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carbohydrate metabolism by reducing blood glucose levels; a systemic deficiency of
20  insulin causes diabetes. The survival of diabetic patients depends on the frequent and
long-term administration of insulin to maintain acceptable blood glucose levels.

Current insulin formulations possess deficiencies that can lead to serious medical
complications in the treatment of diabetes. For instance, the standard zinc insulin
preparation most commonly used by diabetics exists as a suspension of microcrystals of

25  inactive hexameric insulin. Dissolution of the microcrystals followed by dissociation of
the hexamer into the active monomer form can lead to delayed and individually variable
absorption of insulin into the bloodstream (F. Liu, ez al., Bioconjugate Chem., 8, 664-672
(1997); T. Uchio, et al., Adv. Drug Del. Rev., 35, 289-306 (1999); K. Hinds, et al.,
Bioconjugate Chem., 11, 195-201 (2000). Formulations of insulin also suffer from

30  physical instability due to the tendency of insulin to form fibrils and insoluble
precipitates. Precipitation is especially problematic for formulations intended for use in
insulin pumps. Formulated insulin is also prone to chemical degradation, e.g., non-

enzymatic deamidation and formation of high molecular weight transformation products
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formulations are employed. Thus, it has long been a goal to provide alternative insulin
formulations and routes of administration which avoid the need for self-injection and
which can provide rapid systemic availability of insulin.
Numerous non-injectable formulation types such as oral and nasal have been

25  explored, however, no commercially viable oral or nasal-based delivery system for insulin
has been developed as a result of these efforts (Patton, et al., Adv. Drug Delivery Reviews,
1,35 (2-3), 235-247 (1999)), mainly due to very low and variable bioavailability (Hilsted,
J., et al., Diabetologia 38, 680-684, (1995)). Although bioavailability can be increased with

absorption enhancers, these agents can damage the mucosa.

30 However, inhaleable formulations of insulin have been developed which appear to
be quite promising in overcoming many of the problems noted above. For example, U.S.
Patent No. 5,997,848 (Patton, et al., Inhale Therapeutic Systems, Inc.) describes dry powder

formulations of insulin which (i) are chemically and physically stable at room temperature,



Patent No. 5,997,848 (Patton, et al., Inhale Therapeutic Systens, Inc.)
descri bes dry powder formulations of insulin which (i) are chemcally and
physi cal | woseabl2eo at room t enperature, WO 02/094200 PCT/ UsQaZ/udd66kc4 - 3 and
(ii) when inhaled, are rapidly absorhed through the epithelial cells of the
al veol ar regi on into the blood circtlation. The rapid-acti ng insulin
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ultralente insulin nakes it 20 difficult to determine the optimal dosage
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expl ored unsuccessfully include al bum n-bound insulin and cobalt-insulin

hexameSUTRSAYIRN &fq YAy unsaisiagiary, These frpuipgoms tendtq peak Rivkerveanakoyide 2
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10, 525050 (IS0, peraus poly(lactis ecl feogurglTE o) (Pion
(1997) hecdrgbut 1'tsztﬁl‘ﬂredlctable and prolonged course of action (Goodman & Gilman, “The
Pharmacological Basis of Therapeutics, Ninth Ed., Hardman and Limbird, eds, 1996, p.
1500). Other long-acting injectable formulations which have been explored unsuccessfully
include albumin-bound insulin and cobalt-insulin hexamer formulations (Hoffman, A., Ziv
25  E., Clin. Pharmacokinet, 33(4):285-301 (1997)).
A number of long-acting pulmonary insulin formulations have also been explored.
These include liposomes containing a large excess of lipid relative to insulin (Liu. F-Y, et
al., Pharm. Res. 10, 228-232, (1993)), porous poly(lactic acid-co-glycolic acid) (PLGA)
insulin particles (Edwards, D.A., et al., Science 276(5320), 1868-1871 (1997)), nebulized
30  PLGA nanospheres (Kawashima, Y., et al., J. Controlled Release, 62(1-2): 279-287 (1999))
and phospholipid/protamine insulin formulations (Vanbever, R., et al., Proc. Control Rel.
Bioact. Mater. 25, 261-262 (1998)). Unfortunately, all of these formulations have proven

unsatisfactory, due to either low bioavailabilities when administered in rats, or due to



30 PLGA nanospheres (Kawashima, Y., et al., J. Controlled Rel ease, 62(1-2):
279-287 (1999)) and phospholipid/ protam ne insulin fornulations (Vanbever,
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admnistered to the lung. In o PEG i1 nsulin conjugates
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30% | wagisplagygthearadaimigigraddn the lanpHB anssmbodineas; thg BES-igsulime i nventi on,
when conjugates provided herein exhibit good absolute bioavailabilities when administered to
the lung and deep lung. In a particular embodiment, a PEG-insulin conjugate of the
20 invention is characterized by an absolute pulmonary bioavailability that is greater than
that of native insulin. Preferably, a PEG-insulin conjugate of the invention is
characterized by having an absolute pulmonary bioavailability that is at least 1.5-2.0
times greater than that of native insulin. In a more preferred embodiment, a PEG-insulin
conjugate in accordance with the invention is characterized by an absolute pulmonary
25  bioavailability that is greater than about 15%, even more preferably greater than about
20% or most preferably greater than about 30%.

In yet another embodiment, a PEG-insulin conjugate of the invention, when
administered pulmonarily, exhibits a Tmax (time required to reach maximum
concentration) that is at least 1.5 times that of native insulin, or more preferably is at least

30 2 or 3 times, or even more preferably that is at least five times that of native insulin.

PEGs for use in the conjugates of the invention may possess several different

features. In one embodiment of the invention, the polyethylene glycol-portion of a PEG-
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a terminus of the PEG. Preferred linking moieties for use in the invention include those

20  suitable for coupling with reactive insulin amino groups such as N-hydroxysuccinimide
active esters, active carbonates, aldehydes, and acetals.

In yet another embodiment, a PEG covalently coupled to insulin in a conjugate of
the invention will comprise from about 2 to about 300 subunits of (OCH,CH,), preferably
from about 4 to 200 subunits, and more preferably from about 10 to 100 subunits.

25 In an alternative embodiment, a PEG covalently coupled to insulin will possess a
nominal average molecular weight of from about 200 to about 10,000 daltons. In a
preferred embodiment, the PEG will possess a nominal average molecular weight from
about 200 to about 5000 daltons. In yet a more preferred embodiment, the PEG will
possess a nominal average molecular weight from about 200 to about 2000 daltons or

30  from about 200 to about 1000 daltons.

In a particular embodiment, the insulin portion of the conjugate comprises native

human insulin.
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a conpositi | ti - Lt (1.8 ving only
one. 10 pec Aol hBFghiNE SioBbelen B TR AR Firkoriselh Sbubibub v
PEG i ndndulin isonjalegdl esupled toolRI hoentca midrk of itheminvveist.i BRulpOSERs fed

pol yet hyl ene gl ycal npjety covalently attached to a position on the
i nsul i ViFBP cMBosiipeek g 11eBHoR MaY §F sraposybuittited §-cothapingmnly esey A1 and

Ly slgzg-PEG‘c@vaPernﬂP?gﬁ@?d ﬁ'fgpé??): ﬁﬁ?culzﬁ%ﬁ%@gg@g@ﬁ?%@mg?ﬂf%ﬁ@%éﬂ s3htached at

the PheB 1 15 s I nsu n a one e I nent, about 75% of
t he B- BPbmdwiceegthothe imsuotiomposasss aqolygtiineyg] woliplogdy tovaRf@y attachedot her

enbodi nent, .at | east. about 90% of the B-1 Phe sites on_insuyli re
coval egf"?Ia}’oﬁlgﬁ'bP'ég’etIBS“I?’E@Oléﬂi%éeéW?‘gﬁgméPe £1up Fﬂ%%ﬁ‘f’ﬁ&ﬁll’%i’éﬂg lconpri se
a m xt yng 19§BP®No- conj ugated and di-conjugated PEG insulin having any one

or nore of "the features described above. 20 Such conpositions may further
conprise a tlniapeefpiredyemeetiPE®, thesREG moidtyisaovalenidy atachebatghdBkiBient , a PEG

) B PoREERDATRER, AL WS B 0 BRSPS RS 700, Y,
i nsul i raire AdvaBANPSblplENt oG, T B thcd ehibBdintne At le@st BBY s 6f GOML i se a
m xture_of a PEG 25 insulin conjugate and non-chem cally nodified or
nat i ve Bhg$iies ¢n insulin are covalently coupleg to PEG.
Compositions of the invention may also comprise a mixture of mono-conjugated
and di-conjugated PEG insulin having any one or more of the features described above.
20 Such compositions may further comprise a tri-conjugated PEG insulin.
In an alternative embodiment, a PEG insulin conjugate in accordance with the
invention is characterized by a rate of proteolysis that is reduced relative to non-pegylated
or native insulin.
A composition according to the invention may also comprise a mixture of a PEG-
25  insulin conjugate and non-chemically modified or native insulin.
Also encompassed is a composition as described above in aerosolized form.
Compositions of the invention may be dissolved or suspended in liquid or in dry
form, and may additionally comprise a pharmaceutically acceptable excipient.
Also provided herein is a bioactive polyethylene glycol-insulin conjugate suitable
30  for administration by inhalation to the deep lung.
In yet another aspect, the invention provides a method for delivering a PEG-

insulin conjugate to a mammalian subject in need thereof by administering by inhalation a

PEG-insulin composition as previously described in aerosolized form.



Al so enconpassed is a conposition as descri bed above in aerosolized form
Conpositions of the invention may be di ssolved or suspended in liquid or in
dry formvoands4rey additionally conprise a pharnaceuti cal IPgTaSoBpi4edbl e
excipient. Also provided herein is a-bioactive polyethylene glycol-insulin
conjugate suitable 30 for admnistration by inhalation to the deep | ung.
In yet another aspect, the inventio rovi des thod .for delivering a
PEG insul i ?ﬁ%ﬂr}_ aP@189@r%v%ﬁﬂﬁmtgﬂpaéaiﬁt,&meﬁ%ﬂg_ﬁwaowﬂ'@géof by

adm ni Shggthdihoh iR Abb&HC AsulliBrhtsit dnFof MRARLhIiGARe RGY TRES! ¥
described in aérosolized form WO 02/ 094200 PCT/ US02/ 16464 -7 The

i nvent imgthed gisludesihedteps phcantente coepdingdnsulia torendrodmbrermpleaésdifiig a

subst ant i al on- i mrunogeni. ¢.insulin co sition.f adm nistration to the
ung. - R el RO TR e ks ER bt e BERIT ABE sl 1 1 to one
Or BDI ediRhiSeHhe theQontosifion td1ihe Wird! dfsubREtHY ih A&l ativ] vdigitbly ia€ a R&upTEr

conj ugate as descri bed herein, and 5 adm nistering the conposition to the

| ung ofthesinsplire pasess thigygh ste lung angentesp yntasheblpedgirqulationhe i nsul i n passes
t hrough the ters. imto Lecul ati I ! er aspect,
prov?ged isIg%ﬁg?%%%pggﬂgﬁﬁgé?IfHéggogb%ﬁ%%ﬁgﬁgéﬁ?@éﬁ&Fﬁg%fﬁﬂghgbnpogPtion

f or adrdomipstitiah f@adirinikingtidnlio ghedin@ohal hermars suljje@tt The hethagtilwetdes ncl udes
covalently coupling insulin to one or nore nolecules of a non-naturally
occur riRylepngrpdpainsphn foeneRsmarg mlenriedOf 8 neBmaEs Ity F§UEWEt i ncl udes an

i NSl i Ry i %qg% } 1.0l Sher conposition
to]Phequﬁgﬁg$n¥%%ﬁgug?tct @&&ﬁ%ﬁg aﬁpgﬁ&gw%%%h?ﬁ%hgéhﬁgﬁé?gring st ep,
i nsul i rpopasgesnjulgate gl admenisienigg eredoenpositisn itothe lutghef thé edgectby cul ati on and

elevatequlood evehé f.insulin are sustained f rcﬁb qugt 8 hours post
adni ni BR8N, UPps (S peiniSiile; SfrPe BISP y RSSO U8R ey ARbsnterain

aer 0s0lthg Bido@ RcAMBNARI S RALIWIGd 1eWIbAhb A ark SustdfidHor bilehd 8 Holgat ment  of
di abetes nelliltus (DM . These and ot her objects and features of the

i nvent ipgAt agminispaléee nore fully apparent when the follow ng detail ed

desgcription j ad... 20 BRI EF SCRI PTI ON, OF THE  Fl Fl 1l.i.s a plot
of l%he rate '%? EQET@%”{ Rk e%ft[BFeo‘HV‘c‘H“O&nWPF‘? ﬁ???oéltz?%r%%@lpﬁgeﬂ?q b

conj ugahigalition? B-udefdE(a thesdhtnien) ofvBAisess radlliMa@Ny.i ed insulin control as
described in detail in Exanple 6.

These and other objects and features of the invention will become more fully

apparent when the following detailed description is read.

