PEGYLATED INSULIN LISPRO COMPOUNDS The present invention relates to the field of diabetes.
More particularly, the 5 invention relates to PEGylated insulin lispro compounds that are highly soluble
and have an extended profile of action, to methods of providing such molecules, to pharmaceutical
compositions containing them, and to the therapeutic use of such compounds.  In order to achieve
normal glycemigoingwiseigplacement therapy is designed to parallel as closely:agpaseible the pattern
of endogenous insulin secretion in normal 10individuals. The daily physiological demand for insulin
fluctuates and can be separated into two phases: (a) the absorptive phase requiring a pulse of insulin
to dispose of the meal-related blood glucose surge, and (b) the post-absorptive phase requiring a
sustained amount of insulin to regulate hepatic glucese output for maintaining optimal fasting blood
glucose. Accordingly, effective insulin therapy for diabetics generally involves the 15 combined use of
two types of exogenous insulin REGUIATER IEYBPIG-aEHH R0 HOMPGEMEUlIn provided by bolus
injections, and a longer-acting insulin, administered by injection once or twice daily to control blood
glucose levels between meals. Currently available insulin replacement therapies are deficient in
one or more clinically imPoPE&TsEHEpEEn Ealeiedsfied abdinieiin MesrmesteY-dPd long-acting 20
insulin formuldtiorisyestiehresiehte BESuHRIpS A ANmecomsetiidaterimnmpds seskieaatibation of activity
that is insufficient 4o pstovidebébalighticose vohtds|darey flil chayhwiedrda ndrikresedutiaily. As a result,
the duration of actianpofitiasabimsuilip isoftedtionesihaspifidiont td adeguagebpdsontrol hyperglycemia
and, more specifically, posidadsatpiivendhaseivestirament scpmithra s ingie dailikdnieation. Furthermore,
the omission of a &mﬂ& LaRieclonQiibachrentarpisscaiepd R Rignficantincrease in
“pealcto-trough” el oh, g LSUIBALR JRA R AlURRSE.AANN b MATRAUS-1he utlization of
insolubility strategles slo] pl}l Ion% én‘ﬁe albs Oreltclavas% an }E%%}g%aél&ﬁgeg{n[%d@;% a‘%;%gsj:ogr}%gctmg insulin
i

formulations, e.qg., crysta Ine s Ine. Hage PH msulcp and
stain

ensions o
ULTRALENTE(r), BFHEREARRS Eggﬂﬁsﬁgﬁfgﬁ %'fﬂ%égﬂ? B?“‘nasﬁﬁﬂ"é”ﬁ Bi’*‘élﬁeg A&é38e Nra-injection
variability resultm@‘ﬂ‘f‘l?fd}féﬁ%ﬁ R?d?%ﬁ}ﬁ?q??‘fﬁélﬁfﬁé‘éo%%'pf@ﬁ?é“ﬁ?ﬁﬁ’i’é oRisrl Eyinaflonty, NPH and
ULTRALENTE(r) g&@p@né@msdmﬁu|F€w@eﬁﬁhi@dhmﬁ@ffbﬁh?él&%éeﬁ%ﬂfﬁ&‘ﬁw%?bﬁ|ty, have increased
intra-subject Variabilityisehe¢ehovtoypenad ratherth anyirofideatividealtfiducpiamesibodynamic profile
necessary to mairiitiiogtiviitifashisigs bipetheed sddgrantgéndid periddefdbne between meals. 35
Therefore, insulin fQesauiations-hader@liyas AdRsIBIE:HAR 18-R5oUREtINGIN payout are inherently
less predictable than solyple.f M{g;ip[ﬁglggdeﬁgg%m fesspiban.adgauate santral.ef blood glucose
and a greater suseapiilinlp ey gﬁ&@ﬁ%@&%&@%&%ﬁﬁ if0isegss: Additionally, modern basal

insulin analo% ar? n I r%?mllaxuons, uc EI\ dn \gm armo ?nts%i%c& lnS !slfpsfs ?%ﬁyons Thus
current insulin rep cemen erap I eave la eItI(f pa |ents sce e tO Ime- threatenlng
tvity t at 18 msu 1entt rovid e b ucose on ol fora I

hypoglycemic episodes, the S&rbUs 16RG-term me comprications o afﬂ(etes and/or impose
considerable 5incAAREHTEHESal ﬁh%dﬁi}“bl‘“ﬁ‘é”ﬁ%%%ﬁ?@@@gQ@”[h‘ésﬁlé‘h@r?@enm?%lted States Patent
No. 4,179,337 entifledfivahid adasurielyspre P bippehneais -aiselossaanbeally. coMagated to linear PEG
molecules having ahasotepifemanveiglithefspetnddn inloetion5 0B rdabo Ue201800mDEe $Higlds and Kim
disclosed insulin cofjugatedhwithriavninraies adarwadig b (8Renbiagrse ibgcakndo200ehDa)
monomethoxypoly(giNenadéglysahidiinasalfcDgand Kidoe b AdvanaetiifvgdDeliver}, Reviews,
54:505-530 (2002)),. i, thaat aticltestheauhoms.siatad.tbal ihendasircieddheingiughgio low-molecular

weight mPEG insulip ,FgOHJ,Hﬂ?E&%uB%S’s%% b AARRIEOLRL RGO é@MPEO (5000
Da) was [prewousleg %rnd oco @re th e conju a%es blgaatctlwty P T International

Patent Application e

including insufth |IS%?§1%11HC§W5““B?6{%FI%O& §esﬁl&ﬁg fﬁt‘é?ﬁeg?eé% @’n"ﬁ1 A ittion Publication
No. WO 2004/091 4580818 £f6&ks Nivte srsrific u%ﬁ%ﬂe‘éhwﬁﬁaféﬂwmﬁéﬁﬂﬁm branched PEG
molecules having atchatipabrizinixie inekyhtref PERG fopin dab dercre:drbe apkl cabisiel itkDa,
respectively. PCT haternadtiorak RatenbaA pplicdd ien dea bliedtpbarhiesd Ma0i2 r@O 840456098 (published?
February 2008) anglad@n2084 8405l (RiablichesidaauieR08)rilisolase: tetetalirawarious insulin
analogs conjugategg G MalerxsRau ag: Runinalmeleawial Weiaht inthe gaaeadrom about 200
to about 40,000 Dqnhem%@gvaréﬁs{%éteﬂaﬁxmﬁa@fsmmJﬁ@%fggdﬂﬂgrég%ymuaw@s that are better
suited for basal insul replcement regimens, Jn parieular Sable.asalngyine et

ica on 0. T?Lga’os% ofest e con tlon of insulin derivatives,



25are mixable with prandial insulin formulations, have extended time-action profiles (i.e., able to
adequately control-blood glucose levels with an once-daily or less frequent injection), flatter activity,
phamiacokinetic profiles (i.e., lower "peak-to-trough" ratios), reduced intra-patient variability (i.e., more
predictable time-action profile translating into reduced incidence of hypoglycemia and/or weight gain)
and/or lesser iRjeciisi@s30irritation or pain upon injection are needed.pcTrdBesRAETEHNEre the
discovery that insulin lispro can be PEGylated with high molecular weight 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 35used prandial insulin formulgtions. The present invention provides a compound
of Formula I: or a pharmaceutically acceptable salt thereof, wherein: SUBSTITUTE PAGE -3- A is the
A-chain of insulindipsyres (kDN nbeB is:tH enBilotmiiogf insudindigiy an{SEQwWITh No)d-3); and P
is a PEG having armmiedulassieighiubnthentdngedromabouh?DsDeorépiaboett 4@dgxa, and wherein the
A and B are propeslyisressainkedand Rispttachateithaediesihsardadisesiiyddamm covalent bond to
the alpha-amino grauR RhieaI¥EReAlRPSILAPd Rhfudle AlPhapnine gieywmrf the phenylalanine at
position 1 of B, or.fhe eps 9959&'&%%@8‘4[%0 i%yﬁﬁ%&@?t@h@%ﬂ%@ 28 of B The present invention
also provides compositi&g% @g@&r?&l@% gl gjtiqg%ggzmﬁpﬁﬁe&qﬁk}%@ﬁ%ﬁq inesgclfg Jispro compounds
wherein greater than about (5% af the é) lated. insu |r] lispro com ounds Pﬁ;g]e composition are
mono-PE, Gylabed SRt S 3PP o2 PR S prRdEh ﬁ‘ﬁ\?éﬁﬁ%&%ﬂ?&ﬁ? i§és compositions
comprising monoAetEesy et JAS anhaeavh AL o gt & riistesst Jredifeomigtietbout 50% of the
mono-PEGylated €t tratestiarthielgd (ARORRI 6P Reverd D ebvenemahereeiiistiierher directly or
indirectly to the epditoh-EmivokgroumdKihe dydinélatposition 28 withieBywhaid 505-5Fhe present
invention also profiaes) phatmacelditel aompesitibhst cempsisingl ehidkGyatddwnselbiculispro of Formula
| and one or morevghatmere wisaly aggapiablenie spmMaliesat SokMGHihgeaisydpetal ions, or buffers.
In certain embodigeRts Aot S:HVRNHARMIARRIeHHGAl LMD AsHans.cempEsing a PEGylated insulin
lispro of Formula §;and.qne sEMAIGRARMAREHIAIN.AGCBRIALIR PGS ¥RIRRRgtonicity agents,
metal ions, of buffels Wther camppise o (ngrapeuically eicelye amaunt of ingyiin analog. | The
present invention also prOV|§e§ etho s of ireaﬂn Y1yberﬂul¥_c§mla, diabetes mellitus or gestational
diabetes comprisﬁgnﬁmﬁ‘i’i{é’f%‘?ﬁé’ 0 FI5aHHEL %‘Ptd?fé’ﬂfg?:é([&?&fé%ﬂ\%%%‘gﬁ}nt of a pharmaceutical
composition compreily Y Pelisspstedmisstim REPoRItRpsLE R D FeeAr i Rigiheh,  The present
invention also inclBéé s elrsulesdirying protynveanin siniehtisbrE s aprdPder grésbtittinvention for
therapy. The pesentispeetmtitin 8IS0 Imeoludes:tifetus dmflgap@EEydtetiomSuwirMiEps compound of the
present invertion foogleesnsarpisichee? Hebrimedanad Wor 2008 te@tih enbidhby peiglycemia, diabetes
mellitus, or gestatimog) diglbeiaser3da, varibi:GNAIASRERIGEH: LiRfRitpo PE® thadphiar masgytical

composition compygisifgierMRPYRER M definsd abavsaNhereMeRPharmaceutically acceptable
excipients, diluents, or GaLiISwere « i) AARNEEAIPREL ANSLRRRIMGH, & RIAEESS.f making a
PEGylated insulin |]!“Stg Og%rp%%ug Qf EQ? II]QI’nI;T}léHaZ P-[(%%F]Bu?r a @&qgﬁg 1Htll](fglsly{hatcceptable salt
thereof, wherejn: A IS {he -chain of.l suﬁn ohs 10, §E : Té; 3'1S the B-chain o?lnsulin lispro
(SEQ ID NO:3); s P8 PEEHANGS ‘1’%181%%’1‘3?%%‘1‘1‘5?%"&%‘ URGEHIBIREBSUL 50 kDa to about

40 kDa, and wher&Hf % atrguateiy st eltpdareessilsrels witpporeatibfE et &setitethane covalent
bond to the epsilofugiiRb e pest i hpsimeckinpismioficn 8 of Bwehickrdhifstige s #ébting the :
epsilon-amino grogoédhmriysineatepasiiip i 2 8rofr8pwithtehieniomethoxypbly (etisidensmgdy col)
p-nitrophenyl carbeaate! (tofldxc-NREppbaxving and/eighigveragemane lroutdnjwaighitof between about 20 -
kDa and aboyt40 ikkdaién &paguaeus savent atadH between about 8.5 and about 11.5 and at
between about 25C andyabayt 306 19E & peedl IMePEWEER aPeLE3.Aa%APRAY 6 hours. BRIEF
DESCRIPTION OF E;I[Hcgaﬂv%‘ RE% . eé%ure %ﬁﬂf’éﬁ@i na}ll ugjexgi%s ﬂ{g I%gclinsql%gﬁ@nrgK profiles for 20
kDa PEG-BZginsu'ﬁ'n TIS‘E)r 49" 1- - ]ﬁ Jinsufin iSpro, and jnsulm etemlr,slgased on allometric
4- 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
35  used prandial insulin formulations.
The present invention provides a compound of Formula I;
P-[{A}-(B)], or a pharmaceutically acceptable salt thereof, wherein:




scaling of PK parameters from rats and dogs. Profiles represent one dosing interval following a week
of dosing. Numbers are mean peak-trough ratios. Figure 2 is a graph of glucose infusion rates
(G1R) in humans after a subcutaneous dose of either PEG20kDa-B28(s...95%)/Al(c_5%rinsulin lispro
(LY; 0225 mg/kg) or insulin Sglargine (GERYKPUTEL S EpPofiles are based on observed data and a
"loess smooth” (Spins 2000, Professional Edition, MathSoft, Inc) function developed within Lilly
Research Laboratories whdstled-fp afdnsplie HaprodSERBENR1ED DESCRIPTION OF THE
INVENTION 10  The Bliokiag-clisinetiasdinslsre SEHONET &0 ACHdAcetonitrile. Bee:

tertButoxycarbonyl. BSAmguimmmalmmwaMgwm@mgémam@,tbglm)eedﬂIoride. DMF:
NN dmethy gy agie, RS SYRRAEE ) Lo DIRIAI GRS lenediamine
tetraacetic a%g?fg% %B‘BSiH 15Etr£ O%Fmoc 9-Eluoren methﬁ og%caribon I. FTC'": Hydrochloric
acid. Da: Da ton I‘_fo/ ﬂy an% C,alcﬁn ny e fiE Ab: monoclonal
antibody. M&R##RV Rrche B8 ohHis s}bt?ﬂiéj %{ﬁ%@ 19EBL B reversed- -phase
high- performﬂ@iﬂumpmnﬁtﬁgrﬁw atgmgitian 280t dusion chromatography. SEM: standard error
of the mean. SPA: memﬂymﬁ&@&ﬁpmﬁeﬂmﬁngﬂ pliatliwyadichadbreviations

used in this quzg;)qigg teahbnihe uﬂ&%glgag&g gﬁgqgg@w@%@cﬁmark Office as set
forth in 37 C}%% Kg{&p LS ,%0 Iy insulin from
any species | Bf |n ut not Im |te to porcme insufin, ovme |nsuI|n ahd human insulin. Native 25

or wild-type i s to insulin having an amino acid sequence corresponding to the amino acid
sequence of msuhrﬁgyﬁﬁﬁﬁ invratiorel o GRAYIdG: SREsHiPRR REPHSRESBORRPRBY a8 0ding insulin
from a numbsdiciifersmingpetiesm lwelickrio wedwt Hosobdw #Hlfae) thkithanatRESHakdr example,
human insuli&b@%@&wﬁr&we@epammﬁmwmam@mmm&mdcaymain (SEQID NOS: 1
and 2, respegiyelily B3aAaB, RS kAL (e 8iaabdiamy o aldananice). biosynthetically, or
synthetically produX%d The terr‘p nsuﬂin IS al 0 |i§itended clude any insulin derivative and/or
insulin analo ?ﬁs&?n ana Wsu erivative dpofmrpoal%ereln e protein having insulin
activity and Aated iRFEHD Lapros ’Bﬁ?@%ﬁfenng from human
insulin by a m@amn@n msﬁm@tbbam&ﬁ%m-uﬁéh}a‘fﬁg oﬁ’e"@ﬁmmm@ﬁd?ﬁ%bstitutions,
deletions, inevsinitg, phecklittotis:l Seropostimpawagsising wEEEpewd imxtlie BrdSde, e.g., PCT
International Rafank Appiicadiendtbisationiaaslly ieaeibrEdkanth 03 BickgIBehisS. Patent Nos.
3,528,960, 55141648, 5, SLB el 20,426 AL 0GR E56 = QPP AIGALMpS. 254,516 and

280,534. An exemplary but non-exhaustive list of insulin analogs known to one skilled in the art
includes insuli §§part insulin lispro, insulin glargine, insulin detemjr, and insulin 5 glulisine.
Furthermore, the terF PRSGRHIFRSR ﬁ@@%ﬁ%ﬁ%ﬁmﬁ ¥ dia as being both
an insulin defReiive ergeantimmel fisketng somPoEng waipistuing o hpoarcghmangstesbed in the U.S.
Patent Nos. ffafiviamantd o, 0 Ha60tcitisiiecifiipeidon plempsing e FEGmped hrhitindivto one skilled in
the art is inSLchx@%m&ﬁ‘ HapRLs Rsianalogs and/or derivatives are known to be “fast-acting" or
10"rapid-acting" m%@ﬁ%ﬁ%&t}&@@&&ﬁ&&%ﬁg% SPQPWHE& ed interchangeably
herein. A "rapid- actln% 'P%%lm an Hgm%o PC%S §rand|al glucose effect that (a) begins sooner after
subcutaneouS BRI AHS A TN Ruman ihaulin. and/or (b) exhibits a shorter duration of action than

human insulin after SePRESRICGYARLRI AR IEigR the e b PERYIaEdigwiadisanalogs include

"monomeric insolioubtaf flo gesthtinscetfasi thinphetase tfeynrdcgmrsrfitiie ssamemne to
dimerization af Bibrglycemia, diabetes mellitus, or gestational diabetes.

s



association under physiological conditions. Monomeric insulin analogs are known in the art. See, e.g.,
U.S. Patent No. 5,700,662, and European Patért No. 214 826. Insulin lispro is a rapid-acting,
monomeric insulin analog in which the proline at position 28 of the wild-type insulin B-chain (SEQ ID
NO: 2) and the ﬂyaﬁﬁa@iepgﬂhﬁm%c@iﬁdbéwwﬂﬁ&wpeﬂmsuihmﬁieham(ﬁﬁ@g eNOoR)dweve been
switched, Acc ingly nsmejlln lispr 9‘4‘{90' 12 At Ry vargls.designations. ipgliding, but not
limited to, ]T_ys % % uma |nsu In, Lys 28ProB29-human insulin, and B28Lys, B29Pro human
insulin. The@eiﬂﬂﬂ@lbé@#ﬁﬁké@fem&@ﬁ@d%@Iﬁd@%ﬁd%&%@?’%ﬁv@@ﬁﬁﬁ%lﬁuﬁﬁsﬂd@& For

instance, p 9@&!%%%%{91@9 humaensutia gmmaa;aoalgumd@ﬁemmmmﬂ theeRSncysteine at
position 7 of SE d the t position 7 ysteine at
position 2016f ’\%N’i‘ﬁgﬂll %‘i’rt?léggés%rﬁégat o% |ort1rt11 118 PI.S)uj:\glrbIS mt%g ggvggn the
cysteinexi mfsmmG’EGSE@lg} NGed:and thdtciystednengt ﬁl@glt@@‘ilz%ﬁi@E@ tboN A9 ¥DBimilarly, a

properly C@%%é&%lﬁeﬂ ingulin l HSALG, %@B&W’l&&@%@i?%@ﬂ%@ﬁ%Qﬂﬂ%@ﬁﬁé’%@%m@%&iﬂe at
position a7nof SEQIDNO:13 e cysteine at position 7 of SEQ ID NO: 3, between the cysteine at

position 9@ W@E@a@nﬁl@‘"@@éf{d}%g’ Wﬁt@lﬁ@%ﬁ%%%tﬁrﬁl@%‘f@@pfﬁ%f’fagi%t&ebé:iween the
CyStelnea%B@Sgi@{ﬂpfi&f HEQIRNE: ﬂo@lﬂdﬂh&ﬁicyjﬂ&}n&/ﬁh posittorthdxgh SEQHDeMOgBc0l)  As used
herein, "PEG conju ateg {{“E!EB ﬁ?@ét avi @t%g Insylin lisprorcefers mim%myém lispro or a

derivativd ?ﬁer@o? ovalcntry aas one 3BPEG and possessi g insulin activit ﬁy in viva.
The b|0|@gml2@d@m@§@bm§&ﬂrk%dl|F¥SG¢]W9§E)P@3&?@W§1IP&P§BY%?WO% pHra2a%hstfin activity"

with respegt 10 aREGMated-ingulindispie compakndmefitiepiesertwasantionts intertded to mean the
ability to significantly lower blood glucose levels in at least one generally accepted in vivo animal
model inEﬂh’ﬂ?ng, but not limited to, the animal models of Type 1 and Type 2 diabetes described below
in Example 5 and Example 6, respectively. Therefore, insulin activity includes the ability of a
PEGylated 5insulin lispro compound to lower blood glucose to a level of 100 mg/dL or below in a
STZ-treated rat for a period ranging from about 4 hours to at least about 36 hours after a single
subcutaneous injection at gy %ﬁgg M‘% @%@ @%ﬂﬁ ylene glycol" or "PEG" refers to a
polyalkylene glycol compoun erivative thereof, with or without coupling agents or derivatization
with 10 coupling or activating moieties. In its typical form, PEG is a linear polymer with terminal
hydroxy! groupEigse R%WBWER&NW%P%M%}W@@Q ~BR& number of
repeatingrssibits N4k ThePPEEG 28-mppiiotispaicthfbintubmieienl dryad o albyostnied in Daltons.
Typically, PEG reagents used to prepare PEGylated compounds comprise a heterogenous mixture of
PEGs having a different number (n) of ethylene 15 glycol subunits in the PEG polymer. A single
ethylene glycol subunit (-(CH2CH20)) of PEG has a molecular weight of about 44 Daltons. Therefore,
the molecular weight of the PEG polymer depends on the number (n). The PEGs attached to the
PEGylated insulin lispro compounds of the present invention will have n in the range from about 400 to
about 1000 subunits. Preferably, the PEGs attached to the PEGylated insulin lispro 20 compounds of
the present invention will have n in the range from about 400 to about 750. More preferably, the PEGs
attached to the PEGylated insulin lispro compounds of the present invention will have n in the range
from about 400 to about 550. Most preferably, the PEGs attached to the PEGylated insulin lispro
compounds of the present invention will have n of about 400 and about 500. 25Numerous derivatives
of PEG and methods for making them and conjugating



them to a protein such as insulin or insulin lispro are known in the art and are suitable for use in the
present invention. See, e.g., PCT International Patent Application Pub. Nos. WO 01/62827, WO -~
2006/028745, WO 2006/096535, WO 2006/036825; Zalipsky, S. Bioconjugate Chem. 6:150-165,
1995; Veronese, et al., Applied Biochem. and Biotech. 3011:141-152, 1985; and Roberts, M. et al.
Advanced Drugmelivers:Reviews, 54:459-476, 2002. One particularly pretamedeae fer use in the
invention is a PEG having one end of the polymer terminating with a relatively inert group, such as a
lower C1group. 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 (-OCH3) group. 35 Even
more preferably, the PEG used in the invention is aractivated 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 déegiedshie rrrmHeTFIsmE Bidctesin Protlespitensproioet/ativederivatized in order
to facilitate PEGylfatlonivgithracl esitethachvated aPEG atekspeeifietsre of the insulin lispro molecule.
Because PEGs are typigally:-gane gaigchagid-usadfasomiaty resrfiPinGc0mpolLmbsanying to some
degree in their malecuiteithe G, pndaziordivaly. skihiolthbspad 8. 9ehtiaihg/igseriipesithe molecular

weight of a PEG afiachethiowepmound yARSKibing ervetadssize ofishe REGrreagent used in
the PEGylation re?s%tﬂl%% %@f&%@%&%rpﬁﬂlﬁ%@l P Graiseampaund:Amgng the many possible

ways of reporting verag szib(t)rr[i‘rereeg(he gon&q})ott}%usﬁsm e qumber average, weight average, and
z-average molecular weights. As tséd herein, the phrase "average molecular weight" is intended to
refer to 10 the weight- average molecular weight which can be measured using techniques well-known
in the art including, but not limitBE {3 FRBESCEYEANLY JELIER T ation time of flight
(MALDI-TOF}mass spectrometry, gel permeation chromatography or other liquid chromatography :
techniques, light scatterifig febiwiigublzeviltiawantrifedatiomandNideoteretie. Hee formula for calculating |
weight average msaieculeivgighBsrabend Serepraisenie DasE(HdHHNE N) where Ni is the |
mole-fraction (or thRimmbarcfactomy of melecwaswithimolpewor meight Midmbardnixture. The
formula for calculatipg pumhetRYCREe MACHGMRI0 mRbateniesanied@sE(MINI/E(N,) where

Niis the mo'qiraCEfaQn@rm%cwmpeg,Jyrﬁ%eﬁgm&m U%@évﬁ%&&&%&ﬁv‘ﬁi@’@al\%m the mixture.
The ratio of Welgh[d'slvea

uI num aver 0 ular 20 we ght is known as
the polydispersity miﬁ 6,Mt %ﬁi\% andargcﬁ (31% SRR ﬁlt ffb?ju%bt 0 %qﬁtrlbutmn The
PEG reagents suitSbre pre §r|ﬁg % inlf’ d msullﬁ raoecdlm oun &ihention are

typically polydispef&&RFEPIAY EI?—JP %n%?%éf@%‘f }%‘be molecular weight of |
the polymers are ﬁbtoe&%rypﬁreﬁﬁé’cﬂ?“ﬁh@ F’@F féﬁ@E‘@?e%’g’éﬁ?ﬁ‘U@é‘ﬁ%@f@p%(@We compounds or
compositions2§f 25 e prasercativeritionlisuiess dhid rthiroistidng nivibreipy diatalsiy, A ¢! for PEG
reagents used to prepgase iheconiposiads xeaomp Ositionsiob e presdnthinvEhddRis less than about
1.05.  With respeeti@iize PEGylated insulin lispro compounds of the present invention the PEG

covalently attached to arjpaulin:lispie roalerule HasenprleciarweiahhindhesQsange from about :
17.5 kDa to about 494@,% gaaﬁommmgagfmm%g@ {RaRou b9 QLlle REG:has an average.

molecular We ht of a (é efera e PEG eo d’;\lentl}ﬁattached to an

insulin lispro molecure )gp%mns"ltbl(n refars Omsu nhav ?gﬁmln r%crlf?s)ég fewﬁﬁ% to gbout 30 kDa (nisin |
the range from abc%’f%@ﬁ*?&e%d’uf ?ﬁ ?’é & nge}‘ﬁfj%“ oPeicaﬁrfglPV\fe? ht from about 20
kDa to about 30 BB%BWR?IBP&OBWE‘F&BM?W& P‘E@G&Bf/%ﬁ’fﬁv HEEChET Y6 ]alﬁ“?ﬁ@dﬂlg’ﬂ?p% molecule has
a molecular weighpifinties Sl getfedm Hpouempls kydtdnsbo beO5KEY @Riemithecibhge from about 400
to about 550) or thehPE@dRaEGRaverageivbiec(BERWRIGHE of aidGuteiptdvéiDa imdiabaut 25 kDa. Most
preferably, thetPEG: aavalghtlyiattach@shie mnissulirdis piaynbieculy hagnsheaaleégular weight in the ,
range from about bfsgubkida teeabputRRikDa iR st ibe tanassb apirhaui4Rede akost 500) or the PEG
has an average molagular.yygight from about 17.5 kDa to about 20 kDa. 5In certain embodiments, the

PEGylated insulin lispro £omba Ipegnglgf,ihe‘ present Ijlgvevréu%ndgtrge? gfd ba{el ﬂ’%&%ntly attaching an
activated mPEG of a e5|re avera 1 Lﬁeasra\x/_yel l}lgo insulin |spr Re rea[ctlé)rgcondltlons for

PEGylating msulmlf' Poa\C/WWary %flef)t*e“rllt g upon fe pa%cuﬁ‘:"qru umﬁrc‘)ﬁ/res 1]‘fhe site of attachment

on the insulinisprd! ﬁ@‘%gf’ﬁbh‘l‘g’rawb*é‘ia’fE?%ﬁ@’tﬂf’éﬁﬁ?ﬁ?fbr%ﬂ‘t’ﬁé° ]’fgﬂﬂfh“}%‘ ipdntudine the target

more 2mino acid substitutions, deletions, nversions, or additions. Such compounds are

well known in the art. See, e.g., PCT International Patent Application Publication Nos.




