ﬁﬂ‘t“ ligpro
@bopéund Zomphkddag a BIHG hevieda kbeculabwetight 25 alkoba] 7. A bDaitab@0 20

DR, a0 ARGt albeu &ﬂa)ap %)/Qdoﬁmd m@é&asﬁsﬁatgbﬁeafa%aﬁy%
|n|rt§:ctl%tot a gr ou

IJSt cin
ieptholg the adph af%n%g GH%P zscrmq aﬁgeﬁp Py ¢ % Swee-f EeyR
|llﬂ1$raJ the albh@pmm)) graupef tie pharyéatanire agp«mup)ndf ofttleB-chain of insulin

y(LrQlll 1n(§1 aﬁltunp gﬁ)'uf) 'opﬂﬂe iysﬁlfe a{ 1ti%n 9@ %f the @ cHaHISdf llﬁsﬂlin

|ns
Pi 8 m eg‘P%‘EPpP% Ylt‘tﬁ% “’Is%ﬁ it Qroaqonwaéqst% & bayingra
trﬂtd!ecBLacWalght afabong tlSikival abept 29 I(IEEEEOthSBﬂBa Iah(mtl BO RDa, or about

|4b %%g)tachg([ &{YEF @ipéc}ﬁéo; 1lﬂﬁlré'mg % thg 41 %ﬁlg Eﬁenlylalanme at
ro conp es a avi erage ?

we%lg?ﬂ: eﬁt %B ﬁmﬁ ingu wdgpma% epﬁ IR0 g{%}ap g lyeing at

@bsmdm BofkeB-chdin abmsitlindBpkDMat patdnedy, ehctrhato-RHGyaatd vy

(i) su 115‘ ﬁ%&@% isbLa Pﬁ@ hé’\llﬁ)%la‘afn@f%ﬁlﬁ)r \%I%H B chout 17.5 kDa, about 20
[ ani e at positio chal n
kDa about 30 kDa, or about 40 kDa attached to the epsilon-amino group of the lysine at

position 28 of the B-chain of insulin lispro. Most preferably, the mono-PEGylated insulin
lispro comprises a PEG having a molecular weight of about 20 kDa attached to the
epsilon-amino group of the lysine at position 28 of the B-chain of insulin lispro and the
PEG-LysB28-insulin lispro is characterized by having an elimination half-life greater
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of insulin lispro or the epsilon-amno group of the
| ysine at position 28 of the Bchain of insulin |lispro.

worpoe/1faies er abl y, the nono- PEGyl ated insulin | PGD82009/046704

conprises a PEG having an average nol ecul ar wei ght of
about 17.5 kDa, about 20 kDa, about 25 kDa, about 30

kDa, or about 40 kDa attached to the epsilon-am no

group of the lysine at position 28 of the B-chain of
insulin lispro. Even nore prEferably, the

nono- PEGyl ated insulin |ispro conprises a PEG havi ng

alrnabeyt g dovrel abows| 3@mowe; apht 3@fhoats caboutl3A, I®ukDebout 3 Glivwrs;

%Qodf B nadrt %&ﬁ?oth@mg gﬁ aBRS Ub BB mm%%al ia{mlhl:a@anon ofa

ne a Siti 0 insulin lispro

5RO R btsof et @EPS Mgt "SULE L oP!

t he nbrarotheE@Yh@lirecht thegunention prs‘pd@ comppyiii@e sompii@ a mixture

%?FEG 1a%at1@uﬁﬁ ﬁ@)@o ShRaRdsATheed @ Bmt OQBQFEG%@C&PQ different

attac 0 pS

SbtGhe b of RBver B R rEcSsdand Eeghifindhin

FDEI@QOMDmmdysB@@pﬂmmmWSitmmn@yw@tmwwelmﬁ@dmmtmnsar@ﬂlose

tcbﬁphmgeﬁwe%nmn@vE@f;la@dgmgn REY k@h&;&na g &thddFrdnh ﬁﬁrg%up

havi rwel,
ooty ot § YR R Sustiba e tas D De FuoutPe”
K DaB28oinsudi digipro 4i9) dibRE (&6\net e B 1-instliralespend v idirREST-GYy Addys B28-

limeliif ﬁﬁ% Witdp- PE@P@B@E?S‘B@@hﬁE%hQ hgiy@ aﬁa vB) dAIPEf@ﬁGﬁIAlPheBl-
chal n .Q

‘i‘sﬁh%il Oberpcs%%a - SHPOPHERA ifed?ﬁ?sﬁ‘ét 1%\(%115%‘%?@?1’6%6 q mixture
of PEGEIaBd atyalimligpfo ¢angwhindy Whesgur greator tharhaboeip¥i’b, abhewd 3D 10
dbAH PO a0y Qﬁou@@ﬂ% %? e 'P@@y?aﬁad%suhﬂ ﬁsﬁ?’o EJS}%Jﬂm@sf are
Insu“@%l%’h?lﬁ%rro Ifre era%}%;1 g]tl‘be ZE ated| uI|n
RO ipsie lisprpeempoyhiliof Eorgple & Hysirmete P ‘ira
abopesitions 6f thParesalb owrtntRO ckibpriseabomtur@&f Bamflatablowllnfi@pro
Iﬁ%%)orlglgs AR gf'&telf @ﬁn %fé&lgg]b‘ﬁ)gab%h{ e, agd)lft 8640l Yhof 9nS|0/F1’ eor about
S e e P R R o g St T GG e
epmpdnnmds and low tigmabput@D%d beut b reboatt] 0po shduk 5%, @8ibofit 3% of
et £ ﬁ@ﬂ(l@te@fnsﬁlﬂlsl‘tjs:pforboltﬂp%ﬁ’l{dg ard\V! rP%d%a@Jde rEQlell Mloretﬂi]@ferably,

nono- P insulin lispro c rs
ﬁB‘F‘B%UPOé‘ 6\%? B’F?Fenéfnv%@ﬂtco‘%?“%’ at%’&mr%\%%ﬁy%e%ﬁﬂl\{mq%pm
abmplcbunﬂﬁ)wk@am godated o tabei® S@aabatit #Eh @bott 80%ch&out 95%, or about

21
oS8 ST U G DB 85 DEBAARZR L,

ol @hlyaf’%‘ap‘?SH@m phhg PrepsnbIn¥eHigp FUBRIISY 2 “FFanuP@&Yé?ted
ol Bie lispae congpoghds valferadd gmateﬂtthark:EMuta%(l"/o}cahetd 6%, tthvat 90%, about

@E% b%oﬁlmﬁ’o?ﬂﬁ@lb@?ﬁgte? nﬁul ViR f@coﬂ&)o{ﬁ% labd M- %§S]§Qf8 insulin

T

astaletHGylavat inariinHaprb-cbmpeungs eatPEG-GEA 1abulin 1i#ko hBumsmore

%p&ﬁgblg Qoﬁlggé' ifons %? gjre%gnt hl%ﬁt?on & Ee SixRay BF]%E@)Q&H&

urs ours
AU HR ﬂmﬁo aomﬁma% Whsssn &@ﬁ‘ieh‘r‘q%l% ?bm Ylo.gPoy 8§°/°n§rO@t 90%, about
96%c ot dboetdT%o dubePbbhylhthé insaimlaprd doapoaids Qre2XZ55-rgdHAG-insulin

lispro, less than about 20%, about 15%, about 10%, about 5%, or about 3% of the total
PEGylated insulin lispro compounds are PEG-GlyA 1-insulin lispro and less than about
10%, about 5%, or about 3% of the total PEGylated insulin lispro compounds are di-
PEGylated insulin lispro compounds. Even more preferably, compositions of the present
invention comprise a mixture of PEGylated insulin lispro compounds wherein about 80%

of the total PEGylated insulin lispro compounds are PEG-LysB28-insulin lispro, about
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I n anot her enbodi nent the invention provides
conpositions conprising a mxture of PEGyl ated insulin

wo p@pnseieonmpounds where attachment of the PEG PCTUSR0H046704

different sites and/or a m xture of nono-PEGy| at ed,

di - PEGyl ated, and tri-PEGylated insulin lispro
conpounds. Exenplary conpositions in accordance wth

the invention are those conprising nore than one

PEGyl ated-insulin |lispro coapbund selected fromthe
group consisting of: i) PEGGAVYA insulin lispro, ii)
REY%-4rhBBD-Glps Lisnlin lippr, end dbiou) 1PEGIdrEBE28CIyAd Ly §B28-insulin
|11|sl§i’@r Overd Mdre %keﬁ? 5@5/ Godpbdl f@ﬁ'of the r}b%dlaﬂt rhdeht&ﬁlrd%mpﬁée a mixture

o PEEl b by BBssorha b A sy bygpyer o e
d’iECPmdcﬂmﬁAh BheBompuinivark PEGrlgsBRbinsulpr spay, alyluy 3% or less are

(P@@?QE/'AU ngﬁ%n efprb NRdRH&R @%t orI l&s\! Qi ipeG-GRAN L!yﬁ 8dnsulin lispro.
g Xxture O
v

spro _conpounds wher ei
ghapere Hf‘r‘wfsfﬁﬁé(b%oﬁftpo%@)“ 3 Bllﬁﬁf esé%@”‘*&%‘h”&%’c% a 0?
PEYylagad iadvdniis9T oropounfewREGH kbdue §0% s gteptar f theptoml PEGylated
GRIROH &&ﬁlﬁ)umrh@eﬁ’ﬁ@m @g:lmmnﬁltﬂsbl% hiloBPseq of REPAHPES-

Rtk DA fior S P A Brar L EE b L SR g s Bt sty

iwhstein the PESpryoB2bmsoimidipronk ehadatergedly kavittgharelialoion half-
8%6{ rEﬁQQHzIn a%gl{flazﬁgﬁﬁﬁt ab%QtS@O @Q%%bo%ﬁ%@ gdafs ahRvs4 RAK, Mout 36
i Bet e TRaAheurs Ssa et e Fipep ypga admpigisfyation
alb @ singl2 G8hcumbous ddsuf tlabomposm% at 6 32umghey Mot borbly3%
QBmé)&%dn@B?tlhe Bé@ﬁk Aty efliohRembiidt dm&aﬁ@oﬁ@m@gmﬁs@mmpm

Chab s Bheei s B Ceist pone Dial pEESPR IS ! o

icompdunds hrie i?ﬁﬁeLstﬁﬁ}mnkﬂlshm |ab<|>u11 SYr@adtse pretPARGhiAdinsulin
%Q[/I‘b Ao PE%;% s@%QH§u11%Qis/ pro abitacRR%6d b?tha%ﬁg Wt IR half-

u I n ro comnpou
B %%ﬁ%ttﬁ s SR TRy ROt & Y Erabpyhours, about 36,
@borp 38 hvirg rabow 40 thhers preb@n #2 howre it 4 lomap eppr ad@niatration of a

@lnéfe%ﬁcu%eﬂé@zﬂieadf% doHﬁoHédl&h AtloSP5 ounds wherein
gr eat apout ..80% abo 85% . aboyt 900/

95% The B LB FoREHOh 8 BRI e R AL PR ysogmy PEGylation
cawrpau rismare el RECe ly\PSBR B¢ mswlini lispiloi as the dy sarecht pesstont2A3an the

@oéﬂﬁn (?er/é?uhﬁ"h%H& tﬂe’sré%ctl%g %ulcﬂ-&o/@arl?eka%ﬂi whil§ heQlp hQQQﬁHO g’i)’c/ﬁps

t ot al insulin |ispro conpounds are
ﬁé@.s@ylmpro TR G(hy F‘?%??P’E?teda}’éﬁn W%uSﬁben@roaﬁ? olvent, basic
a:ommncslstmeamhofeamhm mcme&iﬂut atravghgieator thanpo.i Befeaably, the

%sn fbfact%%q%l:(ﬂhﬁged m fhdin LBo%Pé 9 t@mmnsi St %F%%hﬁ

L t han about, 80% ﬁ bout out g

s/sntot © RGN ToRATRGOY dhpRiesA na%%haﬁ%w th ?Sﬂ%tpfreauwalent toa
@&z}gmtﬁdﬁlaapéean]GOLs)ngfBWﬂtﬂlSul in lispro, |ess than

about Tﬁ@p/ﬁese?pﬁl%nt b Ao ﬁ*eﬁlldgﬁ alél}({ es@@ﬂﬂikn’%%? P d@t@@ﬁl@ulﬁl%

the tot “ﬁ I ns |spro coirpounds are
E’Q@O@‘W\‘Pm I‘i)rﬁ[1 dspro and | ess than about

P-[(A)-(B)], or a pharmaceutically acceptable salt thereof, wherein:
A is the A-chain of insulin lispro (SEQ ID NO: 1);
B is the B-chain of insulin lispro (SEQ ID NO: 3); and
P is a PEG having a molecular weight in the range from about 20 kDa to
about 40 kDa, and wherein A and B are properly cross-linked and P is attached via an
urethane covalent bond to the epsilon-amino group of the lysine at position 28 of B which
comprises reacting the epsilon-amino group of the lysine at position 28 of B with
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10% about 5% or about 3% of the total PEGyI ated
insulin lispro conpounds are di- PEGylated insulin

w0 e@pnseieonpounds. Even nore preferably, conpoBCT/U82989/046704

of the present invention conprise a mxture of

PEGyl ated insulin |lispro conpounds wherein about 80%
of the total PEGylated insulin |ispro conpounds are
PEG LysB28-insulin |ispro, about10% are PEG G yAl
-insulin Iispro, and about 1% is di-PEG d yAl LysB2

8-insulin lispro. Even nore preferably, conpositions
afonpimethpxywebfrthylengeghtcob m-dioenbeiyd earbomatedmptg-HPC) having a
F&%%hlt @*&e@ﬂge In{b‘}ééhlaﬂwkll ﬁMeﬁvééﬁﬁp&iﬂ a@! ﬁDH\@ﬁf ﬂ)‘oﬁ‘t ANt in B9 Yqueous

nsu
S iRLE aRyes 0&&,%%%%}3 BT LR Rt B Gy petween
Iab@s 2are arEgdod 3N C. -Rrefstablynthe IPHp]‘f the reavtiom byaurint®dedpetween
|a§&ﬁ 103 afll atCH 1Gg YRS Llsesgﬁlsﬁggf ﬂeabshfgh |1§rbe0ilgtﬁi€rd(ht a EYRJRralRE Between
Rhiises 20 o SIR T bt O Betadl oLtk oRRERN ioul £ ¥R o812 hours
codrthe urttho W@ NRCab owelind@pscos igthe sange baswednkaboutdtdnd about
%M@&: férav&ylth@wél ﬁt&waag&m@@mﬁ%@@ of the mPEG-NPC is about

sulin 5% or
aﬁé’aa P ok Rkt & P GOR o bt 0S8 ok 111, me
@ﬁg}ﬂ’&@n@aﬁﬁ@mﬁ sBRBcich st temptrawprbptvaged abdve 22 @ andhabout 30 °C

Ff&%ﬂewaﬁaﬁttlm@%!ﬁé{ﬁ a:bblft@ra%d ot R &GS, ahd al%datp)yofmdlgrpc to
m nat.l gn a ITe

il 67 Rt P s e i Eind e 50K en eSSy e
PEChiosnliw, lisprlooutlar3&ichio ur he raagc)bﬁtwd@l dboutr2sS, andrabals duft, thgaveight

Q@&age mae@amws?gﬁh yﬁﬁ@m@ﬂmmpétsra%m@o kP, e gmghr% cgylation
subcut aneous se of é ﬁggn@? ﬁel /pﬁlge

VeSS HOTE 8?3811%? SRR Sl?eetglamratpwé i on
pegriatiopecagtion i maneaindd RE@gh abad 25 ﬁ@ ehd #bobi H)FiCofor a period of
QMWﬁ a%@g %ﬁd‘a@gp@ﬁoﬁéqm% pgﬁ@%l§ hOPES: lﬂﬁul‘irpﬁs%ko molar

Insul il n

RS L SO BET T PPUa o dABO - S O e grage golecula
RE(EhCh A mPEGSNIPC iv abbeP0&Daathe ptiiv ez HytaB&ciiosisl i n

{%a?r?%l??deb%t\?%g{aﬁ&&t q{)] I5 %ﬁ&j a‘tQXlt DIEW 129 Ll?@erﬁﬂér%%r? %&‘ {hg r1]eoalitr10$n 18
Aot oo B AL Bhea 5B Tanout 38

hour s]f dabodt PEGyliod HSullrd[Spah@mpouﬂlﬁis loHthie prasent &nvhonmarhaving
l&ﬁ@e@%@q{&eghltﬁf \Rlﬁtgfg? BarHe 1?01&&({‘199111% %Hg&ﬂgd}%ﬁﬁ&ilgflé%% Bie skilled
B RRLnt, UL QLT IET S 41 FLRpLc P e RGP P fpnrchange
tch@nﬁﬁ@;dphy i ‘Olmt rsaacdyi, gel ﬁltfamormhrterrmwgaphy wmey ke REG adcgonate
'n{b?lH llerGylldt&p HPP]?éyIEtQ@ ahé{ & ﬁﬁﬁj%te&’ aRbid 1 %roz&nfbfguﬁdg %n the basis

B t
@éﬁwe'éigff%le}g 'm?etcﬂ af W‘é‘g]é% e A8 gq%s%%reaeonﬁﬁgquﬁuy to the

lav & pgeomdl edudtr areighadf the BEE neddan dtedE.Gyllgtioameaaieng. 0l example, in
3R le é?ﬁ}}lar? Eea@ﬁ’onsxglhe\f@m mmﬁi‘ﬂsﬂs 0%)&91 tgaféﬂ]% H§at$J‘1§PEG having

reaction’is arrigg (0] ter '. .
PR &Y Spgpnsccufan gye 859&“&9 kPéaté? reéwtlp%reeﬁw&m@& 4Ry Gopain
funooalidibd inkul B lﬁptodlaaing atmaldeubr weighesf abowg arsi08 Dabbnsembno-

tPﬁ%K[a‘?&l%éuﬂH lipto ﬁé’\rlﬁ%ﬁfavgfé%e hlrclleblil@r WEEROPESH PSS 0sA85ifns,
di- PEGglate{cjll?rllsgllm isp?o }lila{wng an average molecular weight of about 45,808 Daltons

kDa, and tri-PEGylated insulin lispro having an average molecular weight of about
65,808 Daltons. However, because gel filtration techniques separate compounds based
on hydrodynamic size, mono-PEGylated insulin lispro conjugated to an mPEG having an
average molecular weight of about 20 kDa will migrate during gel filtration as an
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pKa greater than or equal to 10.75 in water. The
present invention also includes a process of naking a

weEByhsae’l i nsulin [ispro conpound of the foreCEUS2009/046704

P-T(A)-(B)], or a pharmaceutically acceptable salt

t hereof, wherein: Ais the A-chain of insulin lispro
(SEQIDNO 1); Bis the B-chain of insulin lispro
(SEQID NO 3); and P is a PEG having a nol ecul ar

wei ght in the range from abeld- 20 kDa to about 40 kDa,
and wherein A and B are properly cross-linked and P is
appragimetbly$2akRenproteat desirie heving beancrdgompldcolat eight of about

eR3hs DArERT DRAc GFi0MPIn e atmeodla/ &tpréa aali- A PECH 1268 sgécm%
R E TR Sk FRTGHAZ SR GRS LG SR 2y
wiffeners nogretidvoxy goitipp éintey kidaveng foy dholin)pupfiertion epdiemmpiantification.
carbonat e (nMPEG NPC) havi ng a wei ght aver age nol ecul ar
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maj. nt ai ne

LB enGRePE BT FORPRR: e teRR ae Beuiiii el ibeion orbon
lobtmearnnd yolwme2s d3@baneh. dhoutrm3 0e:0@dEdT; “langfe’f ioptingfased”
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e
Gt end 45 MRBSADIELY b pd s BNy p R g pRhe bl
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o clane ™ heai B bod ey DER ot re b TG 43gichince
albootse3ie0or Exaumple, pempdficatibng formelnge halefe vabidibe Gpeaitl to

%@éétse ]{30\9(9/'6{ %hlS é@ﬁ;rdcﬁ‘lerelﬁf%ﬂs% € eyﬁal%g’l nttQerk B‘Stllélchﬁhge in

S et ween ab nd abo
éheo‘%i“é%‘# dr%rr‘tém P egé’g%fﬁll aypmf‘ﬂ%ateﬂé 1P t?ehW?eleﬁrtBrmmal log-
ke hakidifs @) ‘éeqrﬁwe Hel ¥ afigeolusen ol b&@ew{ws givghpy the
ab@ition 4, 5,0.40EVIEI)Q Mlcatines ge nmihcﬁeaﬂé Bow waclgiig 6fbetnfge

TR [ Rpu R, Ky, Lhs ot of, LS PegYlatian o

hiveltp bt hempletelydreatl uf érugfo dchennp g ylieatlimgmutior aClehi@ncel is

%Iggsgagbegvot‘pl%é/\%@ﬂn@g%e 25 0C and about 30 OC for a
peri od ween aboyt 3 and about 6 hours. Mbst

pr ef ng%ieg}n TR HEtiEn 4 FSP Y CIEFIER to feimgnpeeniept and
tche of apgenbletviveeinbateo ot hypeiglyaodiaadraulier 4orlitianfer watlgmsulin

%Mﬁ[n@s%uéﬁpﬂs %ﬂda% fMYechéJEL} Q& of BsmtiRESS N.ﬁ’&mgﬁ on?soand

t t
B@‘PW&?HO%?% u‘%oswnéltﬁﬂ% Egﬁh%qai@@g a%ﬁl?als{e?fag f%ﬂ&?@?@f Ure

@bmpbstione atthe presdéns inventivhad predenid eicweasin ofdyoptonZbor @@nplieitions,
%ﬁ@\%tiné(?heosgnfp%'msaop Q%pl?tah&ﬂ,rér'eliminating the disease, condition, or
disorder. The patient to be treated is a mammal, and preferably, a human being.