20
BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 is a plot of the rate of enzymatic digestion of an illustrative PEG-insulin
conjugate (“750-2 PEG insulin”) versus an unmodified insulin control as described in
detail in Example 6.
25 FIG. 2 is a plot of mean serum insulin concentrations following i.v. administration

of illustrative compositions of pegylated (5K PEG Insulin) versus non-pegylated insulin

(details are provided in Example 7);

FIG. 3 is a plot of blood glucose concentrations following i.v. administration of
exemplary compositions of pegylated (SK PEG Insulin) versus non-pegylated insulin

30  (details are provided in Example 7);



25 FIG 2 is a plot of nean seruminsulin concentrations following i.v

admnistration of illustrative conpositions of pegylated (5K PEG I nsulin)
versus nowopegyd2ed ed insulin (details are provided i n Ex2eplesoy)646d41 G 3
is a plot of blood glucose concentrations followng i.v. adm nistration of
exenpl ary conpositions of pegyl ated (5K PEG I nsul i n) versus non-pegyl at ed

i [i | i ded i 02/ 094200
bCr Uso2/ 16485 2 Rp BloBbFpbirgeeis inst My e e iraisib foll R B THUSERELt ¢ at i ons
foll Owlﬂﬂllla%ﬁ ot 5@gvyh£@d(15b§1§i§hkhat5@%@i R@Y hWaks8en §%§§%%g§t§@hmén 5K PEG

I nsul in) versus non-pegyl a uman 1 nsul1n’(40.t In male rats
( Exanpliasuin; (46-Lg/abimal pinamglk edts (Examgaa8 Y| ood gI ucose concentrations
following intratracheal 5 instillation of pegylated (150 tg/aninmal, 5K PEG

| nsul / ani.mal |
(Exarpl & 8) L EHREH mE oy iane Rt ol BBt o ™' °
f ol lsowiingiliafibh 8f pagRad (150 Pglah ﬂuﬁt SRPEYS In@lﬂwlv&sﬁgn&ﬂ yatEFurhsul | n)

versus non-pegyl ated human insulin in male rats éQge 9); 10 FIG 7. is
a pl ot infulimgd® wglaookhl jinunals eats Ghraerpe 8) i ons follomnng |ntratrachea
instillation of pegylated (750-1 PEG Insulin) versus non-pegyl ated human

nsulin 1 0 TG ¢ 2 GEKRTPLE Mich Gindlok s kAL TBRCRS] U | nsul in

concentrations W ng rac I'ns ion pegyla ed (750-1
PEG | ndodtiliatio80f pﬂ’gylaléiﬁ(wl)arﬁmlh)suhﬁ)\&lﬂﬁlsm@ﬁ-pﬁggyﬂedhedlan 1subinliemalensul i n

(80.tg/ani mal e rats (Exanple 10); FIG 9. is a plot of nean bl ood
gl ucoséaﬁéga%f%w?g?l ons followng intratracheal instillation of pegylated

(750-1 PEG Insulin, 80 and 160.tg/ani mal) versus non-pegyl ated human
insolin (80 E‘JGahiisrmblbt bhms® Hodd lhicddcanttngadls; foffbkang MtratfacReapl ot of nean
serum i nsul i.n concentrations follow ng intratracheal %O instillation of
pegy! atiBdiliatispo P%E@tqdn@é%1rPE<%@SPbm)aYﬁr%|nynxPég§a@d hemap ésyliniemaleuran

i nsul i Qt@%ﬁngﬁ Qbﬁm in nale rats (Exanple 11); FIG 11l. is a plot of nean
bl ood gflucose conCentrations following intratracheal instillation of

pegyl at ed (750 1 PEG Insulin, 80 tg/animal) versus non-pegyl ated human

i nsul i n (80 HPadindpipt plmean S@rtrraﬂrssutlwanﬁsn@atmy follsvipg Mtmprackiegl a pl ot of

mean b llf?é?(flagl)rySpfe%yf:a?&f:(%%-ﬁ;ﬂ(? E'nsufm, éooé%%o arn?r%g ?versus non-pegylated

15 human insulin (80 pug/animal) in male rats (Example 10);

FIG 9. is a plot of mean blood glucose concentrations following intratracheal
instillation of pegylated (750-1 PEG Insulin, 80 and 160 pg/animal) versus non-pegylated

human insulin (80 pg/animal) in male rats (Example 10);

FIG. 10 is a plot of mean serum insulin concentrations following intratracheal
20  instillation of pegylated (750-2 PEG Insulin, 80 pg/animal) versus non-pegylated human

insulin (80 pg/animal) in male rats (Example 11);

FIG 11. is a plot of mean blood glucose concentrations following intratracheal
instillation of pegylated (750-1 PEG Insulin, 80 pg/animal) versus non-pegylated human

insulin (80 pg/animal) in male rats (Example 11);

25 FIG 12. is a plot of mean blood glucose concentrations following intratracheal

instillation of pegylated (2K PEG Insulin, 300 pg/animal, 600 pg/animal, 900 pug/animal

b

and 1200 pg/animal) versus non-pegylated human insulin (80 wg/animal) in male rats

(Example 12);



instillation of pegylated (2K PEG Insulin, 300 g/aninmal, 600 .tg/animal,
900 tg/animal, and 1200 g/animal) versus non-pegyl ated human insulin (80
g/ ani mal )wor2/ed2e0 rats (Exanpl e 12); WO 02/ 094200 PCT/ USeeratatd6464 9 FI G
13 is a plot of nean seruminsulin cgncentrations following i.v.

adm ni stration of an |Ilustrat|ve conposi tion of pegylated (2K PEG I nsulin)

ver sus non- g ate ulin (detail.s are provi i.n Exanple 13); and
Fro 1a's FUEP Rartlel domea souetnuin e e iR Slsiem ng | v

adm ni sidedhis@atidafof aR 11@15&&‘3%5@@@3@156&&9@%@@1!1@5‘ 22 PE@EME@EI@Q/C(S@&@IEG I nsulin)
versus non-pegylated insulin (details are provided in Exanple 13).

DETAI L EpgpERdmsuiin Gletaks arefprovidggNT EQrmple 1Bhieindesi gn, synt hesi s and
characterization of various representative PEG i nsul in conjugates have

been opti m zgg {9fs bf@ﬁéé’d Qﬁédsg%{)ﬁ/cehﬁ‘atﬁ&?ﬁ fbl‘l’(ﬂgin %Hﬁ'ﬂ ﬁtrﬁh&b

preparation of PEG—lnsu in ecul es has been prev ous esc t he use
of &ovanepnemphwygdmpasitoin dPpeg¥lated K216 WPE Imgulpr)o'lersngedl—gcgylaund fnsulluul ations of

i nhal e nsul i n not n previ ously denonstrated. In this regard,
t he chg(ﬁ?tgﬂsg%reféovﬂqulaf‘ﬁé‘a%}ﬁ ants was 15 to provide PEGinsulin

conj ugates having the optimal bal ance of nunber, |ocation, structure, and
nmol ecul ar wei ght of PEG chains covalently attached to the insulin nolecule
to provide insulin conpositions suitable for adm nistration to the systemc
circulation, preferably via the deep lung. Surprisingly, in light of the

above, DIPAIIIME DESCRIMRKSN GF TAEMRNVEINTRIN @i n PEG nodified insulin
formul ati ons having one or nore of the 20 following features: (i) that are

bi d4ctive, ilhe desighatynthesioand elaracterizationst vaovs tepsereniativhBEGdogulini t y of
actl t hat I east either

i f bl
gﬁt)!s;/gnt Fﬁ%fltes hal rPte b e%tg’%%aﬁgd %I%?Yrﬁ??ﬁr AR é’h‘h%é‘ﬂ‘gf rpdm f‘gléf ®of native

i nsul i preFatRMN PE@fn@ulm gbRicalel Kas HeeN bRgiaRIyadekéritiedytht igd of vhRRF oved over
native insulin, (ii) that are absorbed fromthe lung into the bl oodstream

(as oppouRina e P f%mr%\gdlng@rqlﬁ@geri@ﬁ@qn foe*mma)lorzssoftlnba eapleingWlimiiasal |y and
R R S S

| evel s o n that are ePevat e
housss po§r0v1ded?ﬁ@nsmlha'rcbqngatés/l)avﬁﬂgahe apmalesilficaot nirb&Dibya®in, ¢ attack by

i nsul i n-degr adi nz and that exhibit half lives that are
ext endef¥ ‘H&% Eéb%/"f &F@BW Fhalmm‘{aleaawmféﬁéﬂe@ewuﬂlnmql%ﬁui%n t he
detail g, BFOV‘ME' 1ﬁ§l1hWéohﬁ%ﬁ@ﬁ?s@ﬁgﬁrfspédlﬂm%{}aﬁ&%'tHQs}sté%uggu&ﬁlltko%\fw ng

descri ption.
preferably via the deep lung. Surprisingly, in light of the above, the inventors have

discovered certain PEG- modified insulin formulations having one or more of the

20 following features: (i) that are bioactive, i.e., that demonstrate at least about 5% of the
activity of native insulin, or preferably have a bioactivity that is at least either
substantially maintained or only minimally reduced from that of native insulin, or even
more preferably, having an activity that is improved over native insulin, (ii) that are
absorbed from the lung into the bloodstream (as opposed to “sticking” in the lung), (iii)

25  that are chemically and physically stable, (iv) that, when administered to the lung, achieve
blood levels of insulin that are elevated above baseline for at least about 8 hours post
administration, (v) that are resistant to enzymatic attack by insulin-degrading enzymes,
and (vi) that exhibit half lives that are extended over non-pegylated insulin when
administered by inhalation, the details of which will become apparent when reading the

30  following description.



WO 02/ 094200 PCT/ US02/ 16464 -10 1. Definitions The following terns as used
herein have the neanings indicated. As used in the specification, and in

t he appemded2obgbns, the singular forns "a", "an", "the" pCrrushadaspl ur al
referents unless the context clearl ymcii ctates otherwise. 5 "Insulin" as

used herein is meant to include proinsulin and enconpasses any purified

i sol at ed O‘X’ eptide having part or all of the primary structural
conf or rmat KPRHt is to say, contiguous series of am no acid residues) and

at | east TRORILit R N QA ReleiliRRMd heshifds iRdtae@l | Y occurring insulin.
In general, the term "insulin” is nmeant to ‘enconpass natural and

synt het i cAb bseddethe/specifiestivn, and O the eppredidedyclginyse tfesingslar flemsofa” aAsnivel | as
anal ogs.,t hereof. incl.udin ol tides _hayin ne _or nore am no acid

modi fi cAlS b‘ﬂgl?l(jﬁ8(&@?1ir?)fﬁ_ge?‘tslplﬂg%sg?}f)eocr?gfexb?lear %%lg?&tsﬁtﬂfeéw&sf' to the extent that
t hey substmgilintlas YisddHeréin i@inehRaS incRRAKpASindilin@n@kncdhisastd@nppeut i ¢ activity
associated with full Iengthlnsulln rior to chemca nodi fication with a

hy dr optiurified iseltedeal ypeptidy hodegipart orplbel therprimasy wasewralbed 15 herein). The

i nsul i : t.. [ Ny i odL . an dard manner

i ncl udirlﬁrglj%%ﬂ%&ﬁ’o@ﬁﬁ?srenﬁtsgg’ Ctog{?%%o%g P %—g%éio?%gr)ﬁ(’ Or%z(??cgln@&r)ea@gﬁﬁeg%nt expression
and i n onebf thefdlypietprogereyydfhatiraly ddatiritg ingulini Il génepd, iheset N refers to
insulin, havjng an am no acid se(iuence corresponding to the am no acid
sequencdsBfin” SARgaNt 19 casomps daiual dad synehetiqally-derivid gulia- t ype insulin can be

L o AOGTL BR.2F O  AhAegi OALRE, o

produced. A ogl ca eav egra ond is a weak bond
t hat r daging onwvot mowasmemo(acidemedifisativpnsl (dellgtivas!)insendiars, ghysi ol ogi cal
conditions. Preferred are bonds that. have a hydrolysis half life at pH 8,
25 C ofsugsz’éléncinﬁ%ﬁ?t Hotientdat oy watantially r?té‘ﬁ‘d’éﬂ%’x?t o o5 M9EHef t o hydrol yze in

vat er Whd theApRaRGhcRty 28bYiaRa v&inﬁugqa?grtmnsmyrpﬁm%} td ¢HAAGE 25 connecting two
central atons but al so on the substituents attached to these central atons.

Appr opmiediiacatipd Mathya hydapphilic monalstuealbr oogemingliohkegyes deseeibadle but are not
i m.t b | at t .ph hat ter, hydri des, tals,
cers  helslhy A3 AR Pe L RE BreShoy RASEBN By 8 Biluraf BN iiBlrang . - °

ol i gonugdnaet indie@ingAut hydimied togahdr¥atil xfa@tion, tbABMaAt eliptidionef ers to a
chem cal bond, typically a 30 covalent bond, that is substantially stable

i n wat @nd it EP polypeptidesynthesies Nabve emudd-gepe ingdinablpssite inswdier physi ol ogi cal
condi tiyQhfie bR affio AR E&HEAR! BrE¥cilingdY fle Hn§ )ééiﬁ%g(?u%nce of
insulin as found in nature. Native or wild-type insulin can be natural (i.e., isolated
20  from a natural source) or synthetically produced.

A "physiologically cleavable" or “degradable” bond is a weak bond that reacts
with water (i.e., is hydrolyzed) under physiological conditions. Preferred are bonds that
have a hydrolysis half life at pH 8, 25 °C of less than about 30 minutes. The tendency of
a bond to hydrolyze in water will depend not only on the general type of linkage

25  connecting two central atoms but also on the substituents attached to these central atoms.
Appropriate hydrolytically unstable or weak linkages include but are not limited to
carboxylate ester, phosphate ester, anhydrides, acetals, ketals, acyloxyalkyl ether, imines,
orthoesters, peptides and oligonucleotides.