10for attachment, the desired degree of PEGylation, and the like, and can readily be determined by
one skilled in the art. Optimized experimental conditions for a particular PEGylation strategy can
readily be determined, typically by routine experimentation, by one skilled in the art. In preferred
embodiments, the PEGylated insulin lispro compounds of the present 15invention are prepared by
indirectly conjuBatitigoaszaastivated rnPEG that is relatively thiol-selective BUOTVS28s/PEG-maleimide
(mMPEG-MAL) or a mPEG-thiol (ImMPEG-SH) to insulin lispro by conjugating the thiol-selective activated
MPEG to a thiol functionality that has been introduced into insulin lispro using "amine-to-thiol"
modifiers such as N- succinimidyl-S-acetylthiopropionate (SATP) and
N-succinimidyl-S-acetylthioacetate 20 (SATA). Morespreferably, the activated mPEG employed to
covalently attach a PEG to a thlol Ith arﬁc;t?;i on insulin lispro is a mPEG-maleimide such as (a),

(b), or (c) shown b&fORY 189433 RS- 3,528 8RS (YO BpvetefEY method of
preparing PEGyIafé’éQﬁQZHﬁaoﬁéﬁ%’ &ﬂ%%ﬁ@nw &P thrseprise 36 fVésadA%di2edMichael addition to form
a stable thioether bomdlafitietremetibmSiscHighif/isptt Hiolegddake soplackilidertimild conditions in the
presence of otherifirationallyrayps. isaieiarppieumiignpalein dedsisafiihasian activated mPEG
for preparing BEGylated insulis-ispy ek Gatemohihe prasentivepions Rigtewbbe the PEGylation
procedure uses a alasexsasmebadthichder\rlizad naulin lispioarelativedenmi EGamaleimide to drive
the reaction to cogple &9{3'; ErE‘%F&EﬂPMumﬁe ﬁ?%‘cﬁﬁgﬁ REE §|§"§b 397 pﬁﬁ@%’i‘?ﬁ(}@%"‘éﬁ@@ﬁ?"‘ 4.0 and 9.0 at

room temperature for | fo hours. xcess of unp d thiol- con(t!aln peptide is readily
rgE) acog;g 1{[}b CWIL L0 One § 18 lnbutlh (f nﬁrg
separated from thé F C %conven ona s%)ara lon m S. Exemplary conditions

required for PEGylation o?“ro@u 18 BP8 RS AR AT ffileo?‘“ﬁ’atfé’i’ﬁn&"ét A8 e 8Eribed in Example .
In certain embbdinf@rits e PR AR shs UM TEbrFebifisuAbS GrifacHresant %! invention are
prepared by conj u’@%ﬁ@nﬁ?@&ﬁ\?ﬁéd%‘PE‘G‘%@@@%I%%W’SW@@H@S oM Einhelcmetivated mPEGs
suitable for primarffestrtiiriéas patif cRECHlatichcwhinse illispyoaino thde hmBE @ssliccmifmidyl propionate
(MPEG-SPA), rtiPkizgiiseinishielyt Muianoste: (oaRohEhA insuRiGesusainiaidy| a-methylbutanoate
(MPEG-SMB), mRREfanistaainimidyipearinnatendniRit 2Mides kb “hrazatriazsigicarbonate, and
MPEG-p- 20 pstrophasy-epibanale nREEaNP &y are generally less prone to dimerization or self-
association under physiological conditions, Monomeric insulin analogs are known in the
art. See, e.g., U.S. Patent No. 5,700,662, and European Patent No, 214 826, Insulin
lispro is a rapid-acting, monomeric insulin analog in which the proline at position 28 of
the wild-type insulin B-chain {(SEQ ID NO: 2) and the lysine af position 29 of the wild-
20 type insulin B-chain (SEQ ID NO: 2) have been switched. Accordingly, insulin lispro is
known in the art by various designations including, but not limited to, Lys®**Pro® .
human insulin, LysB28ProB29-human insulin, and B28Lys, B29Pro human insulin,
The term “cross-linked” means disalfide bonds exist between cysteine residues.
For instance, properly cross-linked human insulin contains a disulfide bond between the
25  cysteine at position 7 of SEQ 1D NO: 1 and the cysteine at position 7 of SEQ ID NO: 2,
between the cysteine at position 20 of SEQ ID NO. 1 and the cysteine at position 19 of
SEQ 1D NO: 2, and between the cysteine at position 6 of SEQ 1D NO: 1 and the cysteine
at position 11 of SEQ ID NQO: 1. Similarly, a properly cross-linked insulin lispro
compound contains a disulfide bond between the cysteine 2t position 7 of SEQID NO: 1
30  and the cysteine at position 7 of SEQ 1D NQ: 3, between the cysteine at position 20 of
SEQ ID NO. | and the cysteine at position 19 of SEQ ID NO: 3, and between the cysteine
at position 6 of SEQ ID NO: { and the cysteine at position 11 of SEQ ID NO: 3.
As used herein, “PEG conjugated insulin lispro” or “PEGylated mnsulin lspro™
refers to human insulin lispro or a derivative thereof covalently attached to at least one
35  PEG and possessing insulin activity in vivo.
The biological activities of msulin and insulin lispro are well-established. The
phrase “insulin activity” with respect to a PEGylated insulin lispro compound of the




In preferred embodiments of the invention, the activated rnPEGs used for PEGylation of insulin lispro
result in an insulin lispro covalently attached to-a mPEG -10- through a hydrolytically stable covalent
bond, such as an amide, urethane (also known as a carbamate), amine, thioether (also known as
sulfide), or urea (also known as carbamide) bond. More preferably, the activated mPEG used for
PEGylation of wsulinslisprs is MPEG-SC or mPEG-NPC, both of which resufuseasrsssadin lispro being
covalently 5 attached to the PEG through a urethane (or carbamate) bond. Exemplary conditions |
useful for PEGylation of insulin lispro using mPEG-NPC of various molecular weights are set forth in !
Example 2. inPEQ-SC:roPEG-NPC: 10The PEGylated insulin lispro compounds of the invention are
typically purified using one or more purification techpiques such as ion exchange chromatography,

size exclusion chromatography, affinity chromatography, hydrophobic interaction chromatography,
and/or reversed-piiesset Eleaieaidgiapisy inhesniieahilivcreregidnaity sreEBbeagotssulin lispro
compounds (numbetlaindtproportiemotiREGylaibd insulnnid proid Snchidwgobwdstdenedated from a
PEGylation reactighjhiin@rsamplelCcaThe ass€Tse UsiRged 8 b 0 Rfiidaiewing methods:
chromatography, glegiiRRNRte&IEvNaSESHECIABINLATHRIRREIL BNd L PEdRiand NMR
Spectroscopy.s ;i IRGHIIBIFRIRMS Feh? BeEP ARG REGHIaesh RGN SRR, Gempounds of the

present invention ;may be Rrenared by AN AL 3 yR4ENY: higcognised RERIYe RYAthesis 20 techniques |
including solutlon-E)h?se methods, solid- ag%%n(g 6st,?gﬁﬁrgl?l-synthetlc methods, and recombinant

hods, solid-ph ,
DNA methods. For't %Sr‘ﬁbﬁ etat e‘.girﬂg St NG N (%? éﬁn nce, et al.) and European Patent No. 214
826 (Brange, et al.), dis%é%?%@bﬁ?ﬁ?i%‘ﬁ%if VAroHS iR 4RSS 1M hnd B- chains of insulin
lispro may also be&PreprRfedt SHvAPAIREaR iR PR SOr v Q&N OFIFT PEESRTONENt DNA
techniques. 11025 gsafersateetvingmrsties. dnjroirricHl fomeelbfa i Sorarpeisagrtsithisiei®hk insulin lispro |
used to make the EEyaEHT G RS rormdbiebhh R) e Pre&¥ht iltFention provides a |
compound of Formuted: 4 B Hutainds phiaimecedisayradeaptalblatsalbietectawherein: Ais the |
A-chain of insulin isRBJEFELIWN QX80 B s e B chainobariPaismed SatbikuNO: 3); and Pis a
PEG having a mo@gﬂg{ewg&m I iNELAREE PG AR b APl it ab ohl# 0 (ldg and wherein A andi
B are properlyscroggzinkeedand thdsetiashed - ekhaltiwstineindiresthiMiacaicayagnibond to the
alpha-amino group,gf fhe dlveine atposiion. 1 ol e Auchain, e siphazaming grgu glthe
phenylalanine at position 1 of the bB-enain, o the epsilon-amino group o 4 vfy Ine_at position 28 of
the B-chain. PreferrstPeBMPSERad or e THvBsish f?s %ﬁ@ééﬁ?f%% fe a")ﬁﬁxiﬂtesm'ﬁny attached to |
insulin lispro via a PR NERRCBIERE BRI EHEY AR (b e o BB eI S eRAPIEEMLEd by having a Ki
for human insulin peeepfsP stabisutERefambly dbolESOrHvhedtiotic TESAgisBHUESBIAM or less, an
elimination hali-lifegrpatsls tiare afsewt Bhrotrs yabre 8 indr singh fumBOobifiGiold@boit 12 hours, or
about 14 hours in si&defeeate o riosaddatdlooht RS atabikikgindispy themotivityf dielowering blood '
glucose to a level gahow G HkoF halRNiR ST Zodieaed ibios Patiag:sanging from about 4

hours to at least abu:30 higkiiss AU DRUIS AR A6 CoRRUERIARM & HOMRRnaRPUL 84 hours,
about 96 hours, anhlu‘gSn Qf’é}'ﬁn %ARQUL 129pours after a single subcutaneous injection of the

compound at g dose of aboutd568 nmoléjﬁ%&\{ﬁ%&]%g %ef rred comg{?unds are those in which: (a)i‘
' ane bond;

. th .
P is covalently attached tgrflﬁrso;ﬂlﬁnﬁlspro via a ure e '€om oﬁ?%‘%%ﬁa acterized by ‘

having a Ki for the'THaRARIAUFAES PSR PHBBUE PPV B FIRER 3R E’Sﬂﬁf’)‘ﬁﬁal? “Characterized

by having an elimiktiB RIS YEssy a6 Hour S tarers Rreatetppitatios BtPat ehout 568 nmol/kg;,

and (d) the Compowg@ﬁa}aw&ﬁwg@'ﬂﬁewo 2006/096535, WO 2006/036825; Zalipsky, S. i
Bivconjugate Chem, 6:150-163, 19935; Veronese, et al., Applied Biochem. and Biotech.

30 11:141-152, 1985; and Roberts, M. et al. 4ddvanced Drug Delivery Reviews, 54:459-476,
2002. One particularly preferred PEG for use in the invention is a PEG having one end of
the polymer terminating with a relatively inert group, such as a lower C,  alkoxy group.

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 & methoxy (-OCH, )} group.

35  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



20 activity of lowering blood glucose to a level of about 100 mg/dL or below in a STZ- treated rat for a
period ranging from about 4 hours to at least about 48 hours, about 60 hours, about 72 hours, about
84 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. Most preferred compounds are those in which: (a) P is
covalently attagheshioridmtasulin lispro via a urethane bond; (b) the comparinckisishagaaterized by
having a Ki for the human insulin receptor of about 10 nM or less; (c) the compound is characterized
by having an elimination half-life greater than 6 hours in a STZ-treated rat dosed at about 568 nmol/kg;
(d) the compound is characterized by the activity of lowering blood glucose to a level of about 100
mg/dL or below in a STZ-treated rat for a period ranging from 30 about 4 hours to at least about 48
hours, about 60 hours, about 72 hours, about 84 hours, about 96 hours, about 108 hours, or about 120
hours after a singlessiibsntadebas infedtiviradfithedeoinfolitite REG dute vithbder®68 nmoUkg, and (e)
the compound is eltaracte?Féthbyshavingianilimnsdiicisiralbliitegeeater than about 24 hours, about 30
hours, about 32 hours, pheide34Gortsypbol 3G hedmd3Schansxake uf #iGhohsuaisabout 42 hours in
a 35 human upon@ggnéqgg%%ggcqﬁm@@@g@m@@éﬂ%@ HdReR 0 ke arACcOrding to features
and principlesscongigiepy efxgﬂalﬁbsetﬂ%m@r @a@mg@marem@ M%BB‘&H& RrudasR

mono-PEGylated insulin |IS m n ] comprising 8, @il an average molecular weight
of about 17.5 IcDé'ha arg ézﬁé% % § ug a gﬁaP 3 amm Be?ca gu t’%)e?(eracovalently attached
S'tie i

directly or indirecti alpha-aminé group ?B@y@i osition SRCERRT of Insulin lispro
(PEG-GlyAl |nsul|féﬁﬁf%ioﬁ%oémﬁﬁ%m?ﬂ&%&ﬁe&gﬂﬁg%@%ﬁ‘iﬂﬁ'l%’ﬁnﬁ‘i@ PHEBGRIBAIL S the B-chain of
insulin Slispro (PEGig#e Bt et iiniciisthorhosene apsipalsitny tabi s srepisdyeisEde position 28 of the
B-chain of ind@lin fspragPEGasysBRGulasiiighispre). PrétaratiyiedhsivasisbPESYated insulin lispro
comprises a PEG lnaving ta snerbgagiolooy lBmid ighthafialserittdiAdkBagralbolitEdkema, about 25 kDa,
about 30 kDa, or aeut 4icResaibacttad eithepdiraatlypfdndirectiyiorbeadphahqetichegroup of
phenylalanine at pegitiehrdweitheB-1LAhain phinsuindisRiamutia. rRsinamiR.group of the lysine
at position 28 of the Brehaimef insulia }ggggufy{%e“g%{ ably. tha-menesEiGyajed insulin lispro
comprises a IPEG x@ﬁ%é@&e@@s%‘]@iaﬂ?/m %r&"ﬁ'% hofaRaHE AR kRanahui2ika, about 25
kDa, about 30 IcDg, &%B@MPA%%@.%% %91\)}0;&% m&wﬁ@mﬁrmcq (dhgsdysine at position 28
of the B-chain of insulin lisp lecu{nggle lgre erah ong B[LT‘@ q\ ﬁ %sulm lispro comprises
%qul}ég r’about 20 D

a PEG having an average molecutar wel a, at%l( ached to the
epsilon-amino groBip S RER S FogiHER 588 ff‘%e%’ Sﬁg %ﬁﬁ%‘ﬂ?ﬁﬁ?ﬁ) H¥Da-PEG-LysB28

insulin lispro). Mognlmweiﬁblsﬁtlth@" m%@ﬂa{@dcmwmgﬁSméWﬂmwamhavmg an average
molecular welght ofeidholkROchaha icighiesdict helep@iah -audinoigee uprafitingibpgime fhposition 28 of
the B-chain of 20imstakith ks prodiianRh G kRpa-teysh A8t rlisepathePEbykadiments of the
invention provide g.qaNRPEGYIReddasikitlishioh Garapdnd fomprising &, Ribehavdage.a molecular
weight of about 17, xukDa, @91%11‘&[ 28 5@ Elalell W sR o 0N @g?&{t()@@]g%n%@gygmt%%@pa covalently
attached directly of | r}dquctl %p nE%mlno aroy R.of gy é%% At position 1 ‘?M %S,%fchaln of insulin

25lispro, the alpha- ;amino grou ?. g Ine OSI on 1 |nsuI|n lispro, or the
epsilon- amlnggrouﬁ%ﬁﬁg é|°%1e°ais 163@ i é 5lﬁagﬁhsu |nII|s ro. %erably the

mono-PEGylated |’f§§91ﬁ‘hpﬁgﬁfﬁtéf)ﬁqﬁ’ﬁgﬁgisaoﬁff?@ﬂsé\ﬁﬁbogtpﬁﬂ&wﬁ%f%1567558’83?[107‘% IcDa, about
20 kDa, about 25 K&, about 30 kDa, or about 40 kDa attached either directly or indirectly to the
alpha-amino group of ph&ilykatasitte &t BBppsitibmsblpfitnsoRootpaimdsfifbelireipspmyatithe epsilon-amino
group of the lysinettat jrasiiesicaByak tas:Brchaiimoii igult mliBpue. voregeaferabightheimono-PEGylated
insulin lispro gompesessadPRuiEning aumelecudansy eighhokabewt ok 206Ranakboatb20 kDa, about 30
kDa, or about 40 kié@o@%ﬁ@@@d%b&%ﬂmmm%@m tBsulVsingm RRsliRn4R&e] the B-chain of
insulin fspro. MosLRUEIRSONe 138 oA IRl ISR IS SATBISSRRLRE having 2
molecular weight of a out. QrgDa ttac élé ) a}& ogl amil r}o groHp e% sine aistaosmon 28 of
dh "ﬁ‘é ‘1_ ‘ ACtetIzZe

the B-chain of msu‘f’n |spro an nsulin spro iS°charac b Ravin
elimination half-life" I}g the PEG has an average molecular weight from about 20 kDa to about 3

35 kDa More preferably, the PEG covalently attached 1o an insulin lispro molecule has a
molecular weight in the range from about 17.5 kDa to about 25 kDa {1 is in the range
from about 400 to about 550) or the PEG has an average molecular weight of about 17.3

te& comt {)un nany pew Ways 9




than about 24 hours, about 30 hours, about 32 hours, about 34 hours, about 36 hours, about 38 hours;
- about 40 hours, or about 42 hours in a human upon administration of a single subcutaneous dose of
the composition at 0.225 mg/kg.. In another embodiment the invention provides compositions ‘
comprising a mixture 5 of PEGylated insulin lispro compounds where attachment of the PEG occurs at
different sites anglfoewismixture of mono-PEGylated, di-PEGylated, and t«BBEGyietesimsulin lispro [
compounds. Exemplary compositions in accordance with the invention are those comprising more than,
one PEGylated-insulin lispro compound selected from the group consisting of: i) PEG-GIyAl insulin
lispro, ii) PEG-PheBL1 insulin lispro, iii) PEG- 10 LysB28 insulin lispro, iv) di-PEG-GlyAlPheB1-insulin
lispro, v) di-PEG-GIlyAlLysB28- insulin lispro, vi) di-BEG-PheBILysB28-insulin lispro, and vii)
di-PEG-GIlyAlPheB1- insulin lispro. More preferably, compositions of the present invention comprise a
mixture of PEGy|&iearhdbiin: RS ki cMivfhoufmdiie 8FGneatentiuncasbors doyliabaie 85%, about
90%, about 95%, rviabBukd7 ¥ btdhe REB ydabedairps diimlishord IdorkPe s A8 EBariono-PEGylated
insulin lispro compaisnasgefoarmuladoEy esEnare preferall yacomnposit ansofithesptesent invention
comprise a mixtungefk&Gylatash syl isprs.compounds wherein greater than about 80%, about

85%, about 9Q%, about95%:iPLaARRUE AP IR BEGMateddinsulindishie Gamprinds are
mono-PEGylated insylin, lispra. compovnds anddessdbanahanh 2% abouialeraheut 10%, about

5%, or about 3% of 0 he tot I%QEGuyla{led in gr}egaporlgcggmpgy%ggﬁela - PIEG%a1 eEven more ‘
preferably, comp03| ons & ofthe present invention comprlse a mix uretmy é Insulin lispro

compounds wher wﬁg?@’a‘f@?gﬁq% USRI SRR OB U 908! 4BSH 8/% 6t about 97% of the
PEGylated insulin Pd%ﬂn%@ﬁ%‘%“&rféﬂﬂ%‘é”ﬁ%@%%ﬂﬂml%?B“ Espanhigidopistably,
compositions!8f tHar piedermniniie deviscisiprild B rivtiere et PEG G A a2 5°M8URA lispro compounds
wherein greater thirraiiod 8096 sbifiolin859%.abpinReberbowt 959 disioabbot 0F96ulfrthe PEGylated |
insulin lispro compadntdtareriiGetysBAB-trsialimlispla.airdiless thancabpuitRo8tioaligut 15%, about
10%, about 5%, oprheutSYuef 4he total PEGylated insulin lispro compounds are PEG-GlyAl-insulin
lispro. Even more preferablysaempasiiensotHe-praseniRve RS0 SHPRIIIL A dRixiiaof PEGylated

30 Insuln ispio CouBRUAES W&%F?d%gﬁ?a%%&%?gm&gﬁ%ﬁ@@ﬂﬂbﬁé%ﬂ?&%@&ﬁ about 95%, or |
about 97% of the P Ps% lated insulin |IS 'p:ﬁ’n 6d -t'ﬁ Iess than about
20%, about 15%, é‘ﬂ) il 10/3 a out’ or a gu ate E)ro compounds
are PEG-GIyAl- |n§ﬁfﬂ‘?‘ﬂ§bW%‘fr¥’H fgs!%‘%ﬁt‘“ﬁ SBaY oﬁWoaé‘jlﬁr?ivtﬁ ra 86%139/[] o‘}cfhe Otal PEGylated |
insulin lispro comptRDeELIo%598 FES L | ﬁﬁﬁ‘ﬁ%p"r’é“%m E}na‘é’ BB breferably, 5
compositions of tHagsiEsiht-reesigicemps XA orPEayiktetarreioRes#s compounds
wherein abolR080%s 6T e MotalpRiE@G)Iattd wswied isfi6 cophpodnds atenPBEGthasBXBtirssulin lispro,
about -14- 10% aradPEGHEyWAl-dnsialin lisplio liamd iaborELDS6lSudid G SigAlbysBRB-insulin lispro.
Even more preferabbynaepositions of the present invention comprise a mixture of PEGylated insulin |
lispro compounds wherein about 90% or greater of the total PEGylated insulin lispro compounds are
PEG-Lys828-insulin lispro, about 5% or less are 5SPEG-GlyAl-insulin lispro, and about 5% or less is
di-PEG-GIlyAlLysB28-insulin lispro. Even more preferably, compositions of the present invention
comprise a mixture of PEGylated insulin lispro compounds wherein about 90% or greater of the total
PEGylated insulin lispro compounds are PEG-LysB28-insulin lispro, about 5% or less are
PEGGIyAl-insulin lispro, about 5% or less is di-PEG-GIlyAlLysB28-insulin lispro and 10wherein the
PEG-LysB28-insulin lispro 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, about 38 hours, about 40
hours, or about 42 hours in a human upon administration of a single subcutaneous dose of the
composition at 0.225 mg/kg. Most preferably, compositions of the present invention comprise a
mixture of PEGylated insulin lispro 15 compounds wherein about 95% or greater of the total
PEGylated insulin lispro compounds are PEG-LysB28-insulin lispro, about 5% or less are
PEG-GIlyAl-insulin lispro, and the PEG-LysB28-insulin lispro is characterized by having an elimination
half-life greater than about 24 hours, about 30 hours, about 32 hours, about 34 hours, about 36, about
38 hours, about 40 hours, or about 42 hours in a human upon administration of a 20 single |
subcutaneous dose of the composition at 0.225 mg/kg. ~ The term "basic conditions" as used herein |
refers to the basicity of the PEGylation reaction. To more selectively PEGylate insulin lispro at the
lysine at position 28 of the B-chain of insulin lispro, the reaction should be carried out with the
alpha-amino groups of insulin lispro substantially deprotonated. In an aqueous solvent or co-solvent,
basic 25conditions means the reaction is carried out at a pH greater than 7.0. Preferably, the
PEGylation reaction is conducted at pH from about 8.5 to about 11.5. In an-organic solvent, the
reaction is carried out in the presence of a base with a basicity equivalent to a pKa greater than or
equal to 10.75 in water. The present invention also includes a process of making a PEGylated
insulin 30lispro compound of the formula: P-[(A)-(B)1, or a pharmaeeutically acceptable sak 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 ItDa to 35 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 -15-
monomethoxympodyietindene glycol) p-nitrophenyl carbonate (MPEG-NP O)dravsogeissaight average
molecular weight between about 20 kDa and about 40 IcDa in an aqueous solvent at a pH between
about 8.5 and about 11.5 and at a reaction temperature between about 25 C and about 30 C.
Preferably, the pH of the reaction is maintained between 5about 10.5 and about 11.1, the pegylation
reaction is conducted at a temperature between aboyt 25C and about 30C for a period of time
between about 2 and about 12 hours, and the ratio of mMPEG-NPC to insulin lispro is in the range
between about 1.0 and about{@0. More preferably, the weight average ¢hplecular weight of the
MPEG-NPC is about 20 kDa, the pH of the reaction is maintained between about 10.5 and about 11.L,
the 10pegylation reaction is conductgd at @ temperature between about 25 C and appout 30C for a
period of time betweefiLab hours, and the ratio of MPEG- N to iysulin lispro is in
the range between 8bput1.0ahd Bbotit 8Y0.Even more pre’f@éb‘rv istHin Ero molar ratio is
7.5, the weight average m fbcularlii/elght the mPEG-NPC

in the range between about B and abo
is about 20 kDa, the pH of the pegylatior 15reaction is maintained between about .5 and about
11.1, the temperature of the pegylation reaction is maintained between about 25 C and about 30 C for
a period of time between about 3 and about 6 hourg¢Most preferably, the PEG:insulin lispro molar
ratio is in the range between about 2.6 and about 4.5, the weight average molecular weight of the
MPEG-NPC is about 20 IcDa, the pH of the pegylation reaction is 20maintained between about 10.5
and about 11.0, and the temperaturf of the regétlon Is maintained between about 25 C and about 30 C

for about 3 hours. If desired lispro CHMpO ds of)the present invention having
different molecular weights can be isolatet} lBlng wn to one skilled in the art
including, but not limited to, gel filtration Eﬁwa&o raphy and/oHion ekghange 25 chromatography.
That is to say, gel filtration chromatagrap be used to fractiongte mono-PEGylated,

di-PEGylated, and tri-PEGylated insulin lisprogompounds on the basis of their differing molecular
weights (where the difference corresponds essentially to the average molecular weight of the PEG
used in the PEGylation reaction). For example, in an exemplary reaction where an insulin lispro is
conjugated to an actlvaté@rﬁﬁ@‘ﬁ‘@’ﬁﬁx‘?ﬂwa%@H%@%@%MI%@H%?MWZO kDa, the
resulting reaction RipreaYE YrMPTCHHEN NGRS ATEdP IS N Psybi A ArTBeabavd e B &egteight of about
5,808 Daltons SmonbiREGypkatédambiakes ibprouryinddanmdiveragetmotesatarivdight of about 25,808
Daltons, di-PEGylaiedisnsigitutis p¥or kaiply anPéveraémide e asiful sveightioftaboritd 5808 Daltons kDa,
and tri-PEGylated gaguting| Frahavinglanigye tagegmalectlasrveaigint afiah ope b6y, 808 Daltons. |
However, because-ggl filikatiaRdashavesdanacale s mrauadsiResamhan Rydragynamic size, |
mono-PEGylated mgwaam%m@&ﬁgrmmP&@la?ownﬁra@rav [RORMRIRGHAL Weight of about