The PEGylated insulin lispro compounds of Formula I are effective in treating
hyperglycemia by administering to a patient in need thereof a therapeutically effective
amount of one or more compounds of Formula I. As used herein the phrase
“therapeutically effective amount” refers to that amount of a PEGylated insulin lispro
compound of Formula I or compositions thereof sufficient to regulate blood glucose in a
patient. Preferably, a therapeutically effective amount of a PEGylated insulin lispro of
Formula I is from about 0.01 nmol/kg to about 100 nmol/kg. More preferably, a
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If desired, PEGylated insulin Iispro conpounds of the
present invention having different nol ecul ar wei ghts

W@ 2009h8212& 0l at ed usi ng various techni ques knowCT/US290%046704

skilled in the art including, but not limted to, gel
filtration chromat ography and/ or ion exchange

chromat ography. That is to say, gel filtration

chr omat ogr aphy may be used to fractionate

nono- PEGy| at ed, di - PEGy| at edl7-and tri-PEGyl at ed
insulin lispro conmpounds on the basis of their
dicrfpeniiqally pib¢ctizebrmounivsi frgim sboiwhel @ abhiet Sinfrfokkgnigeen more

%f&r@lﬁ? mﬂ&aﬁeﬁﬁ@ﬂﬁyle@eémeb@mﬁﬁ% /Y8 &&tg@ omh&%ltum nmol/kg.
al.l ac

SR Moty RN DS BBl R BT M gy 10
nhwpke Eenoong, poderelly b thesapentonlly affest vedE@nhaviongatant 0.1 to
A¥&Ut 2GEn OB C Bl @ mMB] |98 raBfy 23R cur il Pirectt/B @mount is from

r | tin ct ontain di

R0 A3 5. ML Er R SRRt SRSl founc s from
ab@@g SDakbaons nmebkg - HPES, itiet berngddritnod thetghoarhani oigp
EP'E qug@hmk&s H&rﬁfiou‘ﬁ@bgbéorﬁfosﬁi@f?%m&%’l&%e BehbRNSGylated

| at e n
ST (s o ol AR Bis 5 B Ao RGARS iy in tght
tof the PEGEnttiedmitasagh ingludingphacondiviom eingtreayal (agethe cause of the
'Ti?b&gl%éi‘ﬁla)\’\@ﬂe%mtlcﬁlﬁr @@Qé’stof@’@(}%%d%uhﬁ MSpro bpw{&ﬂar mixture of

trat onte ale conpoun
PEERHRS Ry iy e e 53¢ MRS T s e RRBRTAT
lothsprise, toby argralineuisteed ahe cﬂ@@:ﬁ Ihaamtan@ ratc afinageiration, the age,
n%ll %ﬁc%sﬁ&ﬁgegﬂftheQBd@*aawpa@&t &mhy\ﬁévkn ogﬁfatpﬁuéilwg {yhtoms.

g_g Flltrzﬂﬁ?lon as an roxmategﬁa tj@
g]ﬁ PYleg Oéﬁgeg @1‘8 nm)lIn@B é? 1 tt CO]EﬁO é ﬁblgnfentlon in
26y 8@Mncbal t ons. One skilled in the art would expect a

di - afg. ﬁﬂrhseggﬁ&@ﬁ@&l e%@ﬁfé'b@&)d%@%&@%nsvﬂl&trbdﬁﬁﬂnstration ofa
aver a nol ecul ar wei

haye
vePPOof 8‘?‘%%51“8{1&%?3[ R rBWFF Bt & a%tinl‘:’r@tas‘ﬁ? E@Wﬁéevel- A
febnicalysiormglUfasitih plasogluandlavel ig i@t Q fmigdat Aorinicttenormal

I%Bh&%ﬁdmllfﬂla{%ﬁﬂ%hfé@éeﬁe\le'l fsQess 'EH%B%@m%FHLt he tine taken for
asag%éconcent atian drug i n_the body
fal I

chegpigal chenocyip é‘}ed%%“lh{} SiryFTTe B KRV Rq %“C“r “Pon
seﬂragﬁn it imouy 1dadltd the iffredatiomdli iodieantes medghaunellssstaotitdend

tp%{eml'ﬂ@l 1mh%90éehﬁ%ﬁ$h Js%%@rnfagtlcﬁll ﬂr&&étah@ﬂlghél;m@cuﬁfr weight
|II|n the art preciate that half-

&@Pﬁ %&Hﬁ%?rg%qise@ & ﬁla?erw BYRES.48 ygler%néﬁoslﬁrea?mbvaﬁwdy on
chosdhemivalestabilcty \bﬁinsufm mglvdl mthle bust Bramge i h§talyiBtyrod Insulin”,
@&JV&%L%MC thg @rThe sH@lf ﬁﬁ%@%surﬂéﬁgdﬁ&g Hfamly

cont ext o nat| F [ife
SPBPIPEELEd | mﬂtﬁ 8%’11@%8 queﬁ"g@lf%atﬁ% NG lﬁ%ﬁaéad pelymers)
eartinid) despithieie dact Saginstlatcosmpositaink yresygerllyiseastat a low

&%Fﬁﬁ@ 8f fo ﬁleel %ﬁ] afbbﬁtfze &, vhidt§ r&%MQ%‘ﬁb‘i‘f ?f@ Cﬁnmdeiaably

I NSu I Sp ro relatjv tota}

CRMBYE Loétq;&gee% &t @ r?(gn aampe{aﬁgm ]inﬁl ytlgbrlw 1légr0ducts are subject
dethe fornagoh oficketubtcrypeeabd @ibabnel 4 icorisof skilké@y, anc evheiscarried

tulpﬁle ;:[Sg&%y&ed e[ﬁ C}eﬁt I?)? dtgg‘%%ga éj%pﬂ I it XSSEﬁlaFfolr [He'?ﬂ&lﬁy 3f g H¥rlin

ear anc ecrea for exa
er‘%ﬂuFﬁ feahegprdcrey ta TPy eh TR ?I}dfléso%’ﬂﬂ %ggf?éaté&ﬁeacre%t of

fchemical or physical influences is reduced to an absolute minimum. Therefore, insulin

compositions must demonstrate acceptable chemical and physical stability characteristics
in order to be used therapeutically.
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i ncrease. However, this reciprocal relationship is
exact only when there is no change in the vol une of

wale@vnsdes i on. A useful approximate rel ati onshP@r/us2009/046704

between the termnal loglinear half-life (t ),

cl earance (CL), and volunme of distribution (V) is

given by the equation: X ~ 0.693 (WCL). d earance

does not indicate how much drug is being renoved but,

rat her, the volune of biologi&al fluid such as bl ood

or plasma that would have to be conpletely freed of

drug The oo buahility'bes userbhastin ndferatd thaphySicekandfee ehdngcal stability

%x Rfrﬁﬁﬁﬁ&lsdﬁ PEGyra{eu IRuBRlispr8ledmRunds. Physidd) ﬁlstasﬂlm ofa
used herei n ref
PR BTERin Afpra HrER 08 malBe ERE M Gebs Pl Rt g er gy "
hnqu;@u@l% yoclerm Aigherordsr pelymewrd ey dngmeciprateph Ac btabla's fokhwlation is

%ﬁﬂ%vﬁétn% &He&kg@@ of afggwg@lﬂl&ladf%@ot&@glsta&-%pﬂ%melaﬁoue& and does not
co a

e B kN TR R T By R B PG e

doro lispds foomulsberpie soitsidsred stabletdver goeeetgimnimd pevied ifitlondegeee of
F%ﬂg{ﬁbn ﬁshﬁmﬁﬁl Rfut p%t %% rﬂ@)g ?Wg‘ 505, 1694k, CRPA 0BS, or 30% of the
b oAb S IR BTl 2h sPhapmenygr e
patchie, 2 PEGpkteld nsatie dspre feamnianorals comnigradsebkroabl agertain time
@emf BRINAGpeptiae's B’g@g\h/cat ﬁ&ﬁivwgﬁ feBkt %&@9%%%@% §59%f80%,
%,nﬁé 73{ éilfa r?g%l’ %g F Ob‘%ﬂq /e the AV Qggeﬂf}é %startmg ma'}énal

t h er apbateirg a¢henicaf ftdulity V& wadhertin odffers nretho tendoicg of a PEGylated
%ﬁﬁfp HHS c&ﬁpo’g@iﬁm @nh solub}s prbagd f%% {eQ dbiie: sﬁ!?ﬁ@sﬁder static

"thera eut| I ctive anount refers t

SR oo R e 60 (T A aPaOSBIEB Y bR cevated
F@npﬂ:dtued ofawpempody 20-4¢SC.t Hler chomicsiftdbilety @hs PEGylated insulin

BHYlcahE 0191'(1%@@16 gllnléﬁﬁ)o?lecah Be %e@ﬁ?éd%tdeteﬁﬁﬁfn%raﬁgkrﬂ{oal &tributes in
utl cal ef Il;eectlve ano of G{/
%‘garlﬁlﬁatrqnglaﬁ% (BRSSO o8 ot POvReBISO I COPOT B kg
thomaligwbndiGth omenh £degin fvbive ofttired. €T tetmnylytical attributes that can be
Aherarguhicab k&m@tﬁcfn%ﬁ‘%‘iéﬁ%&é@ﬁ% ‘%veig‘fﬁt §pfe91€§ AU zeQxOlision
. Even nore

?ﬁ’ﬁﬁ%mﬁa@a‘% @ éqs\%é*cﬂafl VEn SRR Or% a?%%ﬁ?f’érﬁgﬁga"@t Bt to
apmificdP@ranetzky. kg. Even nore preferably, a

t her apgUteif aﬁkﬂ YicBfsfaBiii e u?é@iq{éfb'in feferd HARR @RRHLy & FEdyated
aboyt 10 nno fy Even'. nor preferably a

e Hm P F%ﬂqsgfﬂ g lopp inpel uglﬁ@f:m?m Peergalihaa b B!t of yphygical
abiountsuch & shakohg &G PHEwaatedinswdin lippefcematnityona The physical stability

to@ ?Eé?ﬁ{éh 'n?sﬁfnl Msp?cf &%Johl‘{d% o@'ﬁﬁqmenhén Lfl% AMRRR Yr o eﬁnécppenod

ahaut nno prerera eutl ca

e 61 (LR BB 1 B4 68 b B REOTS e Prgsed
Mo westtexls well-knewit m thxearty mebbrdetgoochs trhmtnt toli @ saapieindppedfena
REQULALES HeRSUbdofbaht SR gu&d@ga@ ds&'h a%n QLFEW@dt%f B8ht
conprlsmfg one or nore uI|n %Fﬁﬁ?
CHYBtITISTkEE (UhRF fybidtnPiH @fra %tbonw.T i 1dEH>§ ISP Pregpegspation

ar plyipit@ioarnf protdinsghtompletdién the f@watition.i Othermsdtians &8 assessing
RSl R SANRAAR IR eI bR S Eh bsoRment BFprERUS or
absence of particles or by detecting fibril/gel formation by Thioflavin T fluorescence
microscopy.

Other embodiments of the invention provide pharmaceutical compositions
suitable for administration to a patient, particularly to a human being, comprising a

therapeutically effective amount of at least one PEGylated insulin lispro compound of
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hyper gl ycem a), the particul ar species of PEGyI ated
insulin lispro or particular m xture of PEGyl ated

WO p@alisa128 | spro conpounds to be adm ni stered, BPTTER2009/046704

drugs, insulins or otherw se, to be co-adm nistered,
the chosen parenteral route of adm nistration, the
age, wei ght and response of the individual patient and
the severity of the patient's synptons. Therefore, the
above dosage ranges are not -Intended to limt the
scope of the invention in any manner. The phrase
‘Foumli € raiime oo mpesgnishemageusicalbydacgéniabdsexcipmasn diluchtat buffers,

%@Bﬂl 'iUnE‘étcfr%ﬁﬂrl@ﬂ SliciepHaanRexrd &ﬁnpggmsulré ﬂy@l@aﬂyo tiBugh not
lent res

| fast

R AP iy B e SR ED O%PACAE ol 6 GLBCiaues
luemg corivsntit@allexg Pienty/ kiiffersididuentsi mwetkl ipnsy or ¢matiers for parenteral
@%ﬂl@t@m@h@kemmngh%gﬁe level is less than 140

ng/ dL Cov e che han in t i nsu
o coBar e P STt i GUr I olls il s e ifepsigp are very
[veaged-stloble heephfaomavatticahconfpostidreefithepresdni iwherdior irlcbrlgs a
%sﬁlbys@u@rt@maﬁ&ﬁgtvh@} dMhd mmmg&%n@ I%(%ﬁ‘at%ngﬁfﬁmsﬂ%t ion

6 I%H%J}{%fié at% totapcogﬁqn%t'l(gl o%%r I M%%Et %tl %)’mrfa at least 5
cugipEed ééms‘q Wengmldat lenst kﬂmguﬂemlmt 2(‘511ng4mll htlyasoPS mg/mL, at

hastdol rﬂg/fni gtl 1&/3@{135 Iﬁg/am JO8&t K5 ADGE., Ia{neas$h§mg}ﬂ11§ Yt Rhst 50
Acadeni. ¢ Publ i S

sﬂi‘f-’ZWL i gf“‘@teéﬁ %BIE?F‘P?FGB?%‘HM 8‘Ec§ptia@ hﬁﬁfw@waea}%? Bhirwagputical
leymp drétidndresrapH dronodbosiod. ¢ bl abosidiyy. diyefeedly( @ pmemsggeutical

Qbﬁl?@sﬂﬁfn%f HRMesBRIINRLSH haQUPH BetWEn agﬁﬁ Biot8d hibtkit B 3CMore
insulin conpositions ar

| ca st o
R TR e K T
ilispo ovepoundeatsitetaf contdngratanis ititberads! fiont dpa?. & dhetrol. to about 60

%ﬁ E%d a ﬁui@er 'Wh@fenf @e %rﬁﬁﬂ"{ﬁi%ﬁ FhL }%1 i e Ad é tbRbout 6.0 to
|Hsum rou é%\are sub ect to t of

QP ébl TG BT SYRY P ?Wt‘lcél)coﬁlgo%thne@g‘?aetm‘éﬁ““%%%lﬂﬁﬁ?s
@E@ylatadheyulic &isprd edmpountha agondeetratoh iathp adnge ftomabout 5 mg/mL

qy 560%956 ﬁl@/ﬁﬁpﬁ{dta bukter Wer&f %%hﬁlac&gircaltceﬁlpmﬂ ﬂax a®H in the

an insulin t that_ the tend form su
SOIEBPE R HOOPUEIc: diygh B EICHEa! PRSHFEGHAT compositon
ol dwiicahti@r coplpyisisPAIGyilawdd inemio disprd sompcoimdseai atcon@ntration in the

@QI%Q |fﬂéh§ab€hﬂ'0'ﬂ1§7inﬂ£‘ %cﬁlft 2 fg /n'1Ln§fHJl| d thféPQH&&h%l&e‘{ﬁérrﬁ%é&ﬂcal
dermonstrat e accept ab hem cal _and physical stabi eraLK,

CARPSEionhag p piddn r'fgl,ga érlomt aboyld. 3 oggout 7.5, Even more pre
phemapetitil campysitithef therinvehg traduiniprisgs P By laskids tiarlspro

cslfn Sovhdl & atéaﬁceﬂt}xt%nqal'theqa%/e%n%%m fs%g/ﬁmg Libduk Yo ﬁlfg/mL and
Ig&’&‘f ati qns lated T nsulin |ispr

OHfers R QF&’B?YFIF‘%’“B? (G n e i e .%@Blr%out 7010
fabeunilSadi foom ateopt H.O te dwserl0.bivaggere gatfiraity, afphbineceutical

QB&B@S'I&JH@%QH\L@%&O& femL ﬂg@h@ggﬁh&a{ @gﬁca QEﬂ&ﬁbéalﬁ%t of an

even precipit tion 1Is one ?
e ey et prggeéﬁb@g e B o Prigrudr Aselos e émealﬁfﬁi?rab y, the
Gontin edalleds a eapill-ghoies imsolin analog. Most preferably, the rapid-acting insulin
analog is insulin lispro.

The term "buffer” refers to a solution that resists changes in pH by the action of its
acid-base conjugate components. Preferably, the buffers employed are pharmaceutically
acceptable buffers. The phrase "pharmaceutically acceptable buffer” refers to a solution
that is safe for use in insulin formulations and that has the effect of controlling the pH of
the pharmaceutical composition at the pH desired. In preferred embodiments, the buffer
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i ncrease unacceptably with tine. In certain
enbodi nents of the invention, a PEGylated insulin

wo p@pnse1®r mul ati on is consi dered stabl e over BCT/ER1089/646704

time period if the degree of aggregation is within

about 1% 2% 3% 4% 5% 10% 15% 20% 25% or 30% of
the degree of aggregation observed in the starting
material. In certain enbodinents of the invention, a
PEGyl ated insulin lispro forMul ation is considered
stable over a certain tinme period if the pol ypeptide's
theod pidiicthk raage frointapout$.(atp ab@r §t5. Mbaye preg@shly, IBokufoOb4s a pH
815?4{3 r %fro@%utWﬂo atﬁ&r{% (ﬁ%rn@?%féﬁlly@%&%lé h8fers for

act i rved wi e star

ettt S oS B e TP Rigps e Gt Bulhe
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ncl u
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IaB&It gggg« aﬂ-%?%%i@&ﬁﬁz :E%nn&@ ﬁf&fé;?oéﬂrﬂhﬁﬁ{a%guﬁﬂQompos1t10n of

eI SN SRR AN GRS
mhmmczclfcomp@E@I odﬂed)r@snlmh\{emld)n spoiscdepyasn than 7.6 oM
faRd mdunwﬂggﬁ%[ﬁugfeﬁl E\reﬁ@%@&@ﬁe@éﬁlﬁ% Har&%ééﬁh&al ea‘)mﬁosmon of
e T e SR (R oot A MRl
PEGy matequlefembly| 4 pharapenticat omgosinds ofthe piegent myemiton @pmprises
{EA0P ARG Ao IRS bOREhb by Fph e
PP X QoM YR LRI DR G RS
[ ncI ud@haBE Geasd msaieniispaf compsamis laed sorgypisioandt the 1nyention may
Rk tf(ﬁﬁfﬁﬁhéggagalgéeor}%fggﬂ%h lén%% %%ﬁtﬁgrﬁsﬁ%}l&gﬁhﬁﬁ&t agﬁgagl%%i%iyt)elﬁd to
tpa?%ﬁtseﬁaf%meaﬁlr V2 S e reRap B o1 oL grrbtiaﬁ B bl
Q@degﬂitmxmhn disprp cenp@intati konmat [ predomiuteedmalogogsyexidsthe
uﬁh%ofl 8f HUWE(@@® 1ngllnleﬁslp}'5€cf< @%IIB@r Tﬂééfo?@ 'arﬁge T,rreéil

S| st ab re we nown 1 n art I NC n
@Péﬂﬁt’“&%ég@ﬁ‘&%%‘ gfhemreég@ﬁ%@n%?n laﬁé%%péwwatﬁam ;anggﬂd
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fatéég{asl%%ﬁﬂsﬁ wafg.fa&g rm&aﬁal @q@%gh&?@étﬁe B etR§ further

I nventi on provi eutlc osl t 1 ons
comprises a pharmaceutlcall acceptab ¢ preservative. More preferably, a pharmaceutical

composition of the invention further comprises a divalent cation such as zinc and/or
cobalt, which can faciliate hexamerization of insulin. Even more preferably, a
pharmaceutical composition of the invention further comprises at least one hexamer-
stabilizing agent. Furthermore, hydrochloric acid and/or sodium hydroxide may be added
to adjust pH.