A “hydrolytically stable” linkage or bond refers to a chemical bond, typically a

30 -covalent bond, that is substantially stable in water, that is to say, does not undergo
hydrolysis under physiological conditions to any appreciable extent over an extended
period of time. Examples of hydrolytically stable linkages include but are not limited to

the following: carbon-carbon bonds (e.g., in aliphatic chains), ethers, amides, urethanes,



period of tinme. Exanples of hydrolytically stable |inkages include but are
not limted to the follow ng: carbon-carbon bonds (e.g., in aliphatic

chai ns), wohens42o@nm des, urethanes, W 02/094200 PCT/ USO2/pt6AGH2/16484 and
the like. Generally, a hydrolytically stable linkage is one that exhibits a
rate of hydrolysis of |ess than about 1-2% per day under physi ol ogi cal

condi ti ons. dr ol ysis at es .of representative chem cal bonds can be found
in rmsta“gtﬂ?ﬁl% dg%lﬁ@#iys% {’Xfir"]tyé‘ﬁ‘flb’oﬁﬁg? ﬁgkang@ne&ﬁa%,h BRYFERE gl ycol, as

used hefygidlysid &f 1IBRaRM 2Pty BHY §ibrogral idae! Hyatdsiene oxi de).
Most typ})’i ca:rslly, PEGs I]f%ﬂrauﬁgg In S%g prg\@%’t ior%ven‘%{?igﬁlﬁgll yaco)\r'lgt ain the

f ol | owiraigs of reprssentatj ve ch@HRGHI@ASHACHR (und DHEOsstandatbeheimisttyhe t er mi nal
groups or, a tsual architecture of the overall PEG noiety may vary. One
commnlf/‘g?% oyed PEG i s end-capped PEG wherein one term nus of the PEGis

capped w t h “@EGtGrpslyathiyledk B1ycORas Lyed Hakeh Qs niciiiti t6 8hédmphls ahK@¥¥r-gr oup such
as net ho]ﬁ? (-OCH3), while the other termnus is a hydroxyl group that can
t hen béokibly raty@lkyteae enigm. c Moshbygidally REGnhIor ugpadhe presge@vestionswilbr use in

7| moar OptEg e SF Ao FRCRL ol O GrRCRR: ¥fe Bne BRFRALT S |

bel ow. gidigsor astubli arclieojuigel the ovahle PEG Moty mbg vdryn Onelcegimhenly as previ ously
def i ned) piS f(}avi ng cqval ent ll%?rl i nked or coupled thereto at |east one

pol yet AR dGIERE Benthsprrey PEGqvheseia o8¢ trmyius b theeZEG isgsppediwth ge of

i nsyl i S WIVA : : 0, % %., (C he

bi (Sjlidog?%lg {/%g'zlfazﬂlfé;glg?pr%gél?é\}] I nés*E )lgyn%rbﬁlp ﬁ‘ﬁgfe %g)\%r(gg%ﬁgfbﬁg%lt%r wei ght "

i n t he otfemtertinwfis a hhgrok pigdrodp that cemrthemiat subgdcted to chemichlngodifibatioar of t he

i nvention .su PEG refers to the, S average 0. nol ecul ar wei ght of
ol y e SPOE T T Gir s HRP S I BRE POTS MR (BB S % gt
scat t efriHEhed, 1inBir, FRACPINGE, ARl the 11IR, Willbdddsthibdd iArRRROZRAS beldig POl ynmers of

the invention are typically polydisperse, possessing a |ow polydispersity
val ue of | es®EChmpulinagsmingate’ @6fersfo an jigpapininalecuteniae previduslyatefined)i ch, when

ot ther Thy"§ BBt oF R el P BBrR I e e gl | O
subst apobsekiitg alyt BEasuhi®ldJedrpiTiihdutin Aativfyee ., ftdie ab&lt IR0 Mo 1dugs t he

pol ymer-insul i n gonj'gﬂate._ Typi cal |ipophilic groups such as fatty acids
will conprareef the binlogiealpctivity)af nagiye pehlink ons. A "substantial |y

non- i MUNOgeRyfnindi '}%ija-é@m(c\)%@ilﬂg@refgh?finttlbeecdn'?é/x? ok !1 89(11‘881‘?1?1 ,Snso%§ a
naturally occurring polymer of the invention such as PEG, refers to the mass average
20  molecular weight of polymer, typically determined by size exclusion chromatography,
light scattering or intrinsic velocity in 1,2,4-trichlorobenzene. The polymers of the
invention are typically polydisperse, possessing a low polydispersity value of less than
about 1.05.
A “lipophilic moiety” is one which, when attached to a hydrophilic polymer in
25  accordance with the invention, either by a degradable or non-degradable bond, is effective
to substantially alter the hydrophilic nature of the polymer and thus the polylﬁer-insulin
conjugate. Typical lipophilic groups such as fatty acids will comprise from about 12-22
carbon atoms.
A “substantially non-immunogenic” insulin conjugate of the invention possesses a
30 reduced immunogenicity relative to native insulin. Immunogenicity may be assessed by
determining antibody titres in mice or preferably in rabbits upon administration of a PEG

insulin conjugate relative to non-modified insulin.



30 reduced i nmunogenicity relative to native insulin. Imunogenicity may be
assessed by determning antibody titres in mce or preferably in rabbits
upon admwpariabon of a PEG insulin conjugate relative treTAm02/0@6 fied
insulin. WO 02/094200 PCT/ US02/ 164641 -12 "Alkyl" refers to hydrocarbon
chains, typically rangi ng about 1 t0215 atons in |ength. The hydrocarbon

chains are preferahly but not necessarily saturated and optionally
contai n addi ﬁfbﬁafe??%ltﬂzw%ﬁ%ﬁrbﬂ‘_r%@%’ té(Pché]&%Ea&g’t“Igé‘i)S't’ .tOT@WEIBbca_r bon
chai ns jedBy. P I RARGRSH Haind tafAp@itrat Bithot FXRBRLE Yar@ated|lan@h@yps i ncl ude
ethyl, propyl, I 5 nethylbutyl, 1-ethylpropyl and “3-nethyl pentyl. In one

pr ef er roptiorattycniaemadditiortah &anctioned gtdups attasbed thgeate s Thohydroearben chaingl kyl at ed

mort 1 onP B RRACHRE B S e H A e B R O BRI e "ok
refgrs rﬁ&hﬁﬁu@l,"{ydthﬁf)ﬂ}pgl agmrn-aieﬂiyrr;@nfyn.om dnelReferredeRBBdiRlcal®s thand  may be
e

strai ght chain or branched, as exenplified by nethyl, ethyl, n-butyl,

i - but ylinventiongoRiyggtes compaung aralkilatpdFHGs apf empaticdp, kilingar gllylataé
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PEGyi ngygtyjn  conpositions of the invention are, in one aspect,
characterized by an absol ute pulnonary bioavailability of at |east about
20% i n pl asrfébeolutel ppdmenasy bipasibability’cisphd payoentage dfiachvadbsalielgi, of es

gener al rangi ng .from about, 10% t o .30% or. : neral |y, depending upon
Phe s pdIE APl Sy L HeoTeatse UL A HP Dt icred s i it t he 20
i nvent i;Bfor¥bd AndRPETE Bt RELPRRR b oP § In{IRNAL YelRii Q263! iARiehbYs ®fse 8f | east
about one of the following: 10% 12% 15% 18% 20% 22% 25% 30% 32% 35% or

gr eat ematiphsulin. Repsedentatize yogeloastams 4 detarmpining alroluse pulmmery by neasuri ng

absQr ption frhom di.r ec L ntrat heal adm njstrati Lpstillation, or by
gl i SR e R ea kR JER e Mo b kT BEBZ s b on

phase" compositibsy &MB€irventdiearbah bnt hipRcOthaadtbizeti By WhiaBsA@Rjpudadyy refers
to the initjal rapid phase during which insulin disappears fromthe plasmna.

The t HieAVAKbILY fableas |aboyt 2% Birplpmeser thegd withfabsolafearudmenary he sl ow phase
duri ng pydyGilati fek! gieﬂeraf.lf ra(?llgil{gfpcﬂ'ﬁggo& 8% tto%%p grdﬁ(mre. Generally,
depending upon the specific nature of the PEG-insulin conjugate, a conjugate of the

20 invention will possess an absolute pulmonary bioavailability of at least about one of the
following: 10%, 12%, 15%, 18%, 20%, 22%, 25%, 30%, 32%, 35% or greater. Absolute
pulmonary bioavailability may be estimated by measuring absorption from direct
intratracheal administration, instillation, or by inhalation of a PEG-insulin conjugate
composition.

25 “Distribution phase”, in reference to the half-life of a PEG-insulin conjugate,
refers to the initial rapid phase during which insulin disappears from the plasma. The
terminal slow or elimination phase half-life refers to the slow phase during which insulin
is eliminated from the body.

“Prolonged effect” insulin refers to insulin having a duration of effect (i.e.,
30 elevated blood levels above baseline) of at least about 6 hours, preferably of at least about

8 hours.



"Prolonged effect” insulin refers to insulin having a duration of effect
(i.e., 30 elevated blood | evel s above baseline) of at |east about 6 hours,
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containing 10 pharnaceutically acceptable cations include, but are not
li m t edyd@breyaideand nisate salisuen saltg preppriesh witheamersinienacid] sneh asimalatd,t hi um  and

S8 Awitagergiueycidl weh aumalas
compoul MELLHENS TR kAR, R IPREIMD o W E e 2070 or oup.

Al t houghethdies@lfonae, Berzope msdrbaepapduareulfsnatd piliRaRosdlicyte anti> adj acent
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wi t hi n SteREGEP aellias estelate. ghicersats and TagiRpienatiosalten bunitarkycglts Fv&RInBuNct i onal

| _ | Pemeral uncti
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ei t her cakgim,auagnesiuoy; aloptinway lithivacg tahd em@donjune (intluding @absituted ncl udi ng
various rati.os, of enantiomers. 20 "Peptides"” are conposed of two or nore
am no AB1BYIWB)-ned by a peptide bond. Peptides can be homo- or

het er 0- pept i"dgfiné hei®" refefOBRAT 86MPoudBRhInFR b an & %F%Fnc]ﬁx?tanﬁm no acid

resi dues as defined above), and can vary 11 | engt Wo amno acids to
sever alcatpgrdiceagichgrovp Althaigh tHeramipo gxdep masedogmsortlp oecupatther posiioposi t i on

tha}% t Hi caltlc}/ contains |less,than 25 about 10% noi.sture. A conposition
thae i SAECht e SRRy et ibe P THq SOUE (R be Paydoned ALATY JRRIST MBI ¢ hat i s
capabl ehedhoREilBITREAHHO atidshydid doRfa RKditRMaldusiidh 8o, dubRhs AniRey tion of

the aerosolized particles reach the lungs to permt pénetration into the
| over rthiepsarbxyl garbexamide, imidazole, etc. An amino acid may be synthetic or naturally
occurring, and may be used in either its racemic or optically active (D-, or L-) forms,
including various ratios of enantiomers.
20 "Peptides" are composed of two or more amino acids joined by a peptide
bond. Peptides can be homo- or hetero-peptides (i.e., composed of identical or
different amino acid residues as defined above), and can vary in length from two
amino acids to several hundred amino acids
“Dry powder” refers to a powder composition that typically contains less than
25  about 10% moisture.

A composition that is “suitable for pulmonary delivery” refers to a composition
that is capable of being aerosolized and inhaled by a subject so that a portion of the
aerosolized particles reach the lungs to permit penetration into the lower respiratory tract
and alveoli. Such a composition is considered to be “respirable” or “inhaleable”.

30 “Aerosolized” particles are liquid or solid particles that are suspended in a gas,
typically as a result of actuation (or firing) of an inhalation device such as a dry powder

inhaler, an atomizer, a metered dose inhaler, or a nebulizer.



and alveoli. Such a conmposition is considered to be "respirable" or

"i nhal eabl e". 30 "Aerosolized" particles are liquid or solid particles that
are suspewoad/ops20@ gas, typically as a result of actuati ®eT(tm214d464 ng) of
an inhal ati on device such as a dry powder inhaler, an atom zer, a netered
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on total powder weight. Sim.larly for. MJ and,. nebulizer dosage forns, the
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of 1 ho BePRRITER RSB AFhORAGMEY: pated 838 AR TRt et Paslh he docp
| ung ofthedgaveiyesftdrii®frosi:sitianaler devideaker Ofin@rtied thm WIS RPE@der, and are
20  based on amount of drug rather than on total powder weight. Similarly for MDI and
nebulizer dosage forms, the ED corresponds to the percentage of drug which is drawn

from a dosage form and which exits the mouthpiece of an inhaler device.

“Fine particle dose” or “FPD” is defined as the mass percent of powder particles
having an aerodynamic diameter less than 3.3 pum, typically determined by measurement
25  in an Andersen cascade impactor. This parameter provides an indication of the percent of
particles having the greatest potential to reach the deep lung of a patient for systemic

uptake of a drug substance.

A “dispersible” or “dispersive” powder is one having an ED value of at least about
30%, more preferably 40-50%, and even more preferably at least about 50-60% or

30  greater.

“Mass median diameter” or “MMD” is a measure of mean particle size, since the

powders of the invention are generally polydisperse (i.e., consist of a range of particle
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blood glucose level. The precise amount will depend upon numerous factors, e.g., the

20  particular PEG-insulin, the delivery device employed, the components and physical
characteristics of the therapeutic composition, intended patient population, patient
considerations, and the like, and can readily be determined by one skilled in the art, based

upon the information provided herein.

25  II. Hydrophilic, Non-Naturally Occurring Polymer-Insulin Conjugates

Several illustrative PEG-insulin conjugates in accordance with the invention have
been prepared. Although polyethylene glycol is a preferred polymer for use in the
conjugates of the invention, other water-soluble, hydrophilic, non-naturally occurring
polymers may also be employed. Other polymers suitable for use in the invention include

30  polyvinylpyrrolidone, polyvinylalcohol, polyacryloylmorpholine, polyoxazoline, and
poly(oxyethylated polyols) such as poly(oxyethylated glycerol), poly(oxyethylated
sorbitol), and poly(oxyethylated glucose). Polymers comprising subunits or blocks of

subunits selected from the above-described water-soluble polymers may also be used.



conj ugates of the invention, other water-soluble, hydrophilic,
non-naturally occurring polynmers may al so be enployed. O her polyners
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Speci fi nsul' onj ugares 0 ion will now
be pr obtaed. Shecific f&itlirds biitha PEBekulireSonpdgatddof Bl iviv@itioandlltnbe Heesul ti ng
Conjugate A PEGinsulin conjugate of the invention will typically conprise

one or PE¥ided PEG chai ns each havi ng a nol ecul ar wei ght rangi ng from about
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about 10,000 daltons. Preferably, a 15 PEG for use in the invention wl|l
possessA.aftranterabBentures ofCthe Folyweir ghd tHedR dsulting Wohhigateone of the fol | owi ng
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daltons, fr GREUIBPN et Hhe B VRSNl ysal N GOTRTEE 8¢ °2BE™ o about
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havi ng of tHedoB6W nira@s g fifon £at 20T WVOLdaRER) fidad AB200ioedh8EEIH0Y | ess

t han about 2000 daltons, and even | ess than about 1000 daltons. |In one

par t i c@RrHense FRBRNMENZOMLIP abpet G800 dnlent. ifom alawe 264G 4besus.NA0 ddinsgat e
POSSES Ff5in gbd:’ulf_%djrpd ﬁ)tOYIt Q@Oﬁ (ﬂ&ofm ?I‘O?II al;orﬁ?ZOO to about 2000 daltons, and from

about 200 to about 1000 daltons. Exemplary conjugates prepared with PEGs having

20  molecular weights of 5,000 daltons, 2000 daltons and 750 daltons are provided in

Examples 1-4.
Preferred PEG-insulins for administration to the lung will possess a PEG moiety

having a molecular weight less than about 5000 daltons, preferably less than about 2000
daltons, and even less than about 1000 daltons. In one particular embodiment of the

25  invention, the PEG-insulin conjugate possesses a PEG moiety having one of the
following average molecular weights: 200, 300, 400, 500, 600, 750, 1000, 1500, 2000,
2500, 3000, 3500, 4000 or 5000. Higher molecular weight PEGs may, in certain
instances, be less preferred due to a potential for loss of activity of the insulin molecule
or, for pulmonary applications, reduced efficiency in crossing the lung (Example 8).