20 kDa will mk%rate dyrl eI flltraig)g 0 %.mom ILOé;rgr?tE{X ?i &Ra u%roﬁ%m desspn%e having an

average molecularpwel Fagouﬁ e ar ecta di- and

tri-PEGylated spedi¥& B%E‘éa‘ﬁﬁfﬁagﬁ’%%‘?é ésr‘rn ?é&ufg P dine rﬁlﬁg lfa aelggu#)% Bba to have

very different migr&tRyREEPIEASAYBICR MES Ko T FEPBR (A BRmATREGH Qhehoy Glightfication. 5 The
phrase "plasma h&ifsika tippfepsing apieytiedafakemasinkis prdnsatediErmaivh of the drug in the body |
to fall by one-half An altérratiie ymbsdichtetsritis PEliphirdionthalfdifeyuvhickscdthe spemds to the terminal
log-linear rate; of elirnin@tion: franse of skilhindhe arcappee ainksthat ib albdifelismedarived parameter that
changes as a funcligR&f Rei:IA sisaraserntvtiemnAdistieutiorEEhRIGOTSsetended”, "longer,
T
herein and are inten %edﬁ y tglg%“suac%%tlgﬂca ally signi AEQ?% @%’f@% tpl)g lf-life of a test |

er

compound (e.g., a d msu%tn g)IS angg atto 2nce mo) ((J; , insulin
lispro) as determlnsé} clljnﬁ °3Fn°“a% able con ons 0 ”azﬁc?ecls feSieadure of the bodys ability to :
eliminate a dré. A@tfﬂ%lﬁf‘ah??é 8%%?5@9 aﬁg)for example, to modifications to a drug, half-life would
be expected to increase IHu%wrderhisivaeipsreldhs reietivhshires @it wekierthere is no change in |
|
|

the volume of distrithiftidatioA af $efiiindpprosanate arelstibn Skip betviadn thehetminalPig-




linear half-life (t,%), clearance (CL), and volume of-distribution (V) is given by the 20 equation: t1/4 -
0.693 (V/CL). Clearance does not indicate how much drug is being removed but, rather, the volume of
biological fluid such as blood or plasma that would have to be completely freed of drug to account for
the elimination. Clearance is expressed as a volume per unit of time. The term "treatment" or "treating"
as used hereinYEr&¥5IHE management and 25care of a patient having BfEBEEE R Berglycemia, or
other condition for which insulin administration is indicated for the purpose of combating or alleviating
symptoms and complications of those conditions. Treating includes administering compounds or
compositions of the present invention to prevent the onset of symptoms or complications, alleviating
the symptoms or complications or eIiminating the di¢@ase, condition or 30 disorder. The patient to be

treated is a mammal, aﬁ]d fFrab ta urgg}a&enﬂ)@g chah%nF;L% gt ins {ln Ils(pro compounds of
Formula | are effec an?ﬁ o cevmla by ministerin Spatient in need thereof a
therapeutically efféﬁ‘ﬁ{?%@oﬁm“ﬁ’ft EﬂB’F ‘?é“l?(?ﬁﬁ T’rl'—ué??‘r{ I‘“ﬂ‘%“ﬁé&f??é’f’é‘ﬁ% the phrase

"therapeutically efterdivéiarmpifrabliahs teinsndarhbtineest BrPEExPiisUlA F9d35 compound of
Formula | or compa3iioBs theRisi-sEffidiett cOviagutendt inoodogilicbserdianp stehntreferably, a
therapeutically effeciiiedamouPE ©ftackibG wateadisulublisprd odo Fdalidsdradiniasout 0.01 nmol/kg
to about 100 nmolikguivterEpiefesablinalinliépih esapetrEatiype be citwaambicabiisskights about 0.01 to
about 50 nmol/lcg,E vemr-porecRigiaEably, a therapeutically effective amount is from about 0.01 to
about 20 nmol/kg. Even more preferably, a therapeutically effective amount is from about 0.01 to about
10 nrnol/kg. Even more, prefer%}tfﬁ; ‘rapeutically effective gip is-from about 0.1 to 5about 7.5
nmol/kg. Even more, preferably-a therapeutically effective amount is from about 0.1 to about 5
nmol/kg. Most preferably, a therapeutically effectlve amount is from about 0.5 to about 5 nmoUkg.
However, it is to be understood that the ar(y)u f a PEGylated insulin lispro compound or a
composition comprlsmg ne o re PEG)j\ated ulin lispro com ounds ctuaII admlnlstered will be
determined by a physj ian myligh dpant C|r e
treated (i.e., the cause of the hy glycemla) th rticula speC|e fP Gyla nsulif lispro or
particular mixture of PEGylated insulin lispro c())npounds to be administered, other drugs, insulins or
otherwise, to e co- admﬂéﬁéqaé&e SRR RS r&%% at,@mq;@%aﬂ gmqe weight and
response of the mleldua atient and the se\%erltg atlent % herefore, the above
dosage ranges are St O BTt e SCopa e f"fﬁ 1\(;Eeiﬁ Tolg! The phrase
"sufficient to regul&fé%‘&ﬁ&@ﬂ’é&’@@“"mem% 8’5‘%%@@&%?&“8?5‘)%‘8&} G or composition to a
patient results in achmaticfapthgnglersivrareidrebe rrmenssmicaliheriyema besstsRyueina glucose
level is 70-110 mgPiGyMtefimodihtinpmmah@pds{pranteiabpragrmaiglwE 856 1 insderdspran 140 mg/dL.
Covalent chensicakchangds genthacihSotin: SEGetatenasecko) W tamgc viiponssigxbgégbnis may lead to
the formation of melegaslast whisioaigy asmadt verahslRrianlialyuspRorBR IeniCstishmargeamidation
products and hlghgﬁW{ﬁg@@ngﬁﬁﬁ@SQﬂﬁrﬂg{@%g@&g&@ (e.g., dimers, oligomers, polymers). A

comprehensive study ong2tR G ARNS gt%fégapgtm%mﬁtgmsmg l%a%naa%@@sg& if."Stability of

Insulin”, Kluwer Academic Publish e%e r 4. eﬁ % ;lvaeng In !%Igl ro Légt S d}/compromlsed
erti e

by the formatlon oPESf&b’IﬂV%mg;m%es ners, o ers)o spite the fact

that insulin coffpo&SHReETET fE&ﬁ?hé‘fS?éﬁ'aéf 5"1’ e?ﬂb%Pﬁfﬁ?é“Btf’ﬁ@ rsﬁg}‘esmté‘ﬁ“ﬁbout 2-8 C, which
improves the shelftfi¢éedsnasid sseasisoe Siiparediads sterageriegU atnseNempdtafire. In addition,
insulin products aréCbergjeet al.) and European Patent No. 214 826 (Brange, et al), disclose the

preparation of various insulin analogs. The A- and B- chains of insulin lispro may aiso be

matOﬁragh

prepared via a proinsulin-like precursor molecule using recombinant DNA techniques. In
25  preferred embodiments, a proinsulin-like precursor is used fo 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 TD NO: 1);
30 B is the B-chain of insulin Hspro (SEQ ID NO: 3); and




to the formation of insoluble aggregates (fibrils) as a result of shaking, e.g., when carried in the pocket
of a patient or during transport. It is essential for the -quality of an insulin product that the tendency to
form such soluble and insoluble aggregates as a result of chemical or physical influences is reduced to
an absolute minimum. Therefore, insulin 35compositions must demonstrate acceptable chemical and
physical stability@b@rasteristics in order to be used therapeutically. -18-PCT/THie8éae70%5tability” as
used herein refers to the physical and/or chemical stability of formulations of PEGylated insulin lispro
compounds. Physical instability of a PEGylated insulin lispro formulation may be caused by
aggregation of the protein molecules to form higher order polymers or even precipitates. A "stable"
formulation is 5 one where the degree of aggregatian.of proteins is acceptably controlled, and does not
increase unacceptably with time. In certain embodiments of the invention, a PEGylated insulin lispro
formulation is considered stable ovBis# RER&RREE BT IR fioase S9Broutibimis within about
1%, 2%, 3%, 4%, Bt rbow, 4090%:, 20508 orgRere pYrsticgreciakdgefdyattitdserved in the
starting material. kitieediadttie mboiabnts etthacdObimdentienjmPEGy iaeg Mddigilspra formulation is
considered stablepaviesay Gethain-ting, prrigtifitianelipeptiderhinlagicak acthdy isahieast about
99%, 95%, 9096, 85U B0t aYerl Q0GB SANe1RRY055A% Bf she.ativiy Obsasved with the
starting material. commﬂ,é@smh&ﬂ@mﬁlkmm&% andserbhetsindsiersdadhe tasiancy of a PEGylated
insulin lispro Coml‘?‘@ﬁ%'%@ 1R PR %’J 85%&%%9%@@&%& e a’&%&%&gﬂﬁlﬁgﬁ 15conditions,

including storage at temper tureso approxi elev m r
approximately 20-20'C. ‘fﬁ‘glc’he?}%fgg? ?aB O‘gfaé‘% e % s E%{g‘éf)fthe invention

ated “insanin
can be measured ‘b‘)}eéeef‘éﬁh‘i’i‘fﬂ‘f@%ﬁé\%@aﬁ%‘iﬁ%‘ﬂﬁ’é@bﬂ’f tﬁ&"fﬁ?fﬁﬂ‘kﬁ%}iﬁo%ﬁ i’f"ét ]35% *tonditions, such
as at a partictffar &R érdre S RuHibRHSCBAGTOT B dsrdiheharch® mﬂ]ﬁ@ ¥ analytical
attributes that canthiectyimeblswisag hiiedigusnserdrieitbpl s gl htsrebiraielt®idht 3pecies using
size-exclusion HPi&Giefbmifistapsed Theingsultsabant #imnrbe mbaitebed Ahtbeompared against
pre-specified parametessout 50 Thesierou T ysisakisialzlinsuastiseddieneinteierindle, tendency of a
PEGylated insulin Jisipee: Gooteesitian iQformsdnsalidia Heisin age egaiemasta desut of a physical
25action such as shgking Q&axﬁﬁvéﬂ&ﬁgfa@%aweh%@ﬁ%&gﬁm&y&@J\bﬁcmhaéw@sl stability of
PEGylated insulin igpyg, Foammedh SOliPRIRY e elnl1 é‘oéﬁﬁfﬂgeﬂ@&%g&&'a%j perlod of time at

well-known in the Sit; trement ot a sam t|o o ht (absorbance
or optical density). h§ﬁ8ﬁ%%é§ﬁ?’3?ﬁé’ﬁ%‘ﬁl frf%“éf ﬂ%l?ggrlip %f%e%’etmfh O&If of a formulation.

Turbidity is producEtFHgre Riad At @%?é@?’m{”a‘ﬂ@‘ﬁ Gf‘b@t@ﬁ%oﬁ?‘&@ﬂfb@?&?‘ﬁ‘i“fﬁ% f’olﬁ?lulatlon Other
methods for &¥sessitigtpblisieeinstbioitityiaressie i-krdwithauh@bmedElidiPlgWisda dssessments of
presence or absenceiaf pafticlesriod hygiet dotind dilvAlhgesforsniaeroabbyt Thioflavihontlorescence
microscopy. 350thaue akadimanis, abdeimwentisposide Raimasauticabegmpositions suitable for
administration to anpatiant: PaHiraIbiiecaub R DSIRG CampLisHE aderapausically effective amount
of at least one PE%@&? insylinispie camaed absetPwhkermala & andions ardneig.pharmaceutically
acceptable exgipiefg; g %@L%f PUISIR, SIRNHR QhERIHPISsHELAURETASRIIER] fmpositions are
g

typically, though naot ecen%asrl %r%t&r in %w% rqes P?]% be prepared, by 3 f @ variety of
techniques using CONVeNntional exci ents utters tal 1ons, or carti J)r arenteral

5products which af@\WEFkABHAR TR ARE gmat%é‘baﬁf O?F?é”ﬁé&fé%tadmsu O‘éompounds of the
present invention A% VBRYkeat®hsRmReun Mﬁ%ﬁ?&?ﬂ@ilt%mﬁlﬂﬁﬁw Bi’fSvention
includes a compositiefecdriphisindtvatat as bhlevpiirn SRE serrediat B Gyred derstdifiospro compounds
at a total concantration $hatrieastidasanm 48atcles sbQmiQ kmilrs, abdeadt i raigint4 laukeast 10 mg/mL,
at least 15 mg/mL agbledstoles mgliniogableast A plilourteasiaQimaitatapaddeiaittm mg/mL, at
least 40 mg/mL, atd@@@%é)mgémla Rdeasi R0 B m«Lr Hie ek 3hd B & pacautigally acceptable
buffer wherein the Qhﬁfm%% iaplesmpesiion aspibdes) AL 18 ahauldhn Jgreferably, a
pharmaceutical COliﬁ OSI out murp outr}%lﬂoﬁsnggrﬁoums ﬁ%(glt 45’ %Ylvrg AR outLﬁEQ)cQur% I?Ig aabout 8.5. More

35 human upon administration of a single parenteral dose at 0.225 mg/kg,

Fa—h

According to features and principles consistent with the invention, an embodiment
of the invention provides a mono-PEGylated insulin lispro compound comprising a PEG




15preferably, a pharmaceutical composition of the invention comprises PEGylated insulin lispro

compounds at a total concentration in the range from about 2.5 mg/mL to about 60 mg/mL and a buffer:

. wherein the composition has a pH in the range from about 6,0 to about 8.5. More preferably, a
pharmaceutical composition of the invention comprises PEGylated insulin lispro compounds at a
concentration igvtheoseueérom about 5 mg/mL 20 to about 50 mg/mL arecasbsiersadyesein the
pharmaceutical composition has a pH in the range from about 6.5 to about 7.5. Even more preferably,
a pharmaceutical composition of the invention comprises PEGylated insulin lispro compounds at a
concentration in the range from about 10 mg/mL to about 40 mg/mL and a buffer wherein the
pharmaceutical composition has a pH in the range figm about 6.5 to about 7.5. Even more preferably,
a 25pharmaceutical composition of the invention comprises PEGylated insulin lispro compounds at a
concentration in tHeviapeeafroree stsdrsta6weightef deputdGdtkdB. g0 kRe ebpRekRmherein the
pharmaceutical capoitidn. asbaup#d kDthevdagl frephedbibutily. O todaboiytia tk; dpfrom about 7.0 to
about 8.0. Even masadgeigy allicadhatmasausiont sompositioniel e (ReEmByiLihgin comprises a

therapeutically effeglive @manni.of R30I HINHeXARMAM aRHIR DY R e s isr igaminsulin analog.

Even more preferaply, ihednsutin @1&1@11,995&0@ 5@949@9&%%%&&%@@4&&9 wMastpisiesably, the
rapid-acting insulin apalpg is, %&%Hs s g%,% PEGL NG MR g o [ eR 10,2 &%‘&%RE‘ that resists

changes in pH by a}é:tlg 1a0| ase co % te Ieomrﬁ)log\er‘retrsn ggg erab buffers employed
are pharmaceutic R acicrf(g}u B BUtrers. Th rg‘éleg Bharmaceu ﬁy 5 ep a‘fB?e buffer" refers to
a solution that is sé?)é WL@@WWMM f‘oﬁ@’ ‘Ffé’?"ﬂﬁé@(elffeac‘ftﬁf}t%lﬁﬁmﬁng the pH of the
pharmaceutical coffidifioRaEtHe P feriditeding %’Pé‘ﬁe?féﬂe%%&%?%“?ﬁé pitheP--20- has a pH in
the range frorifabstrobinsulip Serrg s thviendlpreftrasipunid beficnpaiesippr #f tidhedhge from about 7.0

to about 8.0. Pharnsanetiiically lapce gtabierbisfbts for montitiihippHiotindiponipositiens of the present .

invention in this ranpe lachide, ethgar e aailiniadhior agents SkTh, asopigiatbeacstate, citrate,
argininc, TRIS, angdhisiigineoatfiarsasiyell amsanbinations shersef ordp B ikeais @
2-amino-2-hydroxymeihydz Je.de BraRanadiolR N0, aRnharpreeiey calikarcerighigssalt thereof.
The free basel nd. the h){drr%%htllcl)r‘ride foggb(h anl% HC) %rlgctw \15; mpab forms ofIRIS. TRIS is
also known in the ta I et da L\‘e qf) ne tro Tﬁ%n & t tion 28
trls(hydroxymethyﬁammomet?‘nane? PrEferab “am”rroa? naceu Cé{f"g%ﬁ;ﬁ"“ Sition of trre present 10
invention compriseaPbihBEuiiRE G5 5B %Jtyg%zﬁwm‘ﬁﬁégbrﬁ%\tMB PRRERYHAE e preferably, a
pharmaceutical coRfst&Hd i dnthe s esmresH ¢ ERiOH HBRIB LTS Bl s S RF PRSHbout 20 mM
phosphate or TRIS:bkifestt@ietitisrerplereribhgraupabiim hchg ttegsdsmpbeitrPotedresent
invention coniifrisessfiontisatsaue. SPH{MD io.dlyobiz 8 @snivliishrosphate buffer. Even more preferably, a
pharmaceutical compositianrehbbithenpreleainvineni prconmpises Bboutd insiirpiwsphate buffer.
Even more preferaffypsuph@imasaptioaicampositioneiingpreseabinvention, aesaprises between
about 7.5 mM and ghopt 0,34 Rsubyiias. Ry esum skl elcirbly, Adharmaggrtical composition of

the present inventign,com 5'51%%“?@%%9 gQOﬁJ&JgQ rrr,wa@po%lawrf%mw G iffgr. Even more
preferably, a %Igar ceu osItion oé
and about 20 mMrFéi?g) b ?fae'r) os{10 retera e present invention

1Y & Pharmaceutical cony on o
comprises about 13585?\%0@}%6%’&%?“““0 AW lgfét‘?)}r'zit%a}r?gﬂﬁﬂ“l%Bp‘?ffg%%g%ﬂr%?ﬂw& compositions of

?qﬁﬁ lrlg\éengélon c?r‘r};alrrsﬁghw1l ?F?‘n“ een about 15 mM

the invention may BePtoriiaiztdly dhramsgersi Xk KsipiTemiorrisas2dFASEIHAS that are administered

to patients parenteraflycuBuehighy i abatiohls’ Feakerow Rt dlm ebsid e diha, theun PO Fraferalisy 25
PEGylated insulin Hsxite gomigduintts difdedymtlsitcaty fotimulgite danatogowébrwithlthedermulation of
HUMALOG(r) jasulpastissaro @it erokdings itharaiare, - peeirdahamagentieal-aamposition of the
present invention may:caRise: Walkl arbR@EYRied InRBdspiacampannekelkagmula 1, an
isotonicity agent, a&?u?aﬂﬂ?(&%&%SH&é%%'bﬁé‘iﬁ%@?!ﬁoﬁyﬁﬁf w@%ﬁf%ﬁ@% & RhAMAGGcal composition

of the invention fur 3(} |sgrsagoe sz ceutllclz% 5 t‘ﬁ e d% n%resiﬁ&\{ﬁ“%’% More :Rreferably,
pharmaceutical compds ion o fér o vare tlon SJCH] as_zinc and/or

cobalt, which can 8¢ &%?ﬁgﬁﬁﬁr%ﬁ%ﬂ%%ﬁﬁ’s{ﬁw Eb&g% WB%‘W@P{?@BW Fonashesditical
composition ofthe HDEFIBRTAEECIMHSeERIdSY DR ‘l’fé?%%@§%ﬂi‘fﬁﬁié‘b@ﬁt Furthermore,
hydrochloric acid arriitsnsedagrhpdichideinsay vsibmdSd BBetB-gjnof pruln lisgpaiddionicity agent” is
a compound that ishERyEjeRigivallim bieratechanderaphiridaysiyitablenferioityté ddfermalation to prevent
the net flow of water across cell membranes -21- that are in contact with an administered
pharmaceutical composition. Glycerol, which is also known as glycerin, is commonly used as an
isotonicity agent. Other isotonicity agents include i) other sugar alcohols such as but not limited to
mannitol and sorbitol, ii) salts such as, but not limited to, NaCl, iii) monosaccharides including, but not
limited to, 5dextrose, and iv) disaccharides including, but not limited to, lactose, sucrose, and

i



trehalose. The pharmaceutical compositions of the present invention may include one or more
isotonicity agents. Preferably, pharmaceutical formulations of the present invention have one or more
isotonicity agents which produce a formulation with an isotonicity in the range of about 270 and about
330 mOsm. More preferably, the isotonicity agent(s) is 10glycerol, sorbitol, sucrose, NaC1, trehalose,
and/or mannitoV EYEH 157dFe preferably, the isotonicity agent is glycerol, BT 42% Nacl, and/or
trehalose. Even more preferably, glycerol, sorbitol, sucrose, NaCl, or trehalose at a concentration from
about 100 to about 200 mM is present in the pharmaceutical compositions of the present invention.
Even more preferably, glycerol at a concentration from about 100 to about 200 15 mM is present in the
pharmaceutical compositions of the present inventiet?-Even more preferably glycerol at a

concentration from abou J%?gl to aboutt }9 mMg3 tprﬁsfm mait)hg:t rni)sageouttl compositions of the
present invention. }E% BrERRain’ MYRerBPhes Kb SRR oA MBS out 36°to about 175 mM

is present in the pﬂ%’ﬁmﬁéﬁﬂﬁc%ﬂ%ﬁﬁﬁﬁgﬁr&ﬁé‘b&%ﬁ% horssEnt ]?H%ﬁﬂB‘ﬁ’ NSRS BrBferably, NaCl at
a concentration 26 FesrhBEIess dosasbiie SUBPRINIOR PRt the pharmaceutical compositions of
the present invention. Emenatherenpefexablls e@loaparddroemtratitrrirompabioat 1g&ee about 200
mM is presentin rrphgamaceuiichdiconppsitan ok thepresenifine@itivrciasidifetenably, NaCl at a
concentration of alyesintif) MmikisPsesers-tthe.paasnasuica a0 mIasiyons aftlie present invention.
25The pharmacquggg &%ﬁ@ﬂ%&t'%r&;}EH&Q&%%%B&@Y@%@HM%&H%@&B@RQWer stabilizing
compound. The p rases exatrLer sta (Z.JI g{ ) “;%I)e:f E%ﬁqu&‘eff%tﬁ'tﬂ%‘ o%ﬁs small

molecular weight con]f B‘G‘Fﬁa‘ ob%ét?% elrswt mhs&gp O?]gd |p§ [ #nohcgmﬁgt}t% he present
tio

invention mahexﬁrﬂen’é”é% ate Zinc, €O el, iron, magnesium,

manganese, Hhiotd*3GharttuEAT: BRI ﬁsﬁh&*&%mﬂémthta X gn%ly ShtScompounds,
particularly phenoi®§stia hge: ﬁﬁé@e‘f‘ﬁﬁn@@@i%g?&?ﬁtﬂw ‘W&&?d&éﬁéﬁﬁ@é}}ﬂﬂ%ﬁ’ghbenzam|de
and 2,7-dihyroxynaphithierre Nwe krefuahihexapresiiotalsitinpr sorhjpoenids fonpseiirmmolecules.
Preferably, the hexarrEeryatabitizini) icero patyaiss piterl, gracreBal, sbecr 86%l, spear@sl, chlorocresol,
methylparaben, calgiwnowhierdese & ensimatizmebbugiacmeigiBiabhesetanpeounds. More
preferably, thes hewpﬁ@pﬂé@mguﬁg%g%%ﬁmggﬁo%@gqs@v&% fhlgride, or a combination
thereof. Preferably a Ip rma utlcr% e% §gﬁocr(1) Q rtheeal][r]]l Venion RI e%e%a%t\{ys%g@ about 1 mM
and 75 mM caIC|um eY. (B etwee th rr\J ag utg /nlgl‘géj’;g( ”\5 5\9/ abbout 1 niM and
ereub%re%tgrt :wl out A;Uti};\gat abput ot é.Br

about 25 mM calcli Omp%‘é' Ween a “betwee 2.5 mM and
about 30 mIVI calé Lﬁt"%‘é‘hﬁr@@ﬁl"é@o‘tﬁ“ﬁ“shhﬁm %ﬁ&’%ﬂﬁt’f?ﬁ’ﬁﬂnp@%ﬂﬁq “b“’@t%gé‘?t bout 2.5 mM and
about 10 mM calcRampoEevauHeshHar RN B basb LT BrPRR OXeRbAT! 5beraRR X666t 5 mM and
about 15 m1N0caldiamtaMEfey prefdraiily lispprarmpasds ivadidbifipesdiofivof thae piedirtldn comprises
between about 2.5talybgtichd O thidvhreadni invention duipsse b ity bfcthesphalinpaceutical
compositions of thg,pkReet WAVRHIGR:MaY.a 8 e®0ta Ana R E3sE ptativensd hsde urs pieaskative” refers

to a compound adgad (9 g phmacsHieaIQELIAlGMIR ACPRE 29:RRE-RIFHCRIRAG8BE Among 10

preservatives known in the art as being. effective and acce nteral 95'%'! s are
benzalkonium chIorldm Ee%rlébertfh(oﬁ? Osgmﬁfoor% ﬁema%verg Agrﬂgr%%%? /(?q;éz EJ o(i;‘atcg‘l%{1
methylparabeft, pr FRBeT butan grga%%tsolf ¢ 0(E‘resoﬁ’ oroc?’es ehy r%lercurlc nitrate,
thimerosal, benzoi>atitf, 23R %ﬁ&ﬁ@ﬁﬁﬁ?ﬂé@‘tﬁ%‘%ﬂ%ﬂ&?ﬁ‘mmﬁﬁ fsudch as

methylparaben, pHéasl sahigshrihepabent 2015 %m M tPindte %@Elﬁ("aﬂcﬁ?ﬂ%ﬁ?ﬁ Fidemolecules and
thereby to induce ¢onfdRGigticdaischaliges drapinsieas® BiHéy physidal bpehdinisatstability, or both
(See, e.g., Birnbayssdbl, cotngbs Rbharenacentieal iRegsich4dipat {HA%M): Ramasidztermont, S., et at,
Biochemistry 36:582(128/5{ L99¥MndPheRAlG Ries SR ALNE: HoeluslRs: e carpnraeundsyshenol,
m-cresol, o-cresol, @aﬁrsls@@&@tﬂfoo@ﬁé%@gﬁt@y AP A0 WSS Faerealoafitligpreservative
used in formulatloqs oft e PEG tezté Jns SPro.c r‘qu} rtado% toSf é %8&%@ r%\{}br}tlop may be a

1o e sthan a out
phenolic preservatl\lf na m s Or Herert from the mer-sta |Z|ng compound.