An “isotonicity agent” is a compound that is physiologically tolerated and imparts

a suitable tonicity to a formulation to prevent the net flow of water across cell membranes
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suitable for admnistration to a patient, particularly
to a human being, conprising a therapeutically

w@tdoessitee anount of at | east one PEGyl ated i nBCI/U§2009/046704

i spro conpound of Fornula | and one or nore
pharmaceutically acceptabl e excipients, diluents,
buffers, netal ions, or carriers. Such pharmaceutica
conpositions are typically, though not necessarily,
parenteral in nature and may2lbe prepared by any of a
variety of techniques using conventional excipients,
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about THe pharfaenticabeanosiedesr eltheypresantphramtiaic ey als@atontain a

%e;;m% Iy Fﬂmmgfcoﬁl&ﬁma n’fﬁé‘ﬁﬁr%@s GRIRLLSEDiIR) @/c'oﬂig&qld” refers to a

insulin oun a concentration |
PARGE SR lg@e%af M bCQROHE ! et S HES YA ghgSared
st fire Hispadn esngpoon dshef tiephaesesdewhticain aderpogictasaiahasstae pH

Idﬂllctltnl?ldhg%ﬁ éd'bglmc@@%lr'tm&ep 111019 esg raﬁ}lmls

about about ven nD pré%era
pARcHade ghicads. EQS’HB%%NW‘%H“W”%% adRhsA! Cdﬁmpamdﬁaé}amculaﬂy
phail, ipheslia ptehar aijyey) trésomlidoy, 4&hidotyav@amdbiae dthy dbxgrnzamide,

and 2,7-dihyroxynaphthalene, are known hexamer-stabilizing compounds for insulin
molecules. Preferably, the hexamer-stabilizing compound is phenol, m-cresol, o-cresol,
p-cresol, chlorocresol, methylparaben, calcium, chloride, or a combination of two or more
of these compounds. More preferably, the hexamer-stabilizing compound is phenol, m-
cresol, calcium, chloride, or a combination thercof. Preferably, a pharmaceutical

composition of the invention comprises between about 1 mM and 75 mM calcium,
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insulin. Even nore preferably, the insulin is an
i nsulin anal og. Even nore preferably, the insulin

WwW@p@bospe1es& a rapid-acting insulin anal og. MstPCT/US2009/046704

preferably, the rapid-acting insulin analog is insulin
lispro. The term"buffer"” refers to a solution that
resists changes in pH by the action of its acid-base
conj ugat e conponents. Preferably, the buffers enpl oyed
are pharmaceutically acceptatd-e buffers. The phrase
"pharmaceutically acceptable buffer” refers to a

dotweti grout haM pl abafiteSOfra¥! calsain, hetwgsiudtiont ¥ oV dabberyd mM

RAiukd) Bétwte@fﬁab}btﬂtes aM ﬁl@tab&h 50 N1 AL Huin) BethvB& d%bht@fS theand

C |.C.a N a
D TP e PR SbOy OIS Bl SRR 1SS esichuph Betyspout
2r5onMadnd abo6 .10 nihd Cdbmmlt b@ween abbuted m¥eind rbdit O mMhealcium,
%Me@% atg)?ﬁs @é\p Ekhdcdgloam rﬁﬂr&@g%flr gﬁg@ ralzl 0 fHarRReut cal

ut i

SRt SRS RIRLT RN G ﬁ@ngﬁ%g%falcmm
i nvenMultruerfotnhilgionanffbe phacmmgtlcabmmmmonmf thd presead
th»en@(Qlelﬁiysathta dﬁ@é&%ﬂ% erhca&al %tré%ervﬁt'l\ter’ & to a compound

@8 m?] g{e){l%%-lgéeﬂlsh%aﬁl g%fnuia.%qlﬁdoégte 2}52}?121}1‘& rq?l(brol%al agerlltl. Among

Draevio<? kimydr o xXyereet dying B8 tivp popanedibdd in paredtetad any
RhauTReA 46 b&ébwmaﬁa %ﬁl@ha@ Ib@nz%@lbﬁluﬁlhan&@ﬁemdﬂ%pﬁén%ﬁ m-

bas nd t CIOB& etgylpaﬁgﬁ;f‘g pﬁap%?lgarﬁéﬁ a&%owm o~ gspﬁg cresol,

ahkorcasesolr phm;zlhy:rcmhc atiafvotiphérasnak betzoarastdy amd welousamxtures

ttﬁéét;%(fngﬁgﬁ%iélg%Bmﬁr}seﬁ%lo&”ﬁfcﬂ @@ﬁethﬂbﬁfag{r]laﬁieﬁwle %%d m-cresol, are
uf i Siti )

A R M DAY SR

chanfR Batbodréase cithvb pleysprledrehaticyl stabiligh ar etk €3¢ €@l Birnbaum,

¢PADQBLA IFARSHRELINE RPS §8085 16 '(f%‘?PtRaQﬁbl W%Bhﬁ@s Adom

bot ! ate aqr . TRLS
e%?ﬂé%ﬁg%%égﬂ? B RRGR af e dhiBlse i g pends
tphenoh meserdl, o-cresrtp- Umod;@hiorqcsassl fnbthmpaﬂabm argl mivhtrey thereof.

afe HFesérQathE’é@l(ﬁ R BB, Jrafe P@ﬁ%emgﬁm@ﬁﬁ%%B P&&ﬁds 8f the

phar maceut i cal ositi1on of resen I nven

@Bﬁfﬂt RNV be§ %ﬁ%ﬁﬁ%?tévebmr%ary CRYCHTRST " bforent
proef the adlayner-stalphangraoawiing abrecopo dictphanliopresdreative is m-

QFe%éleo? hén%v eMBﬂe f&%’fpfd ﬁ&ﬁﬁn&&%ﬁt‘(&%ﬁ&nﬂy@%&m ofﬁlefﬂ}/és@ﬁd
Even nor esﬁr efera

%Vgr%tf@mprlé%p %)ﬁﬁ%@@?rtm ST § FC O ToP N g about 75
aovips h peserieiveeenplalomtabd@ iMoahout abdA. RE&nnivrd ptiefsrably, a

gu&&ﬁseutla%am qtﬁ)nmfafeeﬁ;&%txmeﬁumg& Eﬁo@'andbor m-cresol at

oSit]o {% Senhﬂ}l? nventi on conpri se§ %
S5O TS TP b GE0S0 HOTHRY PSR St Trom about 7
pbaft pHa). yEvea npihapmicdiyt b padrmecnpces compositoh of the present

Qlﬁ%ﬁﬁ(ﬁlt co?r%%?%tp!h&ﬂ)l ?W Ih 3R3012P2Uncd R T Egh%b&ﬂflf) & about 40

I nNsu I'1 spro. coppounds an
TP Pfeﬁ%ﬁagwsﬁt 1 N TORABAYS “dhtopayut BE &G r isn fiqsgpreferably, a
@halhmg@l.msélycommshndnrwm preemihahii@nenpkisésiphenhdl asd/ddadcresol at

%rc%nc%qﬁra\tfb'n%&‘ %o%%(s M at a pH from about 7.0 to about pH 8.0. Most preferably,
a pharmaceutical composition of the present invention comprises phenol and/or m-cresol
at a concentration of about 30 mM at a pH from about 7.3 to about pH 7.5.

As mentioned above, the pharmaceutical compositions of the present invention
may comprise divalent metal cations such as zinc or cobalt that drive hexamerization of

insulin or otherwise stabilize insulin compounds. "Divalent metal cation” means the ion
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patients parenterally. Such fornulations are known to
one skilled in the art. Preferably, PEGylated insulin

wo e@pnseieonpounds of Formula | are formnul at ed PCT/US2009/046704

anal ogously with the formul ation of HUMALOEr) insulin
l'ispro or Humulin(r). Therefore, a preferred

phar maceuti cal conposition of the present invention

may conprise water, a PEGylated insulin |ispro

conpound of Forrmula I, an iszonicity agent, and a
pharmaceutically acceptable buffer. Preferably, a

oh anprtieepariicdpdte wdomos campex with ¢ altiphvienefipoeieif mrdldeales. The
GRARAISEASaIS (ROAKATRE %&dlsc ahd ﬂlé’lﬁl‘kﬁlﬁ}k%@hl@mﬁfaﬁ%ﬁf éé@hlb}é‘é? of metals

o GBS P RS FB S bR RRT T8 e S e

praforen draderaldplzhd dlvalvmnmml catpnfineid dratoee dighaentionyatecod

Gfond tAS Yhoup cmﬁ}éﬁn%gmﬁc B, Elgﬁétmt)/mclél mgm@&e%gﬁ@hm
| l

t f
RGBT e AT SRR Zg: g Ch iR oy e is known o
Hacdllitate i edfpineatiae pthexaniéns |0f m@dmmﬂ h“,‘/mr@m theulmeapaloes added

taeriadiv s Incﬁlglingmmlh ﬁ@tr@ Mg ﬂrMna@QFoné of dicaléht ERIIROHBH as zinc or
PR IS i b T BEvahy P By e fmion
folf bewakrswi therP Edtatsisingidin lispre whmpovads dicthe pregeni mveioh and/or

Wh{ brh&nn@GH 5 igdu@ih %ﬂal@éﬁﬁ g@ﬁﬁﬁl&&&a&al capRRioh 'c@lﬂprlslng a
S CO

Pt il MuSite homipd gl DR Pres & BB ik ResT e goht &

iphelolid eresdrvasivhdrexangdornaticnimay be Suidimtalbyduingmgtthe pH of a

sgliahﬁgfkn{p@lsﬁ?@ﬂmaﬁ&euaaﬁ c&ggs&mog& of thé gre%ﬂk In%erﬁiéﬁ Mnt&the neutral

T BT YGRS, by Agting 2D AL B ] B feen adjusted

do thaocliad reges. Prdtralely.rtyg rabobf zint tolingwlin e«zinpcamd lissodiosmlog,

%H@Bpﬁm 1§t@c‘f’mtsﬁ1§1hi%bfb3c%m g1 P BAMABEQ Y 16&Er limit by about 0.33,
esent Il nvent i

osi t | ons
RO 1ot o BB er, e e PO P
ﬁmsuhm ligtrd bexemef. Moee preiesbhyt the matentfizon thavdinaompoundyms@in

l,3Q50Rh &bt P’E@}gﬁ@d R 15513%9@9&&1 @b Rraliathan awut 61 6@N
I sotoniclLty | ran out

SO IBaryQ?eélrs%th?m%lﬂf?é”r??Bstl A F%‘P?%}lngg@hw@)etqs with the
prytae f@lzincdordig olch as ciorto sephdpl@lts, itpresasl dxegss aindAlmrve the

fiﬁ{dﬂﬁttn%éded ?Nr%x%r&aﬁfn%ﬁf tﬁk&eMrabieﬁ@ rﬂo%@stn%ﬂlgl?'dh)&e agent
IS ycer o sor |tg uc nd/ ©

Yeﬁ%%%t@n T ehraitp PEZiB @f %%uﬁﬁ Peﬂnpogan%awp ana&% BRYS |
sPtEﬁyhm@l infh@llispro compeind ffosebatt 03 3cto rlb@n D18t iAdso, fex@m zinc
%p%tthe’l'agl%tﬁlpn%ﬁ%r g&Qm@Ma’tlén n%gn%seﬁtrfn Epﬁarmaceutlcal

p ar maceutl C ositio resen I nvent.l .
EQRROHE T é’F‘?P%{nE‘S?n“@ %fﬁﬁnew bedesiy f‘oﬁ%lélﬁltows‘el?e&ﬂw? Pshn
aphpdal $OEityotoatnptotve 2@8paniiability P raed passiblyrto ektend time- agt10n
Rhalre6s %'o%# haﬁf&”%%&éésfv’e %%ﬁ% of B RCESRN: lph&}éﬁm bg%

Even nore preferab cero] at a concen I on
AW SoDREPEH IO Tip IS Zigf BRsAats, Fespgvely, & well'as
pizalimaceut i cal conpositions of the present invention.

Even ﬂpd:cgmﬁg&t: %tﬂ%eypreﬁhﬁ/iﬁ%nﬂbn, 3fnc may be present in the formulation
in an amount from about 0.3 mole to about 3 moles per mole of insulin, insulin analog,
and PEGylated insulin lispro hexamer. More preferably, zinc is present in the
pharmaceutical compositions of the present invention in an amount from about 0.3 mole
to about 1 mole per mole of total insulin, insulin analog, and PEGylated insulin lispro

hexamer. Even more preferably, zinc is present in the pharmaceutical compositions of



10

15

20

25

30

35

a concentration fromabout 130 to about 175 mMis
present in the pharmaceutical conpositions of the

wWpe@saski2g nventi on. Even nore preferably, NaC PEL/US2009/046704

concentration fromabout 50 to about 300 mMMis present
in the pharmaceutical conpositions of the present

i nvention. Even nore preferably, NaCl at a
concentration from about 100 to about 200 nMis

present in the pharmaceutica4-conpositions of the
present invention. Mst preferably, NaCl at a
dlorrenntiavanton wfanabount flB0abevt §.3 motete ebtut DA mdieper mole of

@&@rlmﬁﬁ uhguqaalanac;@%m@cspmﬁa@d Qfsumnespm&&@lﬁ&r INMOLE e FeRdbly, zine

h
TSR By et ENDeT 4 R e S8R g emount rom
@berp Odrmdole TraboptH: Hsmsle phlgn@ipmf ingitlmbinkilini anglog.cwrd GG fiotlated

n@sﬁﬁ% ﬁ%ﬂr@h@(aﬂl@f‘ ﬂfe%r@'cgﬁﬁ&ﬁﬂdsmat FRldes pmd Fb@'fl}eﬁ{r}es@ﬁh%hnon
u Z€ES |
EERR RaEh ey BREO P ATG YT T i HORaH RS Reutin
pspaciiatsiipknosinah ¢he afabcirapharoasyticeilp gcceptoblabourcas op piae.,

D GKEb1y ilﬁcol@ prom%ig@ §ssé éhlm sUTRAGANE S Bfatc@hOMBoride, zinc acetate, zinc
ar ul a brom de, iodide, thiocyanate,

lorid
epﬁlgﬁ&“ﬁ% 0&6%8’6%?3 particul arly phenol, phenolic
pr esehvafurtigsmbodisentifiiod inveh‘tiommlpbmemtiad|0b1mg®iti0n of the

%rr]égmﬁ@éémg&mﬁn@trgsm 18R oo of éﬁdr@ wrﬁwggfma@hﬁ N fa@hf" as
X S S i.nsu

tﬂl%gnclwﬂrﬁ%?%mm R F P SRR R on i A hdsomtion a
cﬂm’fplehmnid ingripbe nodamples of mﬁabt,anto inchids, ofithopt lummgh nonionic
G RERE! &R ks % mélte@ so%{e%olﬂ?'bol%ﬂrﬁmé Q’(ﬁ R?g&aﬁlers

R e r@,g@tgm%gp@;s%a@ﬂw

;gtwnlo hnd cmpplerm@ts of e&lykcneumd peéybame glycolde. gapmmlmsn%ﬁéi&) nFor
te%%ﬁ;?ﬁ&%eﬂsﬁ?%ﬁ%’g%% l?ei Srgseﬁhiﬁ Va%%%é&gél C% W ntdran ﬁ?ésent
R T Be e B BT S o B ors 8P D 30 ot erably,
holgt sivefectarda losadtin fnlhamdcatiioaltco@posithdnodltlel puesentbatongemis
%Bf&a&mé 1%/' m Qf%i‘ﬁBlyS@le@Mf&@énFis &Bmoxg}ﬁ&%g Bt a@&%éménél

mvl
J-J?B%Fn i@“ﬁ‘# a o Hcoa%g%%ﬁwﬁﬁ%s‘q@a@dﬁkﬂﬁﬁa "%ﬂﬂe&‘@eeﬂ
rvbut dlacd amut bemgmedn batbeet atbunivimiredoatbiOubg/ B0, didveen about 4 and
GBbE 1M/ rQEtb@’ﬁ)@erén %’(9&”1 ard S0 Fhe %@%Etw%@n Mu?@ﬁ&i aﬂ‘)ﬁht 5

Mor e refera armac utical co it]on

THRBR t?%%eeeaw 3 nd M Do Petzvegp shoppd Olmé] g/

cal ci Ulhe inkéitioh alys profvolesu PEGylotks isfilit grpétarpracdeofthocahla I or

COMRARLLIRNR &Eepu%?e Rl ARAIE fdrrll\bleeﬁttl'lé)t?ea{fﬁéﬁt? g@&%ﬁa n
ervat| term preservative" ers

@B&B’o%?ﬁ?teéda raP]é( ‘é‘ MH4PSaceuti cal formul ation to act

as anTaninvertiog kbbb palvidage REGylard ngulir Bper satpousdsofidioomnla I or

h&‘ﬂﬁeéﬁ Ealgf%l‘cg(ﬁ)'ta{ﬂ)gz s%ftftl‘rae%olf ‘ﬂ t@&gﬁfﬁtﬁﬂ:%f edlcament for

p rentera | ati ons ar enz ni.um C
StpRSh P LR OB e BB kST ¢l aﬁste rﬁg%tr PapRas)

Pharmaceutical compositions comprising a PEGylated insulin hspro according to

the present invention may be administered parenterally to patients in need of such a
treatment. Parenteral administration may be performed by subcutaneous, intramuscular
or intravenous injection by means of a syringe, optionally a pen-like syringe, or
mechanical driven injector. Alternatively, parenteral administration can be performed by

means of an infusion pump.
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benzyl al cohol, nethyl paraben, propyl paraben,
chl or obut anol, o-cresol, p-cresol, chlorocresol,

wW@b@astbates curi c nitrate, thimerosal, benzoic aRCHUS20L046704

various m xtures thereof. Certain phenolic
preservatives, such as nethyl paraben, phenol, and
mcresol, are known to bind to insulin and

insulin-like nolecules and thereby to induce
conformati onal changes that -2;acrease either physica

or chem cal stability, or both (See, e.g., Birnbaum

D. T., et al, Pharnmaceut PraparatResl. 14: 25-36 (1997);
Rahuel -Cl ernont, S., et al, Biochem stry 36:5837-5845
(ALSV-HSCH PHEAE)-Hinsupin Espaoy 3k anddlysBA&-HSdE, CiHy € O-insulin lispro
gppounds phenol, mcresol, o-cresol, p-creso

chl or pgE &R eacﬁ%‘f hMlsféﬁ{ @ﬁ%@ @HO|NIF'y2ﬁt05er?1 §c1ﬁ1H§JeQ@JfHS) he

preservative used f drnul ati ons
idispronylopibegiimide éﬂﬂ?aumwe@fn 1 mé DMESER0 mwgwpupmawéfyt
S HCHHENOH Sesprr e Sevatth weol ahidsulmylispre it diesobaden Hsplof 5%

I f i %r ent 'E]i m H% Taﬁl% sol%hoanblls lal (fedrbgz nclr%npacldvg d Trt-
i@f‘z PR R IFRPLE. 2 ol Bl R o
@efrmul‘rw tpe @semn iThy eaactlomnme;tmqaus tteeslilptaéwah 9and/ oH,O and
m 0 af%%%& ? 81%{:11 orrt%%}l f0r ogfleacP ollflé tO a?gi q’l?; L%%%t '?rt
ﬁ@éﬁ%ﬁ b 1 ek e el o Ko o Se e T
(fmnqncms iof Gty 16Tt SEqu}HgKbntsuluml\vs@m {1parc pooipd arsielgom]hiezndxl One-
t t f. b
q%n?h g}w %g&) 1% 8%,52010 sn f ?IE‘A %gntalh%g]lpa n%g Bf %oal}lsﬂe and

I've at om a
0ct mb @ﬁtru@pr@ybslla@ eéhftemgf) esnlpﬂ@%e},s a@ng)ved by evaporation and the
péraduamptdd i ls sdkecomposl bf BlYe 6N indl,Pr dhendsulting ecrlutuomns applied

/.or cresol .at. a
O RP GRS P RS § RIS £ 8ioBs S OEFL AL pSeq e
fopenatpdyephitized-t o about pH 8.0. Even nore preferably,
a pharmaceuti cal conposition of the present invention
conprises phenol and/or pr&haesfh 22t a concentration of
about 30 MM at a pH fromabout 7.0 to about pH 8.0.

'WhsB 1S A Co—iduRR&§FRGBUL | cal conposition of the
present invertion conprises phenol and/or mcresol at

a conbaerfangdy el ffinybplitrrao dawlxed i 19rk plotve ABdup DMSO. To
ttlﬂa sahdivh ispiddod @2 misol HEJI&EI@-B@@IC@I’@@N@G 1ntI]5MSO After 1 hour at room

erln%&rgl'ﬂi ﬁlil a3 ne 1§ d Poft Ilhhl?atg hEF&ton. ThE I?(—I:acg(gh
£
EBbar PR vﬂﬁw %Eﬂlﬁ‘ BT Ovﬁqgwﬁ tfgotiimior

PuABEMLS ETIR @bﬂrédl fZeﬁubﬂieSdﬂ |B|06-GCI5MJD B4 5B PinviaingRpronged @oled

%ﬁéig ”1&111%% ”% rilo*f‘fé) 1s°c?rs%iV8AH1 fo%n mff%&ﬁ% in
B loR s e ) hioLfars PR B OGS
aubk@ lat %Sm&&ﬁﬁéﬂat{ﬂiﬁt (an ﬁqlﬁdﬂ&n@%ﬂﬁ@| iesddedl toeindhfe theadacBs The

koeMbh tfkufr [sqhé}lm{eﬁ)(ﬁﬁl oW D of HW&ﬂd&pﬁ@éﬁ%’fW@ﬁP d¥column
transitional netals are preferred. Preferably, the

donnarifieatione T hy desired Geetions asppocded andryopbilizedie veeld Tons
€l CHeCO Photi, Bree- @y Sl Boc drysB - inmgindispwi (6 , Orpeptl mymol of (6)

T (?1550 V’ed n o § mElTFA conga‘rflnr}r%gs’ &2 mriagfql%%imlils%e and 0.4 mL of
triisopropylsilane. After 30 min, TFA is removed by evaporation and the residual peptide
is taken in 50 mL of 10% ACN in H,0. The resulting solution is applied to a RP-C18
column for purification. The desired fractions are pooled and lyophilized to yield (7).
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cadmum and iron. Mre preferably, zinc is the
divalent netal cation. Zinc is known to facilitate the

wo e0oaasiioh of hexaners of insulin and of vari ORGT/US2009/046704

i nsulin anal ogs and/or derivatives, including insulin
lispro. The primary role of divalent cations such as
zinc or cobalt in pharnmaceutical conpositions of the
present invention is to facilitate formation of
hexamers of the PEGylated i nxulin |lispro conpounds of
the present invention and/or any other insulins or
iFrxe miplenl : aPBGplgtion of thighdarinatized insghn lispoopetsim ¢diates

conpr wnalgetﬁofﬁ@@m hhISHd dVetabs ﬁbfécﬁm@gm df Aout HBKDa

b EEROa B R ok P O R TBRORE Py BORRE phfogum,
@H—Lﬁg ibngert(hE 4619) afd ACNo AUty prinlizsd ppwiles ioh g thiol-derivatized insulin
eéb‘iﬂp%@llld PIPOSH {7h, N1ded totthesoitRa e Mhe feaa/tﬁ)ﬁtrﬁa%e

f 7
f@ Qeufs aB;ZY%fa 2R AL @?3{0%6%%? W eher

ABPTQEIMatELt Hheuwse. the miviute iy dfteshvitsd @}daaﬁp d fer REHFEC
Qb luBin¥6r ﬂu%ﬁlczﬁﬁu’rl' TRe @&ﬁp@ﬂmmg [ Pbdigy ﬁ{d% lllz@m/ﬂad the

at ed ulinlis ro he
PR B B 2SR P g Ol osompgunas
iprepaiteil s desgaired in Exangnié i nreathgeIMXa@éw)), &(U)HoO(a)), (9(b)),
F(’ﬁféd) Al16@)) £}§1Lth5(@))| P%I@Jrébll/ﬂQPfe%ETPEGyMéH%Bﬁ@ﬁ@l}@wdpouﬁ&%u

PR AR I R 1 IR NG S
(ns8B8n tigrabouioudds6¥ill heveminrthe @ngd fiem plegut BEO wsboutd60.i Mgre
tpmer%p Ocﬁc%é Pyzty@teg%mw Nehré B&hpo%amﬁl%vé% frhind BSce from about

telLn r I NC DI ndi.n 1 trat
B inanet; BV mdiemerOy, ST 2R Fley i Fe Rlorogaspppunds wit
ﬂllemjieoif about 406 gadEouzH0| @vemyrehmefdla‘sllyrth@leQEﬁylalminasuhn lispro