30 While lower molecular weight PEGs may be preferred for increasing
bioavailability, high molecular weight PEG chains, e.g., having an average molecular
weight of 5,000, 10,000, 15,000, 20,000, 25,000, 30,000 or 40,000 daltons or greater,

although generally found to decrease the bioavailability of native insulin, may be
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than 3 Héib€S MActicdfo S Mativd B8 GHLBbstYRRe -t ehst héuetepi%@ym&'anﬁaﬁﬁémg uted, and

tri 15 substituted insulin are also referred to herein as PEG nononer,
di mer, aampre thangrsites orethp dasuliv ehofecubdl| Monasibstifuted, dusubsgukddnar{dtgiani ng

i nsyl i vi ng. PEG i et | I tached at 2 i nsul i
o1 tids) PTG o0 P ForRBue (bl SERL R Bt BN eEane. PEG o et y
at t acheespesriwe MuRRAGIHsH it ihsulin (RRAninS ifsalis BXvin®PEG sieliéd tov@BRepi ti ons

having nore than one type of PEG noiety attached to insulin are
cont enyttaghed at Poemere wgulprositeshyyktypicalis althpugl oot rpgesserilyi posseshdei nvent i on

are th N ] mn . 0] I.nenh. I nsulin
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si t e- spaeingintort GRNhE $ypedfPBEG HotsteateichEEG-ihn il drd csReaplacedh @vdfagePEG
covalently coupled to nore than one reactive site) have been found to
po Bes §ogwg§1ﬁawpgiaﬁg1r§i%rlc§mth the invention are those containing predominantly

monomer and/or dimer insulin conjugates. Surprisingly, PEG-insulin compositions that
are not site-specific (comprising a mixture of PEG-insulin species having PEG covalently
coupled to more than one reactive site) have been found to possess pharmacokinetic and
pharmacodynamic properties improved over native insulin, in particular, when
25  administered to the lung (Example 11).
With respect to the position of PEG-substitution, the insulin molecule possesses
several sites suitable for pegylation, with amino sites generally but not necessarily being
most preferred. Specific insulin amino groups suitable for pegylation include the twe N-
termini, GlyAl and PheB1, as well as LysB29. These sites on the insulin molecule are
30  also referred to herein simply as Al, B1 and B29, respectively. Electrophilically
activated PEGs for use in coupling to reactive amino groups on insulin include mPEG?2-

ALD, mPEG-succinimidyl propionate, mPEG-succinimidyl butanoate, mPEG-CM-HBA-



phar macodynam c properties inproved over native insulin, in particular,
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combined monomer and dimer, or at least about 85 to 90% combined monomer and

20 dimer (e.g., Examples 5 and 6) .
PheB1 is a particularly preferred site for chemical modification by attachment of

PEG. In particular, a PEG-insulin conjugate composition for use in the present invention
may also be characterized in one embodiment as a composition in which at least about
70% of the B-1 sites on insulin are covalently coupled to PEG, regardless of the overall

25 number of PEG-insulin species in the composition (e.g., Table 3A, Example 5).
Alternative embodiments include those in which at least about 75% of the B-1 sites on
insulin are covalently coupled to PEG, or in which at least about 80% of the B-1 sites on
insulin are covalently coupled to PEG, or in which at least about 90% or the B-1 sites on
insulin are covalently coupled to PEG.

30 Surprisingly, the inventors have discovered that random mixtures of PEG-insulin
(prepared by random rather than site-directed pegylation), when administered to the lung,
result in elevated blood levels of insulin that are sustained for at least 6 hours, and more

typically for at least 8 hours or greater post-administration. Such mixtures are
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react i ba redctdd wilti al aqivaied PECGethgt is spevifit 20 remetien wiitt Yhiop@lo)pE e.g0fan-her
der2iovatni1£{§1’mig}ﬁ p((j) y%:err iolr)gt ei cli]en%agile,lzgtdgsrc]:%bel\lc? in 8.’8.71:5)”2?t’e§t01\§0.a5?7dB9i,2%8 and in
International Patent Publication No. WO 01/62827. Exemplary sulfhydryl-selective
PEGs for use in this particular embodiment of the invention include mPEG-forked
maleimide (MPEG(MAL),), mPEG2-forked maleimide (mPEG2(MAL),), mPEG-
maleimide (mMPEG-MAL), and mPEG2-maleimide (nPEG2-MAL) (Shearwater
25  Corporation). The structures of these activated PEGS are as follows: mPEG-
CONHCH[CH,CONH(CH,CH;0),CH,CH,-MAL, mPEG2-lysine-NH-CH[CH,CONH
(CHCH,0),CH,CH,-MAL];, mPEG-MAL, and mPEG2-lysine-NH-
CH,CH,NHC(O)CH,CH,MAL, respectively.
Additional mutations to the native insulin sequence may be employed, if
30 necessary, to increase the bioactivity of a PEG-insulin conjugate whose biological activity
is somewhat compromised as a result of pegylation. One such mutation is Thr8 to a His8.

Additional mutations may be found, for example, in Diabetes Care, 13 (9), (1990), the

content of which is herein incorporated by reference.
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Fgr ts: Sﬁlb%lfné gﬁ?rﬁﬂ%gggbﬁglhgr%@ggﬁgég E(E Fig{lifirc’:qa)rll’t?y rlnlogl%) mel\il&elgsro?tlfmés effective
nature of the polymer or of the polymer-insulin conjugate. That is to say, the polymer or
20  non-insulin portion of a conjugate of the invention may contain a group of atoms
considered to be more lipophilic than hydrophilic (e.g., a carbon chain having from about
2 to 8 -12 carbon atoms), however, if the presence of such a group or groups is not
effective to significantly alter the hydrophilic nature of the polymer or of the conjugate,
then such a moiety may be contained in the conjugates of the invention. That is to say, an
25  insulin conjugate of the invention itself is characterized as hydrophilic, rather than
lipophilic or amphiphilic. Typically, the polymer portion of an insulin conjugate, prior to
coupling to insulin, whether or not containing such a lipid-loving group, will possess a
high hydrophilic/lipophilic balance (HLB) number. The HLB number is based upon a
weight percentage of each type of group (hydrophilic or lipophilic) in a molecule; values
30  typically range from about 1-40. A polymer for use in the conjugates of the invention is,
on a whole, characterized as hydrophilic, regardless of the presence of one or more lipid-

loving substituents. In one embodiment of the invention, the polymer portion of a

polymer-insulin conjugate is characterized by an HLB number of greater than 25 and
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wher e pnREEG2wink-smecidimiBei s a central core structure such as |ysine or
glycerol having 2 or 3 PEG arns attached thereto, and X represents any
sui®abl e fu Eﬁ'?tcﬂﬁlthebP@ﬂg‘ed architecture, “pendant PEG” has reactive groups for

protein coupling positioned along the PEG backbone rather than at the end of PEG chains
as in the previous example. The reactive groups extending from the PEG backbone for
coupling to insulin may be the same or different. Pendant PEG structures may be useful
but are generally less preferred, particularly for compositions for inhalation.

25 Alternatively, the PEG-portion of a PEG-insulin conjugate may possess a forked
structure having a branched moiety at one end of the polymer chain and two free reactive
groups (or any multiple of 2) linked to the branched moiety for attachment to insulin.
Exemplary forked PEGs are described in International Patent Publication No. WO
99/45964, the content of which is expressly incorporated herein by reference. The forked

30  polyethylene glycol may optionally include an alkyl or “R” group at the opposing end of
the polymer chain. More specifically, a forked PEG-insulin conjugate in accordance with
the invention has the formula: R-PEG-L(Y-insulin),, where R is alkyl, L is a

hydrolytically stable branch point and Y is a linking group that provides chemical linkage



that is or that can be activated for coupling to insulin. One particularly
preferred branched PEG is nPE&-NHS ( Shearwat er Corporation, Al abang)
havi ng t hwosenabare nPEQ2-1 ysi ne-succi nim de. 20 In yet pamaiSozuic4bs anched
architecture, "pendant PEG' has rea%i’ﬁve groups for protein coupling
positioned al ong the PEG backbone r er than at the end of PEG chains as

in the previaous exanple, The reactive grou xtending fromthe PEG
backbo9é thedprked pahimedo insulimae inds Prﬁ}}‘hb%lef’ﬁg' P TGP ASHIE R . “Bendant PEG

struct %‘%‘i’r ORY Re. ¢! Umape{,m i& JRASLAhh dfafsind 'EleRPIAY L RBlips cul arly

for co trons for in atroh. 25 A'ternatively, the PEG portion of a
PEG- i nsudlide lysing, glgteeo] npantasogbems, oa sémitkle dl'ypstatlycthe perticalar higneh fpanched

noi ety at .one .end, of the pol r chain and two free reactive groups (or
any rrul“f‘f%’?&e&[a qugirﬁglggefg%gﬁ% branched noiety for attachment to insulin.
Exegpl ary f op ksl pREER apEBbsRSEAt JIeKE inRerdtidheihe dink S5padf thafekdd Mubkd cation No.
WO 99/45964, the content of which is exgressly i ncor porated herein by

r ef er eflegeinsaiiremplsewled(Y30is pytispdytiepll g steblgl Y 8 praferyedopmbasiaentyn im&| ude an
al kyl Q.."R' 9r t _the opposi.n d of .. th | B[ . i n. re
poni 1 Suiipfte YRS onblfh SRAASO0WER Blerivk Bfe BEIRUIRY DRIy R P,

i nvent inonlimasd td&tive esteds factiRe BlnGoh41d6; hldshyded)isocyandiey; &oios/andtéyl , L is a
hydrol ytical ly stable branch point and Y is a |inking group that provides
cheni c&Poxifen  algehalp maleigydesoyinplewifonssohydsagades, distpopyriditgs. a6k ked pol yner to

insuylin 4. S a1 . N S i ' " roup,
Sudh a0 dRps sBIcBir bl e 2oy AR PR AREBE Py rerk@ Site | 90T
i ncl udef hysihment g heenallin npdedudeand daniteatadilyrdesombiet dly.on€wpsidlih the t he
particul ar_branch atom_w thin the bra Ln iety is.carbon. 5 In one
Dar 1 o e FOBGTARARECY BIHB 1 HoQRItule PR RRSHUEEE 1y HE ¥BFked PEG to
the i nseluld 3R] R&&H I of (O actilvgteg yohed F&l'yﬁm%{ l¥th 2ts@Rhisle rdaltife QleRner I €d

embodi ment, n is 2. Suitabl noi etiés, prior to conjugation with a
react i vesudint d'hospdcifaiidentity ohsbahdke final lmkege wit bd dppateatitot aneakilledén est er s,

active car at es I des. i.sQcC es, .l sothi.ocyanates epoxi des,

o ¢SS bR ieiimef®, AN FR& A BRRUPRRY n AL SREARSEG Sih R0 and 10

i odacetsacvisiafde S&heeiniad efér, Borguddtidhver AC4rhimakit®en sisalp witl Hdsulgpend upon
the intended site of attachnment on the insulin nolecule and can be readily

det er niferaeption ob the qorregpanding;amide kinkaget  Thepepartiewlesiookedi nedymergatsup in t he
resul ting. i 10 j 1S ich r lts fromtfeaction of the
ot vy iPichivE SBECUEP RS deeopllBhuc Rafille B o BE AR 1 " rhe
speci f IREQ ol iok greafer.s8adh doagughied alayl HenksdikeW thibldek tA@paileNtecégoone skil | ed

'n 20  site, while still providing the flexibility in design to protect the insulin against enzymatic
degradation, e.g., by insulin degrading enzyme.
In a related embodiment, a forked PEG-insulin conjugate of the invention is
represented by the formula: R-[PEG-L(Y-insulin),],. In this instance R represents a
central core structure having attached thereto at least one PEG-di-insulin conjugate.

25  Specifically, preferred forked polymers in accordance with this aspect of the invention are
those were n is selected from the group consisting of 1,2,3,4,5,and 6. Exemplary core R
structures may also be derived from lysine, glycerol, pentaerythritol, or sorbitol.

In an alternative embodiment, in any of the representative structures provided
herein, the chemical linkage between insulin and the polymer branch point may be

30  degradable (i.e., hydrolytically unstable). Alternatively, one or more degradable linkages
may be contained in the polymer backbone to allow generation in vivo of a PEG-insulin

conjugate having a smaller PEG chain than in the initially administered conjugate. Such

optional features of the polymer conjugate may provide for additional control over the
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were n is selectéd fromthe group consisting of 1, 4,5, and 6. Exenplary
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pent aer, rito .. sorhitol. In ap a native n any of the
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hydrol ytically unstable). Alternatively, one or nore degradabl e |inkages

may be besHMvuRPRIdnitial adrainssialiemrwhig istiseierably tut evpagessarithyoRhalatian. vo of a

PECf" dnrlg v?\%nélém%&)ﬂgé'gﬂ&o ?%h%&? félﬁ‘nﬁké] feﬁtpﬁj}réeq EJ?‘% initially

adm ni stere conj ugafe ures ol ynmer conjugate
may pr qeépgedihgupad dietpositiah otﬁd’rttdegfadaMe linkdpe) mn@lﬂirﬁlﬁwﬁ@a §adll US02/ 16464

-23 final desired pha ol ogi. properties of the conjugate upon
admi ni é’PLY&ﬂ]y e pfttachsd, 1ep, l%t%r:%rﬁ%as%aldﬂ@%r?%wbﬁw fe thonghuBat e (i.e.,

havi ng 1@ forPREE aRUGh HEHI664! ar  wei ght PEG chains attached thereto,
e.g., one or nore PEG chains having a nol ecular weight greater than about

10 000, whereione fdatire offhisgantzdioesed sesnegsien; thalntyct polymdriconopate) ty) nay
dm ni s red, whi.ch.then eith int i odstream IS

Py deol FHSE U Gt Biaingy Seeoe wim gursrgits st hadsBs On o |t he

ori gi Nahd MedaBRIInd iFEecab@tdgoverh thBsRwWYAN oftrgl%asl@rd? R8f; 1ﬁ§u191f1nfoklﬁe

PEG i nsulin conjugate nmay be Sonewhat nore effectively tailored. For

i nst andtoodstsennt. 36 0pposed ta erzymatic dagragasioneé inssbn prigatodtsiralgaseetoghow upon

|n|t|al Lhon, which is preferably but not necessarily by
i nhal at’y &ggkqé%hkon in-vivo cleavage of the hydrolytically degradabl e

| i nkage, ei tAmoﬁﬁae@phyaMglwuy(om@p@menlﬂgagépmladaemp@&hiot Riited td &eer,
de gradabl e linkage) or insulin having a snal pol yet hyl ene tag at t ached

Pet Garbogate gEpr, carbamatedsuiaee, ﬁb@sé’h?téa%fi}’l(y‘yalﬂigkﬁtb@daqeﬁﬁlmélketahe uch

conjugates should possess a physiologically cleavable bond that is stable upon storage
and upon administration. For instance, a PEG-cleavable linkage-insulin conjugate should
maintain its integrity upon manufacturing of the final pharmaceutical composition, upon
dissolution in an appropriate delivery vehicle, if employed, and upon administration

25  irrespective of route.