Preferably, the phé’ﬁ&fP@%?@W&m ‘?§?ﬁ‘%§8f‘fﬁ Et’?éﬁ’&i Mﬁf@imf’aaoﬁlieés SAideutical
compositions of thdJ5redsit Hivenabctnfifse P Bldrbrer - tiessraperesitetration from about
0.1 to about 75525 PEkivitcd iprdachivativenaoandtH Fom ooty abwpessiig ¢ tveesenore
preferably, a pharmaeetidicaleainpositian of HEGpresktint iy @nito noegpnpisesaphesinharet/or m-cresol at
a concentration frogp @bl e hast SRmMMas sobRealyatiesat B midranmialiost. 76bte about pH 8.0.
Even more preferably, a pharmaceutical composition of the present invention comprises phenol and/or
m-cresol at a concentration from about 10 to about 40 30 mM as a preservative at a pH from about 7.0
to about pH 8.0. Even more 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 7.0 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. 35As
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
comnntinde "Divvalent metal fcation” meanc the inn



-23- or ions that participate to form a complex with a multiplicity of protein molecules. The transition
metals, the alkaline metals, and the alkaline earth metals are examples of metals that are known to
form complexes with insulin compounds. The transitional metals are preferred. Preferably, the divalent
metal cation is one or more of the cations selected 5from the group consisting of zinc, copper, cobalt,
nickel, manganeeepswagmssium, cadmium, and iron. More preferably, zirCiireoditaint metal cation.
Zinc is known to facilitate the formation of hexamers of insulin and of various insulin analogs and/or
derivatives, including insulin lispro. The primary role of divalent cations such as zinc or cobalt in
pharmaceutical compositions of the present invention is to facilitate formation 10 of hexamers of the
PEGylated insulin lispro compounds of the present.ijgvention and/or any other insulins or insulin
analogs in a pharmaceutical composition comprising a PEGylated insulin lispro compound of the
present invention 1 tire FeSEnt &-nfuipliferorednest Fut ¢i-RESAret HorRitisiufay be facilitated by
bringing the pH ofispsol&tiameonpprigiity plhanvsices B dleqormsotitiononaiothiripre suxititivention into the
neutral 15 region i1 tBSyMesaRcEn0k o (dintonsdor teyemcht g IAT( th) atten tifebplddas been adjusted to
the neutral regionpRrefesablcihesatioofains teimsolincompaund;insdinanelogiandéor PEGylated
insulin lispro compeunejs bvnAed:#S, e ewesdiniuay RBoet@ 83 hatiswaaingatoms per insulin
hexamer, insulin %@A%Q?@mﬁ@a%@ﬁg@%m%wmmm hexamermMoredpreferably, the ratio
of zinc to insulin compRIATh AR IR %.aRIaE. SRdiy BREMAEraaul isniacampannd is fom about

0.33 to about 0.67. Eyen more zin qempoun ‘that competes with

‘ 1 (EnaFy euse urln‘?,tqQ ro esssg a
the protein for zindBIRUIKECSIRRBE A #Fatd G A hae" ISH PS8R "EXEess Jinc above the amount
needed for hexan@?iééﬁb?‘f‘lﬁHﬁ’ﬁeaa‘é‘gi?gb‘?é?fésr’ﬁ(ﬁ'@%‘ﬁ” Rty iri e riaseimimRsatih, e.g., a ratio of zinc
to insulin compounticwistirPBRRRP Bl srpErirrea iU fEs R L eipstAuSm about 0.33 to
about 0.83. Also, éfcersyezienabovddheuzmiboiittAdewsdiion FekanTe pptidhiear. BeCpréaent in a
pharmaceutical campgsationishthe presesit iowentiaboardd way ibe desiralpla tdimepietenchemical and
physical stability, ter impgevessuspandakilifihe andppassiblyotorexignrg tvmerpetivsbiurther. On the other
hand, excessive agpaptacat 3k RrGikaie arphashhate butiers.30ntightclensita prgeipitation of zinc
citrate or zinc; phogphate, LEIREEHYEN: 88 Ve lasitiuliiota PRRSAAIGR0GEIYIED the present invention,
zinc may be present i the formulation. i an amoUn! (191p 80qu.Q 3 mele 9,aat,3,moles per mole of
insulin, insulin ana;‘lo , arﬁgferl% é%tggzgsm Hssp?o he amer. M re}_‘?r.%ferga% zip nii§a$[esent in the 35
pharmaceutical coffipositions o & Dresent iveltion|in an amount rom- about B.3 mole to about |
mole per mole of th%?’i??é‘fﬂlfPﬁ“iﬁg?ﬂfrfﬁ??é%gj‘,t’%ﬁaqﬂ\?@%lﬁ’g‘é‘ﬁ TAdGHR-IFERPE ASRATh Y E 08N more
preferably, zinc is Preséhbairtnebpr ARhee Ghiebt e SR iusitiom SsRL GRR BIBIRs CUBHe! 7 “Th'54 FR
LILLY PATENY P|dz8lasibr276@86dsa@ Bormpogoossiiiztineiz. n WO
2009/152128PCT/US2008 @46 704biStdBaiTonE Usk las BIAG Ein Rfershetin éserityinl/bafiéfiiltam amount from
about 0.3 mole to ahetn) 7o meiespetivole phiokaliiesi nspiosi the Briatog pasutbPEGYiaded insulin lispro
hexamer. Most prefefablys ZiagiiSiRiesaptin s pbatvasatticakcanprsippnsmhihgpsesent invention
in an amount from AL, 03, AE. AR Ao mRlCPE! A OIIREH I NGB ERRIY, and
PEGylated inslin (St hexalel LIRS RIIPaI BIRLRIGYHES AN aLdig rgsent invention may
be any pharmaceutic i acceigta e zin cognpo#%d. Ttge taglghttlo 00{ c#ggnsylgr&ipreparatlons is
known in the art, a?ggg Bﬁ%rr?nélc?gd F&%‘f?}l}céeccéeB abfe Sources 8fa2|r,‘1lc. re ,eréﬁf, Inc is provided as a

salt, such as zinc' &iHatethTACHRS R II QU UL BTeSTRES S Aase iR HhaE Dot v eRitiNte.

pKg greater than or cquaf to 10,75 in water.
The present invention also includes a process of making a PEGylated insulin
30 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
35 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



In a further embodiment of the invention the pharmaceutical composition of the present invention
further comprises one or more surfactants. The term "sutfactant” as used herein, includes agents that
reduce the surface tension of a liquid by adsorption at the air-liquid interface. Examples of surfactants
include, without limitation, nonionic surfactants, such as polysarbates (e.g., polysorbate 80 or
polysarbate 20¥qpalexemars (e.g., poloxamer 188); Tritonr" (e.qg.. TritonneErAG)oqmbrethy| glycol;
PolYPropyl glycol; and copolymers of ethylene and propylene glycol (e.g., pluronics, PF68). For
example, the surfactant can be present in a pharmaceutical composition of the present invention in an
amount (runs about 0.001-0.5%, e.g., from about 0.05-0.3%. Preferably, the surfactant used in the
pharmaceutical composition of the present inventionss poloxamer 188. More preferably, the surfactant
is poloxamer 188 at a concentration between about 0.5 and about 10 mg/mL, between about 1 and
about 10 mg/mls, ewrednxabdutethdent ayeul noiFpenY chbrpte MEBSRB ARV EBSUt 10 mg/mL,
between about 4 anghaberst olagilydmbtberrcabowt 0kid aldebv'S #igPain seigveen about 2 and
about 5 nag/mL, ketweenabutdeanibabestsbdmgimll, band batweehmbapirdanttabout 5 mg/mL. The
invention also propiglase-f &@yiRiedonsulrlising, aeppednd Ridermulaikaneal phasaaaceutically
acceptable salt thereef §or Maadbuthe trertpagnkeheesglvcemirandrdirhelrs. Rreferably, in
humans. ~ The Hﬂ}!&%@@ AFIRIRIARSH E&ﬁ&i@&%&r@mmg& sqRIRBLR-0fFRrmula | or a
pharmaceutically ace ﬁgt%m% a{;]ilg%g@f fo]? e r%h:% mnEAEF%IHQ&QJ&MCI'B%%BMW the treatment
or

of hyperglycemia an etes, prefera Y, ositions comprising a
PEGylatec! insulirfis 8%3%6%% 1 ?&‘éeé?‘ﬁelwgﬁ‘f}gﬁwrﬁﬁ@l &%ﬁ%ﬁg ereld Paténterally to
patients in need of %%P&Qﬁ@f?@%ﬁ@mﬁ%?ﬁ@ﬁ%ﬂ?ﬁ%@f B‘édﬁa?%%bdgﬁy subcutaneous,
intramusculaf br ineElAEaBIRsTga ctiet by ebhS eI PrIRcashetaly @ e ARk Sykinge, or
mechanical driverfinjastind #iternbtivetp sbawehiedabeni(Lidinstraribhecaiesé pREfotedeby means of an
infusion pump, AMsND EprSkin e Reeditedabibhe EPO AT O 20 bt Préfécdby, Bage 15 of 24
-25- Preparation lp&dydnttSisiie mdid G- in sLdhe s BcdrandduysB 28 149 CH 26 Wagl@-insulin lispro
(4) 50ne mmol eagh e LitiR iR P chyetox s HaCINIMIC e i §H)na Bekytation
| dnsopropylcawodvém@& (Prlﬁ&ata&ga'ma& %be%1@%d‘%o%@1manw@érkaap;ﬁ%ﬁhzrtSCH20H200 NHS
~ ester. One-tenth mm dr;lga% l(r)\ﬂs I‘le % m%}pz@h: mgfgg tr %Me}grglp&rgg&) in DMSO. To
‘%%3

the solution is adope ac Ivate th 11_; r2 q ﬁsat roo?in temperature,
0.2 mL ethanolamii% fﬁ’ﬁ?f’e %t et Saction i en diluted with 90

ost refer T0O. 1M
e reaction. e reacT ion mi xtuPe IS?

" mL of H20 and appi&ds dhis &“F@F’b@fgcﬂéhffﬁ‘lﬁ Sorhehotadotc Trighy Bgre RASHIHs of

LysB28-TrtSCH2CHREOIHSIPFISPRS- (2 pre Holedismbl Kiphmadati Qapstiafely, the desired fractions
of GlyA1-Trt-SCH G#2@edihsuitan shord 101 srdaposEddasd froshipkredra@hide repsich ynmol of (1) or (2)
is dissolved in 5 nalaifdtkiAed batainingodt 2 MC ofl ticaAlstld@acbdtS @odrmL of triisopropyl-silane. After 30
mm, TFA is removed byieyapesatiryand iheitesigiabpopiide dsthalsenrdin Hleribnofdiado ACN in H20.
The resulting solutigfis,ARBEEHA0x: R Gl & sIN.{ok Ruifisatianiqgihedesite dus astiens of (3) or (4)
are pooled and, oqa'%@mnymlm%zmw m%mmnm SRGHAC Ul (7
One-tenth mg%JI of |nsul n |IS[§,I‘O lﬁwISSONe gei Iy rm{gJ%Aﬂpma%e useI%Ep%t%%llélon is added
ertBO DGR

0.2 mmol of tertmon EGyIatecaf gzlpE vlated, and tn-P "llatec} insulin hspro compounds on the basis
of their differing molecular weights (where the difference corresponds essentially to the
average molecular weight of the PEG used in the PEGylation reaction). For example, in
an exemplary reaction where an insulin lispro is coﬁjugated 1o an activated mPEG having

30 an average molecular weight of about 20 kDa, the resulting reaction mixture may contain
unmedified insulin lispro having a molecular weight of about 5,808 Daltons, mono-
PEGylated insulin lispro having an average molecular weight of about 25,808 Daltons,
di-PEGylated insulin lispro having an average molecular weight of about 45,808 Daltons
kDa, and tri-PEGylated insulin lispro having an average molecular weight of about

35 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




25 temperature, 0.2 mL ethanolamine is added to terminate the reaction. The reaction mixture is then
diluted with 90 mL of H20 and applied onto a RP-C18 column for purification. The desired fractions of
Boc-GlyAl, Boc-Lys1328-insulin lispro are pooled and lyophilized to yield (5). One-tenth mmol of (5) is
dissolved in 10 mL of 5% TEA in DMSO. To the solution is added 0.2 mrnol activated
Trt-SCFI2CH2G0 hdas2After 2 30 hours at room temperature, 0.2 mL etl@amawinesissadded to
terminate the reaction. The reaction mixture is then diluted with 90 mL of H20 and applied onto a RP-
CI8 column for purification. The desired fractions are pooled and lyophilized to yield
TrtSCH2CH2CO-PheB1, Boc-GlyAl, Boc-LysB28-insulin lispro (6). One-tenth mmol of (6) is dissolved
in 5 mL TFA containing 0.2 mL of thioanisole and Qg rtiL of 35triisopropylsilane. After 30 min, TFA is
removed by evaporation and the residual peptide is taken in 50 mL of 10% ACN in H20O. The resulting
solution is applieditorexirpe B3 ammmitcicpriniesine an Tieegraspeamvtieh treopooled and
lyophilized to yiel@¥}8 P2k xam pkdidd B BEGytationdekibiokde rydtizREdnseintéspso intermediates
Monomethoxy-P BfeeNbit kidvinganavaskoimeiathanaeghvhef mhaut20:kbab), 30 kDa (a), 40 kDa
(), or 60 IcDa. (c)iigfissalachinrdeh R due 6100 MM e hufferdbHdckand ACN. A
lyophilized powder of a thiol-derivatized insulin Slispro, e.g., compound (3), (4), or (7), is added to the
solution. The reaction miay i UGN RYANRIYIER! e dben ; Epﬁb%n@mtﬁmplete (usually

after approximatel urs),.the mixtur Sdl| ith a ontg.a.RR-HPLC column for
purification. The S|re[P agclllorggmreltlgoe a%n%g\ﬂ ﬁl}IE'm ‘it%gyl d&mBg a)éated’msulln lispro

compounds. Exerﬂﬁfe{fg? F’E‘@Iﬁ‘fg&ﬁ%ﬁﬂlﬁ Hedrgna %{ﬁ?ﬁérfﬁ FEPmpR s e Example 1

are shown below HNBtE PPAETEYS 5 50 B dettrcysraneith e hier ettt §) st etR AUBR™ these
PEGylated m%hlmcn@w%ﬁm&mg iatenn Thetlsersaisgertiesim aesar 400 wsTaedit 1000. More

preferably, these PEGyhtedirsubiplispradbiifp oushidsnatitihiziidife mctheed angehérgpabdbout 400 to about
750. More preferaldysithaseRéaytatednasin tisprio compardndsanifichavecrdse thencarige from about
15 400 to about 5@ Jryes: R Bieleraklyrthase: Ry iaies leaulin bspio canpeines will have n of
about 400 and abgfeafl0 (&VERMRIRHRS &?6@%&%&@@&%?%@%@&@9 Wsaligaispro compounds will have
n of about 45(,and aboyt 500, ls%% L E’tﬁ%‘y Rigdnsulin ISP Gemmpoynds will have ri
of about 450. 0 (32iecHrf§aygg S%b/ IN n%p flns 1ca {g sr%e? eﬁH Ey ou% &? ectot{lt):] insulin lispro 0

7)HS
0 increase. However, this reciprocal relationship is cxact only when there is no change in

the volume of distribution. A useful approximate relationship between the terminal log-
linear half-life (t,), clearance (CL), and volume of distribution (V) is given by the

20 equation: t, ~ 0.693 (V/CL). Clearance does not indicate how much drug is being
removed but, rather, the volume of biological fluid such as blood or plasma that would
have to be completely freed of drug to account for the elimination. Clearance is
expressed as a volume per unit of time,

The term “treatment” or “treating” as used herein refers to the management and

25  care of a pafient having diabetes or hypergiycemia, or other condition for which insulin
administration is indicated for the purpose of combeting or alleviating symptoms and
complications of those conditions. Treating includes administering compounds or
compositions of the present invention to prevent the onset of symptoms or complications,
alleviating the symptoms or complications, or eliminating the disesse, condition, or

30  disorder. The patient to be treated is 2 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

35  compound of Formula | or compositions thereof sufficient to regulate blood glucose ina
patient. Preferably, a therapeutically effective amount of a PEGylated insulin lispro of
Formula 1 is from about 0.01 nmol/kg to about 100 nmol/kg. More preferably, a




20PheBI[N(alpha)] insulin lispro -27- (8(a)) SNH GlyAl[N(alpha)] insulin lispro (8(b)) 0 '‘CrhMtr\--N
GlyAl[N(alpha)] insulin lispro -28- (10(a)) PlieBI[N(alpha)] insulin lispro (10(h)) Si\ INH PheBI[N(alplia)]
insulin lispro (15(0 -29- Example 2: PEGylation of insulin lispro using monomethoxypoly(ethylene

glycol) pnitrophenyl carbonate (MPEG-NPC) One-tenth mmol insulin lispro is dissolved in 20 mL of 0.2
M borate buffefVH009/152128 PCT/US2009/046704

-17-

therapeutically effective amount is from about 0.01 to about 50 nmol/kg. Even more
preferably, a therapeutically effective amount is from about 0.01 to about 20 nmobkg.
Even more preferably, & therapeutically effective amount is from about 0.01 to about 10
mnol/kg. Even more, preferably a therapeutically effective amount is from about 0.1 to
5 about 7.5 nmol/kg. Even more, preferably a therapeutically effective amount is from

about (.1 to about 5 nmol/kg. Most preferably, a therapeutically effective amount is from
about 0.5 to about 5 nmol/kg. However, it is 10 be understood that the amount of a
PEGylated insulin lispro compound or a composition comprising one or more PEGylated
insulin lispro compounds actually administered will be determined by a physician in light

10 of the relevant circumstances including the condition being treated (i.c., the cause of the
hyperglycemia), the particular species of PEGylated insulin lspro or particular mixture of
PEGylated insulin lispro compounds to be administered, other drugs, insulias or
otherwise, to be co-administered, the chosen parenteral route of administration, the age,
weight and response of the individual patient and the severity of the patient's symptoms.

15  Therefore, the above dosage ranges are not intended to limit the scope of the invention in
any manner.

The phrase “sufficient to regulate blood glucose” means that administration of a
compound or composition to a patient results in a normal fasting plasma glucose fevel. A
clinicalty normal fasting plasma glucose level is 70-110 mg/dL. A clinically normal

20 postprandial plasma glucose level is less than 140 mg/dL.

Covalent chemical changes in the insulin structure are known to occur upon
storage. This may lead to the formation of molecules which are less active and
potentially immunogenic such as deamidation products and higher molecular weight
transformation products (e.g., dimers, oligomers, polymers). A comprehensive study on

25  the chemical stability of insulin is given in by Jens Brange in "Stability of Insulin”,
Kluwer Academic Publishers, 1994, The shelf-life of insulin products is mainly
compromised by the formation of soluble aggregates (dimers, oligomers, and polymers)
over time, despite the fact that insulin compositions are typically stored at a low
temperature of no more than about 2-8 °C, which improves the shelf-life considerably

30 compared to storage, .g., at room temperature. In addition, insulin products are subject
1o the formation of insolubie aggregates (fibrils) as a result of shaking, e.g., when carried
in the pocket of a patient or during transport. It is essential for the quality of an insulin
product that the tendency to form such soluble and insoluble aggregates as a resuit of
chemical or physical influences is reduced to an absolute minimum. Therefors, nsulin

35  compositions must demonstrate acceptable chemical and physical stability characteristics
in order to be used therapeutically.



510.5, and 1.98 g mPEG-NPC having an average molecular weight of about 20 kDa in 20 mL ACN is
added to the solution with vigorous stirring. The reaction is monitored by RP-HPLC and SEC. After
approximately 4 hours, the reaction mixture is acidified to pH 5-7 using acetic acid and applied onto a
RP-HPLC column for purification. The desired fractions are pooled and lyophilized to yield
mono-PEGylat¥@ PEEIBAEInsulin lispro in a 10 yield ranging from 20 to 488K UsHES8&ikty and purity
are confirmed by RP-HPLC, SEC, and MAEDI-MS. The ratio of mPEG attached onto A-chain or
B-chain is determined by the area integrations of free A-chain and B- chain released after the
treatment of the resulting conjugate with tris(2-carboxyethyl) phosphine hydrochloride (TCEP). The
ratio of MPEG-NPC to insulin lispro determines the ypgoduct distribution of mono-PEGylated 15 and
di-PEGylated species. The reaction pH governs the site-specificity of PEG atlon As_pH increases

from about 8 to about 1 EMpSAAEYL 19 ted Berda ralesrafs s st A dat R Ld®n is conducted
at pH 10.5 with mPfé@nPdF*@nﬁa@ﬁ?@ﬁﬁ‘%\ﬁ@?&’g‘élﬁ%%@m%tg?ﬁyﬂﬁb@ﬁﬁbﬁmé‘baa (n is about 450), the
ratio of (11) to (120)ESvbelin8sl ipkhiorREGigation reemtiohbl egerbagadiobentetrimlso be conducted in
a non-buffered 20mafitenus sottipndyrieapalainingike:p hofihese actiablenikiwadnyncentinuous

addition of 0.2M blaQeVMhergsandusieddno anchufiesacaauppsmsaludianusingsnPEG-NPC

having an average,maleGHiarpniant of aheul R ek s whig lig PhhisMaliRIned @iabeut pH 11.5, the
PEGylation reactig Mmggfot%o&gﬂuﬂg& ()2 gré&@ame%\r&%%aiaﬁn%@ §d ?ﬁ@éﬁ@@v ompound (11)

will have n in the ra 11) will have n

in the range from eﬁﬁ‘ﬁ'dhtgl ﬁﬁo%%/ %’é#’i r})J? /?50 ave 17 in the
range from about SREFIEHEETEEES RTBIT LI ’?é’i’é?dﬂ‘l‘f"@b e fffl?))?ﬂﬁ‘f’ \‘7 ﬂ?we of about 400 to
about 500. E¥&n rityratispetdaBRAbRS P PrwiFieR & OBFEBEiRRE® %Ha SHBUHIST0. Most
preferably, compopgndd Eepihinaniie’s bickdsie 480130 aides(dp0PPYs §$2G. @psit®™l nsu lin lispro
(1 3) 0t 0 "NH n Giga 09N sGatp by, sislin disiore odtiRheByv iy bb{alpli ajltlinsesdiarlisp raaterial.
The term "chemical stability™ as used herein refers to the tendency of a PEGylated
insulin lispro composition to form soluble protein aggregates during storage under static
15  conditions, including storage at low temperatures of approximately 2-8 °C or elevated
temperatures of approximately 20-40 °C, The chemical stability of a PEGylated insulin
lispro compound of the invention can be measured by determining analytical attributes in
the formulation under specific conditions, such as at a particular temperature and
humidity condition over a certain period of time. The analytical attributes that can be
20 measured include the formation of high molecular weight species using size-cxelusion
HPLC, for instance. The results can then be monitored and compared against pre-
specified parameters.
The term "physical stability” as used herein refers to the tendency of a PEGylated
insulin lisgpro composition to form insoluble protein aggregates as a result of a physical
25  action such as shaking of a PEGylated insulin lispro composition. The physical stability
of PEGylated insulin lispro compounds of the invention upon storage for a defined period
of time at various temperatures in various pharmaceutical formulations may be assessed
by methods well-known in the art, including measurement of a sample's apparent
attenuation of light (absorbance or optical density). Such a measurement of light
30 attenuation relates to the turbidity of a formulation. Turbidity is produced by aggregation
or precipitation of proteins or complexes in the formulation. Other methods for assessing
physical stability are well-known in the art including visual assessments of presence or
absence of particies or by detecting fibril/gel formation by Thioflavin T fluorescence
Mi¢roscopy.
35 Other embodiments of the invention provide pharmaceutical compositions
suitable for administration to a patient, particularly to 2 human being, comprising a
therapeutically cffective amount of at least one PEGylated insulin lispro compound of




(1'4) LysB 2 8 [N (epsilon)] insulin 0 -0-h-0117- 111H [N(alpha)]GlyA O Tl Example 3: In Vitro
Receptor Affinity 5SReceptor binding assays are performed on Pl membranes prepared from stably
transfected 293 EBNA HEK cells over-expressing the human insulin receptor (hIR) or human IGF-1

receptor (hIGF-lR%. Binding affinities are determined from a competitive radio-ligand binding assay
using either hufffd “P@é?ﬁ?éinant (2-[125I]iodotyrosyl A")- Insulin (2000 CiHST Sr Atfitan

recombinant [125l]Insulin Like Growth Factor | (2000 10 Ci/mmol). The assay was performed with a
SPA method using PVT PEl-treated Type A -31-

-19-

Formula I and one or more pharmaceutically acceptable excipients, diluents, buffers,
metal ions, or carriers. Such pharmaceutical compositions are typically, though not
necessarily, parenteral in nature and may be prepared by any of a variety of techniques
using conventional excipients, buffers, diluents, metal ons, or carriers for parenteral

5 products which are well known in the art.