%B&B&Hlldé/wﬂf haV€ 1 REXYTRE (2R 1208t 5@0 gMost%rJf@rﬁlM? tRlse %Eﬁ%?lated
ulin compoun |nsu$|n é@g og, and/or  PEGyI at ed
u

lwghlvfwrwg’moa ity P t 0.33 to about O.83.
Al so, excess zi nc above the anpbunt needed for
hexaneri zati on can be prEsent in a pharmaceuti cal

cGhposi tion of thg/Qig%AhI i nvention, and may be
desirable to i nHiSove emNN&8l and physical stability,
to inprove "suspendability?, and possibly to extend
time-action further. Glon t[N(abtltvat irarih ligxoessi ve
amounts of zinc in citrate or phosphate buffers m ght
| ead to precipitation of zinc citrate or zinc
phosphate, respectively, as well as insulin. In
accordance with the present) i nvention, zinc may be
present in the fornmulationflin an amount from about 0.3

Je to about 3 npkes motgpof insulin, insulin
anal og, and PEGyl ated |nsuI|n I|spro hexaner Mor e
preferably, zinc is presephqf Ie(e 8 RRPLTREEULLGA
conpositions of the pre%én n-an arount
fromabout 0.3 nole

@)

™ HS/\)J\NH

PheB1[N(alpha)] insulin lispro



to about 1 nole per nole of total insulin, insulin
anal og, and PEGyl ated insulin |ispro hexaner. Even
woreroe/1f1es er ably, zinc is present in the phar nBCBEUS1000046704
conpositions ofthe present invention in an anmount from
about 0.3 nole to about 0.7 nole per nole of total
insulin, insulin analog, and PEGylated insulin lispro
hexamer. Most preferably, zinc is present in the
phar maceuti cal conpositions-zf& the present invention
in an anount from about 0.3 nole to about 0.55 nole
pe@(apl e of insulin, insulin anal og, and PEGyl at ed
insulin lispro hexamer. The zinc conpound that

provides zinc for the pyesent invention may be any
pharmaceutical ly ceptQbl e zinc conpound. The
adQﬂgFon/ j i }n prepgyations is known in
the art, as]@re ppharmag jcallyllaccept abl e sources of
zinc. Preferably, zinc/ s pSovidedNak a salt, such as

zinc sulfate, zinc chloride, zin tate,. zinc ..
citrate, zinc oxide, or zincCﬁ?@ﬁgéggp%ﬁﬁdnﬁﬂﬂpﬂgﬂno
enbodi ment of the invention the pharnmaceutica

co(ggby) tion of the present invention further conprises
one or nore surfactants. The term "surfactant” as used
herein, includes agents that reduce the surface
tension of a liquid by adsorption at the air-liquid
interface. Exanples of surfactants include, w thout
l'imtation, nonignict$urfactants, such as polysorbates
(e.g., polysorbafle 80\or pol ysgybate 20); pol oxaners
(e, als - Jriton(gm (e.qg.,Triton(tm

X- 90 ) pdlyethyl gl y€ol7SporyprNplyl gl ycol; and
copolynmers of ethyl ene and prop ! ene gl ycol (e.g.,

pl uroni cs, PF68). For exanpilgAl{Néalpha)biosahn lespobe
present in a pharmaceutical conposition of the present
i nvention in an anmount from about 0.001-0.5% e.qg.,
from about 0.05-0.3% Preferably, the surfactant used
in the pharmaceutical conposition of the present

i ngg@bh)on is pol oxaner 188. More preferably, the
surfactant is pol oxamer 188 at a concentration between
about 0.5 and abo 10O/ nL, between about 1 and
about _10 ng/nL, begfween\\about 2 and about 10 ng/nL,

begyetn\aﬁbii/aj@ 10 ny/ L, between about 4
and” about 10nng/pylL, be

ahout{{ 1 and about 5 ng/ni,
bet ween about 2 and ut 5S5ny , Nb&t ween about 3 and

about 5 ng/nL, and between about land aboyt 5 mo/.mL.
The invention al so providesLdSB@§3N>ﬂ@ﬂﬁﬂﬁi&9$ﬂu}h§93b
conpound of Forrmula | or a pharmaceutically acceptable
salt thereof for use in the treatnent of hypoglycem a
and/ or di abetes, preferably, in humans. The invention
aliﬁqﬁiovides a PEGyl ated insulin |lispro conpound of
Fo I

or a pharmaceutically acceptable salt
thereof for use in the manufacture of a nedi canent for

o < o
- {/\/O\];/\/NK/;%« S/\)LIFH

LysB28[N(epsilon)] insulin lispro




the treatnent of hypogl ycem a and/ or di abetes,

preferably, in humans. Pharnmaceutical conpositions
w@owpnsdesg a PEGyl ated insulin |ispro accor di POI/US200$1¢46704

present invention nmay be adm ni stered parenterally to

patients in need of such a treatnment. Parentera

adm ni stration may be perforned by subcut aneous,

i ntramuscul ar or intravenous injection by neans of a

syringe, optionally a pen-I|ike syringe, or nechanica

driven injector. Alternatively, parenteral

@g)stratlon can be perforned by neans of an

|nfu3|on punp. Preparation 1 d yAl - HSCH 2CH2CO i nsul i n

lispro (3) and sB28- HSCH 2CH2CO-i nsulin lispro (4)

One mmol each of Tr tQscH2CH2C0 OH,

N- hydr ox i nifm NHS)

ixed in 2 nL DVF for
30 "Ml nut es Ar epar - NHS ester.
One-tenth Tmol of ingulinSiispro i's dissolved in 10 nL
of 5% triethylam n€)(TEA) in DNBCJ To the solution is
added 0.2 mmol activated Trt NHS. After 2
hours at room tenperature, Eﬁﬁhéﬁméﬁllanlne i's
added to term nate the reacﬂﬂ%ﬂmﬁhﬁmg)reactlon m xture
is then diluted with 90 nL O H20O and applied onto a
Rﬁﬁﬁb 8 colum for purification. The desired fractions
B28-Trt- SCH2CH2CO-insulin lispro (2) are pool ed
and | yophilized. Separately, the desired fractions of
AyA -Trt-SCH2CH2CO insulin lispro (1) are pool ed and
| yophilized. Onetenth mgpl of (1) or (2) is dissolved
in 5 nL TFA containjng O\2 nL of thioanisole and 0.4
nLoftn§§prpw- After Q0 mn, TFA is

d the,regi dual peptide is
taken in 50|fL of 10% [ resul ting
solutron is applied to

m for
purification. The desired fractions of (3) or (4) are
pool ed and, optionally, Iyopﬂﬂk&ﬂéﬂ%ﬂ hgy)ar ati on 2
PheBl - HSCH 2CH2CO-i nsulin | i spE Aqwﬁﬁ% e-tenth mml of
insulin lispro is dissolved in of 5% TEA in
DMSO.  To the solution is added 0.2 nmol of

di(1¥ed - butyl carbonate in DMSO. After 1 hour at room
tenperature, 0.2 nL ethanolanine is added to term nate
the reaction. The reaction mxture is then dil uted
with 90 nL OFH20 gnd applied onto a RP-C 18 col um for

purifigatio The||ldesi red fr cti@ns of Boc d yAI
BOQ L Ii lispro a pojgl ed
O
W .
g |
) N O
/ Y LysB28[N(epsilon)]
O, insulin lispro

O

@ZD
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and |lyophilized to yield (5). One-tenth mmol of (5) is
di ssolved in 10 nL of 5% TEA in DMSO To the sol ution

WO 200adstael8 0. 2 nmpl acti vated Trt - SCH2CH2CO- NHSPCRIUSZ009/046704

hours at roomtenperature, 0.2 nL ethanolanine is

added to termnate the reaction. The reaction m xture

is then diluted with 90 nL of H O and applied onto a

RP- C 8 columm for purification. The desired

fractions are pooled and |lyephilized to yield Trt-
SCH2CH2CO- PheBlI, Boc-G yAl, Boc-LysB28-insulin lispro
(EBpmp&nds -RECptlationnad linsofin (i) roj usingi nseywimegltbxy pol(ettylenEAlycol) p-
ckiimmien'yln@r'@m@tﬂ’(mlliﬁG-ﬁ‘iﬂ(Bani sole and 0.4 nL of
triisopropylsilane. After 30 min, TFA is renoved by

evagggﬁékéﬁﬂl aRel 1&151@1%22151025;%%%0??@% ﬂﬁ‘mL%f b Qlf\@ Boaﬂaﬁ b'i_iﬁ"eﬁbH
b sy wPeEAPe MG S bree Do REH el Ry 5% in 20
fmIaACNosl sddad ¢ thoedletchnavith Vigapim stirtzed Tho reactednds monitored by
(RZD)HEE(@E{PA sed: AREG) %&in@d@el?ﬁ hbits, Qhe dedtiod Mik@Rds bigHbd @ pH

']F‘)r X Ici%:}ﬂe% %Ig?&) @ﬁ}ooagﬁg Elg’lgét ggn:f&apll(rg'vat O%Oq{glﬁ)gesued

(fapt,lom @rckdaled and lyophlﬁx}d k®gicldaponosP ifiyda el RGR0KRingulih; Iispro in a
'ﬁe’ﬁ th ngfroﬂa% thgﬁe/%%HTﬁgldQMttil Ghd dlgedr?ilﬂ\,/ fre l@gﬁeﬁrﬁl:éﬁ g;ﬁ@NHﬁC SEC,
STl R Nt N M
thvearsohtegiatons o'fiﬁee Aedieiniaoh Bﬁalgallbeleﬁls:ddlaﬁwetde tygatment of the

Q&g tﬂﬁ% G3h at%:\?lfﬂg E&gf)ﬁhﬁg éetFﬁ) ﬁ}%@ﬁhh%dko:cﬁgﬁﬁp X"[?]ﬁ’) The ratio
R L BB g s T e
pod i PigGtlatodspedibe Tegtacadn pi gotdrovibe grcesppoditcbf &R ylation.
|Aé%h1hbﬂe¥s%9fr519 aMd)lﬁ lkdo Ll Fﬁ%ﬂlﬁ&ﬁg (11'3 %E’édnﬁzs kHeSRG& product.

I SPro
%dﬁﬁﬁ%““ﬁlﬂ %15” E’FE%QS Fﬁgﬁi}%ﬂﬂ@gfn gV eagplfcular
Iy o S0 (B0, <n (SON4S0L Seapii of(PDI) Y12) (HOGaI)3; LS.
I( ﬁgl(,llbl)f?l]e lr]l@dgﬂ?tgoln?g&‘)u))n a8 gﬁlge%ra@me;o\a}rel ta%@ ?ﬁC(P E?ﬂrxg%%qlon -buffered
ABUHES I8P EY ZKE! %3@ p%tj tﬁe 1SRO8 gy b Yt%%@él%us adafidh of
PEGMINd(Etl  Wihsutdndudtedsipragmos-bofiauhagicuns sblubiaw esimg mAEGHEPC
rh%gg aI{ 5\%mg§ %@gculﬁp@eltgﬁ’t @Q@d{ft 2(7 Elga wM?é ﬁle Bﬁqg ﬁaﬁ%ﬁéﬂ at about

A e e 8RB PABBLTOHSD B emg 60D T8 B fignt 9235
Preféeblajdompotine@ &) WHGaVat edhé riagd fromlabap Q0 wabpaufdid More
g&éf%ralngc%m‘ﬂoﬁ{d (@B%‘il h%@cpn f”ﬁr{ﬁie 1@19%&%”&0& QQout VA2 aBPJt%S% Even

1.NS IS ro conpo
WRare P‘ﬁ%\?@){}h CHRPAY 6&1(1) 2@3 Nalvd laﬂwﬁngsé@m oyt 400'to about 550,
fived soseiryferablyesenpBinis/(1a) il lians ubf abolui 4)0rto alsmrpeu riisn more
‘Méf&raﬁl?v oﬁ}fd (i‘ﬂ%'il h%@@n %k 450 [al%ﬂ( %o‘ahﬁ)o] M&% Hletcbly,

I SPro epS| Insulin I SPro

fplm?%nsﬁﬁs)]wa ﬁgw o aP?ugﬁ.S (8(a))
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G yA [N(alpha)] insulin lispro (8(b)) GyA
[N(al pha)] insulin lispro (9(a)) LysB28[ N(epsilon)]

w0 p@otisn2g i spro (W insulin lispro(10(a)) PCT/US2009/046704

PheBl [ N(al pha)] insulin Iispro (10(b)) PheBI[N (al ph
insulin lispro (15(C)) Exanple 2: PEGyl ation of insulin
i spro using nonomet hoxypol y(et hyl ene gl ycol)

pni trophenyl carbonate (nPEG NPC) One-tenth nmo
insulin lispro is dissolved-3ia 20 nL of 0.2 M borate
buffer, pH 10.5, and 1.98 g nPEG NPC havi ng an aver age
nmol Bcul ar wei ght of about 20 kDa in 20 nL ACN i s added
to the solution with vigorous stirring. The reaction

i s nonitored by RP-HPLCQand SEC. After approximately 4
hduwﬁrifHEvT%a§f+oﬁ\nj*4EL@T§s acidified to pH 5-7
usi ng acetic adnd and appliled onto a RP-HPLC col um

for purification. Thessesiinesdfifcas] iksinaipool ed and
| yophilized to yield nono- PEGyl ated PEQOK-i nsulin
lispro in a yield ranging from20 to 45% The identity
and_purity are confirmed by RP-HPLC, SEC, and
NKE%F-NB. The ratio of nPEG attached onto A-chain or
B-chain is deternineg by the area integrations of free

A-chaimn _ang B- chainjjrel eased after the treatnent of
theofigarfiﬁ§;66EFMga IH/ith tris(2-carboxyethyl)
phosphi ne hydrochl of | T . The.ratio of nPEG NPC
to insulin Iisprgllydg@f(r#pnhecagﬂ SélTlﬁﬁé%’d%t di stribution
of nono- PEGy|l at ed and di - PEGyIl at ed speci es. The
reacti on pH governs the site-specificity of

PEGyl ation. As pH increases fromabout 8 to about 12,
cofbbund (11) becones the nmjor product. Wen the
reaction is conducted at pH 10.5 with nmPEG NPC havi ng
an average nol ecul ar weight of about 20 kDa (n is
about 4 e ratiolpf (11) to (12) is about 85:15.
The PEGy! afi on| feacPion Yékcri bed above can al so be

conducted in a non[;hbel'glf[ (ggpha)] insulin lispro

(14)
LysB28[N(epsilon)] insulin

0 1l;_ ‘ 0 _
\Oﬂ?\JOft/A%rﬂ\TH HN\%g\\/{O\/i?O

[N(alpha)]GlyA

Example 3: In Vitro Receptor Affinity

Receptor binding assays are performed on P1 membranes prepared from stably
transfected 293 EBNA HEK cells over-expressing the human insulin receptor (hIR) or
human IGF-1 receptor (hIGF-1R). Binding affinities are determined from a competitive
radio-ligand binding assay using either human recombinant (3-['*IJiodotyrosyl A'%)-
Insulin (2000 Ci/mmol) or human recombinant ['*I]Insulin Like Growth Factor 1 (2000
Ci/mmol). The assay was performed with a SPA method using PVT PEI-treated Type A
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aqueous solution by maintaining the pH of the reaction
m xture by continuous addition of 0.2 M NaOH When

w@omdustiesl i n a non-buffered aqueous sol uti on BGI/E§R009/046704

nPEG- NPC havi ng an average nol ecul ar wei ght of about
20 kDa while the pHis maintained at about pH 11.5,

the PEGyl ation reaction products include (11) and (12)
in aratio of about 92:8. Preferably, conpound (11)
will have n in the range frei-about 400 to about 1000.
More preferably, compound (11) will have n in the
réngfegefm egalethhoucowpdd PO tebdutSPASEsayBuEer (49 md TRIS-HCI, pH

pref sy Ak MaciCO MBI ok bhedMot A1l RBMA! Iskelbarﬂattdag me@ﬁ)ld serial
from abgut 400, t

BRTR R ety P B2 A et Tan s R BB B dbo

E\mdomﬁwe rghoeflercab lay] adslodrpdifrdel] white, wlicht-bdttameminropfates
0oMtn @Qta@m@h@mhm@@ BedBh c@ﬁlee‘r)e rreR Migark© H‘E&Hﬁges and

%iésae“%m SRS ngr mUQ@f%’ Ty s %lﬁsv g 10-hour

inmesibdtion al fogprtempa@yreOhOr@idabedtylif det¢ralippidaling adiatobera Trilux

sb1§91‘12910ﬁ &4intdrY S1R1aB181 Ns1BARHIAN hinfabgel 10¥-1 Ne included in each

6)\66'[ @(QMe at§/e chitro¥ I’ers CB@&? pfor {N} S aﬂ:' de¥ermined

ecept or di P

I ng assays are per orrred on’ menbranes
groephpednétcoingistaiinyincramgtecnedalg98 HBNATHEICopekit §Ki) is

QXI@ﬁlat%Zf %ﬁﬁﬁé ragsotvaﬁe BLIRG dﬂﬁykqwaum@ﬁ:pt(gs;o%(ﬁ h{@%gwgﬁ D
ST Fagen Gt Bl f&@ﬁ%@ﬂﬁ%ﬁ%ﬁ it b SR e

agsdlriuns binding jaffinéty chnstranhofitbe mutioligandtdetermined from saturation
%glﬁi%%?g%gﬁgﬂ ﬁgﬁ gﬁzyallnd%léi{ '1R|1§‘|§ EMLalihd(oZ%QlwrésgB@thyp [The
ES0D0r e e Toor e Gagn) D T TE T wdth

rethagd (Kidi Kg2 PYKI3 PHix} mahﬁmm‘i@epef mdﬂpelaten‘g@cpmments (n)is
%Qaie‘r' tHaR s, COUPLRH whER ReabSIowith @ﬁ%@%o @H&Q@BGSE&@% 0.
1 e SRR B G b song At o R Pohe
(EScamplﬂp dunds gob@Gicnvan d<i 2esp Man 80 eMpin elparlB dirdmgas sigydescribed
QH&JeeEOIﬁb%hﬁ‘(gl(ﬂafﬁr%%rgs meEQWEd Eﬁ@@ﬁ@wr@b@ RAdEImbReular

ear - omm¢c
Welght 0} about 40q<Da compoun ) preparec[ usmgellnear mPEG-MAL having an

average molecular weight of about 40 kDa, compound 15(c) prepared using bifurcated
mPEG-MAL having an average molecular weight of about 60 kDa, compound 9(a)
prepared using linear mPEG-MAL having an average molecular weight of about 30 kDa,
compound 9(a) prepared using lincar mPEG-MAL having an average molecular weight
of about 40 kDa, and compound 9(b) prepared using linear mPEG-MAL having an
average molecule weight of 20 kDa. In the hIR and hIGFR binding assays, compound
9(a) prepared using linear mPEG-MAL having an average molecular weight of about 40
kDa has a geometric mean Ki of 3.07 nM £ .32 nM (£S.E.M; n = 6) and greater than 84.3
nM (SEM = not determined; n=6), respectively. Additionally, heterogenous PEGylated
insulin lispro products generated as described in Example 2 using a linear mPEG-NPC of
cither 40, 30, or 20 kDa also have a geometric mean Ki less than 30 nM in the hIR
binding assay described above. In the hIR binding assay described above, insulin lispro
has a geometric mean Ki of 0.22 +.072 nM (+ SEM; n=4). In the hIGFR binding assay
described above, all of the aforementioned compounds have a geometric mean Ki greater
than 75 nM and human IGF-1 has a geometric mean Ki of 1.51 + .23 nM (+ SEM; n = 2).
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(Corning/ Costar) with a Multi nek (Beckman Coul ter).
Radi ol i gand, nenbranes and SPA beads are added using a

woreoviisiep i nstrument (Titertek). Follow ng a BOF/H82009/046704

i ncubation at roomtenperature, the radioactivity is

determined using a Mcrobeta Trilux scintillation

counter. Unlabeled insulin lispro and unlabeled 1G-- 1

are included in each experinent as positive and

negati ve controls, respectiv&-y. |1C50 val ues are

determ ned from 4-paraneter |ogistic non-linear

r egr e$hésodataniaiw sl EGH&ingpbsindrt B2&sdeteahiR gfkiify hysabout 10-

GAL CrA1ah esfe'P@@ 1R shERQ o‘f@lsul‘i?n H’s@%@l WedkR@Onitd 6f @6 HItrK iR
re D equal s ration

S drﬁuéaﬂfavfag%ea eﬁ ﬁf"? R B h G ARG B hapsees

tilnthiseagesiy luinterithase binddionyy af finity constant of the

radi ol i gand deternlned from saturation binding

TP a0y ol e raRen T ¢ el Jhso 1SRG g 30 tnsutin

Rekceptor Bhaspligrybudion VolyoliKCell Wesayei n Mean Log Ki =
AV er agfe gﬁ%}lé}e&h@ul‘fn lkr%p?b compoﬁdé’)gof téhgt éérsa? ﬁgbﬁﬂmﬁrm@f be
BBy or B RR R warRP et Bt s hrlsaieived
If@mmetrn: asgy tvathod Bivalabll doowienagel BEByk et lehei)n Suiefly 293HEK
cbrmrver_&@mgﬁgg% hﬁglglﬁ k@it @&p@iﬁ SRl @i%zb([‘ar@iﬁ’ﬂm ﬁ 6@ 000
7y ST 25 TR B o o A SaR A b L P B P
disk ngdiai(Siedp, (PPER Mith Ohldy Fatty acid-fee &Sag.e Thotedloultare plates are
wmugzhéd oferdglout 34T kbhaCO Qﬁmamn dA &(-apuljpr repproe Ah-ciminngAb

nPEG MAL aV|n enDIe ular

s AL ML TOR R i M K TR
mREGH VARl ate atvdateg oaf:rmgheztalg"él with Hewll af anieigihh ratptabdtchain
@QAQ‘@ﬁl §6H§PIg:Jgdet%Q @zod?érﬁg?ﬁgr@%@(bm éanﬁéflaﬂf&%rﬁ%ally
RO Mt oM A e ST TR R e
avbpage Thelnedh B3l omu@mlatc}'far(ai&aﬂhbd £Qr kides walm &0 mMrﬁRaIﬂﬁ dH
3(5’9)15@1'}1@/91%5@%1{&150 f"/g T'vd E‘r?ﬁr S‘Tﬁ’ ’t:oC'I' MS% mwne&llﬁwg 1398 he