More particularly, as described generally above, PEG-insulin conjugates having
biodegradable linkages and useful in the present invention are represented by the .
following structures: PEG1-W-PEG2-insulin (where PEG1 and PEG2 can be the same or
different) or PEG-W-insulin wherein W represents a weak, biodegradable linkage.

30  These conjugates contain PEG arms or portions of PEG arms that are removable (i.e.,
cleavable) in-vivo. These particular modified insulins are typically substantially
biologically inactive when intact, either due to the size of the intact PEG-portion of the

molecule or due to steric blockage of the active sites on the insulin molecule by the PEG



l ung and/or circulated in the blood. In one feature of this enbodi nent of
the invention, the intact polynmer-conjugate, 15 prior to hydrolysis, is
m ni mal | ywoegnaged upon adm ni stration, such that hydrol y®ca/us2/1d4ee
cl eavabl e bond is effective to goverq) the slow rate of release of active
insulin into the bloodstream as oﬁ%%sed to enzymati c degradation of
insulin prigr to its release intgo the systemc circulationwgéggropriate

physi olcBgnc Aqwever sughagomgigates ﬁ%@gcé%avrfﬁem%@hw?logwél Grediongiq | b ﬁst er,
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acetal , an etal . njugates s possess physi ol ogi cal | y
cl eavalyselmnuirculagbn, esg.sfrainlthe lupgn Irs g firsagremplaxy stpuoturg dind PEGt partioon.  For

i nst PEG- c| ble | -insul | ' hould .maintainits
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di sgol yypiedMy poseds aRRIRdrafefgfl OF hivBAsY aV&R 101080, duth BIEPIHRYBHugBGs UPON

adm ni stratiion 25 irrespective of route. Mre particul arlé, as descri bed
gener alnoyrapisBy absopre@-upes adnmigmtipng dhe PEGd\poriipn ofi thelmgtesdigtireferabhkages and

st 7 uot B REaRh R LR R oA Rer SPHBAGS, B Bt R e o
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| i nkage. 30 These conjugates contain PEG arns or portions of PEG arns that
are refRPREpEY qremplary steyciurg R @Wiinsulinyihe PRGeretipn mill eenestllyrangsass ad

i nsyl i tyni I iah! I pcally inactive when intact,

ei tslﬁer%?iou]gcrut%gv%/ﬁ%tﬁ?lffg]eg#{th{zulgqﬁ)f@ggahlgﬁ‘gﬂp%ghon of the nolecule or due to
steric bl ocHaget mbthehepaaifid arsblimhes obthetiheerntioathe PE@Ingalid éonfygatdhe PEG WO
02/ 094200 PCT/ Uﬁgﬁ{(16464 -24 _%Fai n. However, such conjugates are cl eaved
under PAY8ABMBRFIELKS BpHETe i HEIch dWP pRsuER noiFlies @rsiatereRaypdted By 2 4

bi ol ogi t pggf-' lod f i J system c

ci rcul gt? ?ttAAXPEngM\S?% %DomlltC ﬁlzﬁlstﬂlg@ %’fgtn?a |y st%t}g%%ﬁ:tégb t[sl% ?[S‘(i:étﬁgff e, the PEGL
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10,1300,‘“%‘3}8&%‘\’,\?‘}%3&? l%nh%a{)rac ﬁéf erphpdimpent; F%/a’h%?éléfgtﬁéa‘%{fﬂt?n‘”l‘wg
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nol ecul ar wei ght” of | ess than about 5000 daltons, nore preféerably |ess than

2000 ddtltesrasivelynd andehmap be apy gioup awitapld fos sovdhem cogihgdeittt immglin. Ref er ri ng
RO 0 AR SRR U A6 SO Ao s BRFS Bon©"
Dal t ongxpressIPirRorporated herein by reference.
20 Additional representative mono-and di-functional PEGs having either linear or

branched structures for use in preparing the conjugates of the invention may be purchased

from Shearwater Corporation (Alabama). Illustrative structures are described in

Shearwater’s 2001 catalogue entitled “Polyethylene Glycol and Derivatives for

Biomedical Applications”, the contents of which is expressly incorporated herein by

25 reference.

B. Preparation

The reaction conditions for coupling PEG to insulin will vary depending upon the
particular PEG derivative employed, the site of attachment on insulin and the particular
30 type of reactive group (i.e., lysine versus cysteine), the desired degree of pegylation, and
the like, and can readily be determined by one skilled in the art.
As exemplified in greater detail below, synthesis of the conjugates of the

invention may be site-directed (Examples 1, 2 and 4) or may be random (Example 3).



In yet another specific enbodi nent of the invention, the PEGinsulin

conjugate has a dunbbell-like structure in which two insulin noieties are
i nt erconneotee@ddzgo a central PEG Mre specifically, suchpcanjsogadses may be
represented by the structure insulidrY-PEG Z-insulin, where Y and Z are

hyrolytically stable linking groups Tinking 15 insulin to the PEG nviety.
In a particul enbodi nent is an activated sul fone, i prior to
conj ug uighle FEG adhivatng Bronis (o B LM RARRIIE ATERE GPORRIE: B i o (e.g

cystei ngggy, Lﬁlzbﬁy %?é 165 e ameﬁwia £piBYe, REHAANi iR e, SiHdi § A Sorfals Coval ent

coupling with instl'in. “Additiohal exanples are provided in U S. Patent No.
5, 900, 468, suchlelmmlmt emporafe)wtetah ang actevepmsessiugh s Neh oo edcinaniden by

refere t.i onal esentati ve nono an ctional havi ng
Gt e 3P SIS ok RS D I st e PRRE e e B RN BB i oo
of the NHS&erleQﬂnm-ISDQn@'du&hﬁﬁﬁdM caﬂb@ﬁatéhﬁadmﬁﬁrpla@fdagérﬁs feen (Al abama) .
IllTustrative structures are described in Shearwater'’ 001 cat al ogue

ent i t | Quplma tpdnswin énrdudy B suceitmpii syesinajeandipsppiomitonBBGHs!i ve
pI I C%tsfe?sns%_lta yf"gr U%Qrﬁ &%tﬁ, e%tlom Cg hhav? eﬁ( ﬁﬁ@g §1‘(§éa?m§ %r gutal%lg %101 erein by 25

referece {1 on The Peactioh o pring " PEG to

i nsul i Mavedy] amal:’escrf&)e@endiswamnmots]mz 662, tHeohehtsRIEWHE is\iadompratedpl oyed,
the site of attachment on_insulin and the particular 30 type of reactive
group (feren in if/antisgly.y BPEGEC fSpve &stam)for yygdn a@ﬁ%&iﬂ@é@mgat@r ofyBgy| at | on and

thegl i Keyen gBH iR o | }icé?ﬁlrrqg%ll 0 ) Befe dI‘BPEGS%ﬂcLlh lnbﬁtm':oa?ert

exenplified 1n greater detal synthesis o nj ugates of the
|nvent|(Enamply:s lbé)si te-direct ed (Exanmples 1, 2 and 4) or may be random
(Exanpl e 3) 2/ 094200 P 802/ 6464 - 25 Sui t abl e P&&% gctl vati ng
groups for rcé%{H’Pllz CXReEen El‘?’l ?Feaﬁ’ie SOPUEY® CAaPALY ¢ pheBl,

Lys 29B)dete%ﬁlear@§ﬁém§ By r@hie @Yﬁ&tmcﬁl@eﬁ?@nd@y ofcdknRiavh ke gazol e, active
carbonates (e.g. succinimdyl carbonate), acetal, and active esters such

as N- hydr oxﬁeslg&t‘@l grDmScﬁelltalQINIﬁB)acammgHS’E@wlquri@datlﬁa@sent t@h thibese, t he

re PEG. car.box orl euci ne- NHS,. and succi ni m dyl
car éongflﬁ%yﬂ&’éﬁm%gﬁl BE Igilg%ﬁ’t"é'l?uifro“es é%@ﬂ?qt%’df’bmf‘]ﬁgﬁlfjf’ r?nﬂncl ude PEG
succi nidithgbybriisspyeidinet eaﬁmdlaﬂwmf@@@d @agdﬁEanamﬂe PEG \ﬁﬁ%l&ilﬁ)rx%yhﬁcﬁb' e for use
in the invention, e. havi ng a single propanoic or butanoic acid noiety,

are ded&iG-Budpimirley Asiditmpabreprasentatiyespylgsfones fos usoint tha PEsOTt inteintin i s
I ncor p%@&{sﬂnb&ﬁh%g zﬂeﬂtl\f .?%b&%&,ythe %)rﬁgﬁt o'f%vh?c%tlls \é)?pr%s%tl)? {n%orfp(()){ate ein

preparing the conjugate
herein by reference.

20 In some instances, the compositions of the invention comprise selectively
PEGylated insulin, i.e., the resulting conjugates are essentially homogeneous with respect
to the position and degree of pegylation. That is to say, site selective or site directed
pegylation of an amino group will result in an insulin conjugate composition wherein
primarily the intended target position, e.g., PheB1, has a PEG moiety attached thereto.

25 Depending upon the intended site of pegylation, a protection/deprotection synthetic
strategy may be necessary to prevent pegylation of non-target reactive sites within the
insulin molecule, e.g., by employing a protecting group such as t-BOC (tert-
butoxycarbonyf) or di-BOC (di- butoxycarbonyl). Other suitable amino protecting
groups include carbobenzoxy (CBZ), trityl derivatives such as trityl (Tr), dimethoxytrityl

30  (DMTr) and the like. Other protecting groups, such as cyclic diacyl groups or
nitrophenylsulfenyl (Nps) may also prove useful for protecting amino functions. An
exemplary site-directed synthesis of a SK-PEG-insulin composition is provided in

Examples 1 and 2.



10 invention include nMPEG succi ni m dyl propionate and nPEG succi ni m dyl

but anoate (Exanples 1-4). Optim zed experinental conditions for a specific
conj ugat ewoan/opeedi | y be determ ned, typically by routi n@Caaser/ident ati on,
by one skilled in the art. Reactive groups suitable for activating a

PEG pol ynmer for attachnent to a thio 15 (sulfhydryl) group on insulin

i ncl ude viny] sul fones, | odoacetam. de, | ei m de, .gnd .dithi o-orthopyridine.
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-26 Such site directed coup% i ng chem'stry enployed to provide the insulin
conj ugaffésity dhtomategiaphsitydmpheles intersction duempatoptapbynsind asnensy phasear ge degr ee
of ,substitution.at articul ar reactive site the.insulin | ecul e.
Thelge %éﬁ)pngatst?%r?%hﬁls f:hé”n&]te ﬁattlalnh,or?qger&eé@i O&é}&e res S]L,m$ Bﬁ@ﬁlgﬁlﬁﬂh&flmbgﬁoﬂ provi de
ConposiiisulAPET {@HS st tah iisees8@NinOéneirrhots oF tRfallowinBEethdtiul i ns.  An
essentially pure PEGinsulin conposition refers to one conprising a PEG

i nsul i §hEwRjtegarhy. elsaironhoresis, massipeetraatra and m@ﬁlc%ﬁdm@bw@ pyd at | east

about %ﬁefﬁ{@ﬂé&roscopy. One particularly useful method for identifying the sites of insulin

modification is RP-HPLC peptide mapping, coupled with a USP identity test for human

20  insulin using endoproteinase Glu-C (Example 6).