Because the PEGylated insulin lispro compounds of the present invention are very
water-soluble, a pharmaceutical composition of the present invention includes a
composition comprising water as the primary solvent, PEGylated insulin lispro
compounds at a total concentration of at least 1 mg/ml, at least 2 mg/mL, at least 5

10 mg/mL, at least 10 mg/mL, at least 15 mg/mL, at lcast 20 mg/mL, at least 25 mg/mL, at
least 30 mg/mL, at least 35 mg/mL, at least 40 mg/mL, at least 45 mg/ml., at least 50
mg/mL, or greater and a pharmaceutically acceptable buffer wherein the pharmaceutical
composition has a pH from about 4.0 to about 8.5, Preferably, a pharmaceutical
composition of the present invention has a pH between about 6.0 and about 8.5. More

15  preferably, a pharmaceutical composition of the invention comprises PEGylated insulin
lispro compounds at a total concentration in the range from about 2.5 mg/mL to about 60
mg/mL and a buffer wherein the composition has a pH in the range from about 6.0 to
about 8.5. More preferably, a pharmaceutical composition of the invention comprises
PEGylated insulin lispro compounds at a concentration in the range from about 5 mg/mL

20 to about 50 mg/mL and a buffer wherein the pharmaceutical composition has a pH in the
range from about 6.5 to about 7.5. Even more preferably, a pharmaceutical composition
of the invention comprises PEGylated insulin lispro compounds at a concentration in the
range from about 10 mg/mL to about 40 mg/mL and a buffer wherein the pharmaceutical
composition has a pH in the range from about 6.5 to about 7.5. Even more preferably, a

25  pharmaceutical composition of the invention comprises PEGylated insulin lispro
compounds at a concentration in the range from about 15 mg/mL to about 40 mg/mL and
a buffer wherein the pharmaceutical composition has a pH in the range from about 7.0 to
about 7.5, or from about 7.0 to about 8.0. Even more preferably, a pharmaceutical
composition of the invention further comprises a therapeutically effective amount of an

30  insulin. Even more preferably, the insulin is an insulin analog. Even more preferably, the
insulin analog is a rapid-acting insulin 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 pharmaceuticaily

35  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 pharmaccutical composition at the pH desired. In preferred embodiments, the buffer




wheat germ agglutinin-coupled SPA beads. SPA assay buffer (50 mM TRIS-HCI, 7.5, 150 mM NacC1,
0.1% BSA) was used for all reagent preparations. Three-fold serial dilutions of compounds (100 nM to
2 pM) are prepared in assay buffer using a Freedotn/Evo robot (Tecan) and added to 96-well white,
clear-bottom microplates 5 (Coming/Costar) with a Multimek (Beckman Coultegﬁ@ﬁadioli and,
membranes an‘a%gﬁ%@éﬁss are added using a multidrop instrument (TItE‘?M B\AH3 a 10-hour
incubation at room temperature, the radioactivity is determined using a Microbeta Trilux scintillation
counter. Unlabeled insulin lispro and unlabeled IGF-1 are included in each experiment as positive and
negative controls, respectively. 1050 values are determined 10from 4-parameter logistic non-linear
regression analysis. The affinity constant (Ki) is calc@fated from the 1050 value based upon the

equation Ki = 1C50/ wher the concen tlon sed in the experiment
and Kd equals théq egq rlum’%nﬁ %gutag%%on% %rﬂé: c%‘t e et Lég gf%?m%ne rom saturation

binding analysis (F{‘dhﬁ)‘i‘wﬁﬁf‘ﬁﬁ’(}aﬁ@gofﬁaﬁob%% %%T%Wﬂ}%a?%e?&@ ' %he 15 geometric
mean Ki reported $581EHing 18 qivhesReragiianswhbediFs o d egude Siareeadema-PRPeKi3 ...Kin) and
the number of indepdmdentexparineites (fR)sithygecamarttharaworgivwelRlS, whidretidoted below with
respect to human b@ferd anvisltwaokhadodowiagd? EGylatediinsuliralispra -toinpeuadisiprepared as
described in Exampleplofavgida, genmatyishmaanisiiass ibaptalenbl inctad MR hinding assay described
20 above: compouind.J@(Rliprapanad Using kngan RPRG MakohRying.anayenags malgcular weight of

about 40 kDa, coppa] Ha %E?f%%‘ﬁa Mﬁﬁ%ﬁs@) BB BErR0e molecuarveigh

of about 40 IcDa, co oun prepared u rcated mPE A%thavm an average

molecular weight gfe u’f"éiﬁnk a, com oun meitc USIRG. tw”léfr MPEG-MAL having an
average molégulaW\?@ Q“r‘i‘t°8f“85%§’ﬁtﬁ§5’ﬁ %%?’@Hb‘s é%ﬁ e ity ﬁﬂgﬁrr mPEG-MAL
having an averagé"%?f@ﬂé‘&f?%?lw&@‘%‘a?%%ﬁﬂ opsResitioahat sRisST BN GAYP P FEPATEE SRy linear

MPEG-MAL havingpem amdfagebonbléculé pvesigfateofr IR K rafthn. thech tRraprdit¥@IER binding assays,
compound 9(a) prelpatedeustalg-dingaitiRE Geldeth avingian-averagearonoleent amheight of about 40
IcDa has a geomefsisatme amniphodpBa:roaiidr. . BReaMd® freddiabiys Hyranthgreeiesdhpmni@dnd B0 NM (SEM =
not determingd; n3iQ)fESReRIMaA ARgiinall: BeiR saapR1sTREGYIRIedIne ylttdisnyoproducts
generated as desg AQ%%&EA%BBFO&%&'%%% linsat | mﬁﬁ%n'xfngr%fcsﬂgmeﬁ%agq%w IcDa also have

a geometric mean K& SS nlv? IR m|On |r11grasaay scribed above. In the le binding
assay described a;bove Insulin lispro lI’*las a eomefrlg Mean K ;' n=4).Inthe

hIGFR binding asélé‘i/p%e BORPIHOY e ?Wﬁ?é’%r@ﬁ@ﬁﬁ%%@‘&&%’ﬁ%% H&%r ‘a geometric
mean Ki greater tHEHSTBORITERER v AR IAce s e SR HIB R fCIRIAIFIK ITYP RIS COmPRGE ( SEM: n = 2).
-32-  Thes@Wathoshenw abat PEGY g poadtion BRE tadizcel pripraffinily. b phabouretd:zfold, making
these PEGylated spegiadiof ufshdiprdisprovwsalo agomists dbthedviR THS REfGylated insulin fispro
species also possess normeagiaRie:tamRdhindingopiapaiiesHppihisnassay uhdsoihese conditions. 5
Example 4: Evalualiop-af.tha ReispsuiphREGyRiagineuind s prQusing: ar Aasulindraesptor
Phosphorylation V\éﬁgéﬁm%ﬁ}kﬁtﬁﬁy SucH Bﬁxﬁﬁ&%%@%%@%‘%@ &Wzﬁﬁm%%ﬁd%}%‘%&qwresem
invention ma ? %u {e ifourhi;y ctlo‘r:loc';}n!lao%t][ll gt Eareé%naque ?enﬁ% Ime- resolved
10f|uotometr|c assay meth faﬂn? mercia n(% ceIIs

over-expressing thS YR ﬁ%&ﬁ%tb‘?‘"&?& b%?ﬁg}é’a%ﬁ@ p%fé?foéf é@rﬁfﬁﬁ‘?fiellslwell in
poly-D-lysine-coatBURTRaRRHI e RIS IRl /RA RS BYFRIRS BRTEATPFrSENHA-AEE HlEY (SFM),
(DMEM with 0.1% ifsttyndsiucfresBBM of Fhenpll Lol isetoplatess enie amtupiaredcoveralight at 37 C in a
CO2 incubator. Anitéasubia Fetfap e fethg nphadduceutical composition of the invention further

30 comprises a pharmaceuticall-acceptable 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 af least one hexamer-
stabilizing agent. Furthermore, hydrochloric acid and/or sodium hydroxide may be added

35 toadjustpH.

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




158314 capture plates are also prepared the night before using Costar 1/2 area black 96-well
microtiter plate, treated overnight at 4 C with 30 pL of anti-insulin-receptor A-chain mAb 8314 (Soos,
M.A., et at Biochem .1 235:199-208 (1986); available commercially including from Abeam, Inc.,
Cambridge, MA), diluted to 1 pg/mL in 10 mM sodium carbonate. The mAb 8314 capture plates are
washed four tirféS B M TRIS, pH 20 7.5, 150 mM NaCl, and 0.1%PFRVEEHFBEPY to remove
any unbound mAb 8314. The rnAb 8314 capture plate is then blocked for more than 1 hour at 4C with
1% BSA in TBST. After blocking, the capture plate is washed twice with TBST to remove excess BSA
solution. Once the capture plate is in the blocking buffer, the cell culture plates are removed from the
incubator and equilibrated to room temperature. The2test compounds 25are serially diluted into SFM.
To stimulate autophosphorylation of the insulin receptor, 50 pL of the diluted testing agent is added to
the cell monolayeﬂ‘%?f@f%@%ﬁ‘f@%aﬁt%ﬁ‘??ém@3?5?6?%‘“%9‘@%8}9% ShasERb g g {¥a¥pirating off the
test compounds aHtP &BeiifigOEIeHD Py WefehHrartpsinmeas, POoHMNPTRIS, pH 7.4, 300 mM
NaCl, Roche ComgteteRiugdsotethsesighibltohslnithhEEDF A @ hidhidedivimzamad atd sofftet, BD 30 minutes in
lysis buffer at roonruiie engtess thire o3 Gniliraafthy Satd, il ransfatctdiedhe bibckes eaptmniedigte containing
30 pl of a Eurgpiushibsa et phespbabAasi noIRYg0canite adyedis; Ny 2R-(Redsin Elmer), diluted to
50 ng/mL in 10 rniy:kdeResrdARmMcNatal BRgddon Tneehethisrehdi eds isuhatedsfor 1 hour at
room temperature {ollowed by. 6%%&%“?&% TﬁﬁMQe{fﬁE&%%ﬁm%HOQfEHﬂ}él—eﬁ’ Y204 cell lysate.

Following 35|ncubat|on with 5 of Enhance t Solution Per in for 1Q minutes with
intermitent shaking SCUha SURLTNEVEISRLE L RIS ﬁgm@aﬂfh‘gﬁﬁ " SESHANIL quantitated
using a Wallac Vlégﬁ o TR R St o Y B PR A s Bt RGO e a@ﬁ‘é@%orylatlon level
is calculated % a %ﬁ?hé@?%ﬁm@%r%%mam SHALTERRG WO DTS B {rTdD M¥1). The
potencies of the inseiinicaiaksysingly Gabukibidl aoaeec DEED Hode udirigsa Mo pameter fit of the dose
response. PEGylajedeiaisiy)ighlispn soarpoundsepraphie ddeldest dhestinnkixantple dbaaving an EC50 of
less than 15 nM intoecassay:bodeack brekin:kuapiendcinslide A{akarapakeg-aising a linear
INPEG-MAL hawng@et@xemﬁm%mwemw akQuhAR g, R4R) BEePRIPE MRIRGGlinear
MPEC-MAL having, a1 JYELA0% O ﬁﬂﬁ{l%ﬁ‘{ﬁh‘%h&&rﬁ%ﬁ%ﬂé 0 %3@3&&;@@%&4?&9@& inear

MPEGMAL havin an average m a cular \{lvt%{ L an P]C.) repared ysing a linear
MPEG-MAL havmg% TRverate molecarsy Wel0 Ofnaabgﬁt B‘Iglﬁ Ouf e assgyeS_LB d8%ribed in

Example 4, com pc?ﬂ]ﬂal%‘)“ BYRSSH R HfeSrsHTPEYSNPAL HY5R BeTrEreesrably s efusarolnt

Heterogenous PE&SHEgeAHeT v RabrytdrSdeiebewd reriel 2ieser sefiisosmeEreifle 2 using a linear
MPEG-NPC havingrranosiieragttimotersaiarwansight bfcabont #eicabbutNa0l oe abwart2®&Da also have an
EC50 of less than ft&mdubin i e aseay Eeskt b @ckinExam pherdady bidabthapekisiond idehenixture of
compound 8(a) prepasad:+siagn linanndd frRESMAChAY OGRS g8 melecudas weight of about
40 kDa and compaynd H@hRfeRREeAUR R0 Adineak.REE MOk RayiRg ARsavsregfdnolecular weight
of about 40 kDa g e, AR Sl o e R 1B AgpRpReaciing in Example 4. In the

same assay, huma aln%lé‘lalnﬁga msgsino lisp qlia\égeanmen 3 and 0.7 nM, respectively. The data
show that PEGyIaPng paosition 0Ees RIR YIRS ac?vny by 20 about 10- to 20-fold, making

these PEGylated msulmT%?ﬁB%%&%WﬁW‘é?&t?ﬁ?s‘fg%‘fW“‘I’Wé‘*ﬁi’f’@?ﬂtéﬁolﬁ%ﬁﬁ fispro species also
possess no measUiEBREICHHRIZINg; rRITMg o paptbsases “Ixarmmstaabilzipg cpanstndt rAi7ive Potency and
Pharmacoldnetic Profesai2s BEGy brettdnsulinithtpronmadfat ModetahThbeyla@iabetes

Ten-week old malénkiin sispharasisendaoyiey piatenf hatiaion iadianapelis kR00280g4dx0dy weight, are
dosed intravenoustyiignthay 1ol eiivwilhis, RO apiorRaatimtekLdsin i Citric Acid, pH 4.5,
three days prigy to@d%é@réhﬂ&@%%ﬁeo o@]@e O?Qﬁ&@‘@xlxﬁ @581&% E%Qxé@ﬁﬂ(ﬂ MRs.hased on body

weight and blood ph? M res%rr'y % S 1\_@/% mm cose et%tavi’%e'lﬁ (gobeenZ /dd_ are included in

the study. In the rnln,p s Art animals recélve single su bettantous injection "of the test
compound at one B’F%%ve‘il&m@fﬂ&a‘e&m?ﬁ?eﬂf&awg SRS Z 08 SRRt S b les are drawn
from the tail vein afidiedfcteF i fsd esmamiiy dRoertrrED FAMBR B gRitbseReokls are
measured with a giueiernkeeilorndssoblaghvivisbol ceirsdfroneide vede@Bbivon danplimgesnd a
commercially #Hvailablesatdmputinisatfiotametendds seyhisiusadtbitietgrronpetheidehets phthe
administered drug éreifiecdalasmanibhg.a6paconenatbe wive faekland abkasaqvestime (mg*li/dL) is
calculated for eaCch\fégédﬁlo@mmmeﬂﬁgl'&%ﬁgcsﬁéﬁoen about ! mM and 75 mM calcium,




for a four-parameter logistic regression to determine the ED50. In this assay, compound 9(a) prepared
using a linear mMPEG-MAL having an average molecular weight of about 40 kDa, compound 9(a)
prepared using a linear mPEG-MAL having an average molecular weight of about 30 IcDa, and !
compound 9(b) prepared using a linear mPEG-MAL having 5 an average molecular weight of about 20
kDa has a potewey:isR&Q)s0f 241, 138, and 69 nmol/kg, respectively, fropratygpicabdase response
curve. Additionally, those compounds were able to lower blood glucose in STZ-treated rats to a level
that is normal in this strain of rats (100 mg/dL or below) for at least 36 hours with a single '
subcutaneous injection of 568 nmol/kg. Insulin detemir on the other hand normalizes glucose for 5-6

10 hours in the above assay with a 568 nmol/kg single dose.  In addition to assessment of
pharmacodynamic parameters, the mean pharmacokinetic parameter values in rats for test

compounds are déteveairsbdutismbf thid thoplittueVblelodsdistpien Rinutrh mdb kidatieupiradeters are
calculated using msdehn|neepenident Methoadat{dMi nNoM icaia), Geivese sttt s pitdraniicokinetic
parameter values 5ushownneadingariias tsoetioneidasesdibesranpaichmabiestepaiied correspond

to pharmacoldnetis parpmeighHabiEmMIcRRIAIEdReMESR Shanidhasidaseiesierd 568 nmolkg) and
the lowest dose (5,6,nmalke)s The.phasmacokinelicissulisgnqempound.ib)prepared using a linear
mPEC-  MAL having.an Avsiage malechiruelaniaol abait eslg digaiad adime to maximum 20

concentration (T.) rangi om 6-12, are eatra ce rate. o?[l (C%Lﬁezj)rréan ging from 0.05-0.14
L/h/kg, an apparent vqume of ity Baﬁ%nn ra”"ﬁmﬁeu from 61%”}“5 1/kg.2hd an elimination half-life
(t12) ranging fromBYEiR B3y also C‘F‘i‘%rbﬁ%{ﬁsﬁﬁ’éfﬂﬁn%ﬁ& e REYSY B pOR P& HEPAred using a
linear MPEGMAL #agiig b amesaigisahionseliimineeic &t aBbuiosti BEthol2#2%H a Tran of 12 hours,
a 25 CL/F randingrfresny@i05 a0 ik grt as\ering aficies frohacoeBtaRlo ip pégeidsel an tin ranging from
8.3-11.0 h. Théphannacokinetdiesuttsioridso bepatindiSfayidrepareihe sing @, tnear MPEGMAL
having an average:melasuial ieighheiahatibdl Jepadndieatadoahmax, rapgioy freesol, 12-24 h, a
CL/F ranging from QiQ6cfséi Lhikema-Nile Fangingifatial Sal-dddid, A8d:addle3@eanging from
11.1-48.5 h. Wher}ﬂ&é&"'?:Qﬁﬁﬁ%én%'ﬁll%?Jéé’n%%ﬂ%‘ﬁr&%é?hw&é&bﬁﬁr %f,mﬁﬁts.ﬁi HRS:4548 nmol/kg, a

tv2 of about 119 "i‘gcz:];'-/':nﬁf ab %nlanzd ll_/ShU(lLl(XQhEG %é’ciﬂ gnd tkslervi\al 0} m{lllisc'é }aa‘%'&%ﬁa%%é similarly
administered to m treate gl 568 a,tvz of ranging from

0SE ng,fro
1.9-3.1 h and a CLYEEFB0 ‘%Cﬁe?eﬁ er7'5’ W}fﬁ aﬂ%n cgm%mlty’ Dlie ba E) ﬁe ﬁOmn]ef?és in the
pharmacokineties,Rh& ﬁbﬂarpéﬁﬂf‘ﬁef‘gﬁ?fs%ét\}?e@rﬁﬁgt%rP&’r‘i‘ae&m% VA F"’I‘:‘f’ﬁ‘ylated insulin lispro
compounds are diffdrATHEDeHEAg IS A9 7he Berselisaseaarivg BetelvnibetrrPorvever, the studies
described in Exangiiend. imdicatk thaseemployiRESyiatccthsointtspradaumpetthesadonjugated to 20- |
or 40 kDa PE® haveeahotivaib: iedb-faituiovwe n&ppBESHTacle araiodishranodptenmir éfitthe STZinduced
diabetic rat. 5 Exapipiednizvaddadinnod paedue jassakore afhd atio boAnckirasnadikiretic

Characteristics of REpylatedRslinilisniedmaRat Madsbef dyprRigkelRstve i e glucodynamic |
activty of compouse (e il 40P INARLEHChis SUels innele D fofa rats (n=4

rats/group) foIIowmg{a single subcug gou%lr J%% aoJO\r{ hicl 90:;%&1 b((f’ﬁﬁ)tg [ h{ 7amol/kg of 9(a)
prepared using.a Iin ng an aver ht of a foug40 IcDa. Serial :?

samples are ¢ Iecrtngéii?sor% st?‘lrv ‘éerfart]g W1<|ne fic%ur%d a{ir%lg gg% Hamic Char reterlzak/flon A single
subcutaneous adnﬂ’l‘ﬂgﬂaﬁﬁﬁﬁ%f’%&pf’%?ﬁﬁﬁﬁ GoreEy B?’éﬁ%@{ﬁ‘&ﬂ?@*&ﬁ?ﬁ%&f‘%%@éf?@?}\ﬂ having an
average molecularafeigitraioasom docDa toom S Faraersivi*h e 88drame a4 Bstatistically
significant glucose dowenthdjthirds wostaitfedbior enbloastadvd raimpsifrel ofithe present

inveniion comprises phenal and/or m-cresol at a conceniration frorm about 18 to about 40

30 mM as a preservative at a pH from about 7.0 to about pH 8.0. Even more preferably, a
pharmaceutical composition of the present invention coraprises phenol and/or m-cresol at
a concentration of about 30 mM 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.

35 As mentioned above, the pharmaceutical compositions of the present invention
may comptise divalent metal cations such as zinc or cobalt that drive hexamerization of
insulin or otherwise stabilize insulin compounds. "Divalent metal cation™ means the jon



to placebo; p<0.05). Compound 9(a) prepared using a linear mPEG-MAL having an average molecular
weight of abeut 40 kDa exposure is also verifiable over seven days. @ Example 7: Phenolic
preservative titration of PEG-B28(92.4%)A1(.7.6%)-insulin lispro, 20insulin lispro, or a mixture (70%
PEG20kna-B28(92.4%)A1(7.6%)-insulin lispro:30% insulin lispro) thereof with phenol in the presence
of cobalt ions wo Rissa2Aki0-B28(92.45,)Al(7.6%)-insulin lispro or insulindispsesis/eissalved in a
solution containing 20mM KSCN and 50 mM TRIS-C104 at pH 8.0. The target 25concentration for
either protein is -4 mg/mL, based on protein content (c280= 1.05 (mg/mLylcmi. Cobalt chloride (41.9
mgQ) is dissolved with 1 mL of water to yielding a stock solution with a cobalt ion concentration of 0.176
M. An aliquot of the cobalt stock solution (-2 uL depgnding up on the protein concentration) is added to,
0.8 mL protein solution such that the final mole ratio of cobalt ion to insulin hexamer is equal to 4. To
30assess hexamerigatibat rrseinte sfiite canel re oy BHEpEcHandsiAeraldhoiitored at 574 nm

as function of phensiicopnesels dxskedroeristation 8 peificatith acvenesrtraettpHentiisolution (0.564 |
M) is titrated into (a3 am kofvpro i sotutiarsusingnsicr olienaliguots: suntiitihal ieellinal volume at the
end of the titratiop,geesinetexaaedH 84 hha b sobdbionis stiriae datoas Rieimum of 20 minutes
after each aliquotRf,phepeladaaiieyisiblesppactoum afdhe salisinsheliacted from 400 nm to 800 '
- TQe absgfbti@mﬁﬁ%%@ ﬁ%}?ﬂr@ﬁﬁ?%ﬁ:@ﬂé&@ft@l@t&@eﬁ'@,ﬁmn saeflicionthy gg'dmgt the
absorbance by dinated cobalt'molar.concentrati ric protein
concentration muf?rj (Jfrgl F 1§{§é)d on the Ig%gls leia%ng‘ $ ?éﬁ%&oﬂ%ﬁ%g %nnFsuhn hexamers ‘t
coordinates two a‘?@’é?’é%‘feﬁl@f’é’quﬁ%nﬁg? R Drd BapamsH 5‘%@%%%&&%’&”?’5 8'#8i& formulations of -
PEG20kna-B28(92 #dJ8Iy IR RSPRS IS AR AR Brit IS LTATeEaN and then cobalt
is added folldWedbyeaaatioal WrE BpHeAbIEbrdSeroatpRounds o fRaUmTHIpratRR M&Riral sequence of
proline at positioneB28harigshising msPpsitdreBRg awverstiapempiyier eemervigiitype human insulin.
This reversal leadeEGyatebnfalimidgoned mpifihihothiz: Grdeniinatignd bfttherBabaid that sterically hinders
the ability of the ligpie HopriBrvaRROMEAIS ISR ME! 5 Tebusdheydimgnaarqaiatian constant is 10
reduced by a factqnafaQ0R SAmRRRA bk nd-tyRs A RN EhRiRsulls, shown in
Taple |, ndicpse NEhHRUTRRAIAR KOS PAFRAIRRG &%Q@HE\PB@E‘QA}&%@ unexpectedly

associate as hexqmgrlgegga D ex in, eie r%rle qlo  divalen tm,n’iet | i9 Oun eno||c preservative
analogous to formulaton concﬁ ions.u i Huma Qa In s | eo (ﬁ sence 0 be 0 kDa PEG

moieties conjugatBYSEEFTHEHIBIY TR HRa %ls"-?r\l/lg Wt] HPEh u“ﬁ%ta{) iRSthin®dimerization :
domain of insulin %%WW“?@%WWMW@%W&WQW% Eﬂ?’é)&’f insulin lispro and
insulin lispro also Hébhsuelextmerablfiey Ry srh hdleimiornt Zeniplesds W&Wéﬂb}ﬁ‘@ﬁ the preparation
of extemporaifeoumarm fod/stRBeybredrinseidh fdmrueniomsdb &dva sbin@ dlite abrit®pid-acting insulin. 20
Table I. Phenol (IBvth G et g ikrudidphoing the process if a compound that competes with the

protein for zinc binding, such as citrate or phosphaie, is present. Excess zinc above the

amount needed for hexamerization may be desirable to more strongly drive
hexamerization, e.g., a ratio of zinc to insulin compound, insulin analog, and/or

25 PEGylated insulin lispro compound from about 0.33 to about 0.83. Also, excess zinc
above the amount needed for hexamerization can be present in a pharmaceutical
composition of the present invention, and may be desirable to improve chemical and
physical stability, to improve “suspendability”, and possibly to extend time-action
further, On the other hand, excessive amounts of zinc in citrate or phosphate bufters

30 might lead to precipitation of zinc citrate or zinc phosphate, respectively, as well as
ingulin.