%:ul e wel ght g? ga rf‘lg - {3 SA;

b He Ca@g@% c BRSSP AN i B 651 rhg T A4SA in
MPERG: WAler blavking tiarcaptwer @ge isrwdsbaluivare widh TBRT ofreradnautxcess
Hy AkDmaas OﬁcegtﬁQ Erag)'ﬁ[ré ﬁla@@ﬂl ¢l blgéklr%ﬁlz‘fep Mie ceﬁ%uﬁ‘rMa plates are
((jrg{uévle%rﬁgbthe Hm@:)ator ragr eat { rz}} rog@ aqqge@ﬂg? | '{}he test compounds
het seridtyehimtesl iREGCY Mat Bk tinmudand atutloljhlomhbgllqmpm dfitht $nsulin receptor,
%n%rcﬁ*tﬂfeddl@&d%%ﬁﬁg Ag%ﬁphs a%he%ﬁglcal RohtSihy8 Rfidr 306Rhutes at

el t her
@W@t%élﬁ r%fctlp%gssﬂtqpﬁ%ﬂnb%@pwngﬁff h%teﬁucpenBPwﬁ Ay
addiay babk SO nildd 2albgischuffen(204nsP 41, ROGIMVITREP, pHFaly 300 mM NaCl,

@@%ﬁ‘é @Jgﬁ@%@m%steage@ rlrJﬂsMJV PEDPANAR ﬂn&ﬁ@ﬁﬁ&a‘ié C ATEAID
BI?IW&PSnIQ ﬁwfer at room emperature 30 pL of lysate 18 transferred to the blocked
capture plate containing 30 uL of a Europium-N1-anti-phosphotyrosine PY20-antibody,
Eu-N1-PY20 (Perkin Elmer), diluted to 50 ng/mL in 10 mM Hepes, 140 mM NaCl and
0.1% Tween. This mixture is incubated for 1 hour at room temperature followed by 6
washes with TBST to remove unbound Eu-N1-PY20 and cell lysate. Following
incubation with 50 uL of Enhancement Solution (Perkin Elmer) for 10 minutes with
intermittent shaking as the signal is developed. The phosphorylated insulin receptor is
quantitated using a Wallac Victor using Time Resolve Fluorescence Europium settings.
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descri bed above, all of the aforenentioned conpounds
have a geonetric nmean Ki greater than 75 nM and human

WO B3pofishags a geonetric nean Ki of 1.51 .23 nM(T/BENPI/eH6T04

= 2).These data show that PEGyl ating position B28

reduces hlR affinity by about 10- fold, making these

PEGy| at ed species of insulin Iispro weak agoni sts of

the hIR The PEGylated insulin |lispro species also

possess no neasurabl e | GFR- F3®i ndi ng properties in

this assay under these conditions. Exanple 4:

Bhedpbeattylatinn efveltihealPdatedasy % bf EGbertse trlamesaximallylsiigplang

lél%éertguﬂsﬁhﬂ g@u Inle RRE SRERAcs BRAS ﬁ’rﬁﬁﬁﬂhrﬁ‘ldg@ ﬁre\eﬁféhlﬁte@% the EC50
a

| |
SR Nl R Be et sonaRE o FOTR R A R lsafe Compounds
@cﬂpamdtag/dqggmtmg IDEXRDA | )1av11g MWM@&@S 15 nM in the assay
tdb{&ﬁbé&ﬁ@xuﬁglew lﬁ@ﬁdém@tz{) ngepal%g aymgshlm ¥l VAl ving an

comer ci.al I r 293 EK ce
PPl i Wk Al QT PRt Imgp G- MAL
theyipg imaveerge anttcplaaveidhtat Aot @QRDe @) ptemetcd uping a linear mPEG-
MA]Zhthg’ﬁi %@9%&%@@&@@? APk, 200905 bie atrb(§5§sl1'1?g a

ul tur tes iLn serunf di a
PN U M TR M R TS AL AT
idesubet i Exawmple i gJMpoatld %@) p)@pa,rﬁd e ir@dihcanmoRE ML has an EC50
ARt 6. 88 RSl fQelo8GRR pEGﬁat@Jn ﬁfsmlﬂmprﬁﬁo&étsfg@%r%@ame@&%d in

F i SR SR P NPy g S Pl P PR u o il AP €.

about 30®r\abdzth 2@8DartlsohavanhiEG5A 9lilessthare Ceptl ar thAasshriescribed in
31% 14 N §pﬁ§andm7ﬁ 130 n%itu?é of%bﬁ’lﬁ&ﬁﬂ‘ﬁg )%J%%area%gi QB necar

il el el e el
pogrrhusiag btinar eP EGHE Aitav B af 4vaggtnrleupl atmbt afrabout 40 kDa
YRS et Jn(EthOtdf MRS thh § HnoQn FiM ag_s%/ QescRbbd/in Bxarkp@ 4”% the same

NaCl 1% Twee TBST
5 1 i R g S (s 0y of 3 A AT D e -
nor e Thadetd fhowrthatP EGyGGngpositichdB2BSédvces NIBST vitndfatevity by
ARG 201, AR MR Rl O Y IGG LR W BT ik

ve exc tion re ate
t@e v ﬁggﬁéfdb‘i‘%ﬁ%f%o HUFFR? S0 PRESTRY meismabﬁ%g*%ﬁr L E%n%r e
mpewportesl from t he | ncubator and equilibrated to room
tenperature. The test conpounds are serially diluted

iEXh fpRAM E‘Taquftfdn'ﬂf'lﬁfvﬁvo%&&&g 9&@?95&6&%&&%@%4@&
| n%i! In rece o0 testi ng agent

defed I‘tSBl"L’ Ilré‘p&‘ém a RatYeds)ef Typg f@l‘abﬁf's m nut es at
r oom Tenrpeckadldinele Hdrlan Seagtd-Dawicg rad @fplenl Iindianapolis) 250-280g
%%H’}L ?v@ightggfe abd edtnhﬁw%rﬁﬁg ly %RMH@gﬁveﬁpgltﬁgg fn%gcékgﬁ&ﬁozl%gotm

é%zmxpfﬁé\éclfy lge@f,crfie PBdrp Flg%eeftaefﬁ?ﬂéf %ft@%os%al? g b dig of the
wtutih ailiDEA arcasoded inm\grognddstien.body tveicht3Md vlood Rsoden Only
a)ﬁ?ﬂa?s \QMT lgl%d Qﬁcors@&g%vg&kmg I's3h H{g%L A0 nm'udg(f in tﬂ@&ﬁcﬁr i the

transferred
morning of study start animals receive a single subcutaneous injection of the test

compound at one of several pre-determined doses. Periodically, duplicate blood samples
are drawn from the tail vein and collected into tubes containing disodium EDTA. Blood
glucose levels are measured with a glucometer. Also, plasma is collected from the vein
blood sampling and a commercially available rat insulin radioimmunoassay is used to
determine the levels of the administered drug in the plasma. The area under the curve for
blood glucose over time (mg*h/dL) is calculated for each individual animal and is used
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capture plate containing 30 nL of a
Eur opi um Nl - anti - phosphot yr osi ne PY20- anti body,

WEeooM15sYP0 (Perkin Elnmer), diluted to 50 ng/ neCT/HSZ09/046704

nmM Hepes, 140 mM NaCl and 0. 1% Tween. This m xture is

i ncubated for lhour at roomtenperature followed by 6

washes with TBST to renove unbound Eu-N -PY20 and cel |

| ysate. Follow ng incubation with 50 nL of Enhancenent

Solution (Perkin Elmer) for-33 mnutes with

intermttent shaking as the signal is devel oped. The

gorosfohopaydragterdogistsutdression segttomitesheRAR.i Indhie dssers icogpeund

\é@{)lp?éf)al\{ﬂ GbiRE a UBdaD mpim%%ein\g@n Ebéﬂ@g”eeﬁ&&ma@ W%Lghp&ﬁ a'BBilt 40
tt| qlf;};é)s?h %dﬁgl on | evel ]#m‘%{(ﬁ .ated as ? 1
8 “ro SakIgFP e R %ngn%ad‘saée%ge molecutar

ivresahk Dfﬁb@m@@ ki) anddemppatdi(b) mepandd using ailmsarimREGived loysving

ah Gv@leGhd et washt S50 KBR$Es Mﬁét&&y@bsxgrof PAT, ABBLRY 69
f|t gé t he dose.res

ns
ol OSB3 o A AL LsF T R reitichy! lﬁak?%ﬁg an
E@S@Olmﬂs Wessblchalwebblotd glncashen SE&ayatetbetrtd béxelithat is normal
Emmtﬁmﬂoflrm 180 e (e RHS @&raeféastﬂ% RSur@with a%gle subcutaneous

H6 e o g %&sgﬁwﬁlwe@%?o’w@ OR g it EfantBeli wkor ol 56
anuravretha gkovashser wiithr 568 nghtkefingdbdase. 40 kDa, 9(a)
pr epaﬁpgmuﬁ)hm@a@eshmaﬁ@? m? ahﬁa/bﬁgnéas auemage

ecul.ar wei ght of about
T ar et GG Fa PR SR AUBHS e drinabe Rihe the
Weplipate bidodapmple. PRarkBepkiretic phremetsis aye wislkted bieidg imvdel-
EXR d@m%etmgrmmnﬁﬁ @) pTﬁ@@ﬁtﬁ@n@%:ﬂﬂacbhﬁ@cﬁrparameter values
K}

MAL has a tero ous
EEWP%EP‘@GM the “P‘HIOPP§ ﬁ?ss %P%H‘B%"t o %’F’Bg‘é cggrespond to
obzoracJanttic paExateplduc® gasiraigl ety ¢enealar highREG@MNPEsthd (oA g

%ﬁloﬂygraﬁgﬁlerr&lv&%s@r(s Waneit of about 40, about 30 or
about | ess than. 15

e LBy B PRt Y Y shppema R Tagreisg ing - dinets TG
MHLAL haen®dn oorgo umbl:cﬂé]a\)/elpltte)pﬁ avmt2kbPangpd®ated mEeae to maximum
rebiEn tMlon ALY | iangaiy, ke 6ag e, amdppaidhailcanicghite @i CBIFY wnging

%Eﬁ%ﬁqgé@ﬁ g‘ggl%égf r@@nﬁ&a%%ﬁ@ﬁmﬁ/@mng ?régbql@-m
M&W%%@%&%héﬁh@cﬁs@ Bhgipg Fema?t-18 nMin the

assay Thegic 'fﬂl&l%ﬁmletﬁb EXARLR ofhpodd S rSRAR WSS @Ylgea‘? m@}
h%lﬁﬂ lhb\nn a\)e 5 lno]%: Jéllcni\g% ght %?X‘t?ou??;b %@Fte% a %‘fi 19 hours, a

resp

(s8<F tangmng ézsl ¢ %%Qrééé/%g;ea VA nging fraen (- &2 0y ey a%fbwﬁ/z ranging

]ﬁ%mé@l?-@hf(" d, making these PEGyl ated insulin lispro

speC|e onists of hlR The PEGylated insulin

lis %é‘F%‘orei}B‘§§‘€§§mﬁB“‘WE"é@lPF fed upiagplipear mPEG-
ﬁﬂlﬁ Jnoodyerees ewlecupnpgigh of abauy 4 kiae indisated 2 iy, vengig from

Rotrancy Carfraifiag ramokicret Loy ok ﬁtﬁglﬁ§ fiomQ-atedkg, and at,,

Insulin Lispro_in a Rat Mddel of Type D abet es
ranglflngfromll P48 h. yp

When insulin lispro is similarly administered to male STZ-treated rats at 568
nmol/kg, at, , of about 1 h and a CL/F of about 1.2 L/h/kg is measured.

When insulin detemir is similarly administered to male STZ-treated rats at doses
ranging from 18.9-568 nmol/kg, a t,, of ranging from 1.9-3.1 h and a CL/F of about 0.8-

1.7 L/h/kg is observed.
Due to the complexities in the pharmacokinetics, the apparent CL ratios between
detemir and exemplary PEGylated insulin lispro compounds are different depending on
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Ten-week ol d mal e Harl an Sprague-Dawl ey rats (Harl an,
I ndi anapol i s) 250-28Cg body wei ght, are dosed

WO papasaeously into their tail vein with 45 ngP&GUS2009/046704

streptozocotin (STZ) in 0.5 MCitric Acid, pH 4.5,

three days prior to study start. At the start of the
study animals are sorted into groups based on body

wei ght and bl ood gl ucose. Only aninmals with bl ood

gl ucose between 400-550 ng/di5-are included in the

study. In the norning of study start aninmals receive a
shedghseussd o ubadetrngmaiiol. déeweayar, dfe studess desstibgsombaemple at
Qﬁtﬁca%fthﬁ%\i@rﬁﬁ!h m%mécﬁhmhﬁegpld%ﬁ ounBeEdnpiaedd 30- or 40 kDa

INE e a0 BB BRe %%ﬁ&eéaﬁ?%@lcaiﬂgaﬂﬁa%@' HIRS T2

Bidvoel! hhetose | evel s are neasured with a gl uconeter.
Al so, plasma is coll ected fromthe vein bl ood sanpling
bl e raf

co rciall
s Rty o 27 Be Pt fha iR dnd harmpgyngsie
tcﬁerat!lmsmcs ol le@yldted gnsutin fisprogh a Ret MadebolaF ype 2Uidbetes
f: 2|ec3 Wﬁ%’%géd@l&naﬁ}lll@ Qéiw?k lé?go?lgoo%@ﬁ(as VB a@mbadlqwf PE@S? .
ERUFAL bRt 2r ROt M B P OT e A abel R HaEPhaN
ES@ion Ioﬁvcthlrnlscqmsrsh(yB S¢ @tnﬁpld wnthl/B¢ af 9(p}mw®ldlsug|adglea mPEG-
INLRE fhiviRP VMR RRWL MG x@élglﬂ\b? aaﬁewplb@cser@rsaw?leg Bte Bfiected

%@%@»W&ﬁ“ﬂ%@‘“ﬁ&tg’%gﬁggﬁéﬁyﬁgg rrgqer%éqlcgﬁt/% ﬁ}flglgg%gl(ltaneous

A0mknbBaratiamef 53 @ mpoUkglofA()prepasdarsied aligeargnPEG-Madahaving an
W@E&J\ﬂ;&em\f '\xféggth%‘f @Bﬁr@%arf@ LR euisr fa)’ﬁ 'rﬁshfs a%foc@tl%@ Whth

enc
AROPIR Slglég Eﬂuwg% ef”P% ablsts'iisﬁﬁ”&egi]f ‘daéée@“rsé‘éeﬁ‘cﬂaﬁé%(relatwe
Gwplv&boAd@L(IS) oahpopnd O6ad sepoodpoundBnoacm8EGBYIA Ltheving an
a@é’i@ée Rb10Q6hy %e%@@p&bbﬁ‘t 48 kDal kpRLRs h138 §erffﬁbl@ ole@r\é@'lfen days.

that " is normal 1n this strain of rats (10

bel o for at |least 36 hours with a sing Ie
JupBmpieatiebrenoligpreservativeditraips of PEIG- ﬁ58(921m)§l} s i EtEispro,
@isulih gispioler a hdtdra(C0MBPLGES, gizséz%/ f O, -rsGlimbeprs:30%%

t he above assay with a 568 nnol/ Si g e dose. In
Apiipligproy fresedd adibphepoldp ﬂtﬁﬁr‘*ﬁ'ﬁ‘&% B%]l E’“}Sar amet ers,

t he nmean pharmacoki netic paraneter values in rats for
test eBGPQUBES 84[8%1 et ehmhneldprusa)r h@ultﬂl&pﬂﬂpﬂis@ﬂl‘teﬂ ina

t
Suhach AP P AR R S s e
Pplaf)entramé f@réé,tmrtnr@fgmmm& rﬁﬁ@&k brred g Plﬁ%ﬁﬂa @f (sya Fdél:ﬁ
ag»%@@% ; gs,t%gm aéhégxfdggm hig?[% ﬂsol@%\?gh I'm& SANEE tPielding a
piFhrde i au%‘)?a shepieBt R ehadH %e‘“h%ﬁ@s%f thegalt stock
tselatied(~@ WepmedM)onaMpmhm doovumsbtich® S&lddcﬁi t6 0.8 mL protein
3 g ibkGkh thhPGe Bﬁélrn'i@&&'ﬁb BFEdb‘a‘lt B Jsﬁ RlafOTP (gﬂfjto 4. To

prepared using.a |inear avi ng ver age
ﬁaﬂe%séwme%ﬁ% dgricibee sk B%Orﬂwaﬁl%%elawgy Befpemqrored a

rFa& nmamfunction of phenolic preservative concentration. Specifically, a concentrated
phenol solution (0.564 M) is titrated into 0.8 mL of protein solution using microliter
aliquots such that the final volume at the end of the titration does not exceed 0.84 mL.
The final solution is stirred for a minimum of 20 minutes after each aliquot of phenol and
the visible spectrum of the solution is collected from 400 nm to 800 nm. The absorbance
recorded at 574 nm is converted to molar extinction coefficient by dividing the
absorbance by the His®'"-coordinated cobalt molar concentration, i.¢., the hexameric
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concentration (Tmac) ranging from6-12 h, an apparent
cl earance rate of (CL/F) ranging from 0. 05-0. 14

wao2wplsg128an appar ent vol une of distribution (\VPENUS2009/046704

ranging fromO0.6-7.2 L/kg, and an elim nation

half-life (t ) ranging from8.5-34.5 h. The

phar macoki netic results for conpound 9(a) prepared

using a linear nPEGVAL havi ngto an averagto e

nol ecul ar weigto ht of about3@0 kDa indicated a T max

of 12 hours,J a CL/F ranging fromO0.05-0.13 L/h/Kk

EdEein gongienteptibn owltplied By Ovd Yakey, ongthelkeow1odie thah thie digs ?0 rrogretics
&+ rsdlinlhRarfers TR FRGIREIEE] 108 Utdr $helREpa @R OLB0
%(1§tlueg r(ﬁ@l@rn‘ratg?)lf@nﬂl%t@né 6% 'TPJEﬁMAL QQVI ngﬁsgln@ﬁspro and

averagto e nol'ecul ar wei gt o #f* of “about 40 k
iprdlie Btpel the protmds fimhgixed andython tcrb@msmld@zlfOHowai I titFation with
fag}g)lhe refsér%{iv@ 06-0.2 L/h/kg, a VIF ranging fr om

r from1l. 1-
Vo Ipisti sy df Gl s S POt o PRty
PosAtion B2f ie cbveaebasaompe8d fmwild-kyge haman imfingThistpyertsal leads to a

%Bﬂjfoﬁnageﬁﬁ siak iehe l@tellmlgalle&lﬁ‘ bk@e BThpRaAsH Et@geallwhﬁ{ders the ability

in pmir s s r
ST iy T rpud e tegomE Gy Ty i Sinsishgh Constant i
merk¢ddyy, a factbr dff3R0 ef cangmagsid rvgthftha wf ¥ilg-t@e humammgulan. Glhe Fesults,
Gﬁovﬂbmll'tablé [8inditatd thaf PIE(KQ IB2® hse rAll%(% 1E£IE1ntlﬂp1bh€n surprlslngly
lexities |nthe armacokl e ar.e
S R i B PRI SRS 55 prkiy APBRA S pfajos
Iané plrenokoprpeuntdse arbgdust th dérremtatide pendionguwsd ithBudasg®, in

léﬁl@éjofftﬁ’erprEsQﬁceC@ts&rm krlb'%tPE@mm'éﬁé’yecY)%ﬁl atEJ‘l?eaﬂh@ %r@aﬁy weakened,
descr.i bed i n Exanp L ndj cat e ? exe

P Yléf’vé@-m??éﬁlmaﬂ IWSP%PBH%HW%‘%%W X t Yloggyer,
dP/3Repixpees PES Bane BaBaut, A & 08 gdispigiag stl\WelFSPrO also

@Qﬁ@ﬁs@g{e tﬁé ﬁﬁﬁ%x&pﬁrﬂi h@f&n{iﬁE @(mlﬁle)leg \Llh@n é}&%rﬂ% %?egaratlon of
di abetic rat

ation_o
BUCRPPBRYE aWé‘F s e&ﬁﬁnlﬁfgﬁ%iﬁ‘gﬁwnﬁ af¢ Easéh‘ﬁsr‘%f&a%? fapidracing
ofisuPEGy| ated insulin lispro in a Rat Mddel of Type 2
Di abetes The gl ucodynam c activity of conpound 9(a)
with a 40 kDa linear PEGis evaluated in male ZDF

f *e ‘rats /n/l r:\fc/nrnup\ fnllnmnnn:\clnln

subpwnaneoygml nj ect|ig), pPEGh] (:132!3(9;;gzmAr19I6 oof ABS)0r 5
L) IR 19, ol Hopeo |PnSRANRRrs'S' 19 2 T near mEREG e

0.0 0 0 0

0.1 181 5

0.2 42

0.3 259 93

0.4 329 125

0.6 347 26

0.7 391 45 182

0.9 468

1.1 514 38 244

1.4 628 146
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havi ng an average nol ecul ar wei ght of about 40 kDa.