C. Characteristics of PEG-insulin Conjugates

In accordance with one aspect of the invention, provided are PEG-insulin

conjugate compositions that are suitable for pulmonary administration. As can be seen by

25 the in-vivo data in Examples 7-11, the PEG insulin conjugates of the invention, when
administered to the lung, possess pharmacokinetic and pharmodynamic properties
improved over native insulin. It has been shown that insulin can be modified with PEGs
having a molecular weight of up to 5,000K to 10,000 K or greater, and still maintain
activity. Activity of a representative PEG-insulin conjugate, 5K-PEG-insulin, is

30  demonstrated in Example 7. Additionally, as can be seen from the examples provided
herein, exemplary PEG-insulin conjugates possessing PEG chains with average molecular
weights ranging from 750 daltons, to 2,000 daltons, to 5,000 daltons, when administered

both intravenously and to the lung, are bioactive, are not substantially held up within the



by any one of the follow ng analytical nmethods. In this respect, purity
refers to PEG insulin conjugate content. That is to say, a PEGinsulin
conj ugat ewDhaw94280 at | east about 10 90% pure contains at [PeagiSozib@st 90% by
wei ght of PEG i nsulin conjugate speg’lges, while the other nearly 10%
represents inpurities that are not G insulin conjugate. PEG insulin
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accordance w ntron, provided are PEGinsulin

conj ugat e cangesdrili @BEGt-ﬂﬂ&Ilm&f Jﬁisitﬂoﬂlblfmeflﬁf/enlﬁuh VN po¥scaddrierr sigrat i on.  As
can be seen by 25 t i n-vivo in les 7-11, the PEG insulin

conj ugX & feflowig qhﬁﬁi’éﬁt‘ﬁ‘éfﬁ The &ECathsilin %Q%‘l‘@é?stoé theHBVENsion, MpHaes s
h lin.
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nol eculaacordsmicgwithathe irp/ehtimorﬁwDDlﬁhﬁsets@esmwAB@reI{rmm amleat%elro abandl 9% bt mai nt ai n
activit i

tivity.of a.re resentatlv PEG- i suI con
Sk e of M SordngeRalioh i aaing eeanpierned SEROPORAN S, as can be
seen friuentibe tﬁé‘PEGhﬁ&]ﬂr&\ﬂju‘é@Q will§JoSie8s at@XRIMPOR oY nfdeCof e BidiIBeicAN) ugat es
possessi ng PEG chains wi th average nol ecular wei ghts ranging from 750

dal t ongctivity & und@difadd, oaisve insnlid, apdd@s sidbktantiad ]y noneimnawhoigenist Eraéetablyot h

i ntrav S| nd.tq the are b|o tive n substantially held up
i o SRtk B8 B0 St Ease 1T eSSt S FanhE proRl B i AP ot he
lung, @9%eNi derRaEthdoateivag ik eSREulm MY Slicacefity Mdnﬁhgateadfdh@r e
effective in producing a substantial suppression of glucose (Exanples 7 to

11), WhyeaHon pyy be charaefedzaskdadirgoslyoses by monitaringbloed glicase anidgndufincant | y
great ef \}elikatg g%gg‘stques g&fe% ond\}\l}?é %lﬁ%\%lvh yhﬁ%% nH/or ad :%g? h?tﬁ Eijr%gd her .el n

are PE Insulf'n conj uga mnrs exhi bi t
a rapi d>yd11$e(tracb<f>1rraﬁmnoe§sa§/)/\n thin 1 hour of adm nistration). A summary of
phazg macoki n?r% Icgns?c{]ezglng Eggugago%ggnqgrt?ogs gfalglgurlrﬁltf%lrlgwfn%radre}l);%rsrt?eln?ornyof IZ%%G-
insulin conjugate, e.g., to the lung, the conjugates described herein will typically peak
(i.e., reach Cmax or the highest point in the concentration curve) at from around 2 to 8
hours post dose, and more typically will peak at around 3 to 6 hours or so. Moreover, the
chemically modified insulins of the invention, and in particular, the prolonged effect
25  insulin formulations provided herein, are effective in providing both a measurable
glucose-lowering effect and sustained concentrations of insulin over a longer period of
time than native insulin. More specifically, a PEG-insulin conjugate when administered
to the lung will exhibit elevated levels of insulin (elevated over basal or baseline levels)
for at least about 6 hours and preferably for at least 8 hours post administration.
30  Preferably, a PEG-insulin conjugate when administered to the lung, results in elevated

blood levels of insulin over a prolonged period of at least 9 hours, 10 hours, 12 hours or at

least 14 hours post administration wherein above-basal levels of insulin conjugate are
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extended duration post dose. Representative conpositions denonstrating
t hese fﬁatlggrgl% ALe provided in the Exanples. As described previously, an
. . TH: latiors ) . ; .

i nsulin conjugate of the invention is effective to | ower blood glucose

| evel s. Tur mhegohewriissuliheorjaihte cympbsitible of AMEDIPSEitioANRaybe ddh@nistey&nt i on to
5 suppress bl god glucose, a PEG insulin conjugate when adm nistered, e.g.,
t 0 2P he NERHAY I fherapeutic/pharmaceutical compositions containing additional excipients,
solvents, stabilizers, etc., depending upon the particular mode of admistration and dosage
form. The present conjugates may be administered parenterally as well as non-
parenterally. Specific administration routes include oral, rectal, buccal, topical, nasal,
ophthalmic, subcutaneous, intramuscular, intraveneous, transdermal, and pulmonary.
25  Most preferred are parenteral and pulmonary routes.’
Pharmaceutical formulations for mammalian and preferably human administration
will typically comprise at least one PEG-insulin conjugate of the invention together with
one or more pharmaceutically acceptable carriers, as will be described in greater detail
below, particularly for pulmonary compositions. Formulations of the present invention,
30 e.g., for parenteral administration, are most typically liquid solutions or suspensions,

while inhaleable formulations for pulmonary administration are generally liquids or

powders, with powder formulations being generally preferred. Additional albeit less



effective to suppress bl ood glucose | evels bel ow basal levels for at |east
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parenteral admnistration, are nost typically [iquid | ut1ons or
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pr ef er de@nBiReR O iohé Skifle®@in thbartciRAceaplLy witdhd piRsmbdtiyhimifes @hd t he invention
i ncl ude syr u]p()](ﬂ creans, ointnents, tablets, and the ['i ke. Fornul ati ons and

cor r es pOMEIAERIABBET she praciss insulid-canjueats eaplpred fos acp@ﬁ@slw Fait¢ o
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equal tot hén(avrkduﬂtddsmuI(mleﬁipéranhalatlon ba51s) for inhaleable insulin-conjugate
20  formulations are typically in the range of from about 0.5 mg to 15 mg insulin-conjugate,
where the desired overall dosage is typically achieved in from about 1-10 breaths, and
preferably in from about 1 to 4 breaths. On average, the overall dose of PEG-insulin
administered by inhalation per dosing session will range from about 10U to about 400U,
with each individual dosage or unit dosage form (corresponding to a single inhalation)

25  containing from about 5U to 400U.

A. Inhaleable Formulations of Chemically Modified Insulin

As stated above, one preferred route of administration for the insulin conjugates of the
invention is by inhalation to the lung. Particular formulation components, characteristics
30  and delivery devices will now be more fully described.
The amount of insulin conjugate in the formulation will be that amount necessary
to deliver a therapeutically effective amount of insulin per unit dose to achieve at least

one of the therapeutic effects of native insulin, i.e., the ability to control blood glucose



reduce the concentration of blood glucose in a fasting rabbit to 45 ng/dl
(2.5 mV). Typical concentrations of insulin preparations for injection
range fr owo30/0942000 Units/nL which is about 3.6 ng of ineariusopesscal. The
amount of insulin required to achievg the desired physiological effect in
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30 and delivery devices will now be nore fully described. The anmount of
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del.Lver . i.cally,effective anount of insulin per unit dose to
achllgevglsgtctoF@ggggﬁyﬁég%ufl%k'he therapeutic effects of native insulin, i.e.,
the ability to control blood glucose WO 02/ 094200 PCT/ US02/ 16464 -30

| evel s to near nornoglycema. In practice, this will vary w dely dependi ng
upon the particular insulin conjugate, its activity, the severity of the
di abetic conditgRm jQiPe treated, the patient population, the stability of
t he fornmul a’?ﬁgo'n, s Fgﬂ%ghe | i ke. The conposition will generally contain
anywher e fr dlongdositiond &6 thy imvengdn wilh i byt in3R6edyinclude one or more

20 excipients. Preferred are carbohydrate excipients, either alone or in combination with

other excipients or additives. Representative carbohydrates for use in the compositions of
the invention include sugars, derivatized sugars such as alditols, aldonic acids, esterified
sugars, and sugar polymers. Exemplary carbohydrate excipients suitable for use in the
invention include, for example, monosaccharides such as fructose, maltose, galactose,

25  glucose, D-mannose, sorbose, and the like; disaccharides, such as lactose, sucrose,
trehalose, cellobiose, and the like; polysaccharides, such as raffinose, melezitose,
maltodextrins, dextrans, starches, and the like; and alditols, such as mannitol, xylitol,
maltitol, lactitol, xylitol sorbitol (glucitol), pyranosyl sorbitol, myoinositol and the like.
Preferred are non-reducing sugars, sugars that can form a substantially dry amorphous or

30 glassy phase when combined with an insulin conjugate, and sugars possessing relatively
high Tgs (e.g., Tgs greater than 40°C, preferably greater than 50°C, more preferably
greater than 60°C, and even more preferably greater than 70°C, and most preferably

having Tgs of 80°C and above).



5 weight PEGinsulin, typically from about 2% to about 95% by wei ght
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posses sf,lilamgahoet 41 7Gx ahgre pigfeablpogreqter. than SOTYS, ayee atose prefeanbly @Ratepitheiner abl y

greater ref era greater than 60C, and even nore
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(met), the flnied@r §Miéd)will comprise two or more leucine residues. The leucine residues may
20  occupy any position within the peptide, while the remaining (i.e., non-leucyl) amino acids
positions are occupied by any amino acid as described above, provided that the resulting
4-mer or 5-mer has a solubility in water of at least about 1 mg/ml. Preferably, the non-
leucyl amino acids in a 4-mer or 5-mer are hydrophilic amino acids such as lysine, to
thereby increase the solubility of the peptide in water.
25 Polyamino acids, and in particular, those comprising any of the herein described
amino acids, are also suitable for use as stabilizers. Preferred are polyamino acids such as

poly-lysine, poly-glutamic acid, and poly(lys, ala).

Additional excipients and additives useful in the present compositions and
methods include but are not limited to proteins, non-biological polymers, and biological
30  polymers, which may be present singly or in combination. Suitable excipients are those
provided in Inhale Therapeutic Systems' International Publication Nos. WO 96/32096 and

98/16205. Preferred are excipients having glass transition temperatures (Tg), above



5 phenyl al ani ne (phe), trytophan (trp), serine (ser), threonine (thr),
cysteine (cys), tyrosine (tyr), asparagine (asp), glutamc acid (glu),
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about 3Pslyethypanefgycats, yndipeptie. about 40 C, rmre pr ef erably above 45 C, nopst
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inorganic salts (e.g., sodium chloride), antimicrobial agents (e.g., benzalkonium chloride),
sweeteners, antioxidants, antistatic agents, surfactants (e.g., polysorbates such as

20 “TWEEN 20” and “TWEEN 80, and pluronics such as F68 and F88, available from
BASF), sorbitan esters, lipids (e.g., phospholipids such as lecithin and other
phosphatidylcholines, phosphatidylethanolamines, although preferably not in liposdmal
form), fatty acids and fatty esters, steroids (e.g., cholesterol), and chelating agents (e.g.,
EDTA, zinc and other such suitable cations). The use of certain di-substituted

25 phosphatidylcholines for producing perforated microstructures (i.e., hollow, porous
microspheres) is described in greater detail below. Other pharmaceutical excipients
and/or additives suitable for use in the compositions according to the invention are listed
in “Remington: The Science & Practice of Pharmacy”, 19" ed., Williams & Williams,
(1995), and in the “Physician’s Desk Reference”, 52" ed., Medical Economics,

30 Montvale, NJ (1998).

In one embodiment, a composition in accordance with the invention may be

absent penetration enhancers, which can cause irritation and are toxic at the high levels

often necessary to provide substantial enhancement of absorption. Specific enhancers,
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20  insulin stability.

A.2. Preparing Dry Powders

Dry powder formulations of the invention comprising a PEG-insulin conjugate

may be prepared by any of a number of drying techniques, and preferably by spray

25  drying. Spray drying of the formulations is carried out, for example, as described
generally in the “Spray Drying Handbook”, 5" ed., K. Masters, John Wiley & Sons, Inc.,
NY, NY (1991), and in Platz, R., et al., International Patent Publication Nos. WO
97/41833 (1997) and WO 96/32149 (1996), the contents of which are incorporated herein
by reference.

30 Solutions of PEG-insulin conjugates are spray dried in a conventional épray drier,
such as those available from commercial suppliers such as Niro A/S (Denmark), Buchi
(Switzerland) and the like, resulting in a dispersible, dry powder. Optimal conditions for

spray drying the PEG-insulin solutions will vary depending upon the formulation
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i pient/additive i t i i ly,.i.e., b i
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hi gh) , at@BidH fH8sshRS r&ibedl 6 aBBS J0VsH fifland pRBErabit Y abdIR 36REh Nsul i n,

MVADs and dispersibilities of the pharmaceutical conpositions, and then
f ur t herl08ypgi. dFyipiaglly ies atamiyatiompreghvire employédrarill beeomesef] the folfovimpipsi: i s

attain h i gnif e effect upon 20 insulin stability.
A 21% Pr ep%ﬁ’i“ﬁg%@’ %g\ﬁbpﬁ@qépy 03\%@?” E|‘b(5’P”f’TuI ations of the invention
conpri si ng R&epiRHIOBBGLAslRAYouGRE B onRWikEh FeRatEaesbb@Mer@h nynumber  of

drying techni ques, and preferably by spray 25 drying. Spray drying of the
f or mul #sodwproduced by dedngeartair (rmalaiiap Fempenenisexkich rrsult inyfonmation ¢f 4 n t he

"S ' " AN S Inc., NY,
N ( 15 gEyrotash ERSRRGre pothdbr Blacqcived By G0N CHEY BuBERE o: Mo oo
WO 97 /whi&8Bdre (d@8p0ratad dy YWieR6¢ SRR, (The Perforatcdanicanirestte pfwdehi ch are

incorporated herein by reference. 30 Solutions of PEGinsulin conjugates
ar d5sprBically cognnrise spradviedhthodpy migpsalieres having a rplptiyelysthinpeseusavall | abl e
from cRIBMG ko8 LEVSdS L Qi I 4 it zerl and)
and the I1K&, %’%ﬁh*ﬁ?‘%"hﬁv aid gﬁﬁ%’%%’éf“%?@}‘?f"%‘f rayiﬁip%%é%‘fs @ﬁér% P;ec@g@ldi ti ons
for spnayeldetyd sugpperiseorRaGia (8xh ana soh-agueecons and/bi flvamptedepenmidg agenspon t he

Formul att}) %)Porlzi&é%ﬁ)%l/iz%%%%s%grsﬁ)gg/pg§9 %/&91%24 The %gle of relatively low density
perforated (or porous) microstructures or microparticulates significantly reduces attractive

20 forces between the particles, thereby lowering 4the shear forces, increasing the flowability
and dispersibility of the resulting powders, and reducing the degradation by flocculation,
sedimentation or creaming of the stabilized dispersions thereof.

Alternatively, a PEG-insulin composition for pulmonary delivery may comprise
aerodynamically light particles as described in U.S. Patent No. 6,136,295.