In accordance with the present invention, zinc may be present in the formuation
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

35  pharmaceutical compositions of the present invention in an amount from about 0.3 mole
to about 1 mole per mole of total ingulin, insulin analog, and PEGylated insulin lispro
hexamer, Even more preferably, zinc is present in the pharmaccutical compositions of
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the present invention in an amount from about 0.3 meole to about 0.7 mole per mole of
total ingulin, insulin anslog, and PEGylated insulin lispro hexamer. Most preferably, zinc
is present in the pharmaceutical compositions of the present invention in an amount from
about 0.3 mole to about 0.55 mole per mole of insulin, insulin anslog, and PEGylated
insulin lispro hexamer. The zinc compound that provides zinc for the present invention
may be any pharmacentically acceptable zinc compound, The addition of zine to insulin
preparations is known in the art, as are pharmaceutically acceptsble sources of zinc,
Preferably, zine is provided as a salt, such as zinc sulfate, zinc chloride, zinc acetate, zinc
citrate, zine oxide, or zinc nitwate,

In a further embodiment of the invention the pharmecentical composition of the
present invention further comprises one or more surfactanis. The term "surfactant™ as
used herein, includes agents that reduce the surface tension of a liguid by adsorption at
the air-liquid interface. Examples of surfectants include, without Himitation, nonionic
surfactants, such as polysorbates {(¢.g., polysorbate 80 or polysothate 20); poloxamers
(e.g., poloxamer 188}, Tritow™ (e.g., Triton™ X.100); polyethyl piycol; polypropyl
glycol; and copolymers of ethylene and propylens glycol (e.g., pluronics, PF68), For
cxemple, the surfactant can be present in a pharmacemical composition of the present
invention in an amount from abowt 0.001-0.5%, e.g., from about 0.05-0.3%, Preferably,
the surfactant used in the pharmaceutical composition of the present invention is
poloxamer 188. More preferably, the surfactant is poloxamer 188 at 2 concentration
between about 0.5 and about 10 mp/ml., between about 1 and about 10 mg/mL, between
about 2 and about 10 mg/ml., between about 3 and about 10 mg/mL, between ebout 4 and
about 10 mg/ml., between about § and about 5 mg/mL, between about 2 and about §
mg/mL., between about 3 and about 5 mg/ml, and between about 4 and about § mg/mL.

The invention also provides a PEGylated insulin lispro compound of Formuia I or
a pharmaceutically acceptable salt thereof for use in the treatment of hypergiycemia
and/or diabetes, preferably, in humans.

The invention also provides a PEGylated insulin lspro compound of Formula I or
a pharmaceutically acceptable salt thereof for use in the manufacture of a medicament for
the weatment of hyperglycemia and/or diabetes, preferably, in humans.

Pharmaceutical compositions comprising a8 PEGylated insulin lispro according to
the present invention may be adminisicred parenterally to patients in need of such a
treatment. Parenteral administration may be performed by subcutaneous, intramuscular
or intravenous injection by meang of 2 syringe, optionally 2 pen-like syringe, or
mechanical driven injector. Alternatively, parenteral administration can be performed by
means of an infusion pump.
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Preparafion 1

GlyAl-HSCH2CHzCO—insuiin lispro (3) and LysB28-HSCH,CH,CO-insulin lispro
)
One mmol each of Trt-SCH,CH,CO-OH, N-hydroxysuccinimide (NHS), and

diisopropylcarbodiimide (DIC) is mixed in 2 mL DMF for 30 minutes to prepare Trt-
SCH,CH,CO-NHS ester. One-tenth mmol of insulin lispro is dissolved in 10 mL of 5%

triethylamine (TEA) in DMSO. To the solution is added 0.2 mmol activated Tri-
SCHQCHZCO—NHS. After 2 hours at room temperature, 0.2 ml ethanolamine is added to
terminate the reaction. The reaction mixture is then diluted with 90 mL of H,0 and
applied onto a RP-C18 column for purification. The desired fractions of LysB28-Trt-
SCIH,,CIH,CO-insulin lispro (2) are pooled and lyophilized. Separately, the desired
fractions of GlyAl-Trt-SCH,CH,CO-insulin lispro (1) are pooled and lyophilized. One-
tenth mmof of (1) or (2} is dissolved in 5 mL TFA containing 0.2 mL of thicaniscle and

0.4 mL of triisopropyl-silane. After 30 min, TFA is removed by evaporation and the
residual peptide is taken in 50 mL of 10% ACN in H,O. The resulting solution is applied

“to a RP-C18 column for purification. The desired fractions of (3) or (4) are pooled and, .

optionally, lyophilized.

Preparation 2

PheB1-HSCH,CH,CO-insulin lispre (7)

One-tenth mmol of insulin Hspro is dissolved in 10 mL of 5% TEA in DMSO. To
the solution is added 0.2 mmol of di-tert-butylcarbonate in DMSQ. After 1 hour at room
temperature, 0.2 mL ethanolamine is added to terminate the reaction, The reaction
mixture is then dituted with 90 mL of H,O and applied onto a RP-C18 column for
purification. The desired fractions of Boc-GlyAl, Boc-LysB28-insulin lispro are pooled
and lyophilized to yield (5). One-tenth mmol of (5} is dissolved in 10 mL of 5% TEA in
DMSO. To the solution is added 0.2 mmol activated Trt-SCH,CH,CO-NHS. After2

hours at room temperature, 0.2 mL ethanolamine is added to terminate the reaction. The
reaction mixture is then diluted with 90 mL of H,O and applied onto a RP- C18 column

for purification. The desired fractions are pooled and lyophilized to yield Tri-
SCH,CH,CO-PheBl, Boe-GlyAl, Boc-LysB28-insulin lispro (6). One-tenth mmol of (6)
is dissolved in 5 mL TFA containing 0.2 mL of thioanisole and 0.4 ml. of
tritsopropylsilane. 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 2 RP-CI8
cotumn for purification. The desired fractions are pooled and tyophilized to yieid (7).
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Example 1: PEGylatien of thiol-derivatized insulin lispro intermediates
Monomethoxy-PEG-MAL having an average molecujar weight of about 20kDa
(1), 30 kDa (2}, 40 kDa (a), or 40 kDa (¢} s dissolved in 2 1:] mixtare of 100 mM
NHAc buffer (pH 4.69) and ACN. A lyophilized powder of a thiol-derivatized insulin
5 lispro, e.g., compound (3), (4), or (7}, is added to the solution. The reaction may be

followed by analytical RP-HPLC. When the reaction is complete (usually after
approximatcly 4 hours), the mixture is difuted with H,O and applied onto a RP-HPLC
column for purification. The desired fractions are pooled and lyophilized to yield the
PEGylated insulin lispro compounds. Exemplary PEGylated insulin lispro compounds

10 prepared as described in Example | are shown below as (8(a)), (8(B)}, (9(a}), (9(b)),
(10(a)), (10(b)), and (15(c)). Preferably, these PEGylated insulin lispro compounds will
have n in the range from about 430 to about 1000. More preferably, these PEGylated
insulin lispro compounds will have # in the range from about 406 to about 750. More
preferably, these PEGylated insulin Hspro compounds will have » in the range from about

15 400 to about 530. Even more preferably, these PEGylated insulin lispro compounds will
have »n of about 400 and about 500. Even maore preferably, these PEGylated insulin lispro
compounds will have » of about 450 and about 500. Most preferably, these PEGylated
insulin lispro compounds will have # of about 450,

O

(3)
HS/\/U\]IIH

GlyA1[N({alpha)] insulin lispro

O

& HS/\)J\NH

!

LysB28[N{epailon}] insulin lispro

O

M HS/\)J\NH

20 PheB1[N{alpha)] insulin lispro
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662 707 20.4 886 696 23.7 736 26.9 903 725 764 Example 8: Analysis of Hexameric State of
PEG20kDa-B28(92.4%)/A1(7.6%)-insulin lispro Formulated with Zn, Phenol, and/or Calcium 5The
chemical shelf-life and in-use stabilities of insulin and some insulin analogs benefit from the ability to
form discrete hexameric complexes in solution. The ability to hexamerize insulin or insulin lispro, in the
presence of dive ettt Hiet dBons (Znn or Con) and phenolic preservatives &ﬁ%fé%c?f)%g/er%”@#esol) slows
deamidation of AsnA21 and subsequently minimizes high molecular weight particle (HMWP)
formation. 10To assess the ability for PEG201(1)a-Lys1328-insulin lispro to form hexamers,
PEG20okoa-B28(924%/A1(7.6%)-insulin lispro, with a starting protein concentration based on A276nm
= 8.6 mg insulin lispro/mL or 38.2 mg PEGylated insiffin lispro conjugate/mL, at -3 8- pH 6.7 is
dialyzed in water gvernight. The dialyzed protein is then diluted with water to adjust the protein
concentration to 4@%@ mL or 20.6 mg of PEGylated protein conjugate/mL A 4x buffer stock solution is
prepared at pH 7.0, with the final the concentrations of the phosphate buffer at 40 mM and m-cresol at
12.8 mg/mL The zinc 5 oxide stock selutiéy, is prepared by dissolving zinc oxide in 0.5 mL of 1 N HC1
then diluting with watef to a fipal zingjconceaytration of 097 M. Solution samples for near-UV circular
dichroism (CD) anamgta( ng zmc ory;entratlons (O to 400 4M) by mixing 450 gL
of the PEG20kna-B28{22.4N/10 6N-insu}i a)t(’ﬁ centration of 4.6 mg/mL with aliquots of
zinc stock solution (the maximum total 16 olume of zinc st ck solutlon added = 2.5 tiL or equivalent to

4 zinc ions per PEG20knaB28(92. 4N/A10 6)- |nsuI| 150 gL of the 4x phosphate buffer
stock solution. The final pH is adjusted, if necessar americ association of the
PEG20kna-B2806N/A10N-insulin lispro or insulin li mﬁored in the near-LTV circular dichroism
at 250 nm, a region sensitive to disulfide changes, using a 0.2 cm cell.
(16(b))
0O O
~ M O
O’E\Joﬂ\/\/ | /\/UNH
n
O S l
PheBI [N(aipha)]
insulin lispro
(13(c)
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15The mean residue ellipticity is plotted versus a ratio of moles zinc per moles hexamer. The results,
shown in Table I, further indicate that 201cDa(92.4%)(7.6%) insulin can surprisingly and unexpectedly
associate as hexameric complex in the presence of divalent metal ions and phenolic preservative in
formulation conditions analogous to those of Humalog(r), in spite of the presence of six 20 kDa PEG
moieties conjud¥8dHdar 3 the already weakened, relative to wild-type HfRARIHEMATMimerization
domain of insulin lispro. The impact of hexamerization and ligand binding on thermal stability of
PEG20wa-B28(92.4N/A1Q 6N-insulin in hexamer promoting test formulations was also investigated
with CD thermal denaturation experiments. The wavelength used for the 25 thermal denaturation
studies was 240 nm because it was found the overali$signal change was greater at 240 nm than the
250 nm used in the Zn21 blndlng studles yet the total solution absorbance would be low enough for
high quality CD d 8 % '1; ';‘E?’ﬁ“dﬁfﬁ%?%“ﬁ%“ﬁ@lf(ﬁﬁ?ﬁ A Were collected
from 5 C to approxma%fy Y '(Pnal emperature varied slightly for each sample), with a scan rate 30
and data piich °f 1 C/migyte. ha ‘M% ﬁ’J ﬂs&&‘ﬁ‘a %ﬂf! %SH‘;%E Bﬁg o8 o%‘? H“e”“a'
denaturation ?y b&a1 tte _ the raw s %rl]a g ) an H( ion apparent
unfolded (Fun? ) |cfh IS g|v IR YRS h )C%é)t Y erea\?n 5(T) is the
observed signal a85 AMEHSHG? f&l"ﬁﬁ)?—) t?r"ew’a\ H‘g?“f’,‘ﬁﬁ")"%d A %%’a‘?éﬁ?ﬁé%ﬁ”qe%‘frapolatlons of
the native and unfBfdEB1Sa86iHs, f@%‘ﬁéﬁiﬁ%‘l‘?”{’ﬂé E%ldh“i@%‘i‘i‘é’@t%ﬁéﬁéﬁ#@?é Wafihed as the
temperature at whichuFifg doeginsderit erplseon88 Rt g ltietiamivdobpgivag o ridhe-d@yirethd the midpoint
temperature is theftempemaiyoelad mhisgbphilifcd 0. 5ic@Ddherpal deaaEtationnexpeiiprents performed
essentially as gesgtihednabeveindicateddhatdirdheunepsiability@firmed by RP-HPLC, SEC,
PEG20kou-B2802,4a) 4 Y. a%0)rinsuli m@%&ﬁe'é%hﬁmmwﬁ%% 9&%%@3%';0 insulin lispro
hexamets when bgih are; | {5&%%tﬁfmgﬁts&md&@maw&sewa Puit deliplsgresol and zinc.

Furthermore, the CD ermadl denaturatl ies ted a nt c@% chloride ion
concentration depen Q‘Fﬁ Rerea tseewll;kr%lé —cgr%ox ee§ éﬁg ?t?md Z.ﬁ}] 3/5& ?7 6%)-insulin

lispro (data not shBWH= NMBFE Sp ety St%ﬁggﬁfgﬁ%%qm%[?‘ﬁﬁﬁﬁmﬁ‘%%cﬁﬁé‘é}ved to 10 be
-30C in 16 mM TReES doPEGyiate! sopsigamIThs iepeid PR aRE hasisersadisydralfREEaN to -50 C in the
same formulation RapihiFeaseiroalehah fclleride! Acmidandeddrbwemcobvemivdragited r upon the
addition of NaCl (28BheuvhéeciSbdnid\diaicit] sapiieroth anicaleRayNehlaside; o therigemoladitin. Therefore,

calcium and/or chi@gigds: Brapobesyen: s af e xsun eleREREIUNG R1EWIRRLINsBNarmaceutical
compositions comprisingopBE 20k Rack: 2 Rinarlindizeia.Lampe LAt iR AEdedRsRase the
chemical andigr physIcal SRR, ALINGERIY RARE YHER COMRARINAR UP oM $IRER0  dition of
0.2 M NaOH, When conducted in a non-buffered aqueous solution using mPEG-NPC
having an average molecular weight of about 20 kDa while the pH is maintained at about
pH 11.5, the PEGylation reaction products include (11) and (12) in a ratio of about 92:8.
Preferably, compound (11} will have # in the range from about 400 to about 1000, More
25  preferably, compound (11} will have » in the range from about 400 to about 750. Even
more preferably, compound (11} will have # in the range from about 400 to about 550,
Even more preferably, compound (11} will have # of about 400 to about 500. Even more
preferably, compound (11) will have »# of about 450 and about 500. Most preferably,
compound (11) will have »n of about 450,
30




Table 11: Mean Residue Ellipticity (MRE) changes as a function Zn/hexamer ratio Zn per hexamer
(mol/mol) MRE PEG20km-1328(96%),A10%)-insulin lispro (degrees em2dmol” residue") MRE Insulin -
lispro (degrees cm2dmol” residue™) 0 -116.103 -172.545 0.5 -135.764 -209.347 1 -158.861 -268.082
1,5-190.81 -315.972 2 -213.12 -378.179 -255.23
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LysB28IN{epsilon)] insulin lispro
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PheB1{N{(alpha)] insulin lispro
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Example 3: In Vitro Receptor Affinity
5 Receptor binding assays are performed on PI membranes prepared from stably
transfected 293 EBNA HEEK cells over-expressing the human insulin receptor (hIR) or
human IGF-1 recepior (hIGF-1R). Binding affinities are determined from a competitive
radio-ligand binding assay using either human recombinant {3-{ Piodotyrosyl AM)-
Insulin (2000 Ci/mmol) or human recormbinant [ TjInsulin Like Growth Factor 1 (2000
10 Ci/mmel). The assay was performed with a SPA method using PVT PEI-treated Type A




-426.872 4 -298.729 -471.587 20 Example 9: Generation of PEG20kDR-B28(_95%)(A1(_5%)-insulin
lispro -40- A buffer solution containing 150 naM sodium phosphate dibasic and 50 mM EDTA is
mixed with 150 mM sodium phosphate tribasic to yield a buffer solution with a pH between 10.85 and
11.10 at a temperature between about 4 and 6 C. At a temperature between about 4 and 6 C, insulin
lispro crystals BO-B@srtfgiaiL) are slowly Sadded to the buffer with gentle@gkatges®yoid formation
of agglomerates during crystal dissolution. Monomethoxypoly(ethylene glycol) p-nitrophenyl carbonate
(mPEG-NPC) having PEG of a weight average molecular weight of about 20 kDa t about 2 kna is
dissolved at a concentration from 60-120 mg/mL in chilled water (4-6 C) by placing the 10required
amount of chilled water in a vessel, agitating to create a vortex, and slowly pouring the mPEG-NPC
powder into the eye of the vortex to ensure adequate and rapid dispersion. mMPEG-NPC powder is a

fine powder and UpsA drspeesisintoinsilet aBfebandbubbiessarbuiEiea8MmiBtheGediel. The
MPEG-NPC solutich 160tmdlvesid) isaidiedtosabixatore dsatwepsie8onto Bocmivldissadepending on |
volume. 15The ingiitiohispi cosptutidn fiepdred aidwe iseiramsiesey toafemsachanically agitated jacketed
vessel. The vessatigdastrumertiad dammeasuremertt efitempecatiie et fiktofgéation is provided by a
standard impgller @panatingsalasReyIRidsAUBRemIA theiwbaleniragims.ihadtiREG-NPC (PEG)
solution is meteregpiniQ Jiie, a6l AtISIe-R:INE BdtRlall B.Additiemdime of hetween 3 to 5 hours.
The temperature gf e Iackes 5, f &@I%'%&&H?&XX&% ‘k%e%é?ﬁ:ﬁeﬁ I?S fe MGk, cnfipued. Theof the -

reaction is maintained lb/ggwee th hay .the a drtrlogr cl[urrlefj oun of the 150 mM
sodium phosphaté%n‘oasr ol mbu ? Fnsc ro molar ratio is in

the range between 3.5 16 - 4a%p°&ttlt eemrled‘nlrlzl‘e ® ti‘taeolB leo? ?ﬁo‘ﬁ Ilfhe jﬁcla{et temperature is raised within
60 minutes 2Eo bEAREaRTEBeET driityen Aertresrasian s iR TR ERAERI it temperature for
about 3 to about BHeURSfrimetha dEitaTairgbard prrbéetestaion 60t BIetivderoDAL the end of
incubation period stively éactiorermititref imdipleacheddy treaddition i 24 buffend 00 mM acidic l
acid/sodium acetaigsiftrivin®)rangd siuigcwitinthe ot B Sakbudtes-tonad st éseanductivity (2.5 mS/cm)
and concentrationy{sifad gl 0T heeasiarrniueg i3 pidrilied waingsaatgn exghange
chromatography ( GO P APRREIWIDAR APAVRRIBLE KeSIRdeIMEASLERIL SP Sepharose resin).
The column is pac 2 E\é'ﬁﬁlﬁ%@ ﬁglpe %\l%t‘pe '%a)% a%%&@&g& UL §g gmg equilibrated with

t ilute

100 mM Na-Acetate (buffer A Wrt react fion mixtur in roduct/L of resin)
4 OWGVGI' Tﬂi)e %B

at low pH (about FEIE aby g’flow ra ]\]rlvaél‘en abou °to about 90 em/h.

The mono-PEGylated %18&8{0&/% E‘,Gyidted msuhn Hspro compounds prepared as describe i
Example 1 have a geometric mean Ki less than 30 nM in the hIR binding assay described

20  above: compound 10(a) prepared using lincar mPEG-MAL having an average molecular
weight of about 40 kDa, compound 8(a) prepared using linear 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,

25  compound %{a} prepared using linear 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
@(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 aM (8. E.M; n = 6) and greater than 8§4.3

30 nM (SEM = not determined; n~6), respectively. Additionally, heterogenous PEGylated
insulin Kspro products generated as described in Example 2 using a lingar mPEG-NPC of
gither 40, 30, or 20 kDa also have a geometric mean Ki less than 30 pM 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

35  described above, all of the aforementioned compounds have a geometric mean Ki greater
than 75 nM and human IGF-! hag a geometric mean Ki of 1.51 £ .23 nM (£ SEM; n=2).



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 -41- concentration (20-30 mM), is
used to wash away any weakly adsorbing multi-PEGylated by-products, followed by gradient elution
using a buffer (8-12 CV) with increased salt concentration (50-70 mM) to preferentially remove the
PEGylated prosk@t@wegifiom the resin while keeping any unreacted prot€in@itostwg@dlumn. The
product is collected (3-5 5CV) and the column is washed with buffer A with high salt concentration
(100 mM) to remove un-reacted protein. The CEX column mainstream (3-5 CV) at 3-5 mg/mL is
subjected to a tangential flow filtration to increase its concentration to 40-80 mg/mL using a standard
flat sheet membrane (3-5 kDa molecular weight cutspff). The process is carried out via an initial
10concentration following by buffer exchanges and final concentration to the required concentration.
The operating flux througtsiemeprobe SE ey Himmpantion BatvrsursstoRatinisy Derivet@r squared of filter
area per hour (LMebtlankingthemmBrthleebsprassuirastivippioctoebeeraboof ths itRabbet 35 psi. The final
concentrated bulkrEciunesphadidsettipatinghedientssohtienisirokaiRal Hbdingappropriate temperature
(-20 C to -70 C) anshigtares al@ndappreale temperature (-20 C to -70 C). Example 10:
Pharmaeokinegic Profiles of PEGylated Insulin Lispro in Dogs Two-four year old female Beagle dogs,
7-10 kg body weigh, gt 4086 2Rc8 W eidaRALSH Ml kE.d MRAHKI Pl LAGMRIRIN RSt compounds.

Periodically, bIoodR%gemlg{,eﬁliosslp %@W&iﬁg%ﬁgﬁ égptr@; or saphenous vein and collected into tubes
containing disodium RA.PIE STHEES %Ill}ected from t e yein bIood.sampllr}gdaQéj a commercially

available insulin radioimm‘fmog%s,ay 1\?\?3,3 1 13388) fgla%{uenrri;me ﬁ?éef‘gl\l/tel}geo?ft e alministered drug in the
plasma. PharmacSkird fsrdmmeiont sty ittt REWEe FelEfriRa b FBEER BY5 the following
exemplary cofipoflitieTsiapaiay Bebehtisiibiccomacridy {ReEkaiipr 2BEspodRdH 1 prepared using
a linear mPEG-NPelthexanerziesangtiademo jaalinroopeigpirorapsvicd ek DatcdBbth % kDa, and about
20 IcDa. Pharmaccitistetit ip asarietaissweneds aitidateCoutsitg-mutidefundépendent imethods (WinNonlin
Pro). Compound l§:preparetvsimgaines mPHenNBCHauag)ama\enageusdpmelaeular weight of
about 20 kDa exhilitetgted tinvenighraesdnibimacoMtentvatio nAfE) iohdip prasinrattehesih2ohdurs, an apparent
clearance ratg4C L@%@B@?%ma% R4Gdy/ ka2 maxmal ceneanialionEldsrfapproximately 14
iM, and an elimination halfs e (L1 12) of ARPIOXVAIGIN I h NYLS: incutin re%g{&%ﬂ%%“ prepared using
a linear mPEG-NEC, igyinah el e plequlal 1 G gl ghoul s De cxhibied a . o
approximately 24 B, & G O%O%Ep'rdmmatefy . h/kg, a C. of approxl a?enil\b/ T8'1M, and a t112 of
approximately 23 ﬁ‘éféﬁ@?’g.ﬁ??A cam, Inc., Cambridge, MA), difuted to 1 pg/mL in 10 mM s0dium
carbonate. The mAb 8314 capture plates are washed four times with 50 mM TRIS, pH
20 7.5, 150 mM NaCi, and 0.1% Tween (TBST) to remove any unbound mAb 8314, The
mAb 8314 capture plate is then blocked for more than [ hour at 4 °C with 1% BSA in
TBST. After blocking, the capture plate is washed twice with TBST to remove excess
BSA solution. Once the capture plate is in the blocking buffer, the cell culture plates are
removed from the incubator and equilibrated to room temperature. The test compounds
25  are serially diluied into SFM. To stimujate autophosphorylation of the insulin receptor,
50 pL of the diluted testing agent is added to the cell monolayer. After 30 minutes at
room temperature, the reaction is stopped by aspirating off the test compounds and
adding back 50 pL of a 2x lysis buffer (2% NP40, 100 mM TRIS, pH 7.4, 300 mM NaCl,
Roche Complete™ protease inhibitors with EDTA, and 4 mM vanadate), After 30
30 minutes in lysis buffer at room temperature, 30 nL of fysate is transferred to the blocked
capture plate containing 30 uL of & 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
35  incubation with 50 pL of Erhancement 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.