Serial sanples are collected for both pharmnmacokinetic
waedopseaesracodynam ¢ characteri zati on. A si ngl BCT/US2009/046704

subcut aneous adm ni stration of 517 nnol/kg of 9(a)

prepared using a |inear nPEG MAL havi ng an aver age

nmol ecul ar wei ght of about 40 kDa to nale ZDF fa/fa

rats is associated with statistically significant

glucose lowering that is susiZined for at |east seven

days (relative to placebo: p<0.05). Conpound 9(a)

B 21 S o <Boot 46 kb buponcr ot 20
ver2ii abljespver severrodays. Exanple 7: Phenol46<2
preservaiive titratjion of PEGBZ8(9Z A -insulin
lishPo. iiM8hlin lispro. or a nixture (70% PEG
20"?8' BZE 2682 4 | o)Ak (7 6% -i nsul | n |ispria;30%
i NstHH-A .:sp'o) thereof—wth—ph
cobabt i 0836 PEQR2OkDat1B28(92 A | nli
insulin Iispro is dissolved in a solution cantaini ng
202 KSCNBAhd 50 MM TRIS-A O 4 at pH 8.0. Thé®ar get
co ggntrati on for eiq3t er protein is ~4 ng/n hased on

pr +'Al N ontont (a9 105 (Ll aZd )Y 1Cm- 1) f"nlr'\ol +
terR—eontent (CHgoo— 199 LIS PAm =y R S oy oo

chl ®6ide|(41.9 ng) |is dissolved with 1nL of v@Ser to
yi efding[a stock sofution with a cobalt ion
coneéntration of 0.8 M An aliquot of the |cobalt
stp sol on ~2 |nL dependi ng up on the pr i

gl solygjon (- pendi ng up Priofs

AAdAA~A to a) faal Nnr nt +

1
L9 |

|
nsul [

E

- O
=]

n
—on
o

co cont on ol
|\JC||t|u.L| \JII} } acaea O— U u LLL=NNN VA BAvASN v | R—Son

such7that the fi naI jeal e ratio of cobalt ion t
i nsUl i n mexamer is [equal to 4. To assess
hek&feri zati on, di st%’ﬁti ons in the cobalt cqgordination
chepg ptry were monitgped at 574 nmas functi|qpcof

h Nl it elnrocorvatih/a "~Ancant r ot Cnaed ‘FI ceall v Lo
Mo T pPprcstrvative cohcentratt+oh: up\,ul LIS I AT ™

content r at ed phenol| a0l ution (0.564 M is tijtrated
info 0.8nL_of protjein solution using mcrolfiter

al | udt s [$6Eh that tH8 final volume at the end of the
tit i on does not eed 0.84 nL. The final | uti on
is gﬁrrc" for—a meéggﬂum of—20-mnutes—after @Zc“

al j zpaot  oRg@henol am@et he visible spectrum of the
sofution|[is collected from400 nmto 800 nm| The
absdrbance recorded at 574 nmis converted t|d3fol ar
exfingti ogoézoeffl ci eﬁﬁ by dividing the absor %ch by

th -] cnordi nAl r\nhol + rml Ay ~rAN~ANt riat
H-SbBio—C oo hatea—<€o0ba BtafF—cohRcehrtatt+o

i.e., the hexanericprotein concentration nultiplied by
tBramiphss? dAm:nyshhﬁ‘ Ikmmead geatt hﬂrEGg Jﬁzsg ngrl g% })aﬁsmﬁ

[ nsul a I val ent netal i ons.
Hspro; "';5'? E)ggﬁf‘ “0 @Pgérﬁ%‘ﬂ’?es (ol e: nol e)
formul ati ons of PE&QOkDa-B28(92 /Al -insulin lispro

and i fgUlHemidal SRIMife Erﬁﬁngﬂé@&ﬁdlﬂlés of fﬂsﬁlﬁlt anms&ﬁg 111@&?11 analogs
.S added fol tltkatlon wW. th

oba] t \
é?ﬁ‘éﬁ}‘é?%t oy J5 7 et Heggure o BYgn EHEUHar e gPility to
dexpureniceinsdlinpyr dhsiuhie ligtro, po thie ppreoencB28diswentInyesl s &Zn "> or Co )

and phenolic preservatives (phenol or m-cresol), slows deamidation of AsnA21 and

o

subsequently minimizes high molecular weight particle (HMWP) formation.
To assess the ability for PEG20kDa-LysB28-insulin lispro to form hexamers,

PEG:okpa-B2892.4%,/A1(7.6%)-1nsulin lispro, with a starting protein concentration based on
Ay76nm = 8.6 mg insulin lispro/mL or 38.2 mg PEGylated insulin lispro conjugate/mL, at
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position B29 is reversed as conpared to wild-type
human insulin. This reversal |eads to a confornmati onal

wahiobt1saige t he C-term nal end of the B chai n t hRET/US2009/046704

sterically hinders the ability of the lispro insulin
nmononers to formdinmers. Thus, the di ner association
constant is reduced by a factor of 300 as conpared
with that of wild-type human insulin. The results,
shown in Table I, indicate titat PEGCkDa- B28(92 4%/ Al

? 6% -insulin lispro can surprisingly and unexpectedly
atlsotisaliadyzad ihextemerinight o @xlyiad prdiein py theedibredofith water to

%ﬂllal tﬁc’%roﬁﬁlt c@hcdn%]ti‘i;ontatﬂ d. 6nﬂgﬂl3J dtrQO @rn@é&TPE@}ﬂlé{&i protein

anal O atl o condi 0

SRRSO BT B PR RS R s B RLHE b, MIh 9 feplinpe
mmcenurﬁwnmﬁi}mglalsmtqteﬁer atHe naMraeédlycrmhMelﬁédng/mL The zinc

Wxﬁle AoVt §oh¥’é|ldn(i|s Isrwa@ecrwm@olvnfg%ﬂcrbmdéuﬁr@rslnsz 101KI HHQ RN
Lnsulin |isp

ﬁé@é‘@«‘ﬁgl )ivad ‘Qﬁf%ll Ape chnfrﬁ%%’l qfﬁ(ﬁg% %Ol‘étﬁ)&‘ Sprglgy fo near-
U6 pravlaa dsbrogentidtanayes arherephyicll with vaxyingomnm derseatratione (0 to

g)@(t eivggr?zlﬁxm@ Sdus HPﬂHQ PEG%FB? -BREPAYALL /glnﬁflhna%tla (_%telg

SOWSEEOR RELD T B D B g T RGLIT T (ORBg (0l
vEkianepif @ing stoginsllyton 9. ddfd =|—Ra5< aber cquiGiat ® 4ofinc ions per PEGaokpa-
%5@8%@@1&2/&&&1%1 ﬁleszémélf) Ahd 130 ,@pbf the 4k Fh&b&hd@ bu P E Bk

R 2hS Bt s Fp i R uEb 0oLt ) it Sppiioner e

XG> &orR onsil liun)-andindgproe nesfilitt lidprammtdngoradh in the year-d/V
cﬁ&mndil@l%lﬁﬁ &t mmrréé;orps%ﬁﬁl@ext@ %11s'ufﬁd§ Qﬁéﬁ ésoﬁ‘smf,;r J‘@ 2 cm cell.
qﬂlﬂt% ‘ﬁ elﬁt r|z sumortl %

& MGPL RS Py Yretat 4 188 B Ec 8? @Sé}exaﬂ%r

phenofrh@reﬁn@sselbwalm mﬁe ﬁpﬂaﬁmhn@@tm@tm%}) B3 0 QUSALL g
deani dati on of AsnA21 and subsequent ly mArm 764 h

st B eanastnfisinghrang ypexpeqtedly R ?r&fomp%ﬁxa%%%esence
tol g@ivalont rhdtyl iR ranPEsA0KDeredcy2BL8mi fosutlldtion lcbisditi @hs tagaldgaimto

I?l?c?é@ gpﬁﬁmal?{é‘qg 5@% 0@%??—:( ggseréllcoé‘)o/f Atlx 2() Y(DQ%GI Iﬂ(ﬁwlés Qorglel%Fteélnnear

l1spro art |n rotein concentrati 3 n
Al@?%ﬁh#yw@k@e&gre aeq10; Wil d-y Bplh e ingyfin shmgrlwom@@qnap@asuhn
gl in lispro conjugate/nL, atpH 6.7 is dialyzed in

wat er overnight. The dialyzed protein is then diluted

wi t h Wat epactof djamstizatioe apd bgaad hindmgeanhermel stapilitpod, 6
B 082 8%94 AT ¢, gfmsﬁﬁﬁﬂ @mﬂer@mﬁ&m@ &P RirM gt &fs Was ako
SieteleivifiedS Sushita dha Rt ROFRRE M aBhFistneh B he
gherm@l detvtamatomstediessis 240 nmzbe@mﬁ@vt was forhétheiomeralbsigokd change
su&a@ glfea&pmﬂo aﬂl théh tﬁé esade dsdadin e 5201 Bl digk szlhd?é‘s PxitdQotaln

I
R b NPT b rchidl B 2 Tud B8 b
Adamal §dn dite gLl @mndinghl wingyw ¢tEDyeracalegtsd ﬁomrSe"Cpp epar ed

WhbBxikAE @Q’CZ('ﬁHQI t&ﬁﬁb@ﬁﬂk%ﬁém htq)of& Bachh anﬂw WY a scan rate
é@ﬁ d:P[%g]lg!:} qjﬁ‘ qt"p%gmbtp giagﬁF G?lt%ko?q Snm, (ang resp@nséb‘!lmg of 8 seconds.
Thermal denaturation data may be plotted as both the raw signal (mdeg at 240 nm) and
the fraction apparent unfolded (Funf), which is given by: Funt(T)= [Yobs(T) = Yrat(T)] /
[Yunt(T) = Ynal(T)]

where Yons(T) is the observed signal as a function of temperature, and Yp.(T) and Yynd(T)

are linear extrapolations of the native and unfolded baselines, respectively. The
unfolding onset temperature is defined as the temperature at which Fy,¢ begins to increase
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concentration of 4.6 ng/nL with aliquots of zinc stock
solution (the maxi mumtotal volune of zinc stock

waloausaes added = 2.5 nmL or equivalent to 4 ziPCI/UBI989/046704

per PEQ20kDa- B28(92 4% /A (7 6% -insulin hexamer),
and 150 nL of the 4x phosphate buffer stock sol ution.
The final pHis adjusted, if necessary to pH -7.0.
Hexaneri c associ ation of the PEGOkDa-B28(96% / Al
(4% -insulin lispro or insuk3d lispro is nonitored in
the near-UV circul ar dichroismat 250 nm a region
donsthe natevetbasetns (l.d F@e aoh thegeidpointgemigrraiu@ ipthe tampetature at
Thecheagr gesidue el lipticity is plotted versus a ratio
of noles zinc per noles hexanmer. The results, shown in
Tabl eCDltheriat ddneturating expatimetth atrfPRGR Gls Bata B 8( @2cribdll above
1ﬁlﬁ&kédﬂhﬁmtﬁé}|ﬁngf étédﬂ‘i}? byPBAY, @%(924 ,«gf%‘gﬂ ﬁ\%ﬁﬁﬁie@& er@R
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danaidiéding 6 anaT8gRipsl 1.2 3t hagel of-cickogind gipe.) Futhers@ittee CD
QlIerﬁnIQl eHeIt&t%ﬁ&I&gucﬁés &R &teaasﬁ%cﬁﬁ'@almahl%kl% ﬁ@@Ing c%ﬁItra‘uon

E%aernfient nc aea%@g 1;% n%eé ngle engah%re r%“orO f ézngUIsl oo @Sp K%E))e%ulﬁn%spro
|(aimzan‘dt shxfwrbemcﬁre rslbeicﬁicakbﬁ tleenohsdtitgaprehtint DHuTgldmg vk ebserled to
%Ea% beb 11 (FhMPRS0 B% %ﬁn@&ﬁbl Maﬁﬁﬁc Bu"t‘ filthchdes !

exarrer rom)t I Ng ati ons
€3 byép el v tqnthmnﬁf@%baﬁmoaéﬁw& / %F% Pﬁl‘éklﬁémoﬁé%t%
'Eimalamﬁfﬁult eagdicvs@as thor ugonehd duditioalof NeQiR 6 Ml tc0Ib0 mM NaCl)

§£tﬂglt@0 ﬁgﬁmgél%rmpt@ fie %(I)I‘ﬁﬁllaltltog\/\%ﬁeréfgl%n&l&ﬂﬁ al%gglr c%Idrlde may

SI gha nge was reat er at han
8 éavu%efﬂlﬁw%ﬁequrw%xgﬁgmgmfa iieRharR)aeu ek COPH’P&‘FIOHS comprising
é’@ﬁd&(baow Sipsompupros onpeinds meoriiaip élﬁ@eusgﬁhq‘ demigagnd/or physical
scan data at
hlt é(ft@%}g%%rﬁ%e%tgc\?e nﬁﬁ&ﬁ?@%&glsﬁo@% ed from5 0C to
apprOX| mately 95 OC (final tenperature varied slightly

rate and. data pitch of
&oa'riﬂ eisesp B libhfodnBRER o gkG Fadpidd AhEapr ghio
conds. Ther nal denaturat| on data may be plotted as
bot Qngj raw si gnal IKII‘ at 240 nm and the tion
appar unf ol ded n § which is given by: (T)=
[ d’S§?“‘F§r %51&)?}3{3 8 dso g N8 AIFDro; § t hehisote livied
silgmalmeds| a function of tenperature, and Ynat(T) and
YUnf(T) afe |intsgreaendagbreidpohs of { Kdsendescm o yepiduc’)

unfol ded bqqgllwes respectlvely The Uﬁfzghgll ng onset

tEfIIpCI‘ at tfre—+S UCI I IICU asS l IIC l CIIPCI al te al VVIII bII

FLuOfS begi h4356.864 ncr easef rom t he nati ve-208s847i ne ( Funf
= and| t.h dpoi nt tenperature is|th nperat ure
?whl ch }ég (rHo 5 CD t her nal %Si“gi

at denat
ex ﬁ%rl ment ql?@g{f or med essentl aI I y as (jeﬁgy9i7§)ed above
I I|U| bd.l. CU C1Tat I.hC tIICI ||u| DI. d.IJI I I I.y JI
PE@20kDa- B288.92 4% /A (7 6% -insulin| Es8an®ers is
3 -255.23 -426.872
4 -298.729 -471.587
Example 9: Generation of PEG,, , -B28 Al -insulin lispro

(~95%)/" " (~5%)
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substantially reduced conpared to insulin lispro
hexamers when both are simlarly fornmulated in 16 mM

WO R 1538 7.2, 3.1 ng/mM mcresol, and zinc. PCT/US2009/046704

Furthernore, the CD thernmal denaturation studies
detected a significant cal ciumand chloride ion
concentrati on dependent increase in nelting
tenperature for PEQOkDa-B28 924% /A (7 -insulin
lispro (data not shown). Mr#)-specifically, the onset
tenperature of unfol ding was observed to be -30 0C in
16 mVATIRITS; sobioR contaiging 1h§ymi sadiwm pleasphateadiblasi and S8 atM
|ETU¢["A§|@$1?§6C¥1\K/1@1 ! ﬁi()' o slob[luhlcbhbﬁﬁatg@1Ba@10tt$‘§1e§@%ffer solutlon with a
a um C

Py BRLHO B R o et S e L 1 B i
(tBperdviire bethSen sHouNaEId)6 Cairyelin lispercresdle(30mOohd/ o) aie stowly
taB&df @ WAt With ¢chheh8fab:Sio &4 8dTh AN BN G slonlRlAds ’leing

useful hexaner-pronoting excipients in
69%%?1@85@@? "Bal conpositions conprising
PEG2 OvDaoBBoxymslyl athryldnic ghicol) o omtpaphens carhor@teo[mPEﬁbNP )
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U RES gt roption o COVRERL R sRhEE e 3 Taby pggine e
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\IX]T;‘VI Wﬁiﬁate dlbalcadSB 5 moed,
SPFFS%O B {0 S R P 94 4P EP"W% Ggngjderable air
tbublileyars wlaasddomtowhet wessal. fhie bPEWeNPC 10185 iat vedsell® aBoweal to

tgg?@mlg{e%{%e%n @@Ed’\ﬁﬁrﬁmﬁ@%%p&dﬁ@ﬁp?o@?&g At 2r t grrper ature
(30- 6P G isEP GO LY Py LT b EHICBU &y ey
genrtédy aekgteﬂafbssoln Tthe vessdiidinftommatdddor oéaserggbwré featpesiture and
%ﬂr Aolﬁa)a%}{il%réhdé’d 5504t Nmp ME&E Bp&ht &YIE:’)Rle I{OE(%ISP%JH%QIQH the
irbicrbHE. LUSPGE YRS DECD ab R GRS Eet eu KEEe ©
@b@uatto@l KO ad ditichi tssodfibetiveat 3 @0 £ baoe Mhe &niperatdfre ofithe jacket is
@19&1&%96%\%@&4”C%ﬂ& blednyabahe i 4ofindQd. B p@i ShGadilf is

ql}tl .rea anou

|
sinthen e a8 e It e fSthin s G aded Gyt g g d 50 mM
ISRE@m NRGppawtdéasic hoffert hee BH@ iodddedentit dretfen] RIOG:@nslur Espro

Gl e fﬁg&ﬁetgé&%&lw nPEG NPC powder is a
n consi der.abl.e ai.r

fine vvder a er si :
bubbl 8611558 pEe BERGITHD oSSRt o s Sl fias0 minutes
sobatvear2si °A ant 80 V@ siskthe reactainl mowate i dncdeatakdt sltag toptraamnior

%met@ t§ Qoom @H&ﬁ§whﬁ@ﬁ§iﬂ%ﬂ% B8 pMPLHTEN abtRE10. ﬁﬁ)uibbﬁ 11.0. At
eﬁgo sol ut | on etgare bove is tra

f Hlavli’aw%@?rtogt 8 “jaﬁ%%é?‘éﬂﬂ?ﬂé ggacﬂe%et{w %%dét&n qf gx
ibaftr(Uoendedidioscidreaisun esvend, pHf4.0)ang dilaeduweh tadampdx buffer
4\95& htg)@on;dgctmtmsiﬁ%/&m ﬂd 36 RBARGn (3P Ry, oper ating

Reyno er 1n
g/ reaction mixture 1s purified using a cation exchange chromatography (CEX)

column packed with an appropriate resin (e.g., Fast Flow SP Sepharose resin). The
column is packed with resin to a bed height between about 15 to about 30 cm,
equilibrated with 100 mM Na-Acetate (buffer A) and loaded with the diluted reaction
mixture (5-8 gm product/L of resin) at low pH (about 2.5 to about 4.0) at an appropriate
flow rate of between about 50 to about 90 cm/h. The mono-PEGylated product and
unreacted protein preferentially bind onto the resin while multi-PEGylated by-products
and excess reagents mostly pass through the column. Buffer A, with dilute salt
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turbul ent reginme. The nPEG NPC (PEG solution is
netered into the vessel at rate to give a total PEG

waowonsaes ti me of between 3 to 5 hours. The t ePEEUSI009/¢46704

of the jacket is maintained between 4 0C and 6 0C and

m xing is continued. The pH of the reaction is

mai nt ai ned between 10.85 to 11.10 by the addition of

the required amount of the 150 mM sodi um phosphat e

tribasic buffer. The PEG is-éldded until the final

PEG insulin lispro nolar ratio is in the range between
2omenigatipn 520-20 mheis ered tofvashhevapBay avdelily pdsnrbingreuljiddkelated
g@&fu@t‘é WoRow &l é?r&ﬁéilt wuh!su 0 BIREIED ¢0) REk vi@ﬁ:asea%au

EE N uitn U Gt PrebE IS S B Py iR ey Hom e
mesim kil nkenging ey pirkabet weseain algo dte colimn. The priodust iskoll@ted (3-5

/@V)tah@th%wuﬁfn it REHBRLERBURGA Rtth hichall &ﬁ@éﬂt@ﬂo%&() HING) to
|s uenc ege/dg%%}t he addition of 2x buffer

1S ELC F'lm acetate, pH 4.0) and d| luted with
t he s @heCBX cbiwfringmainstreard J(?ué CW)es3-6 orghuk tis spbjeyted R Htangential

ik Crat@ido ‘{%{S%%ﬂsrc%gésej@lﬁat(o% t8 40080 ngén;(% W08 & @acdal Pt sheet
TR 3 AR sy VR o R S SH1E Bl Seropp sigem i
[cesientr{ten gollowm@lny lﬂfbmﬁ@m@phalrfu@bcqne@nmmon Dhlee requitedn

IcSndRAGKRH. wetdiselraﬁlsg fiyd @rﬁip&@ tﬂa%lr&e;s ibRhREaRd %@tWéEn i¢20

ui i

2%%PFréPet%Sq5ﬂga ?@gﬁé BIPT" O%M %83&“%%@? ‘?I’Brl?ressure (TMP)
icteteom eboibl BtoghvywBogeict / L of resin) at | ow pH (about

2.5t @h@ﬁﬁ’aﬂ'Eorﬁel@at@%uﬂ@acﬁ?@%&%&c@ﬁt@wf IneWafeRt ®1@bn is frozen at
bet ween. about 0- PE

Bt BBFHBeraé%amH?fﬁté‘&ec(f?é)d %Stp 6tein aB? étP@Eéh%q aéﬂpm}?nﬂ)tgﬁﬂnp&iﬁﬂ“ﬁe
(120 °Casi’ “Whi | e mul ti - PEGyl at ed by-products and excess
reagents nostly pass thr ough the columm. Buffer A,

W|th iJute saltconcentr . 1.5 use
g“v@] magolipefictue %“Sﬂ%ﬂf‘i‘“’g IldiH%fB mn "gs

by pr ddudow,yedralld &mabb Bbﬁgkgrdags 10 kelbudy weightsamgosed
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ulso diact EIoIT 4or Blaghanis ool estetl Hencthe vem blodth eangplind wod a cemmercially
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er AWI entratlon
asp@agpggl Efi%fte&? profr én%@zare%}ﬁré Wﬁ@%@tﬂﬁ% fgpeach of
(t]ib— fﬁllw)lg atenplby nghp‘dundsprsp.ﬁmcb&sl;emdaltymsaieicalbgibmtExainple 2:
cbawnul 1t fgpal%a uglgg i Hﬁéa? ﬁ@%(}' Itns(: %QJ]E§£H J@Fa&g@ﬂlok@ﬂéﬂvég{lt of

t anda sheet nenbrane
gg‘i)‘l%élﬁ#g? ﬂ%@‘ﬂt ﬁtkD@u‘ind&P’P‘)t%'FPé process is carried out
vi a aRhdrmat¢dkaietic pavameettrs ateraomldubaitddoming gnodyl-ibddpbsdent methods

wﬁ@&ﬁﬁ%@n@oﬁl dlq QR QMint L niPRe-KBEYk: ﬁgan average
GRRGERE GR toc;} ab %1&?&% %Eﬁ@(@ﬁa Q&meﬁt fon (T )ogf

r ocess I a n e
approximately 12 hours an apparent clearance rate (CL/F) of approximately 0.046

L/h/kg, a maximal concentration (C__ ) of approximately 14 nM, and an elimination half-

life (t,,,) of approximately 14 hours.