25 A powdered formulation of the invention may also be prepared by lyophilization,
vacuum drying, spray freeze drying, super critical fluid processing (e.g., as described in
Hanna, ez al., U.S. Patent No. 6,063,138), air drying, or other forms of evaporative
drying.

In yet another approach, dry powders may be prepared by agglomerating the

30  powder components, sieving the materials to obtain agglomerates, spheronizing to
provide a more spherical agglomerate, and sizing to obtain a uniformly-sized product, as
described, e.g., and in Ahlneck, C., et al., International PCT Publication No. WO
95/09616, 1995, incorporated herein by reference.



conponents, and are generally determ ned experinentally. The gas used to
spray dry the material is typically air, although inert gases such as

ni trogen wo angano are al so suitable. Mreover, the tenperatrurse2ods6both the
inlet and outlet of the gas used to gry the sprayed material is such that
it does not cause degradation of the"PEGinsulin in the sprayed 5 naterial.
Such tenperatures are typically determ ned experinentally, although

general |y, Dpneowderemay aksp be arepried iy blendigy grinqings sigysng oot ®ERE about 200
C, whil . i.ll range fromabout 30 C to about 150 C.
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sel ect ed sudpedispwresed ry PowdemFormudations - aqueous and/ or fl uori nated bl owi ng
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Patent No. 6,063,138), air drying, or other fornms of evaporative drying.

I n yet pawdetsef theppradion, tocheydepribdd morerfiyl el gy, epainepbriant ingyiomigisg i ng t he

30 powder .conponent s ieving th terials t bt i n aggl oner at es,
spher\(l)\ﬁ}ilez?tﬁélgﬁgopz}%wg edaderl?g?ré( Ogﬁﬁ(g}?oc% er%‘taéﬁ%ﬁ%elpj%g,. and sizing to obtain
a uni form y Ty 260 defs @ el invéio Q&CedniRided 6f &rosofiPsblé ParIeEBKtivEe €t al .,

I nt ernational PCT Publication No. WO 95/09616, 1995, incorporated herein
by 2Pef ep@ietate into the lungs. The particles of the invention have a mass median diameter

(MMD) of less than about 20-30 pum, or less than 20 um, or less than about 10 um,
preferably less than about 7.5 um, and more preferably less than about 4 um, and even
less than about 3.5 um, and usually are in the range of 0.1 um to 5 um in diameter.
Preferred powders are composed of particles having an MMD from about 0.2 to 4.0 pum.
25 In some cases, the powder will also contain non-respirable carrier particles such as
lactose, where the non-respirable particles are typically greater than about 40 microns in
size.
The powders of the invention are further characterized by an aerosol particle size
distribution less than about 10 pm mass median aerodynamic diameter (MMAD),
30  preferably having MMAD:s less than about 5 um, more preferably less than 4.0 um, even
more preferably less than 3.5 pm, and most preferably less than 3 um. The mass median
aerodynamic diameters of the powders will characteristically range from about 0.1 - 10

um, preferably from about 0.2 - 5.0 um MMAD, more preferably from about 1.0 - 4.0 um



WO 02/ 094200 PCT/ US02/ 16464 -35 Dry powders may al so be prepared by

bl ending, grinding, sieving or jet mlling fornulation conponents in dry

powder f owmo2@m2e0 f or med, the dry powder conpositions are pomafsez/adby

mai nt ai ned under dry (i.e., relati v3%l y low hum dity) conditions during

manuf acture processing, and storage.” 5 Irrespective of the drying process
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delivery to the_s m C .Cir .These sical characteristics of the
i nhal e&ﬁ?énor?)B%"ég@ n} ghouf ﬁ\%ﬁt# Ejlgiumft‘}erﬂgn‘g@)s/cri bed nore fully bel ow, are
i mportant i mHER%WdkREiWIH gehdtBllEhdveCd RBRMrOEoR&aTt BERMW ARM: 8% ibyaFeighf such
powders to the deep lung. Dry powders of the invention are conposed of

aer osolusgalby t@kryaﬂlpw Ilﬁ% te'f\fv@ghﬁ, ord prsferatgly pelawtabauteS % hyovei ghe. ll’cnfgrsed The
Panb Cfgls b 1ok bR I BYEnor e g TEAbARIELANER Hag i) oGyt o5 tan

about eSS rably | ess

t han abaubrﬁmﬁe@’rfhe £ Wit eeigheib@éabzlgesl 5%, l(b%m%b@%; o3%) saﬂdlo«wen | ess
than about 3.5 m and usually are in the ranﬁ[e of 0.1 mto 5 min dianeter.
Pr ef er MUsPEreABEainiag solidsipnskogxbibitrgreater ssabiWa\WPAY Packagive and sioragout 0.2 to

4.0 m 25 Ir}\(ﬁﬁf%aﬁgstﬁé%{)r&pﬁ i g{ho%&ld ﬂ@ﬂze@?@s@ﬁ@edﬂ%p%fx gapi rabl e

carrier particles s ere the non-respirable particles are
typi caleffgciivesatpesvidetaphlylupersile REGriandin formsiadens. THoe ppedeier s of t he

TYa o e UL et S erler e by, an ser ool PR S S %er (o)
300pr efugiafy gfeah@rwhmd%%rk ‘ﬁ?e?erta nthe@wsf rﬁe BB 8f MeSh&d ﬁBhg I ess than
m even nore preferably |ess than 3. and nost pre era ly less than
3 m Trgeeamsbamfél%,amd laeﬁtdmgrnam tbamﬁ@t%et er S of the powders wil |l
characteri St'Ilh%aclol olifions edegén ed%%?e% also posses]éogood stability with respect to both
chemical stability and physical stability, i.e., aerosol performance over time. Generally,
20 with respect to chemical stability, the PEG-insulin conjugate contained in the
formulation will degrade by no more than about 15% upon spray drying. That is to say,
the powder will possess at least about 85% intact PEG-insulin conjugate, preferably at
least about 90 or 95% intact conjugate, and even more preferably will contain at least
about 97% or greater intact PEG-insulin. Preferably, the spray drying process will result
25 in powders having less than about 10% total protein aggregates, that is to say, greater
than 90% by weight of the chemically modified insulin being in monomeric form.
With respect to aerosol performance, compositions of the invention are generally
characterized by a drop in emitted dose of no more than about 20%, preferably no more

than about 15%, and more preferably by no more than about 10%, when stored under

30 ambient conditions for a period of three months.



pm preferably fromabout 0.2 - 5.0 .tm MVAD, nore preferably from about
1.0 - 4.0 tm WD 02/ 094200 PCT/ USO2/ 16464 -36 MVAD, and even nore
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of these powders is typically greater than 30%1 and usually greater than
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physi calossealitlor multiple dosaga@nins oCompenicor mathods fov &illitg lafze nuaversalfl y, 20
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PEGinsulin conjugate, preferably at east about 90 or I'nf act
conj ug#®t ¢997amtompeertcdrbereindryekfaradsey wi Il contain at | east about 97% or

reater int PEG- i nsul i.n. Preferably, the spray.dryin rocess, w | |
Pedalt 25 1 PihendrePe A st A o e B ol sutEish of BRrPoiFegat es.
that i sndifdestBdfse ddk&@eal for eRanpI@0ANYVERIRY P41 ERRpehEPA&RINY EPOdi fi ed

i nsulin bei ng in_nmononeric form Wth respect to aerosol perfornmance,
conposilZPYhis Sept. 7 hP8Bnindhedson Bald, ¢feheEatopgan Retent st EP?#Z298bIulp3drop i n

o, <9985 coLoa, 5%t BOR e RBH GRS P95 KA, GBI (RIS
ambi entL.endi, tU.8nBatéMMN@ 5ER22{386, Rine UN1996, [HeBipdsated herein by reference.
20  Also suitable for delivering PEG-insulin dry powders are inhalation devices such as the
Astra-Draco “TURBUHALER”. This type of device is described in detail in Virtanen,
R., U.S. Patent No. 4,668,218, May 26, 1987, in Wetterlin, K., et al., U.S. Patent No.
4,667,668, May 26, 1987; and in Wetterlin, K., et al., U.S. Patent No. 4,805,811, Feb. 21,

O

1989, all of which are incorporated herein by reference. Other suitable devices include

25  dry powder inhalers such as Rotahaler® (Glaxo), Discus® (Glaxo), Spiros™ inhaler
(Dura Pharmaceuticals), and the Spinhaler® (Fisons). Also suitable are devices which
employ the use of a piston to provide air for either entraining powdered medicament,
lifting medicament from a carrier screen by passing air through the screen, or mixing air
with powder medicament in a mixing chamber with subsequent introduction of the

30  powder to the patient through the mouthpiece of the device, such as described in
Mulhauser, P., et al, U.S. Patent No. 5,388,572, Sept. 30, 1997, incorporated herein by

reference.



WO 02/ 094200 PCT/ US02/ 16464 -37 A.4. Admi nistration of the Conposition
PEG insulin fornul ati ons as descri bed herein nay be delivered using any
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the patient's inhaled breath as a %icle to transport the dry powder drug
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of “cavities .e., unit dose packages) Wth mete ses of dry powder
medi carfE?f4)drath indepordtéxklkreie by.referamc®ar ks, D. J., et al., International

Pat ent Publigati n WO, 9 03 V. Lneor poy ated herein by
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powders are i1nhal ation devices such Astra-Draco "TURBUHALER'. This
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4,668, 218, .Nay ,26 987:. in Wetterl Pat ent . No.
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ref erence. Ot her suitable devices include 25 dry powder inhal érs such as

Rotlahaldete(mrined &y axe pkilles sthe prt) SpiGitds frmugion syprMfonhizdnteral (Dur a

h h ha d
o ch G GR Phan g SR8, BRI S b GLPEM pef T RO S i g

powder edlvemcbrmawmte susbbﬁsﬁdrﬂ@edﬂ?dbﬁﬂj’ﬂ%ﬂbn fdrpmsalu@wd ositiohE N by passi ng
air throu%hthe sScreen, mxing air wth powder icament in a mXxing

chambe FORPINgLigy b’é@d’u‘@ﬁtolq mcrrcs'a Uss eowlsignsiapd hg@ldmmwteé f@tﬁblupan i ent
t hrough -thg @ﬂ%ﬂﬂh e i auser, P.,
et al, rﬁﬂ S. Patent tﬁ% l£5bf é@gﬁg%%\ﬁ @gmaﬂé%gl,u@@gggﬁfﬂnggﬁgﬁor qew SﬂIOInEI n by
20  of the invention may include the composition dissolved in an aqueous vehicle such as
aqueous sodium chloride, Ringers solution, a dextrose-injection solution, lactated Ringers
solution and the like, and may include one or more pharmaceutically acceptable

compatible excipients or additives as described above.

25 IV,  Utility
The compositions of the invention are useful, when administered by any suitable
route of administration, and preferably by inhalation or by injection, in a therapeutically
effective amount to a mammalian subject, for treating diabetes mellitus, and in particular,
type I or type II diabetes.
30 ‘
All articles, books, patents and other publications referenced herein are hereby

incorporated by reference in their entirety.



reference. WO 02/ 094200 PCT/ US02/ 16464 -38 An inhal eable PEG insulin
conposition may al so be delivered using a pressurized, netered dose
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usef ul .DaMoampob@thylinstegyodtl by any suitable route of administration, and
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amount to aMFWQW%MBP@&Elfstm&pafqdéatfplﬁgv%i@8@@&@ bman ing@in and in
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containing 166 uL of triethylamine. 5001 of di-ters-butyldicarbonate (0.215 mmol) was

20  added to the insulin solution. After 60 min at room temperature, the reaction solution was
poured into 240 mL of acetone followed by addition of 3 drops of 6 M HCl to initiate
flocculation. The precipitate was isolated by filtration, and dried in vacuo. The reaction
product was purified by preparative HPLC using a Waters 25x100mm C18 column (mean
particle size, 15um; pore size, 100A). Mixtures of acetonitrile and 0.1%TFA in

25 deionized water were used as eluents at a rate of 3.0 mL/min. The product was collected,

distilled to remove acetonitrile, and then lyophilized. Yield was 164.8 mg (26.7%, MW
~6000 by MALDI).

30 Example 2
Synthesis of Mono-Pegylated mPEG-5K-SPA-PheB1-Insulin Conjugate
NI -Methoxypoly(ethylene glycol)5K-insulin (mPEG5K-PheBl-insulin)
150 mg (~0.025 mmol) of newly purified di-N**' N*3%_t-boc-Insulin from
35 Example 1 was dissolved in 4 mL of DMSO containing 95 pL of triethylamine. 169 mg

(0.032 mmol) of mPEG-SPA-5000 (mPEG-succinimidyl propionate, mPEG-O-



incorporated by reference in their entirety. WO 02/ 094200 PCT/ US02/ 16464
-39 The follow ng exanples illustrate, but in no way are intended to limt
t he scopewofoz/ob42e0 present inventi on. EXAMPLES 5 Materi al #cansdodeddiods

Pol yet hyl ene gl ycol reagents were obé{oqi ned from Shearwat er Corporation
(Huntsville, Al abama). Human insulin was obtained fromDi osynth, Inc. 10
Exanpl e Synt hesi s of Di-NaA , NEB29-t-Boc- Jnsulin A conpaqsition conposed
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fashi 0B, &%k} O\fe%igﬁ'[ (I'ZQ hBARTR 18Sm et a@r&%ﬂ%sﬁﬂnfﬁ@?ﬁ-ﬁ%ﬂ]id I near 5, 000
Dal t on pol yethyl ene glycol. Di-protected insulin was first prepared as
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i ni ti atlhe depoectddatPB@-indithia wasetilumditatt® miaithdal.avaet dnd dialyzedagaiost, and

dried i he reaction pro .purified by preparatiye HPLC
usi ng S VARHSCAT vl e uskni-Blion pif puf! FEBAT Whfe G ze
100A) . M&M%&d@&fasqqemﬁggﬂi.é%,W~Q-13%ﬂ%fﬁyiMAibI}Jei oni zed water were used
as eluents at a rate of 3.0 nUmn. The product was collected, distilled to

renove acet diietperdeatagantimppegonjpgaied insylay basgidaipgn weess sigatrd datp, ¢26. 7% MV