Compound 11 prepared using a linear mMPEG-NPC having an average molecular weight of about 40
kDa exhibited a T. of approximately 24 h, a CL/F of approximately 0.026 L/h/kg, a C. of approximately
15 nM, and a tin of approximately 20 hours. Insulin detemir was similarly administered to female
beagle dogs at a dose of 18.9 5nmol/kg, and exhibited a T of approximately 1.3 hour, a CL/F of
approximately & 22%i24%a C. of approximately 23 nM, and a tu2 of apngfmﬁ%‘%oﬁours. Table
[l lists the comparable parameters in the dog. The insulin-specific R1A utilized for these studies
detects both PEGylated insulin lispro and endogenous insulin. 10Table 1JI. PK parameters for
PEGylated insulin lispro in dog Parameter 20kDa PEG- compound 11 301(Da PEG- compound 11

40kDa PEG- compound 11 Insulin detemir C. (nM) $4-118 315 123 2T.(br)12 024 024 0L3

0.6 T112 (hr) 14 %h%gphgr%g)tio% Féi%l a(s)'Zafg\l}lja%égsMa tlg)of the response for a maximally stimulating

dose of insulin (100 nM). The potencies of the insulin analogs are calculated as the EC50
dose using a four parameter fit of the dose response. PEGylated insulin lispro compounds
prepared as described in Example 1 having an EC50 of less than 15 nM in the assay
5  described in Example 4 include 10(a) prepared using 2 lineat mPEG-MAL having an

average molecular weight of about 40 kDa, 9(a) preparcd using a lincar mPEG-MAL
having an average molecular weight of about 40 kDa, 9(a) prepared using a linear mPEG-
MAL having an average molecular weight of about 30 kDa, and 9(b) prepared using a
linear mPEG-MAL having an average molecular weight of about 20 kDa. In the assay

10 described in Example 4, compound 9(a) prepared using lincar mPEG-MAL has an EC50
of 10.88 nM. Heterogenous PEGylated insulin lispro products generated as described in
Example 2 using a linear mPEG-NPC having an average molecular weight of about 40,
about 30, or about 20 kDa also have an EC30 of less than 15 nM in the assay described in
Example 4. A 50:50 and a 70:30 mixture of compound 8(a) prepared using a linear

15 mPEG-MAL having an average molecular weight of about 40 kDa and compound 9(a)
prepared using 2 linecar mPEG-MAL having an average molecular weight of about 40 kDa
also have an EC350 of less than 15 nM in the assay described in Example 4. In the same
assay, human insulin and insulin lispro have an EC50 of 2.3 and 0.7 oM, respectively.

The data show that PEGylating position B28 reduces hIR in vitro activity by

20 about 10- to 20-fold, making these PEGylated insulin lispro species weak agonists of hiR.
The PEGylated insulin lispro species also possess no measurable IGFR-1 binding
properties.

Example 5: Evaluation of I Vive Potency and Pharmacokinetic Profiles of

25  PEGylated Insulin Lispro in 2 Rat Model of Type 1 Diabetes

Ten-week old male Harlan Sprague-Dawley rats (Harlan, Indianapolis) 250-280g

body weight, are dosed intravenously into their tail vein with 45 mg/kg streptozocotin
{STZ)in 0.5 M Citric Acid, pH 4.5, three days prior to study start. At the start of the
study animals are sorted inte groups based on body weight and blood glucose, Only

30  animals with blood ghucose between 400-550 mg/dL. are included in the study. Inthe
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

35  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



419 43 727 118 729 86 161 20 CL/F (L/hr/kg) 0.046 0.005 0.027 0.004 0.026 0.003 0.12 0.02
-18.9 nmol/kg subcutaneous dose; n = 3/group -43- Example 11: Projection of mean 'flatness' and
dose in humans A key criterion for improved basal insulin therapy is the ability to achieve a truly flat
profile, amenable to once daily dosing in patients. Sufficient flatness is defined as a peak-trough (PT)
ratio of <2. For'¥Rs8¥E8 B8 comparison, PT ratios calculated from 5publidKedUSKB{iI8E range from
-4-9 for detemir and -1.2-2.6 for glargine. The rat and dog PK data (sec Examples Sand 10,
respectively) for the 18.9 nmol/kg dose of exemplary compounds and insulin detemir were fit to | -CMT
PK models, parameterized in terms of ka, CL/F and V/F. Each PK parameter (P) is then fit to an
allometrie equation of the form P = aBW, where b is¥ixed at -0.25, 0.75 and 1 for ka, CL/F and V/F, 10
respectively, and a is a fitted parameter. Mean human estimates arc obtained for each PK parameter,
and simulations g&H& R EFRBSS (BRI RBIMY inTrasditd e hu AR B ST Bi%he similarities
between the 30 |cY5&) aisererd Wivg PEaymRtES it ancRtisanelc s Erigh afighetd® shown only
for 20 IcDa PEGylkiteddmpalind I¥pr et BaPEGRWaraEmdGhR lispre armddnsamridettmir. The
simulations generatgshindicatedthabihad opealedrbph(hicd naties ibrea0rtB&-al A2vivia PEGylated
insulin lispro compeyRisam deamatisallsflaider ihandessiapulincdetaymon. B emsorsi results are shown
in Figure 1. A siraiiagy fosesiunating ihe hunan Aoseefa-RE@ykaisshipsmlielispro required for
efficacy is to use g knownclinical COMRARAIRGIRRKIR deserin As IS TAR GRRTGhimdpe rat efficacy
model, with the assuiption ¢ atéﬁfo(ﬁe'e%}&‘f[e Pgt{enéxc bet 'eghg 0 PEGylated fg]ssulf)h@tjlg%%{lo and insulin
detemir in the rat r?ﬁ_od%e 1§'Simifar o there éftivg 0ow e?]cy . the chic. e require dialél dose of
PEGylated insulin' HSFP87ATE BMSIEBalT BELIRAME PULT A R AT R B EI4TSR °°_ ECs04" x CL |
Fde, Dose m!2Cobeyr githe EPpE@Ps T RAA M0 B EARY fatfo for each of the PEGylated insulin lispro
conjugates can be obtailerdditiondb ksspysrRnofakairacafrarppaitarance w88 for exemplary
PEGylated insulinispratdeien pirthe:r as)do i andibusanfprojested)iasrendahpilegltin Table V.
duplicate blood sample. Pharmacokinetic parameters are calculated using model-
independent methods (WinNonlin Pro), The resulting pharmacokinetic parameter values
15  show nonlinearity as function of dose. The range of vatues reported correspond to
pharmacokinetic parameter values generated between the highest dose tested (568
nmol/kg) and the towest dose (5.6 nmol/kg).

The pharmacokinetic results for compound 9(b) prepared using & linear mPEG-

MAL having an average molecular weight of about 20 kDa indicated a time to maximum
20  concentration (T ) ranging from 6-12 h, an apparent clearance rate of (CL/F) ranging

from 0.05-0.14 L/h/ke, an apparent volume of distribution (V/F) ranging from 0.6-7.2
L/kg, and an elimination half-lifc (t, ,) ranging from 8.5-34.5 h.
The pharmacokinetic results for compound 9(a) prepared using a linear mPEG-
MAL having an average molecular weight of about 30 kDa indicated2 T _ of 12 hours, a
25  CL/F ranging from 0.05-0.13 L/h/kg, a V/F ranging from 0.6-2.0 L/kg, and an t, , ranging
from B.3-11.0 h.

The pharmacokinetic results for compound 9(a) prepared using a linear mPEG-
MAL having an average molecular weight of about 40 kDa indicateda T ranging from

12-24 h, a CL/F ranging from 0.06-0.2 L/h/kg, a V/F ranging from 1.0-7.5 L/kg, and a t
30 ranging from 11,1-48.5 h.

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

When insulin detemir is similarly administered 1o 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~

35 1.7 L/b/kg is observed.

Due to the complexities in the pharmacokinetics, the apparent CL ratios between
detemir and exemnlary PEGylated insulin lispro compounds are different depending on




Table 1V. Relative concentration-based potency of PEGylated insulin lispro conjugates and insulin
detemir in the rat Compound 11 Potency ratio detemir/PEGylated insulin lispro 20 kDa PEG-insulin
lispro 1.34 0.68 30 kDa PEG-insulin lispro 0.68 0.35 40 kTla PEG-insulin lispro 0.65 0.36 5Table V.
Relative CL/F ratios for insulin detemir/PEGylated insulin lispro compounds Compound 11 CL/F Rat

CL/F Dog CL/Ratipmanstiiojected) 20 kDa PEG-insulin lispro 5.5 2.6 33 #iOrkBad2ldsruasulin lispro 4.8
4.6

35

the dose used for the determination. However, the studies described in Example-5
indicate that exemplary PEGylated insulin lispro compounds conjugated to 20- or 40 kDa
PEG have about a 5- to 30-fold slower apparent clearance than detemir in the STZ-
induced diabetic rat.

Example 6: Evaluation of In Vive Duration of Action And Pharmacokinetic
Characteristics of PEGylated insulin lispro in 2 Rat Medel of Type 2 Diabetes
The glucodynamic activity of compound 9(a) with a 40 kDa lincar PEG is

evaluated in male ZDF fa/fa rats (n=4 rats/group) following a single subcutaneous

10 injection of vehicle control (PBS) or 517 nmol/kg of 9(a) prepared using a linear mPEG-
MAL having an average molecular weight of about 40 kDa. Serial samples are collected
for both pharmacokinetic and pharmacodynamic characterization. A single subcutaneous
administration of 517 nmoVkg of 9(a) prepared using a linear mPEG-MAL having an
average molecular weight of about 40 kDa to male ZDF fa/fa rats is associated with

15  statistically significant glucose lowering that is sustained for at least seven days (relative
to placebo; p<0.05). Compound 9(a) prepared using a linear mPEG-MAL having an
average molecular weight of about 40 kDa exposure is also verifiable over seven days.

Example 7: Phenolic preservative titration of PEG—B28(92‘4%}A1 (,_s%)ninsulin lispre,

20  insulin lispre, or a mixture (7% PEGmkDu—BZS(n 4%)Al 6% )-insulin lispro:30%

insulin lispro) thereof with phenol in the presence of cobalt ions

PEG 5, B28 95 g1 (7.6%)—insulin lispro or insulin iispro is dissolved in a
solution containing 20mM KSCN and 50 mM TRIS-CIO, at pH 8.0. The target
25 concentration for either protein is ~4 mg/mL, based on protein content (¢,,, = 1.05

(mg/mLy'cm™"), Cobalt chloride (41.9 mg) is dissolved with 1 mL of water to yielding a
stock solution with 2 cobalt ion concentration of 0.176 M. An aliquot of the cobalt stock
solution (~2 pL depending up on the protein concentration) is added to 0.8 ml protein
sokbution such that the final mole ratio of cobalt ion to insulin hexamer is equalto 4. To
30 assess hexametization, distortions in the cobalt coordination chemistry were monitorad at
574 nm as function of phenolic preservative concentration. Specifically, a concentrated
phenol solution (0.564 M) is titrated into 0.8 mL of protein solution using microliter
aliguots 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 aliguot of phenol and
35 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.e., the hexameric



4.1 Using the relative potency estimates from Table IV and the relative CL/F 10 estimates from Table
V, the mean dose projections for PEGylated insulin lispro conjugates in humans is-4.2 and 6.9 nmol/kg
for the 20 IcDa and 40 kDa PEGylated insulin lispro compounds, respectively. These projections are
based on a mean daily clinical dose of 18.5 nmol/kg insulin detemir as reported for Type 2 diabetic
patients in the WEt2WAATRAEEI. When both time action and potency are conEfErSEM ¥ ximum
15mean clinical dose prediction for is --3-fold lower than insulin detemir. In the best case, the mean
clinical dose estimate for the 20 IcDa, 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 20 Volunteers: PEGzokD&®28vorAL1("()-insulin lispro and Glargine
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5During the glucose clamp, the glucose infusion rate is adjusted to maintain a pre- determined target
blood glucose concentration for the individual subject. Preferably, the target concentration is close to
the fasting blood glucose. The aim of the glucose clamp procedure is to maintain the blood glucose

concentrations within-+5% of the pre-dose target value, which is defined as 5 m
fasting blood gf83&/FH&, 10 blood glucose concentrations are kept coRst4

/dL below the mean

RiPESHE GIR varied.

Therefore, the varying glucose infusion rate reflects the activity of the test insulin compound. Blood
glucose levels from samplings and infusion rate changes throughout the clamp are documented. A
study conducted essentially as described in Example 12 demonstrated, in 15humans, that LY has
features of an ideal "basal” insulin: a long duration ef7action, an apparent half-life ranging from 24-44

hrs and basal char
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Example 8: Analysis of Hexameric State of PEG B28 /Al -insulin

20kDR” (92.4%}

lispro Formulated with Zn, Phenol, and/or Calcium

{76%)

The chemical shelf-life and in-use stabilities of insulin and some insulin analogs
benefit from the ability to form discrete hexameric complexes in solution. The ability to
hexamerize insulin or insulin lispro, in the presence of divalent metal ions (Zn'* or Co'?)

and phenolic preservatives (phenol or m-cresol), slows deamidation of AsnA21 and
subsequently minimizes high molecular weight particle (HMWP) formation.

10

To assess the ability for PEG20kDa-LysB28-insulin lispro to form hexamers,

PEGookpa-B2892.43/ Al 7 6%)-insulin lispro, with a starting protein concentration based on
Az76om = 8.6 mg insulin lispro/mL or 38.2 mg PEGylated insulin Hspro conjugate/mL, at




approximately 1 month of storage and samples at 25C showed significant number of particles/bubbles
formation after approximately two-months of storage. Both citrate and 10 phosphate buffered as well
“as zinc/no zinc formulations showed similar chemical/physical stability at the accelerated 35C
condition although citrate buffer samples appeared to be worse than phosphate buffered samples
when assessea‘%&f’g f3§ Ysulin lispro control formulation remained clear. P% SRR ARy phosphate
buffered formulations demonstrated an acceptable chemical stability at 5C for at least 13 months.
15Subsequent investigations indicated that the phenolic preservative, m-cresol, promoted gellation
when combined with PEG2okna-B28-insulin lispro composed and exposed to high temperature (>
25C). Interestingly, when m-cresol was added to mFSEG alone (activated or non-activated) gel particles

did not result upon 0s to h| h tempera he th ro I ions of insulin
lispro did not conPePngZce&l%g %b onlgélg;z é;ﬁosﬁfl% %%%qca&ow%r\l%gqa? elevated
temperatures, phéﬁﬂ%‘tggtﬂﬁﬁﬁi%‘iﬁ’ﬁ?ﬁ‘b %IHS?'@é %‘5 (gggp fIBAL(...504)-insulin
lispro compoundscﬁllé\*ﬁﬁﬁﬁ%tﬁ@xlﬁﬁﬁ%\?@ﬁkd‘?@ﬁ*ﬁ&éﬁl %’ﬁ@ﬁﬁ%lﬁé@tdﬁfﬁt&%ﬁ’&?‘s‘ﬂﬁame for
commercializatiorseseatiptivencé tadiphashhritsiSedies @t g arbh arduticatdoiri mneirivere 2B58eveloped.

The following formuidtions siRBGL pkoa<l 32 8fssO5%E)HAE ExBBo): S ulih dfiSproi{dBhmg/mL)
demonstrated accaptableithemical.ahd: physicakstabdityfonone weekiat 46:Gsfar ome-month at 30 C,
for three months atv&iuaadifRiaversighlyaonhsahRGrit varylb kdadictitibdnfere pH 7.0-8.0, 10
mM calcium chlorigg, r%% o108 3&%@% ohbe 9@@!9@@?76;/3) rgg{ml.at(g M) m-cresol, and 0.5

mole zinc per 1.0 mole é am? 1{ﬁ)l.lI | fk%g/z) |n U}(n |I§‘F n(the el qi‘( , TRIS buffer, pH

7.0-8.0, 10 mM céi%?ﬁerlﬁt% HfOI‘I and 0.5 mole zinc
& PH 7.0, 130 mM

). m- cre
per 1.0 mole PEGYORIAS I(@% /ﬂ 599 méhlm?% ro %@%‘S%m %n“ ﬁsalf
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PEG20is-B28(-. 95k B28) sl isprdic bsytai nirg Hiexante ispromioted dnebeiprentds, e.g., zinc,
m-cresol, and calciliilganersiy extibiedgeahtescpiyaicakantidheinigal atability? espetially at
elevated temperatygememdeiting @ﬁﬁ%@qﬂbl&ﬁ@@ﬁ@@ﬁ/&f (Nﬂl@llstﬂnc per moles hexamer,
PEG20kna-B28(-95%)/Ale. 5% msslln lis 9 oHn%d%uonﬁ con 52|n ?Bﬂd mﬂesol further

4

enhanced the physical s aenlfsty orformulations éxpose lc%emperatl}f*ég B4/ or gtéater.

Furthermore, phospiitearidreiividybnfaperp oty oo eramprexisiBriey s pRaReal stability
than TRIS bufferedfidrantaticrisodCand 4BeadichBEGyiatadiimsulitidisprolitompoaiegboftthe formula:
P-[(A)-(B)], or a phassaatrutisaly decppiableegaditherebix MEDRIREG moieties conjugated near
20 the already weakened, relative 10 wild-type human insulin, dimerization domain of insulin
lispro.

The impact of hexamerization and ligand binding on thermal stability of
PEG20x0a-B2 852,49/ A 1 (7 63-insulin in hexamer promoting test formulations was also
investigated with CD thermal denaturation experiments. The wavelength used for the

25 thermal denaturation studies was 240 nm because it was found the overall signal change
was greater at 240 nm than the 250 nm used in the Zn’" binding studies, yet the total
solution absorbance would be low enough for high quality CD data to be obtained.
Thermal scan data at 240 nm in a 1 mm cuvette were collected from 5 °C to
approximately 95 °C (final temperature varied slightly for each sample), with 2 scan rate

30  and data pitch of 1 °C/minute, bandwidth of 1.5 nm, and response time 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: Fund T [Yous(T) = Y TH /
(Yoo T) — Vo]
where Yaus{T) is the observed signal as a function of temperature, and Y5uT) 804 Y in(T)

35 are linear extrapolations of the native and unfolded baselines, respectively. The
unfolding onset temperature is defined as the temperature at which Funs begins to increase




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 17.5 kDa to about 40 kDa, and wherein
A and B are properly cross-linked and P is attached via a urethane covalent bond to the epsilon-amino
group of the lysine at position 28 of B. 2. The compound of claim 1, wherein the PEG has a
molecular weigh® tsahestage from about 17.5 kDa to about 25 kDa. 3. HHelSeHpMGHE of any one of
claims 1 to 2, wherein the PEG has a molecular weight in the range from about 20 kDa to about 25
kDa. 4. The compound of any one of claims 1 to 3, wherein the PEG has a molecular weight of about
20 kDa. 5. The compound of any one of claims 1 to 4, further characterized by having a peak to
trough ratio of less than 2 upon parenterally adminisigring to a patient a therapeutically effective
amount of the compound. 6. A compound of any one of claims 1 to 5 for use in therapy. 7. A
compound of anyftwethsiretiiehgselits FrarifSend thremtnsim dRsTadEDe (S EMBETHHE fise of a compound
of any one of claimisch Fai” ihthe manufacture of a medicament for the treatment of hyperglycemia or

diabetes. 9. A pharm%%?b%ﬁl%?gl%QHJR;%?HQ&8&5@:@5@%&&9&@&%&%&&%%9&% giglaims 1 to 7 and
one or more pharm c?u?tlt%at ﬁgg{g&ﬁasm&hex%%ts, qﬂli?ntsn’ qrcarriers, h102.u;ll'er1)gei§harmaceutlcal
composition of claim 8 further CEMpTiShY 3 RIS BT at £ &8hchtiation in the range from about 10
MM to about 95 M FRISRSRSHIRPHEL & S PRRISE TR A EBRPLESH e om about pH 7.0 to
about pH 8.0 and &kt insisdiotieiyrHgeht - Wieai s b ATB 68t oFPHAL BN Btk ity between
about 270 mOsmtierdabowtB30mOde deted Bl fcantesieuriaal chiwrplssticnnstriaiiong, further
comprising a phodgtraten irfergtinmdiceamatoninitEibnge Frm abhdut 5. mnuls H5vait 10 mM and
wherein the pH of gaidphrsmaceuticabeampsitioniiscironpabort PhhioQitg ahosssgktd b and at least
one isotonicify; aggntswhereid ta eRMPASHIONhasAR isetenicibeiwaemabar 270 mOsm and about

330 mosm. . 12 Jhe ARYMASHUCR! GonRe AR Al kAo ORSINGA Biddag onprising PEGYlated

insulin lispro compou a concentration from about 15 mg/ out 4 / jnc at a
concentration fromi 4 Eﬁﬁ E%W&SOC%S%V% a(%t}ltwor.?proﬁ'cfge? %%d%kr?g O-F%’E)é? ﬁ?egr“?r%foqogp%&%'ﬂg@d insulin lispro
hexamer, and m-¢PES6M4E SR ENATRR ﬁ’i’)fﬁrg_’ﬂgﬂ?‘iOTﬁﬁﬁfi’éea‘Bbcﬂ{n&Wﬁf‘l‘\_‘h%{’g{ﬁﬂ’ﬂ’om about 7.0 to
about 8.0. 13. T%?&W&@ﬁ@ﬁt@@%%iﬁW&F‘ﬁh@Rﬁ‘ﬁé“&‘fc&%‘é"%ﬁﬁ‘i‘Q’E’Sfﬁ?EH@FSfBIﬁnprising a
therapeutically effBEfueaRTSURTSR FENRCRY Ty B R daeEast RA0FE % PRty R hsulin lispro
compound of the taitilitlecihd (FhpBenica phayosisice upeadtyragceptable 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 IcDa, and wherein A
and B are properly 85 s RErgys Findstih SYRTY dirtrespbh B edinn &aissma o e epsilon-amino
group of the lysine ; iti i ' | Hon-ami of the lysine
at position 28 of B withapangmethoxypoly(etkggne glycol) p-nitrpphenyl csRBnate (MPEG-NPC)
having a weight avergpgeneplegylar weighg of betweep.ahpiy2d kDa a kDa in an aqueous
solvent at a pH betwegn abolit 8.5’ahd ab&fﬁ%?énd at belt]\%veen ab(;il%%%%ﬂ%ﬁg about 30C for a
period of time between about 3 and #bsenseridamet resid®8 ) The procisgcateizimei m¥dihg a PEG:insulin
lispro molar ratio batyveen abay§gipxnd about 5.0. 16. The processsat claim 14 or 15 wherein the
weight average molecutar wgight of the mPEG-NPC'i5 about 20 KDa. . _17. The process of any one of
claims 14 to 16 whedsth the £ et 182 reaction is maintained-atb 24’ . about 11.5.
18. The process of any one af-t&ifes 14 to 17 wherein the reactips48.@8hducted at between about
25C and about 30C fﬂé about imklfs.

-315.972
2 -213.12 -378.179
3 ~238.23 ~426.872
4 ~298.729 -471.587

20
Example 9: Generation of PEGzBkm-BZ8(‘,95%)[1&1(ﬂs%l-insuiin lispro




SEQUENCE LISTING <110> Eli Lilly and Company <120> PEGYLATED INSULIN LISPRO
COMPOUNDS <130> X-18199.0USnationalphaseseqglist.10-Nov-2010 <140> PCT/US2009/046704 .
<141> 2009-06-09 <150> 61/061,281 <151> 2008-06-13 <150> 61/121,394 <151> 2008-12-10 <160>
6 <170> Patentln version 3.5 <210> 1 <211> 21 <212> PRT <213> Homo sapiens <400> 1 Gly lle Val

Glu Gin Cys Cygd hsrRsHe Cys Ser Leu Tyr Gin Leu 151015 Glu AsnCys¥siud8oaesd®> 2 <211> 30
<212> PRT <213> Homo sapiens <400> 2 Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val Glu Ala
Leu Tyr

_A4(-

A buffer solution containing 150 mM sodium phosphate dibasic and 50 mM
BDTA is mixed with 150 mM sodium phosphate tribasic to vield a buffer solution with a
pH between 10.85 and 11.10 at a temperature between aboui 4 and 6°C. Ata
temperature between about 4 and 6 °C, insulin lispro crystals (30-60 mg/mL) are slowly

5 added to the buffer with gentle agitation to avoid formation of agglomerates during
crystal dissolution,

Monomethoxypoiy(ethylene glycol) p-nitrophenyl carbonate (mPEG-NPC)
having PEG of 2 weight average molecular weight of about 20 kDa + about 2 kDa is
dissolved at a concentration from 60-120 mg/mL in chilled water (4-6 °C) by placing the

10 requircd amount of chilled water in a vessel, apitating to create a voricx, and slowly
pouring the mPEG-NPC powder into the eye of the vortex to ensure adequate and rapid
dispersion, mPEG-NPC powder is a fine powder and upon dispersion considerable air
bubbles are released into the vessel. The mPEG-NPC solution in the vessel is allowed to
de-aerate between 30 to 60 minutes, depending on volume.