12
Compound 11 prepared using a linear mPEG-NPC having an average molecular
weight of about 30 kDa exhibited a T___of approximately 24 h, a CL/F of approximately

0.027 L/h/kg,a C__of approximately 18 nM, and a t, , of approximately 23 hours.
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liter per nmeter squared of filter area per hour (LM)
and transnenbrane pressure (TMP) between about 15 to

w@kwat1s3%8 psi. The final concentrated bul k act P&BEUS2009/046704

pharmaceutical ingredient solution is frozen at an

appropriate tenperature (-20 0OCto -70 0C) and stored

at an appropriate tenperature (-20 0OCto -70 00).

Exanpl e 10: Pharmacoki netic Profiles of PEGyl ated

Insulin Lispro in Dogs Two-f4Mr year old femal e Beagle

dogs, 7-10 kg body wei ght, are dosed subcutaneously

wi t h €8mpounddll /pkeparstl ueing mbhear yPEESNPC bapagiwdayerage molecular

Feiigho of abalii 40, kbl eabithitsdarP| esf dpprotireastly P4 byp ChE of emha;hinately
I Ve i, Nt g

e R O R L

sanpl inygliedrtenair wenyimilaiaddnyinisterid tafpimale besgle degs at a dose of 18.9

mahi/bg, nmd axiﬂs&ay Thasf alsmdmtnatetjzelt honreeCt/Ref hme;hmatafy 0.12

¢ ni t tic

|oL ?@%gﬁe@sm’aﬁ E%ggarr%fggzrjsmv\e%hg agézt er rofgé ré:gg%lﬁ?

tTablefld [likte Wicrrgmpsrebip parmee o dynids. phepsuladpesteRtA aﬂllizyd for

s QGE! Re s v HEEATAE] %suhnqgﬁf%(hﬂagncﬂa%eﬂﬁ@ﬁ@ﬁlﬁﬁ usi ng

a linear nmPEG NPC having an average nolecul ar wei ght

of about 40 kDa, about 30 kDa, and about 20 kDa.

Alahtentd B pmmctepafoam'ﬂzsed\mselimMPm irsded usi ng

nodel - i ndependent net hods (WnNonI in Pro). Conpound 11

p ared usin | | n r NP nav er g .
OPSEUMEE wei | GOKP2 BEGab ol POSRR PEG ox hFGHTICRE G- t { syl
MaXi UM conce rcbmepbumhl]( v Teempowfd lapprmmpmmeﬂ\l 12detemir

homs (n®) appqqqnlt cl ear ange 3y ate (CL{&£) qof 2342

af et et 0046t hr kg, a meximar _concentrationm (¢
) ‘Eﬁﬂgg] rOXj Izéth,/ 14 nl\/!% d an elimHElion hal fl-?’#—'b-ﬁ

( XT]1@y) of appuexi mately|23+hours. Compeund 11 |3.5+0.7

PSR A ML g pnear TORE N oYl o8 2 aveiqsﬁw

rocoural VVC LILLY [CAV) T\.JU. CATIT T U C4uU

apileR i(lnhted)y 02]416#0@5& P.027 T894 ox | 2t 9.003 02[70.12 +0.02
L/ X 18 nM and a X1 of
apllgrdg%l?rlg(tggﬂﬁ&t% ogggg&bgﬂ%t/%bﬁp 11 prepared using a

I i near nPEG NPC havi ng an average nol ecul ar wei ght of
about 40 kDa exhibited a Trac of approximately 24 h, a
CL/F of approximately 0.026 L/ h/kg, a Crac of
approximately 15 nM and at 2 of approximtely 20
hours. Insulin detemr was simlarly admnistered to
femal e beagl e dogs at a dose of 18.9 nnol/kg, and
exhibited a T of approximately 1.3 hour, a CL/F of
approximately 0.12 L/h/kg, a Crac of approxinmately 23
nM and at 1/2 of approximately 3.5 hours.
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Table I'll lists the conparable paraneters in the dog.
The insulin-specific RIA utilized for these studies

waleioeasd2$9ot h PEGyl ated insulin |lispro and endeQEnse89/046704

insulin. Table Ill. PK paraneters for PEGyl ated

insulin lispro in dog 18.9 nnol/kg subcut aneous dose;

n = 3/ groupExanple 11: Projection of nean 'fl atness'

and dose in humans A key criterion for inproved basa
insulin therapy is the abili4y to achieve a truly fl at
profile, anmenable to once daily dosing in patients.

Sixpfmipdd HntProjestioreaismean ‘dlafriesse dndidoss ipdakans ough ( PT)

rati OAQ{eygg‘%eriE@for d @@eﬁi@%ség}%sﬁ@ﬁ?&{abﬁg%e ot edac%f a truly

cul.ate om publ i. . PK profilegs.ran rom.- 4-

Tt FHBRL e S0 us B Bl Gpt: Same iRt Tty o
Preldaough (BBeatExefi dor purperds ¢ilcompesypack T wagibygaldudated fham
SbIRhAPK ki1 s e HonLXLIRIr ALY mEARPOUNDSs RR ﬁlafga&u ITihB rat and

et re fit to 1- PK . els raneterized.in
5 B e Exnpie® S (3 FesDeSuUo BT s Bt B Fepe
tehanpliry tcompowads aid iosvwbin detemequeat fiol l6EMT K Mmodats, Paramgyyized
in WRB! i?:f 1, .CE/Ffainif §/¢F.|a]§ach Pz an_%tez%P)?Q thed glﬁ 12 an'ﬁﬁortng’}ié Bquation
a ,ore vely, .a S |
o Tk B e bR eds pit BRh TR EU,
pespeatietigr andanisla Sitedipaatmaters Myen bnatiedtimen afgrobfairied or each PK
ERhRR A QRO RIS rﬁ@%%?o 19 i s
HeEup e br SRigTES i tisa B J0kHe suf Ake r e Gr R
enbjyedtor the SintibaioREEy biawedbnin®uP kD4 PEQylated 4QulkDaspro, 40 kDa
Fﬁ;@@ylhag{dqgsuniﬂ %gﬂnrg And i@@ﬁg@ﬁﬂr. gh% lggﬁlﬂata%gg gge%tc}d;{%kﬁcaﬁe that the
si i ndi - u
Gy g O G To0r e 440 A5 EBGS i D B G nds are
|dr gipatical yoftaprouthais foa msuldr denantir. cimulatibhsatdudts atelbewif mrFigure 1.
i nsul N!sngﬁegﬁfﬂr bstinkiiM HRHLRAS 46898k PEGEFa%d%ﬁQMIiépPo required
Figure 1, strategy_ for estimatijng.the human dose of
o1 hitsdy “?er?s‘ﬁllo?”ﬂ cliniga] campaspiay &”é*g‘h‘f‘ gremay} gs@g dgferngl coptrol
uts the gatkeffoacy wbdohivael the ewpaptanahat fienslativapodete hetwpenas
RS BRI B it finl D liih 8L RBRY AR o Mt ative
n@e@p%iflélbeqtﬁﬁgu |Ti51ﬁ rqapigsh ity dgse %?Eﬁw%%ﬁ%ﬁ% ﬁiSHfﬁ it} the clinic
fcart bavebd@hed wingitind oHowing equagion:el ati ve potency in the
clinic. The required daily dose of PEGylated insulin

lispro i he c}.jni.c can be obtai ned using the
PP o %Dose det E G50t CL/ F det
DPo¥sse nE 30 PEb CL | r PEb The relative potency
ratio for each of the PEGylated insulin |ispro

nj ygat es can be_ obt ai ned j able LV. The relative
DB R PoieESARC b Faicd Dby BB Gulp PR e ety con be
iohmn!ed m Tabdpine/ T:hetrelmjive mpmrtMQleaanqe rdiogy famemp}mrPEGylated
(R R BGH&@tcii o GOFR] do8dnd Rund. Fo'e)éteﬁ?glje RohpiicdRRhratit ve
concentrati on-based pofency of PEGylated insulin
lispro
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conjugates and insulin detemr in the rat Table V.
Rel ative CL/F ratios for insulin detemr/PEGyl at ed

WO p@oiisa28 i spro conpounds Using the rel ati ve ppCBEOS3009/046704

estimates from T Table 1V and the relative CL/F
estimates from Table V, the nmean dose projections for
PEGyl ated insulin |ispro conjugates in humans is 4.2
and 6.9 nnol/kg for the 20 kDa and 40 kDa PEGyI at ed
insulin lispro conmpounds, re$pectively. These
projections are based on a nean daily clinical dose of
1&bk VRl ity eicnsechimtioiebaseid ipotency epli G pldtefl gnsulip pieprd
GoRjaghtes amiPink @ Fetédirtimehedat em r | abel . Wien both tine
action and potency are considered, the maxi mum nean

Cl | nl al docao nraodi ot oh 'Fnr o 2 faold louwor +han

ot A A A S = L

i nsul ijn det €mmp0ulichll he be stPocmgratlidmmIRMPEGylmedall
dose gstimate for the 20 HDa, 30 k%uhﬁlﬂgpr%O kDa

L
PEGQy| gted—TTrsutT™m Ilb U Qo] ugcuc TS apout 20=ard

about [4301kBa BEGo\n@ﬂmtthl nsul i n deld#it0:68exanpl e 1%:
d ucode . Rat es_art fjer Slngl stratron n
Heal t 3({/@{)?&2# gyt "gf—s@ﬁ‘bh Da- B28 ﬁgmo%l nsulin

l'isprg m@ﬁgwngﬁllﬁmpl strati on O\65 Broew- part

fl rst_hnwnn docao ot vidv, vawnad ~coandict ad o nn a t-| nnl r=
oo oo S et ooy et S oot e oo ot

dose of PE&OkDa- 828(> 95% /Al -insulin I|spro (LY)
A IRAPECE Bl akis fitdefiifh/p RGTHAAT Gurfh 1isHR ¢ A
ir?cm%eget ree Stljl y per| og' & \Mjl:ﬁ Eﬁl su JectsISB
CeRBPYEYE a subcut aneous (SC) |nJ ection of LY dose in
the first period, followed by an injection of insulin
gl argi pe dose (0.5 U kg) |n the decond p=r| od, and

then follo 11 ni eclé&p deqtR LipEamag | he
third peri \ggg"%\glr@i]B was i?l )gglg% %eﬁogn Pabrc@ar g,

two replrrcate pert ods stugy 1Tl T supbfects recerjved
a si ngl 20 Kbs BE6F-insMin kisppef h péri qds 2401 {zi ng3.24- and
36- hou 8 ucose. clanps. rt C wdS an open I apbel, (wo
per i od | 4&KR PEGinsulin lispye. stfuedce 40 4.1

conpar at or - control | ed st udy in which subj ects received

SC d f. L d
o vl B e i R SR Rl B ol TR g R R R e
ottieatesgfiemn deble Buthi ovhs desa geyjwtnns far PAGYatedingeloslepsl anp
FéBﬁ]ﬁ rn@hbrﬁant% 2502% ?1%6 Qmeﬂkg?gf thg 26-kPA ?n&(ﬁ%}?% E?dr}]ﬁéﬂg@
S0 i BBt e i SRR SRt
abinigal sloseyifd 8 dowm kg inRalint &etelyir B rapaiteC farsl ybo R ldostic [Rgertts in

'ﬁléjdéﬁe%ﬁr laQelOg\a%n b@thQﬂar?e@cn@n iha tegey?’gré c&gldléﬂ:d %ﬁg Yhaximum
o g ; fgg dose predlctlon for 18 I;folc? Iower thnlg 1n51%1n cﬁ:temlr In theqoest case,
the mean clinical dose estimate for the 20 kDa, 30 kDa, and 40 kDa PEGylated insulin

lispro conjugate is about 20- and about 45-fold lower than insulin detemir.

Example 12: Glucose Infusion Rates after Single Administration in Healthy
Volunteers: PEG,, , -B28 ©~95%) Al (5% )-insulin lispro and Glargine Administration

A three-part first-human-dose study was conducted using a single dose of

PEGZOkDa_B28(2~95% ) Al ( SNS%)—insulin lispro (LY) prepared essentially as described in

Example 9. Part A included three study periods, in which subjects received a
subcutaneous (SC) injection of LY dose in the first period, followed by an injection of
insulin glargine dose (0.5 U/kg) in the second period, and then followed by an injection
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Subj ects are adm nistered a single dose of the
PEGyl ated insulin |ispro conpound or a single dose of

w0 a@ahsn2gyl argine (0.5 U kg) as a conparat or apdI/us2009/046704

anot her single dose of LY in the 3rd period. In all

treatment periods, subjects undergo a euglycaem c

cl anp procedure for up to 24/36 hours follow ng each

i nsulin conmpound injection. 3 ucose infusion rates

(AR are adjusted to naintad4m euglycaem a, with the

docunented G R over tinme providing the GD neasure of

ioh gudthen Lycdosom. theThed apnndofPart ewsuglopenlhil csiggladws gwo

@&Iﬁlme b@rldd@ S1UBY ﬁltmléhdﬁl%w ?&@it%dia glh?l@ e o@mqﬁ $6th periods
adm ni stra

R 2 B P LB TR Pt oBirtiaRT Bl o8 o single
idnsufikall ss@uned, conpator-¢tvapallddstugly ie wbeh sutp reepied a single 0.5
%Q\ft d@s@@f thah oﬁenp'engh Hﬁ(9§ﬁn;%15‘ g'g I{e/ﬁ%gdt? ggsze: &%ggﬁdglaﬂgtne in
S I S
ot Rt S RielR BEGelbist 2l iR BT s S iod n
|P|a1=_t$JA|and Cﬁné a @nigeti drura:ti@néumfas‘%é hyi glicobeclamp prycediociyprach reriod

(u@art BRASUWIAR a@fnididiGed QdBhthiboRGY amllslg{@&oste i Barts A, IB and C as
&%‘@cose clanmp studies are performed after an overni ght

of approxi mately 8 hours. On the norning of the
study, a shrl A dewmt:Heq086, 0.6125] GEEI0.32T mghkgbednweithtone

arm i deal ﬂ>a¥tBHo§eE‘fb BN e2¢mbikkbal fossa, for
admnlstra]%{og 8% extrose solution (buffered to

near neutr ®he control of a volumetric
punp. S¥inetthaee admmhmrﬂira digglpd e efithe PHEglatey insplin hgrawangtound

Qfa E‘l @ dbgr OfYI%Hﬁ)Iyglal%liﬂég@g @/@@95 B GpardtDi ﬁld%ﬁ@tﬁer' stgle dose of
g ﬁ?{n ?T ewrc to a‘gfwtg@}nate q 0C
mé l?eﬁ‘ﬁ art B rgmeptperipds suye E°B1%Y C@H?Fp‘? gap
arecdlst &irmptb 24/36G Imaerdfedsvide edabringuimrediatued injection. Glucose
et 50/ ERY o8f adii féld% hh@esh &J Qe?ﬁa %ﬁﬁﬁ@ H&c@ﬁ‘ﬂe%@ GIR over

SO B%ﬁl iﬁfwﬁw% o n%‘txﬂ'gﬁ. T A1 e e bty Slucose

abprpoxtormztleﬂayl eBPlyodemud thequgke gliboss iifjieart afteg deiadmsigratose a

Qbsd 3K Hﬂsﬁhr%HiﬁHﬁHﬁkﬂ RATRERE e B YaGUE ﬁ&ﬁfﬁ%&r&onﬂﬁ@ hepatic
the subc ous 1 njection of an 1nsu

éii’r‘EBQﬁﬂﬁ‘EP“F gre &E?IWEHI%E{ atta%%luéoéf’ gat s diepsdogeied © b‘?-T-JﬁlFee%lP‘Eﬁ?ﬁe

(sf)acd 0isa., refycosenmatabnjliskald isi therdivdct den‘safcmqmce ot tho ladio thissaedodxiopenous

fRLITERS ‘éﬂﬁfﬁ?ﬁ‘ﬁs Qfe 11%% lﬁ%g?l?azm@ @ﬁﬁﬁ@dsm% omfelﬁ%sﬁﬁn action
|ntraven sl %Eat a varla

e i n order tain
R F clgppsiydisy ara rpe%f@mws arer a&fOtV‘érPlg?‘hgﬁaﬂ 9t
adpmmn&teﬂya% hans. Bhothd nsanpg dithe stedyur smalp patinternspledeyt into a vein
§Y @ﬁeyarﬂqomga\l@rqh R aﬁlfércu@f?'ﬂ rf%é Wa@hﬁl’mgg‘ugﬁ PP}O@@ g&'@ﬂo% soiu@ion

0s].n nt 1 nued mnutes for the firs

D Oaf%ré‘P“tE?éBthndf ?ﬁ%@i%ﬁﬁ%@%lﬁp@w’éo%% catheter is
fptaeel) édetlly inabe exigroy héhdFomvenodsegycosanchpling riTlrieducs dedted with
%Qva%gln d@HE@to a h%&f‘ﬁ?alte?y 5’1? 60 & E&Salﬁé}glggﬁteﬁa{@é@ven%m@&i

ronr |
s EmECY e PR bSO dB e HEQCPHF Gefon adl blood
glueoesencatraent nghg anaut@natédgudondoxidadealchisgie) edter basal blood
gﬁﬁﬁlﬁ{gaﬁh ¥ stabiliation period of approximately 30 minutes, each subject receives a
dose of insulin compound administered subcutancously. The start of the subcutaneous
injection of an insulin compound is defined as time zero. Following completion of
dosing, in conjunction with frequent blood sampling for measurement of blood glucose,
glucose is infused intravenously at a variable rate in order to maintain euglycaemia for up

to 24 or 36 hours after insulin administration.
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target concentration is close to the fasting bl ood
gl ucose. The aim of the glucose clanp procedure is to

worggoat1s01e8 t he bl ood gl ucose concentrati ons w t PCTIUSE0H/046704

of the pre-dose target value, which is defined as 5
ng/ dL bel ow the nean fasting bl ood glucose. Thus,

bl ood gl ucose concentrations are kept constant while
the G R varied. Therefore, the varying gl ucose
infusion rate reflects the a#tivity of the test

i nsulin conmpound. Bl ood glucose |evels from sanplings
and i Blaedisonplingtoecushenpyesmathly sugrhid 0 minties fot apppoxamagely 30
HABMBEMH R doAinHdYortiadUSEES- RS RNtk &lrlie @St deserdted

in.Ex | 12. nmonstrated, i.n hunman t.hat .LY has
B R s iR e Ben aSETTR2 S gy Wit RRrehyeed
df-3@minga intamalapprrtenendrdlcfmpi f e rangi ng from 24- 44
hr tS angdripasa |glut§5k%rcﬁ%{pe{l;ﬂe%ld06§gnfusi§ré aqtt?i_s Q&ﬁ@{,‘tléd foQﬁ’egl'ﬂain a pre-
ratl o O es n | gure . tl.onal.ly,
Rk ot St P oo i s e bl the
itygatlchreeptratiogiindose B thafetieg bloTthglugdse.hTie Bwbjf §etglucose clamp
R B SACHAT Gt ABS e s
HEi e s S o 86 e P ame bl a0 Thus
tbhed gtugdse cofcebtramphk gie keptsahstand while the GIR vpriaf i Therefae, they
2 ing o PRKIOR SR L (Heab MG PR ndfiGoifpobiar, 32
Oy e B S P gt RS Ghybhot T b are
Fhgsiamadd. St ablity OFPEG n,, -B28, /Al o/ .-insulin
i 2 pr g sgira rcH&ﬁn dl%tséa g%gﬁtgw gp@e%'bﬁ%‘g%%ﬁmgggﬂ/i%%gum, in
TR A1y BB oSt LGt Sheh g B gt 0op Bhasfigy on
iapparéne hplf-& ameganofrord R4-a# drtandbesal chiacisristivg, iphempeiki-tough
?ﬂgyzﬁnéégtﬁﬁﬂ ?Tgfigulfe@?.'mhdﬁid():%py,ﬁﬁ@&jdrﬁﬁdgﬁz a&([:bg:f&g@idan % Ibker than
08 iR iniBne i 21, S b oD B gt {1 cpgynamics
Iwas pas©thhio BOP I(dettd om shevmiwharh it omdenarer bétet thewklatgien Finally,

ToRICOMn 3OS Pfm PASE! df fhelshAP(®S o) resiiTBE QBT Blofile for LY
sol ution forjul atl.ond;%Q re” conduct Chem ca

] d. I
dhas pias iegklps - dnaigainedHBy ﬂra%f‘é*ﬁ‘iri”&aé‘|36§w‘ﬁtﬂn§te?‘%ﬁ’?d?ﬁé§e peak
cdRsegpensedoradareipt b B/kigf dnongisgowif)i cant change in
vari ous anal ytical properties was detected fromthe

b @l 12 1 ' - Mo st ahage i od. at..
(R o P PR IS Y SR gy B e gl
tlispito Ritaamaexicdli Cahpdsaionsl| at i on was consi der ed

acceptable if upon visual assessment no particles were

FI uor S CaRE-RRRATRE DAY a8t PR T vt
disgre rcwiedhs odRECROK A a B dongpldxiim tHeipsg erwe fob divale@tnadai $ons and
%ﬁéﬁoﬁ.b Bfe@é}vagrvé iﬂ%&'lﬁulé‘éi&lccoﬁcﬁﬁoﬂﬁnalnglog(tus to those of Humalog®.
Accordingly, chemical and physical stability studies on PEGygxp,-B28-insulin lispro
formulations similar to commercial solution formulations of insulin lispro (i.e., Humalog®
solution formulations) were conducted. Chemical stability of a test pharmaceutical
formulation was considered acceptable if no significant change in various analytical
properties was detected from the initial time point for the indicated storage period at the
different temperatures. Physical stability of a test pharmaceutical formulation was

considered acceptable if upon visual assessment no particles were observed and upon
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PEGQ20kDa- B28-i nsulin lispro, 16 ng/nL glycerin, 3.15
mg/ mL mcresol, buffered with either phosphate or

w@epapasa2at pH 7.0 or pH 6.5, respectively, wWeP&I/US2009/046704

prepared and tested for both chem cal and physi cal
stability. Simlar formulations w thout zinc were
tested to evaluate the inpact of zinc on stability.
Sanpl es at 35C forned gel particles after
approximately 1 nonth of ste4’age and sanples at 25C
showed significant nunber of particles/bubbles
fagnersateiiory ‘Hfiefbavinap fraicarseehigrosaspy nofibihleor gl fotmtiage/as
Betdivegi trate and phosphate buffered as well as zinc/no

zZi nc ons..showed sim.lar chem cal/ sic

2t abi PEEP T ERRtR S forpuiabtco kB T B s Smole of

PEGr@b.eBARdifmn lspiopl esgappdreead, 1. 65 ing/miomseesph wkfered with

remé‘f @hﬁstplﬁat@ H{ &@it@gt pwm@ |o€§H\6fBe Fbsﬁe%ﬁfezﬁa %ﬁéef%r%@éd ahd tested for
| |1 S |

et e St bt Pt B TP G tested o
deﬁma’qsthle ampadt afivizcametbaliy.eSavhaeri at 35° CGsorhdd del particlessier
Iag%roﬁtnat ﬁhlgltlé o RBta 2 %%dﬁdlg@%g gtisfggmt ¥R tsiggﬁtcaﬁ%mber of
F?Flalﬁ%f/gﬁa éeél 1)13}21?181?121 P]preybl%{) go\mo(nﬁls 0? storage ]gotg citrate and
PEGROKDAUIBZS! dsrvealll 4s minkcing pmg forompoisedshawdd expased t o
&g&ﬁ;ﬁ EbtdbiBty(at thR 2Ecicrd i %o@%ghgg&yn%ﬁwmam i€ bEHQ !

S |V
RS ft D T b b Rt S Sl E G huatly.
thesupe ligira centroWvemulatien emeinod gipirc lothf atrateibral phosyhatebuffered
'f&%fﬁ'lduﬁns! dle%%graq‘éachnrb%ep%féfcﬁémféglf‘s%ilﬁ‘?Lt% @tfébdt heab ¥ 3 t@onths.

é@ta 828t insulin af X ﬁ]@%ﬁlgq at el eyvat ed L
t enpe SEuegt m‘b?srtci%ar?ﬁﬁ%‘ﬂ} ceigy thap nP%I?fgSGEV&HiS‘? S FhY
IPE@(@W@Z(B(W% compinadl with BEG)ori.rBA8Hnyulihlisgrp gomposed and
CRRROMRS: ﬂ@ﬁﬁ&%{ﬁg'zﬁ%ﬂ Mt & lfrm%&eﬁﬁ%@mﬁ%ﬂ fAhPEG

abi |
Sliie ctitdis g e B bR TACSUSLEIPOR BTN Ly b

;@radmvel oped The follow ng fornul ati ons of

PEG20kHRy %ﬁé?tg@?/gél)fgﬁéué&iogé lot)lnéu'ﬂg %E%rg dldgﬁ)PE&lfc(r;a?cCeaptable
s é‘g‘}fg ‘iosp%rz’lg%?a singdidis C%‘p@‘t‘i‘ds F‘o‘?leVBY‘?Q ter?b“ﬁ?% & 30
P@armfaceutitdl cempositivink soraypris2fy KBCh0a 828 04)/B\ e, -@isglit lispro
'391‘%&&d?&en?on%tm@imﬂr@vm\éhgﬁlc% Qlldfpfh lical PibiityQnd sQtabkFor

mM cal ci um chl orrd sucrose
FPBRAICHUESONG: ApprRttep saﬁ}rwme&r aCucal ormaplipperere
zievegopdr 1. 0 nol e PEG 20kDa-B28 ( 95%/A 1 ( %

i nSU 'Tﬂe {‘0|ll§wfr>1 Forkh Ta)tloﬂ@oﬂ'ﬁﬂdg& %ﬁ%{g{fgfﬁ 8 ng?l 1‘% R (12}«O

nM i o méﬁ?atedga:‘féepgabée %n%ﬂ%nﬁ@hwal ita*e}hwofpreoqg bR
for one month at 30 °C, for three months at 25 °C, and for over eight months at 5 °C:

1) 16 mM TRIS buffer, pH 7.0-8.0, 10 mM calcium chloride, 20 mg/mL sugar
(sucrose or trehalose), 3 mg/mL (28 mM) m-cresol, and 0.5 mole zinc per 1.0 mole
PEG, 5, B28_gs0,/AL (NS%)—insulin lispro

2) 16 mM TRIS buffer, pH 7.0-8.0, 10 mM calcium chloride, 3 mg/mL
poloxamer, 3 mg/mL (28 mM) m-cresol, and 0.5 mole zinc per 1.0 mole PEG

B28

20kDa”
(Ngs%)/Al (NS%)—insulin lispro
3) 5 mM phosphate buffer, pH 7.0, 130 mM glycerine, 3 mg/mL (28 mM) m-

cresol, 3 mg/mL poloxamer, 0.3 mole zinc per 1.0 mole of PEG —B28(~95%)/A1

20kDa (~5%)"

insulin lispro



B28 . / ,/A w,-insulin lispro 3) 5 nM phosphate

buffer, pH 7.0, 130 mM gl ycerine, 3 ng/nL (28 nmV)
woreeedsd128 3 ng/ nL pol oxamer, 0.3 nol e zi nc perPAT/0S2009/@46704

of PEQOkDa-B28 95% /Al - insulin |isproFormulations

of PE&0kDa- B28( ~95%Al (~5% -insulin lispro

cont ai ni ng hexanmer pronoting excipients, e.g., zinc,

m cresol, and cal cium generally exhibited greater

physi cal and chem cal stabil4&y, especially at

el evated tenperatures. Addition of calcium chloride

an d/ oFofNaxGitioh:0o PIEGAAKFB2HB2B (/A B5svif-inpul Al lisprosondainimpshek amer

E&l‘i’d’tﬁlgfe%lﬁﬂe‘ll\t?t' %nccarur@sbﬂ b PcAdiG @r{é@au%gﬁl%éa greater
ance ph si ¢al stab |§

r en
ﬂoﬁwa a4 GrRgica éllé& S “tdhpeH %ﬁat?fié@meffatarss otddition of calcium,
ghbadeeand/d%ma(?h@rﬂﬁzﬁza@a PR sphatl s.gindulin tispat forlouihfies edntaining

0% %{1 AL er&%ﬁfugtﬁa%ﬁédcy &16 ?h;%'lcta?gaﬂﬁt?%f Mﬁﬂaﬁals exposed 10
stability th or nul at1 ons. claim 1.

Aenr:rrs@ﬂrs% %fdm ﬁs% |greﬁter i lﬁﬁﬁr%waawaatsﬁm{ ﬂtéatF Briied:
Ferfr{ulttiofiBlcheraldy exhilpted lasmpleichlcsadbllity oo 8RI%blféeraibfiotmulations.
thereof, wherein: Ais the A-chain of insulin lispro
(SEQID NGO 1); Bis the B-chain of insulin lispro
(SEQID NGO 3); and P is a PEG having a nol ecul ar

wei ght in the range from about 20 kDa to about 40 kDa,
and wherein A and B are properly cross-linked and P is
attached via an urethane or thioether covalent bond to
t he al pha-am no group of the glycine at position 1 of
A, the al pha-am no group of the phenyl al ani ne at
position 1 of B, or the epsilon-am no group of the

| ysine at position 28 of B. 2. The conpound of claim1l
wherein the PEGis attached via an urethane or

t hi oet her coval ent bond to the epsilon-am no group of
the lysine at position 28 of B. 3. The conpound of any
one of clainms 1 to 2 which is further characterized by
having a Ki for human insulin receptor of about 30 nM
or less. 4. The conpound of any one of clains 1 to 2
which is further characterized by having a Ki for
human insulin receptor of about 20 nMor less. 5 The
conmpound of any one of clains 1 to 2 which is further
characterized by having a Ki for human insulin
receptor of about 10 nMor less. 6. The conpound of
any one of claims 1 to 5 which is further
characterized by having an elimnation half-life
greater than about 6 hours in STZ-treated rats dosed
at about 568 nnol/kg.
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7. The conpound of any one of clains 1 to 6 which is
sufficient to | ower blood glucose to below 100 ny/dL

WO p0/1RIB8 treated rat for a period rangi ng froPCEOB2DI/E6704

hours to at |east about 36 hours after a single

subcut aneous injection of the conpound at a dose of
about 568 nnol/kg. 8. The conpound of any one of
clains 1 to 7 which is sufficient to | ower bl ood

gl ucose to bel ow 100 ng/dL i49-a STZ-treated rat for a
peri od ranging fromabout 4 hours to at |east about 48
M¥ecleinf t er a si ngl e subcut aneous injection of the
conmpound at a dose of about 568 nnol/kg.9. The

conpo 0 n of clai which is further
i S5 A O S Rl R e e

gr eat B (AHEN], abopitarB@chigaHy a¢enptablh satetherapfowhereigi ngl e
subcut ageOM% HoAehat o];@lﬁguﬁn Qsp;?@(%E@mgo iLO Thf .
compound o one. of.. cl ai ns is further
characteri @gﬂ%§{ﬂ§9Pﬁﬁ“ﬂﬁ”@?ﬁﬁﬁﬁgﬂﬁgﬁgﬁéi?dl|fe

gr eat er t hRis adiguhavd® aroclesilar weightrarthe wpgnfrem gbongP@ kDa to

EYteles gt) %D@ Qg qulgl%ﬁl @tandiﬁ ‘afétprgpegl %rcﬁQJ{ﬂﬂg:d ahd P isl: Jifached V1a an
u

re
TR ot eRErov BB e i bber e ERBAT e Gl g 3t Bowion 1
loD4, the alpbeoami@réiDanf tHehheMhdargwng pasnigorof ofdhyor 8respofon-amino

Gk ?Q§ﬂ$1§§hgg.ggﬁﬁﬁyg%f§he PEG has a nol ecul ar wei ght
he range from about 20 kDa to about 25 kDa. 13.

The conpound of any one of clainms 1 to 12 wherein the
covalTdatcoppmnuaidio§ claim Uwbthamrike PigH ¢, attdched Thewnaoripoe odthafether

anyoaat lSHnd% e TBsitbn fafhinbrbiy RS lyé}lﬁ@it"i‘)%lﬁ@ﬂ Zesk By

havi ng a phar macoki neti c, pharmacodynam c, or activity
peak to trough ratio of | ess than 2 upon parenterally
adm.fibstempaigdtobary gratof elatmsa tb Revlaghan furthat ¢hyragfefismittiyheving

armtf&thuafanmﬁhmeaﬁwb@ab&éso Iherige of a conpound of
any one of claims 1 to 14 for use in therapy. 16. The

use a co d of any one of cl 14 f.or

rran‘hf EOBOH Oh ARl ChHRE g2 Wh@ lg?tgéewgﬁf%@flzed by having
layo dgl hnoemiisulin redépadyet elsout 20 nMAT pdsar maceut i cal

conmposition conprising a conpound of any one of clains

1 to 1 c&‘ﬂﬂo&ﬁ%f&l{ dﬁ‘é ?leiﬁ%rl%‘é%éh%HrbﬁeP&ﬁ%QieﬁPéd%y having
excl pients, ‘ fOT C @rleri

6@#&%&1&&‘{1 g @B?P[S‘Efﬁ £hgh 1 pMgr Igsin 17 V\,her ein greater

t han about 95% of the PEGyl ated insulin lispro

conpoyy g%%ﬁd%?!ﬁgf FEGYLBIRA: to 5 which is further characterized by having
an elimination half-life greater than about 6 hours in STZ-treated rats dosed at about 568
nmol/kg.

7. The compound of any one of claims 1 to 6 which is sufficient to lower blood
glucose to below 100 mg/dL in a STZ-treated rat for a period ranging from about 4 hours
to at least about 36 hours after a single subcutaneous injection of the compound at a dose
of about 568 nmol/kg.

8. The compound of any one of claims 1 to 7 which is sufficient to lower blood
glucose to below 100 mg/dL in a STZ-treated rat for a period ranging from about 4 hours
to at least about 48 hours after a single subcutaneous injection of the compound at a dose
of about 568 nmol/kg.
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19. The pharmaceutical conposition of any one of
clains 17 to 18 wherein greater than about 90% of the

weEByhsaesl i nsulin [ispro conpounds have a PEQGCT/US2009/046704

covalently attached to the epsilon-am no group of the
| ysine at position 28 of B. 20. The pharmaceuti cal
conposition of any one of clainms 17 to 19 further
conprising a TRIS buffer at a concentration in the
range from about 10 mM to ab®ut 25 nM TRI Swherein the
pH of said pharmaceutical conposition is from about pH
7. @-t BheadpoypoupsHpi@np orenef ckimy kst whink isi fahen phasacterizagent
MEAEY G OonifarRRl L8O A ENhANabo§OI0AdLE ih ¥ hRREVGRA adhR
270 [?r()sm gndg?q%u Og%o n%m 21. The pharnaceuti cal
SUFEr o <o SO BemBREc ] ai ms 17 o 20 furt her
conprising a phosphate buffer at a concentration in

t helO: drhgeompammd abaytons ofitlking labuthidOs fvihanchaghierieddby
thﬁﬁn?kh ﬂfn%ﬁ%io? hﬁﬁgirf@?ﬁlb_lﬂt%ﬁgdboﬁ@m%d ; {stih ﬁtﬂnén% ubbPMingle
abou , a .5 and at | east one
iSﬁW@H?O&HSP&}S%%W@? 8 %g a solution with an

i sotonicity between about 270 mOsm and about 330 nOsm
22. 1 ITHée pbaperad @b tiyoak of dapodli toil6 whefeinethy PG diaspd molecular
G the rah@c Bdm a¥AIRT Bk RDL REatlodt B kigoncent rati on of

PEGyl ated insulin |ispro conpounds is from about 15

ng/ 0 about 4 /m,. 23. Th har maceut i cal

oo CSRDSI ARGROHE OBFER iy | Dpotel BL P phboleculr
cenght ingheginge fréve pbgpe 20 kDald apoetfX5ddlai ve anount of
insulin lispro. 24. The pharnmaceutical conposition of
any; 0"& e @bmphial W8 arkylonk O &RinfsUr b N8 fwnERMARE 84 vARnARAN S an
130 m\/gm cresol, between about 2 and about 4 noles of
2rethangBendin e of total hexanmers of insulin, insulin
anal og, and PEGyl ated insulin |ispro, between about

2. Sl4niVhacmn@bodiof 2% ondwioddims ling 1afudhe chandtertdcd by hadsg a
PRERBAS AEE S3bineRbdy RIS detiPify Rk B WouR SatRfof &s@ind® 2 fon
to 24 turther conprising a, pharmaceutically-acceptable
PRERGTATY P Rsiyrng ‘?i‘/%at‘ﬁﬂba t&ﬁ‘a SHHERTE chiectyiegtod i ent
tcompawde the PEGyl ated insulin |lispro conmpounds to
hexameri ze. 26. The pharnmaceutical conposition of any
oney Ofryehal 38 chipbhdd ah bl CIaGRATPL 1S 05L&l EGHY.
about 100 mM and about 150 nM NaCl, between about™ 2.5
nmM and about 25 nM cal cium and between about .5 ng/nL
andl caldta tusSofragiomipowtd giehypxendiclaiB8l to24. forthemanufacture of a
RRAIAREAYS! e ARAROBhY o8N cGhia BPYiaHAG. OF clains 17 to
26 conprising between about 1 ng/nL and about 5 ng/nL
pol oxamer 188. qz?i The, phar maceuti cal conpositio ?f
any17onAeplgﬂrmqugﬁl cqqp@@og@r&;g%}giasqowoun of any one of claims 1 to

14 and one or more pharmaceutically acceptable excipients, diluents, or carriers.

18. The pharmaceutical composition of claim 17 wherein greater than about 95% of
the PEGylated insulin lispro compounds are mono-PEGylated.

19. The pharmaceutical composition of any one of claims 17 to 18 wherein greater
than about 90% of the PEGylated insulin lispro compounds have a PEG covalently
attached to the epsilon-amino group of the lysine at position 28 of B.

20. The pharmaceutical composition of any one of claims 17 to 19 further comprising
a TRIS buffer at a concentration in the range from about 10 mM to about 25 mM TRIS
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bet ween about 0.3 and 5 noles of zinc per nole of
PEGyl ated insulin lispro. 29. A nethod of treating

woypengligeen a or di abetes in a patient in neeRCOUSHOYMH6704

a treatnent, said nethod conprising adnministering to a
patient a therapeutically effective anmobunt of a

phar maceuti cal conposition of any one of clains 17 to
28.30. The nmethod of claim?29, wherein the patient is
treated for diabetes nellitusl- 31. The nmethod of claim
29, wherein the patient is treated for gestati onal

dihatyat the pHIP saidplaroeeyticabEompkiting isdrdEduapd d.-0i toglduit pH 8.0
lah& ﬁrl&sﬁ&ﬁﬂ%ﬁm@fag&h @rddéing b 81utn[Wifh) an(iBibniciBr be@vee& about

ceut,i cal | ce tabl e salt thereof, wherein
ngﬁm&ngﬁ 3%9 ﬁlglgl in lispro (SEQIDNO 1); Bis

the B-chain of insulin lispro (SEQID NGO 3); and Pis

a PHG Thavhngaceutiod] ecmpertionsif gt otierwf tlawnsr drig &0 furthay comprising

%@Hb@ph&@ bR at Qc@fé@tﬂﬁaﬂé@m“tﬁ@rané@ﬂorﬂ’@%& s M t 4B u B A RI and
b0 SR pb BB Boe s isBb GT hthet S ongoupt ot 7.5

tah@ atl lygasi ore istomotyiageo prad8ciog a Boluiinchiticamprtpmety between about

neR&dsRGntRBoR B3 M@RIman no group of the |ysine at
position 28 of B w th nononet hoxypol y(ethyl ene gI ycol)

ph car onate (rrP G NPC) .hav
Do B A bt Bl GG RIt-BrT 61t s CABL 198! Hr ik i e ot
aboghtra4®n oDBEGplawd inmglirelpse swippends iafrom apédt bemgsel to about
aheymB. 5 and about 11.5 and at between about 25C and
about 300C for a period of tine betvveen about 3 and

abot urs. 33. The process of a| 2 in the .
PR B AR oRay B s of okl 80 Griet Gashsine

abhﬂmpeﬁtlc&llaﬂﬂecalbommoﬁltOf in3#in lifpw. pr ocess of claim 32

or 33 wherein the wei ght average nol ecul ar wei ght of

th 624”3%55%5921&%1@&1 Q&‘ﬁn (?st'ﬁQ@ an)sére of Bainky 1@’9@ 33 fitheP¥nprising

O he he re Ct 1.0Nn
RS L0, P Reresat bstéieeaa@ﬁu%ma bo) ARl LA e Pleegt ot
316xanﬂélmeofpnsmhesssuhﬁ agahyg, emkP G ylatedinawindRptop b8 weantaboet 205 mM

taﬂ@aﬁo%ﬁﬁﬁl%cdléurﬁ%g%ﬁ%ta% bet ween about 25 0C and
about 30 OC for about 3 hours.

25. The pharmaceutical composition of any one of claims 17 to 24 further comprising
a pharmaceutically-acceptable phenolic preservative and an amount of zinc sufficient to

cause the PEGylated insulin lispro compounds to hexamerize.

26. The pharmaceutical composition of any one of claims 17 to 25 further comprising
between about 100 mM and about 150 mM NaCl, between about 2.5 mM and about 25
mM calcium, and between about .5 mg/mL and about 5 mg/mL of poloxamer 188.

27. The pharmaceutical composition of any one of claims 17 to 26 comprising
between about 1 mg/mL and about 5 mg/mL poloxamer 188.

28. The pharmaceutical composition of any one of claims 17 to 27 comprising
between about 0.3 and 5 moles of zinc per mole of PEGylated insulin lispro.

29. A method of treating hyperglycemia or diabetes in a patient in need of such a
treatment, said method comprising administering to a patient a therapeutically effective

amount of a pharmaceutical composition of any one of claims 17 to 28.
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30. The method of claim 29, wherein the patient is treated for diabetes mellitus.
31. The method of claim 29, wherein the patient is treated for gestational diabetes.

32. A process of making a PEGylated insulin lispro compound of the formula:
P-[(A)-(B)], or a pharmaceutically acceptable salt thereof, wherein:

A is the A-chain of insulin lispro (SEQ ID NO: 1);

B is the B-chain of insulin lispro (SEQ ID NO: 3); and

P is a PEG having a molecular weight in the range from about 20 kDa to
about 40 kDa, and wherein A and B are properly cross-linked and P is attached via an
urethane covalent bond to the epsilon-amino group of the lysine at position 28 of B which
comprises reacting the epsilon-amino group of the lysine at position 28 of B with
monomethoxypoly(ethylene glycol) p-nitrophenyl carbonate (mPEG-NPC) having a
weight average molecular weight of between about 20 kDa and about 40 kDa in an
aqueous solvent at a pH between about 8.5 and about 11.5 and at between about 25°C and
about 30°C for a period of time between about 3 and about 6 hours.

33. The process of claim 32 wherein the PEG:insulin lispro molar ratio is in the range
between about 2.5 and about 5.0.

34. The process of claim 32 or 33 wherein the weight average molecular weight of the
mPEG-NPC is about 20 kDa.

35. The process of any one of claims 32 to 34 wherein the pH of the reaction is

maintained at between about 10.5 and about 11.5.

36. The process of any one of claims 32 to 35 wherein the reaction is conducted at
between about 25 °C and about 30 °C for about 3 hours.