15 The insulin lispro solution prepared above is transferred to a mechanically
agitated jacketed vessel. The vessel is instrumented for measurement of temperature and
pH. Agitation is provided by a standard impeller operating at 2 Reynolds number in the
turbulent regime. The mPEG-NPC (PEG) solution is metered into the vessel at rate to
give a total PEG addition time of between 3 to S hours. The temperature of the jacket is

20  maintained between 4 °C and 6 °C and mixing is continaed. The pH of the reaction is
maintained between 10.85 to 11,10 by the addition of the required amount of the 150 mM
sodium phosphate tribasic buffer. The PEG is added until the final PEG:insulin lispro
molar ratio is in the range between 2.5 10 4.5.

At the end of the PEG addition, the jacket temperature is raised within 60 minutes

25  tobetween 23 °C and 30 °C and the reaction mixture 1 incubated at that temperature for
about 3 to about 6 hours while maintaining the pH between about 10.7 to about 11.0. At
the end of incubation period, the reaction mixture is quenched by the addition of 2x
buffer (100 mM acidic acid/sodium acetate, pH 4.0) and diluted with the same 2x buffer !
to adjust its conductivity (2,5 mS/cm) and concentration (3-5 mg/mL}.

30 The reaction mixture is 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 dituted reaction
mixture (3-8 gm product/I. of resin) at low pH (about 2.5 to about 4,0) at an appropriate

35 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




151015 Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr 202530 <210> 3 <211> 30 <212>
PRT <213> Atrtificial Sequence <220> <223> Synthetic Construct Phe Val 1 Leu Val Asn Gin His Leu

Cys Gly Set His Leu Val Glu Ala Leu Tyr 51015 Cys Gly Glu Arg Gly Phe Phe Tyr Thr Lys Pro Thr
202530 <210>4 <211>22 <212>
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concentration (20-30 mM), is used to wash away any weakly adsorbing multi-PEGylated
by-products, followed by gradient clution using a buffer (8-12 CV) with increased salt
concentration (50-70 mM) to preferentially remove the PEGylated product away from the
resin while keeping any unreacted protein onto the column. The product is collected (3-5

5 CV)and the column is washed with buffer A with high salt concentration {100 mM) to
remove un-reacted protein.

The CEX column mainstream (3-5 CV) at 3-5 mg/mL is subjected to a tangential
flow filtration to increase its concentration to 40-80 mg/mL using a standard flat sheet
membrane (3-5 kDa molecular weight cut-off). 'The process is camried out via an initial

10 concentration following by buffer cxchanges and final concentration to the required
concentration, The operating flux throughout the process is maintained between 10-20
liter per meter squared of filter arca per hour (LMH) and transmembrane pressure (TMP)
between about 15 to about 35 psi.

The final concentrated bulk active pharmaceutical ingredient solution is frozen at

15 an appropriate temperature (20 °C 10 -70 °C) and stored at an appropriate temperature
(-20 °C 10 -70 °C).

Example 18: Pharmacokinetic Profiles of PEGylated Insulin Lispro in Dogs
Two-four year old female Beagle dogs, 7-10 kg body weight, are dosed
20  subcutaneously with 18.9 nmolkg of exemplary test compounds. Periodically, biood
samples is drawn from the cephalic or saphenous vein and collected into tubes containing
disodium FDTA. Plasma is collected from the vein blood sampling and a commercially
available insulin radicimmunoassay was used to determine the levels of the administered
drug in the plasma. Pharmacokinetic profiles and parameters were determined for each of
25 the foliowing exemplary compounds prepared essentially as described in Exampie 2
compound 11 prepared using a linear mPEG-NPC having an average molecular weight of
about 40 kDa, about 30 kDa, and about 20 kDa,
Pharmacokinetic parameters were calculated using model-independent methods

{WinNoniin Pro). Compound 11 prepared vsing a linear mPEG-NPC having an average
30 molecular weight of about 20 kDa exhibited a time to maximum concentration (T __ ) of

approximately 12 hours, an apparent clearance rate (CL/F) of approximately 0.046
L/h/kg, a maxirmal concentration (C__ ) of approximately 14 oM, and an elimination half-
hife (t, ) of approximately 14 hours.
Compound 11 prepared using a linear mPEG-NPC having an average molecular
35 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 oM, and a t, , of approximately 23 hours.




PRT <213> Artificial Sequence <220>

<223> Synthetic Construct <220> <221>
MISC_FEATURE -

WO 2009/152128 PCTIUS2009/046704

5 nmol/kg, and exhibited a T__of approximately 1.3 hour, a CL/F of approximately 0.12
I/hikg, a Cmax of approximately 23 nM, and a t,, of approximately 3.5 hours.
Table III lists the comparable parameters in the dog. The insulin-specific RIA utilized for
these studies detects both PEGylated insulin lispro and endogenous insulin.
10  Table II1. PK parameters for PEGylated insulin lispro in dog
Parameter 20kDa PEG- 30kDa PEG- 40kDa PEG- Insulin
compeound 11 compound 11 compounnd 11 detemir
C o (WMD) 141 I8+3 is+1 232
T o (hD) 120 24+ 0 24+ ¢ 1.3+0.6
T,, () 14+3 2316 20+1 3.5+0.7
AUC (nMhr) 1 419+43 727+ 118 729+ 86 161+ 20
CL/F (L/hr/kg) | 0.046 % 0.005 0.027 + 6.004 0.026 = 0.003 0.12 +06.62

-42-

Compound 11 prepared using a linear mPEG-NPC having an average molecular
weight of about 40 kDa exhibiteda T___ of approximately 24 h, a CL/F of approximately

0.026 L/h/kg, a C__of approximately 15 nM, and a t, , of approximately 20 hours.

Insulin detemir was similarly administered to female beagle dogs at 2 dose of 18.9

18.9 nmol/kg subcutaneous dose; n = 3/group




<222>(1)..(1) <223> Xaa at position 1 is absent, any basic genetically encodeable amino acid amlno
acid, or any <220> <221> MISC_FEATURE <222> (22)..(22)

WO 2009/152128 PCT/US2009/046704

-43-

Example 11: Projection of mean “flatness’ and dose in humans
A key criterion for improved basal insulin therapy is the ability to achieve a truly

flat profile, amenable to once daily dosing in patients. Sufficient flatness is defined as a
peak-trongh (PT) ratio of <2. For purposes of comparison, PT ratios calculated from

5  published PX profiles range from ~4-% for detemir and ~1.2-2.6 for glargine. The rat and
dog PK data (scc Examples 5 and 10, respectively) for the 18.9 nmol/kg dose of
exemplary compounds and insulin deternir were fit to 1-CMT PK models, parameterized
in terms of ka, CL/F and V/F. Each PK parameter (P) is then fit to an allometric equation
of the form P = aBW?’, where b is fixed at -0.25, 0.75 and 1 for ka, CL/F and V/F,

[0 respectively, and ¢ is a fitted parameter. Mean hurnan estimates are obtained for cach PK
parameter, and simulations generaied mean profiles following daily dosing in humans.
Because of the similarities between the 30 kDa and 40 kDa PEGylated insulin lispro
conjugates, the simulations are shown only for 20 kDa PEGylated insulin lispro, 40 kDa
PEGylated ingulin lispro and insulin detemir. The simulations generated indicate that the

15 peak-trough (PT) ratios for 20 kDa and 40 kDa PEGylated insulin lispro compounds are
dramatically flatter than for insulin detemir. Simulations results asre shown in Figure 1.

A strategy for estimating the human dose of a PEGylated insulin lispro required
for efficacy is to use a known clinical comparator {insulin detemir} as an internal control
in the rat efficacy model, with the assumption that the relative potency between ‘

20 PEGylated insulin lispro and insulin detemir in the rat model is similar to the relative
potency in the clinic. The required daily dose of PEGylated insulin lispro in the clinic
can be obtained using the following equation:

Doseprg  ECspse CL/ Fpgg

Dose,,  ECy 4. y CL/F,,

25
The relative potency ratio for each of the PEGylated insulin lispro conjugates can be
obtained in Table TV. The relative apparent clearance ratios for exemplary PEGylated
insulin lispro/detemir in the rat, dog and hiwman (projected) are compiled in Table V.




<223> Xaa at position 22 is absent, Gly,Ser, Ala, or Asn <400>4 Xaa Gly lle Val Glu Gin Cys Cys
Thr Set lle-Cys Set Leu Tyr Gin 151015 Leu Glu Asn Tyr Cys Xaa 20 <210> 5 <211> 33 <212> PAT
<213> Artificial Sequence <220> <223> Synthetic Construct <220> <221> MISC_FEATURE
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genetically encodealasamino acid <220> <221> MISC_FEATURE <222eC(2032(29)46704
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Table IV, Relative concentration-based potency of PEGylated insulin lispro
conjugates and insulin detemir in the rat

Compound 11 Potency ratio detemir/PEGylated
: insulin lispro
20 kDa PEG-insulin lispro 1.34+ 0.68
36 kDa PEG-insulin lispro 0.68 + 0.35 5
40 kDa PEG-insulin lispro 6.65% 0.36

Table V. Relative CL/F ratios for insulin detemir/PEGylated insulin lispro

compounds
CL/F Human
Compound 11 CL/F Rat | CL/F Dog .
{Projected)
20 kDa PEG-insulin lispro 5.5 2.6 33
40 kDa PEG-insulin lispro 4.8 4.6 4.1

Using the relative potency estimates from Table IV and the relative CL/F
estimates from Table V| the mean dose projections for PEGylated insulin lispro
conjugates in humans is 4.2 and 6.9 nmol/kg for the 20 kDa and 40 kDa PEGylated
insulin lispro compounds, respectively. These projections are based on a mean daily
clinical dosc of 18.5 nmol/kg insulin deternir as reported for Type 2 diabetic patients in
the detemir label. When both time action and potency are considered, the maximom
mean clinical dose prediction for is ~3-fold lower than insulin detemir. In the best 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 Administratien in Healkthy
Volunteers: PEGmmawBZSM% N Al 5% )-insulin lispre and Glargine Administration

A three-part first-human-dose study was conducted using a single dose of
PEG,,», B28 (2-95% )in (S~5%)-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 !



<223> Xaa at position 29 is Pro, Asp, Lys, Leu, Val, or Ala <220> <221> MISC_FEATURE -
<222>(30) (30) <223> Xaa at position 30 is Lys or Pro <220> <221> MISC_FEATURE
<222>(31)..(31) <223> Xaa at position 31 is absent or Thr <220> <221> MISC_FEATURE
<222>(32)..(32) <223> Xaa at position 32 is absent, any amino acid, any basic amino acid, or any
genetically enc@4#S3Hno acid <220> <221> MISC_FEATURE <222 XEHySH% 04594 xaa at
position 33 is absent, any amino acid, any basic amino acid, or any genetically encodeable amino acid
<400> 5 Xaa Phe Val Asn GIn His Leu Cys Gly Ser His Leu Val Glu Ala Leu 151015 Tyr Leu Val Cys
Gly Glu Arg Gly Phe Phe Tyr Thr Xaa Xaa Xaa Xaa 20 25

-45-

of another LY dose in the third period. Part B was an open label, single dose, two
replicate periods study in which subjects received a single dose of LY in both periods
utilizing 24- and 36-hour glucose clamps. Part C was an open label, two period, single
dose, fixed sequence, comparator-controfled study in which subjects received a single 0.5

5 mglkg SC dose of LY in one period and a single 0.8 U/kg SC dose of insulin glargine in
the other period. Subjects underwent a 24-hr glucose clamp procedure in each period in
Parts A and C and a longer duration (up to 36-hr) glucose clamp procedure in each period
in Part B. LY was administered subcutaneously as a single dose in Parts A, B and C as
foliows:

10 Part A doses: 0.0025, 0.0125, 0.075, 0.325 mg/kg body weight

Part B doses: 0.15, 0.225 mg/kg
Part C dose: 0.5 mg/kg
Subjects arc administered a single dose of the PEGylated insulin lispro compound
or a single dose of insulin glargine (0.5 U/kg) as a comparator and another single dose of

15 LY inthe 3" period. In all treatment periods, subjects undergo a euglycaemic clamp
procedure for up to 24/36 hours following each insulin compound injection. Glucose
infusion rates (GIR) are adjusted to maintain euglycaemia, with the documented GIR over
time providing the GD measure of insulin action. The aim of the euglycaemic glucose
clamp is to maintain euglycaemia through glucose infusion after the administration of a

20 dose of an insulin compound. It is assumed that endogenous insulin secretion and hepatic
glucose output are minimal and that any glucose that is translocated out of the glicose
space (i.e., glucose metabolised) is the direct consequence of the administered exogenous
insulin, The GIR in this case will be the gluicodynamic (GD) measure of the insulin action
over time. All glucose clamp studies are performed after an overnight fast of

25  approximately 8 hours. On the morning of the study, a small catheter is placed into 2 vein
of one arm, ideally in the ante-cubital fossa, for administration of 20% dextrose solution
(buffered to near neutral pH) under the control of a volumetric pump. Another catheter is
placed, ideally in the wrist or hand for venous glucose sampling. This area is heated with
a warming device to approximately 55-60 °C for sampling arterialized venous blood.

30  Blood samples are obtained at the bedside for immediate determination of whole blood
glucose concentrations using an automated glucose oxidase technique. After basal blood
sampling and a stabilizaiion period of approximately 30 minutes, each subject receives a
dose of insulin compound administered subcutaneocusly. The start of the subcutaneous
injection of an insulin compound is defined as time zero, Following completion of

35  dosing, in conjunction with frequent blood sampling for measurement of blood glucose,
glucose is infused intravencusly at a variable rate in order to maintain euglycaemia for up
10 24 or 36 hours after insulin administration.




30 Xaa

<210> 6 <211> 33 <212> PRT
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Blood sampling oceurs approximately every 10 minutes for approximately 30
minutes prior to dosing and continued every 5-10 minutes for the first 2 hours after
dosing (with the option to sample as frequently as every 2.5 minutes}, and then reduced to
10-30 minute intervals up to the end of clamp.

During the glucose clamp, the glucose infusion rate is adjusted to maintain a pre-
determined target blood glucose concentration for the individual subject. Preferably, the
target concentration is close to the fasting blood glucose. The aim of the glucose clamp
procedure is to maintain the blood glucose concentrations within +5% of the pre-dose
target value, which is defined as 5 mg/dL below the mean fasting blood glucose. Thus,
blood glucose concentrations are kept constant while the GIR variced. Therefore, the
varying glucose infusion rate reflects the activity of the test insulin compound.

Blood glucose levels from samplings and infusion rate changes throughout the clamp are
documented.

A study conducted essentially as described in Example 12 demonstrated, in
humans, that LY has features of an ideal “basal” insulin: a long duration of action, an
apparent half-life ranging from 24-44 hrs and basal characteristics, i.e., a peak-trough
ratio of less than 2 (Figure 2). Additionally, the duration of action for LY is longer than
that of insulin glargine (Figure 2). The within subject variability in the glucodynamics
was less than 30% (data not shown) which is similar fo or better than glargine. Finally,
elucodynamic data from Part C of the study (0.5 mg/kg) resulted in a GIR profile for LY
that was “peakless”, maintained GD for greater than 36 hours, and exceeded the peak
GIR response for glargine (0.5 U/kg; data not shown).

~insulin

Example 13: Chemical and Physical Stablity of PEG,,  -B28 ~5%)

)jAI

(~95%,
lispro Pharmaceutical Compositions

As described in Examples 7 and 8 above, PEG,, , -B2 8( 95% )/Al 5% )~insulin

lispro can associate as a hexameric complex in the presence of divaient metal ions and
phenolic preservative in formulation conditions anajogous to those of Humalog®™.
Accordingly, chemical and physical stability studies on PEGogpe-B28-insulin lispro
formulations similar to commercial solution formulations of insulin lispro (i.e., Humalog®
solution formmulations) were conducted. Chernical 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
considerad acceptable if upon visual assessment no particles were observed and spon



<213> Homo sapiens <220> <221> MISC_FEATURE
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assessment by Thioflavin T fluotescence microscopy no fibril or gel formation was
observed.

PEG;up.-B28-insulin lispro formulations containing 0.5 mole zinc per mole of
PEGaokma-B28-insulin lispro, 16 mg/mL glycerin, 3.15 mg/mL m-cresol, buffered with
either phosphate or citrate at pH 7.0 or pH 6.5, respectively, were prepared and tested for
both chemical and physical stability. Similar formulations without zinc were tested fo
evaluate the impact of zinc on stability, Samples at 35°C formed gel particies after
approximately 1 month of storage and samples at 25°C showed significant number of
particles/bubbles formation after approximately two months of storage. Both citrate and
phosphate buffered as well as zinc/no zine formulations showed similar
chemical/physical stability at the accelerated 35°C condition although citrate buffer
samples appeared to be worse than phosphate buffered samples when assessed visually.
Insulin lispro control formulation remained clear. Both citrate and phosphate buffered
formulations demonstrated an acceptable chemical stability at 5°C for at least 13 months.

'Subsequent investigations indicated that the phenolic preservative, m-cresol,
promoted gellation when combined with PEG,oxp,-B28-insulin lispro composed and
exposed to high temperature (> 25°C). Interestingly, when m-cresol was added to mPEG
alone (activated or non-activated) gel particles did not result upon exposure to high
temperature.

When the prototypical formulations of insulin lispro did not confer acceptabie
stability 10 PEGaon.-B28-1nsulin lispro compounds at elevated temperatures,
pharmaceutical compositions comprising PEGaopa-B28¢es/A 1(~s9-insulin lispro
compounds demonstrating improved chemical and physical stability and suitable for
commercialization as a parenterally admimstered pharmaceutical formulation were
developed.

The following formulations of PEGaokna-B28(-95%) Al see-insulin lispro (15
mg/mL) demonstrated acceptable chemical and physical stability for one week at 40 °C,
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,;,, B28 o0/Al s, ,-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, g0/ Al 55" 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,, 1, -B28 0 /AL 50

insulin lispro




<222> (1)..(1)

<223> amino Xaa at position acid 1 is absent, or any genetically encodeable <220>
<221> -
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Formmlations of PEGpn,-B28 950y Al (<s-insulin lispre containing hexamer
promoting excipients, e.g., zinc, m-cresol, and calcium generally exhibited greater
physical and chemical stability, especially at elevated temperatures. Addition of calcium,
chloride and/or NaCl to PEGaouns-B28(.9505)/Al¢so-insulin lispro formulations containing

5  zinc and m-cresol further enhanced the physical stability of formulations exposed to
temperatures of 40 °C or greater. Furthermore, phosphate and citrate buffered
formulations generally exhibited less physical stability than TRIS buffered formulations.

10




MISC FEATURE <222> (29)-(29) <223> Xaa at'position 29 is Pro, Asp,Lys, Len,Val, or Ala
<220>
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1. 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 1D 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 17.5 kDa to
about 40 kDa, and wherein A and B are properly cross-linked and P is attached via a
urethane covalent bond to the epsilon-amino group of the lysine at position 28 of B.

2. The compound of claim 1, wherein the PEG has a molecular weight in the range
from about 17.5 kDa to about 25 kDa.

3. The compound of any one of claims 1 to 2, wherein the PEG has a molecular
weilght in the range from about 20 kDa to about 25 kDa.

4. The compound of any one of claims I to 3, wherein the PEG has a molecular
weight of about 20 kDa.

5. The compound of any one of claims 1 to 4, further characterized by having a peak
to trough ratio of less than 2 upon parenterally administering to a patient a therapeutically
effective amount of the compound.

6. A compound of any one of claims 1 to 5 for use in therapy.
7. A compound of any one of claims 1 to 6 for use in the treatment of diabetes.

8. The use of a compound of any one of claims 1 to 7 in the manufacture of a
medicament for the treatment of hyperglycemia or diabetes.

9. A pharmaceutical composition comprising a compound of any one of claims 1 to 7
and one or more pharmaceutically acceptable excipients, diluents, or carriers.

10. The pharmaceutical composition of claim 9, further comprising a TRIS buffer at a
concentration in the range from about 10 mM to about 25 mM TRIS wherein the pH of
said pharmaceutical composition is from about pH 7.0 to about pH 8.0 and at least one
1sotonicity agent, wherein the composition has an isotonicity between about 270 mOsm
and about 330 mOsm.

11. The pharmaceutical composition of claim 9, further comprising a phosphate buffer
at a concentration in the range from about 5 mM to about 10 mM and wherein the pH of
said pharmaceutical composition is from about pH 7.0 to about pH 7.5 and at least one
isotonicity agent, wherein the composition has an isotonicity between about 270 mOsm
and about 330 mOsm.

12. The pharmaceutical composition of any one of claims 9 to 11, comprising
PEGylated insulin lispro compound at a concentration from about 15 mg/mL to about
40 mg/mL, zinc at a concentration from about 0.3 mole to about 0.7 mole of zine



<221> MISC_FEATURE <222> (30)-(30) <223> Xaa at position 30 is Lys or Pro <220>
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per mole of PEGylated insulin lispro hexamer, and m-cresol at a concentration from
about 10 mM to about 40 mM at a pH from about 7.0 to about 8.0.

13. The pharmaceutical composition of any one of claims 9 to 12, further comprising
a therapeutically effective amount of insulin lispro.

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

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

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

P 1s 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-nitropheny! 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 pertod of time between about 3 and about 6 hours.

15. The process of claim 14 having a PEG:insulin lispro molar ratio between about
2.5 and about 5.0.

16. The process of claim 14 or 15 wherein the weight average molecular weight of the
mPEG-NPC is about 20 kDa.

17. The process of any one of claims 14 to 16 wherein the pH of the reaction is
maintained at between about 10.5 and about 11.5,

18. The process of any one of claims 14 to 17 wherein the reaction is conducted at
between about 25°C and about 30°C for about 3 hours.



<221> MISC_FEATURE <222> (31)-(31) <223> Xaa at position 31 is

SEQUENCE LISTING
<110> Eli Lilly and Company
<120> PEGYLATED INSULIN LISPRC COMPOUNDS
<130> X-1B8199.0USnationalphaseseqlist.10-Nov-2010

<140> PQT/US2009/046704
<143i> 2009-06-C9

<150= 61/061,281
<15l> 2008-06-13

<150> 61/121,294
<151> 2008-12-10

<160> &

<170> PatentlIn version 3.5

<210> 1
<211> 21
<212>= PRT

<213> Homo sapiens
<400> 1
Gly Ile Val Glu Gln Cys Cysg Thr Ser Ile Cys Ser Leu Tyr Gln Leu

1 5 10 15

Glu Asn Tyr Cys Asn
20

<210=> 2
<211> 30
«<212> PRT

<213> Homo sapiens
<400> 2

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 is

Leu Val Cys Gly @lu Arg Gly Phe Phe Tyr Thr Pro Lys Thr
20 25 30

210> 3

<211 30

212> PRT

213> Artificial Segquence

<220>
<223> Synthetic Construct

<400> 3



absentor Thr <220> <221> MISC_FEATURE <222>(32)..(32) <223> Xaa at position 32 is
absent or any genetically encodeable amino acid

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr

1

5 1.0 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Lys Pro Thr

<210>
<21l>
212>
<213>

<220=
<223>

<220>
<221>
<Z22>
<223>

<220>
«<221>
222>
<223>

<4 00>

20 25 30

4

22

PRT

Artificial Seguence

Synthetic Construct

MISC FEATURE

{(1)..(1)

Xaa at position 1 is absent, any basic amino acid, or any
genetically encodeable aminoc acid

MISC FEATURE
(22} ..(22)
Xaa at position 22 is absent, Gly, Ser, Ala, or Asn

4

Xaa Gly Ile val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln

1

5 10 15

Leu Glu Asn Tyr Cys Xaa

«210>
<211l>
<212>
«213>

<220>
<223>

220>
<221>
<«222>
<223>

<220>
<221l>
<222
<223>

«220>
221>
<222>

20

5

33

PRT

Artificial Seguence

Synthetic Construct

MISC_FEATURE

(1) ..(1)

Xaa at position 1 i1s absent, any amino acid, any basic aminc
acid, or any genetically encodeable amino acid

MISCWFEATURE
{29)..(29;
Xaa at peosition 29 is Pro, Asp, Lys, Leu, Val, or Ala

MISC FEATURE
{30)..(30}



<220> <221> MISC_FEATURE <222>(33)..(33) <223> Xaa at position 33 is absent or any
genetically encodeable

<223> Xaa at position 30 isg Lys or Pro

<220>

«221> MISC FEATURE

«222> (31)..(31)

<223> HXaa at position 21 is absent or Thr

<220
<221> MISC FEATURE
<222 (32)..{32)

«223> Xaa at positiom 32 is absent, any amino acid, any basic amino
acid, or any genetically encodeable amino acid

«220>

<221 MISC_FEATURE

<222> {33)..(33}

<223> Xaa at position 33 is absent, any amino acid, any basic amino
acid, or any genetically encodeable amino acid

<4£00> 5
Xaa Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu

1 5 1ie 15

Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Xaa Xaa Xaa Xaa
20 25 30

Xaa
<210> &
<211l> 33

<212> PRT
<213> Homeo sapiens

220>
<221> MISC_FEATURE
<222>  {1)..{1)
«223> Xaa at position 1 is absent, or any genetically encodeable
amino
acid
<220

<221> MISC _FEATURE
<222> (29)..(292)
«223> ZXasa at position 29 is Pro, Asp, Lys, Leu, Val, or Ala

<220
<221> MISC FEATURE
<R22> {307 ..(30)

<223> Xaa at pesition 30 is Lys or Pro

<220
«221> MISC FEATURE
«222> (31)..(30)

«223> Xaa at position 31 is absent or Thr



amino acid <400>6  Xaa Phe Val Asn Gin His Lea Cys Gly Ser His Lea Val Glu Ala Lea 151015
Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Xaa Xaa Xaa Xaa 202530 Xaa

<220=

<221> MISC FEATURE

<222>  (32)..(32)

«223> Xaa at position 32 is absent

aming
acid
<220>
<221l> MISC FEATURE
<222> {(33)..(33)
<223> Xaa at position 33 is absent
amino
acid
<400> &

Xaa Phe Val Asn Gln His Leu Cys Gly
1 5

Tyr Leu Val Cys Gly Glu Arg Gly Phe
20 25

Xaa

or any genetically encodeable

or any genetically encodeable

Ser His Leu Val Glu Ala Leu
10 15

Phe Tyr Thr Xaa Xaa Xaa Xaa
30