- 6000 NMALDI. ). Examml.e Synt hes). s_of 0- Peqyl at ed nRPEG 5K- SPA- PheB
O3B0 Hopdry o0k, SRR fueYB BT n b NP R S P Bl |
( MPEGE Ky dfigddlal chagidrizadion Al isfro(ided h2ABxamiplt 5. Disulie'vbitemWwrithd ed

di - NCAM MB29-t - boc-Insulin from 35 Exanple 1 was dissolved in 4 nL of DMSO
cont ai meswfingprpducyivas il SthyFarreaseeof refgengg, N -Methoxypoly(ethylene

glycol)5K- propionamido-insulin or mPEGSK-PheB1-insulin will be referred to herein as

“5K PEG insulin”.
15
Example 3
Synthesis of mPEG-2K-SPA-Insulin Conjugate
20 The following approach was utilized to prepare insulin pegylated in a non-site

specific (i.e., random) fashion utilizing an exemplary linear polyethylene glycol having a
molecular weight of approximately 2,000 Daltons. 0.1012 g of insulin (MW 5826 Da,
0.01737 mmol) was dissolved in 0.5 mL of anhydrous DMSO and treated with 50 uL of
triethylamine (0.3587 mmol, 20 fold molar excess). To the above reaction mixture was
25 added 52 mg of m-SPA-2000 (mPEG-succinimidyl propionate, Shearwater Corporation, |
MW ~2000 Da, 0.02605 mmol, 1.5 fold molar excess). The mixture was stirred for about
17 hours at room temperature under nitrogen. The reaction mixture was then dissolved in
0.1% TFA to a total volume of 5.5 mL and purified by reverse phase HPLC using a C-18
column, and acetonitrile/0.1%TFA as eluent). Reverse phase HPLC revealed a mixture
30  of both mono (one PEG attached) and di-pegylated (two PEGs attached) product; the
composition is referred to herein as “2K PEG insulin”.
Yield: 68 mg
Insulin content by RP-HPLC: 50.5 mg



(0.032 nmmol ) of nPEG SPA-5000 (nPEG succinimdyl propionate, nmPEG O WO

02/ 094200 PCT/ US02/ 16464 -40 CH2CH2C(O) O succi ni mi de, MAN 5, 000) was added
to the i n@ola2zneod uti on. After incubation overnight (29 moursp2/at464 oom
tenperature, the resulting nPEGinsulin derivative was diluted to 100 niL
with D.I. water, dialyzed against D.1. water for 4 hours and then

| yophi lized. The |yophilized product was re-dissolved in 4 nL of anhydrous
5 TFA and mai ntai ned under N2 at OC for 1.5 hours to renove the Boc

protecting groups. The deprotected nPEG insulin was diluted to 50 nmL with

D.1. water and dialyzed against 0. ExNplgi4cO3 and D. |. water overnight.
Lyophi I 'i zatl on of tbgntﬁéMPEGeﬁSQQ% ZPirsBlin Q@iﬁqgﬁte Yield was 117.6 ng
(4156% -- 11311 by MALDI). The percentage of hono-conjugated insulin,
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PEG i nputified by Yrepheitivé BIPING using a Waters 25x100mm C18 column (mean particle
20  size, 15um; pore size, 100A). Mixtures of acetonitrile and 0.1%TFA in deionized water
were used as eluents at a rate of 3.0 mL/min. The product was collected, distilled to
remove acetonitrile, and then lyophilized. Yield was 164.8 mg (26.7%, MW ~6000 by

MALDI).

25  4B. Synthesis of mPEG-750 Da-SPA-PheB1-Insulin Conjugate

63.4 mg (~0.01056 mmol) of newly purified di-N*! N®*-t-boc-Insulin from

Example 4A was dissolved in 0.5 mL of DMSO containing 200 uL of triethylamine. 33
mg (0.03173 mmol, MW of mSPA750 is about 1040Da) of mPEG-SPA-750 (mPEG-

30  succinimidyl propionate, mPEG-O-CH2CH2C(0)O-succinimide, PEG MW 750) was
added to the insulin solution. After incubation overnight (29 hours) at room temperature,
300 uL of TFA was added to the reaction mixture and the resulting mPEG-insulin
derivative was precipitated in 100 mL ethyl ether and dried under vacuum. Yield was
about 28.5 mg with 21.3 mg of insulin content measured by reverse phase HPLC (33.6%,

35 MW ~ 6639.3Da by MALDI. For simplicity, the composition is referred to herein as
“750 PEG Insulin”.



I nsulin content by RP-HPLC: 50.5 ng WO 02/094200 PCT/ US02/ 16464 -41
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Table 1. Relative Amounts of Mono, Di, and Tri-Conjugated Insulin Based on Mass
20  Spectrometry

25

30

PEG-Insulin % Monoconjugate % Diconjugate % Triconjugate
Composition
5K PEG insulin 91 4 not determined
750-1 PEG 46 39 15
insulin
750-2 PEG 60 32 8
insulin
2K PEG insulin 51 45 not determined

Size exclusion chromatography (SEC) was carried out on the 750-1, 750-2 and 2K

PEG-insulin compositions described above employing two Shodex SEC columns (part

number KW-802.5) assembled in series on a Waters 2690 HPLC system. The mobile

phase consisted of 22% glacial acetic acid and 33% acetonitrile (V/V) in water. The

chromatography data was used as an alternative approach for determining the relative

amounts of mono, di, and tri-conjugated insulin in each of these compositions. The

results are presented in Table 2 below. As can be seen by a comparison of the data in

Tables 1 and 2, the two different methods provide results that are in close agreement with

respect to the relative amounts of each type of conjugate present in the compositions.




"750 PEG I nsulin". WD 02/094200 PCT/ US02/16464 -42 Two different syntheses
were carried out on this material both utilizing the above synthetic

met hodol ogw oziob42z0@ne exception: one synthesis was carri edpoaiusat/1@e6#ol ar
ratio of nmPEG SPA-750 to insulin of 7:1 while the other synthesis was
conducted at a nolar ratio of MPEGSPA-750 to insulin of 3:1. The pr oduct
conpositions resulting fromthese 5 two preparations are referred to herein
as "750-1 PEG insulin" (nolar ratio of PEG reagent to insulin was 7:1) and
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PEG insulin co sitions described above enpl oyi ng two Shodex SEC col ums

(part mﬁﬁ?féfel‘geﬁo%ﬁlé’.%¥m&b‘§w@&) feduescthe éggkf%&ovﬁ& iarthe PgYlin HPLC system
e, B RS oA AL S S A
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To carry out the reduction reactions, the PEG-insulin samples were dissolved in 8
M urea containing 0.4 M ammonium bicarbonate at about 0.2 mg/mL of equivalent
insulin mass for each conjugated species. DTT was dissolved in water (7 mg/ml) to form
an aqueous DTT solution. One part of DTT solution was then added to 5 parts of each of

15  the insulin solutions, and the reduction reaction was carried out at 50°C for 15 minutes.
The reduced 750 PEG insulin compositions were alkylated with iodoacetamide (Sigma).
Six parts of the PEG-insulin solutions were reacted with 1 part of 100 mM iodoacetamide
prior to chromatography and enzyme digestion. The reaction products were then
analyzed by HPLC. Percent conjugation to either the A or B chain of insulin was

20  estimated based upon the amount of insulin A or B chain that eluted later than the control
(and attributed to conjugation to polyethylene glycol). These late-eluting peaks were
therefore missing at the expected retention times for the control. Relative peak areas were
used to provide an indication of the percent conjugation of polyethylene glycol to either
the A or B chain of insulin.

25 To further explore the relative amount of PEG attached to B-29 Lys versus B1-
Phe, the reduced and alkylated A and B chains of the 750-1 and 750-2 PEG insulin
compositions from the DTT-reductions described above were further digested with the
sequencing grade enzyme Endoproteinase Glu-C (Sigma). A solution containing the
enzyme at 0.125ug/uL in aqueous ammonium bicarbonate was prepared. Prior to

30  enzyme solution addition, the insulin concentration in each of the reduced reaction

mixtures was 0.05 pg/uL in 8 M urea containing 0.4 M ammonium bicarbonate. 1 part
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The numbers in Table 3A are based on the possibility of each site being 100

percent conjugated. For example, each mono-species has 3 possible configurations

(mono-Al, mono-B1, mono-B-29) and each diconjugate has 3 configurations (di-A1, B-

1; di-A-1,B-29; and di-B-1, B-29). Looking at the data in Table 3A, e.g., for PEG-750-1,

over all of the possible species present in the composition, 95% of the PEG-insulin

conjugates possess a polyethylene glycol covalently attached at the B-1 site.

Table 3B. Various Conjugate Species Possible

and the reduction reaction was carried
The reduced 750 PEG insulin conpositions were
Six parts of the PEGinsulin

e reacted vvith 1 part of 100 mM i odoacet am de

eSttqrr]]F,m ﬁir)gﬁﬁf}all,n quIEOdu ts \évere thenI eulin

prior to

el uted
ene
pect ed
provi de
ei t her

z@,qﬂyr urther exptore the Tetrative amunt of
su

. . TRI-
T MONO- -
ypes ONO-conjugate DI-conjugate conjugate HMWP
Species # 1 2 3 4 5 6 7 8
. Conjugated
Pdmt of A1 B-1 |B-29 (A-1+B- | (A-14B- | (B-14B- |(A-1+B-1+B- Insulin
Conjugation 1) 29) 29) 29) Dime

IS




Phe, the reduced and al kylated A and B chains of the 750-1 and 750-2 PEG
insulin conpositions fromthe DIT-reducti ons described above were further
di gest ed witoh/ob4260 sequenci ng grade enzyne Endopr ot ei nase PETIGSC/(@sgna) . A
solution containing the enzyne at 0,125g/1tL in aqueous anmoni um

bi carbonate was prepared. Prior to 30 enzynme solution addition, the insulin
concentration in each of the reduced reaction mxtures was 0.05 g/ tL in 8
M urea containing 0.4 M amoni um Bf@868nate. 1 part WO 02/ 094200
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the loss of intact PEG insulin and insulin were plotted (FIG. 1). Their half-life in the
presence of chymdtrypsin was estimated.

The length of time required for enzymatic digestion of half of the concentration of
the main component of the 750-2 PEG insulin composition was five times greater than for
20 unmodified insulin. That is to say, it took five times longer for digestion by
chymostrypsin of half the concentration of the illustrative pegylated insulin than for
regular insulin. These results demonstrate the potential of PEG insulin conjugates for
prolonged residence time in the alveoli due to enhanced resistance to proteolytic
degradation when compared to unmodified insulin.
25

Example 7
Evaluation of Serum Glucose and Insulin Concentrations Following Intraveneous
Administration of 5K PEG Insulin in Rats
(P-2001-015)
30

This study was conducted to determine whether the activity of insulin in the 5K
PEG insulin composition was retained upon chemical modification with an exemplary SK

polyethylene glycol chain, and to explore the dose and glucose response curves for these

compositions when administered intraveneously.

35 Pre-cannulated (jugular/femoral vein [JVC/FVC]) male Sprague Dawley Rats

(325-350 grams) having an access port threaded under the skin externalizing at the nape
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Dl -conjugate TRI- HWW conjugate Species # 1 2 345 6 7 8 Point of
(A-1+B- (Wol2B94208- 1+B- (A-1+B-1+B- Conj ugat ed Conj ugati orcA/USOBid46B- 29 1)
29) 29) 29) Insulin Dinmers 25 WO 02/ 094200 PCT/US02/ 16464 -45 Exanple 6
Conmparison of the Rate of Enzymatic gestion of 750-2 PEG Insulin Versus

U di fied | lin 5 Th tic di i 750- 2 _PEG i [ i
by Chy SISk AerPrbot i Ao b8 AP e dbid ok’ NS Bontr ol and
PEG 750 5685U1Thé judufp BRASIdsivitie “’?&}3 R @%Bﬁl@itoﬁt(luﬁ)eﬂgﬁﬁb ofiphahReRial €

buffered saline solution at pH . Chynostrypsin was prepared at 1 ng/niL
in 1 mgrageiPodyiingliRymrolidopatRVR MW &0£00Y mhysiologicalonlingandasididtint o 20 parts

of the,insulin 10 sol utiaqn. Il aliquots of the m xed sol ution re
i t nalr SoREL ST aReny 3epyToRatRer R Rpiia be SaiElS RetteRBrdiod was
devegl opesladidliwith @MenbdfcEBlubdanitalh 236x 1 (VIR 2549846845 61 iRl dalyd tieodi um
perchl orate, phosphoric acid, and acetonitrile. An acetonitrile gradient

was empfuslyedhe deskpystean ineluded d gnalered randombrclasan & theplardbe Epesiles in  a
i i T f k
Sere”q dhald phOhblol ARAFR, BEHER TR E b Sl BEISRR o PRSKD

di gest ifonthp PECemdeih group.eThessurad ofi peplated Riulinstihisnstddydwasn SKIFHG wer e

pl otted@f!ﬁl? 1#. Their half-life in the Presence of chynotrypsin was

est i mat &Y Fxagpll 2oDesehwvereaqminisraddpirayeagonsty ¢ di gestion of hal f of
the concentration of the main conponent of the 750-2 PEG insulin

conposi ti on NvasberiS¢ég of AmBgalgr eater than for 20 unnodified insulin. That is
to say, it took five tines |onger for digestion by chynostrypsin of half

t he concent Ry bhM#proupdor the glacebe Grpupdegyl ated insulin than for regul ar

i nsulin. Thgz\gdrrglgﬂ g%rg@?;wc%g%g&;rgg%ﬁe?gi al of PEG insulin conjugates

for prolon ence me int due to enhanced resistance to

proteol ytic degradati on when conpared to unnodified insulin.
The animals were fasted for 12-18 hours prior to the initiation of the study.

Human insulin (Diosynth) was stored at -20 °C prior to use. SK PEG Insulin (Example 2)
15 was stored at -20°C prior to use. Two different solutions for administration were
prepared:
Solutions for .V. Administration

Non-PEGylated Human Insulin (1.0 mg/ml Stock): 1.0 ml of PBS was
added to 1.0 mg of insulin powder.
20 5K PEG Insulin: (1.0 mg/ml Human Insulin-concentration is based upon

insulin rather than on the conjugate): 6.0 ml of PBS was added to 11.7 mg of 5K

PEG Insulin powder.

The animals were anesthetized with inhaled isoflurane. The i.v. doses (300
pl/animal) were given through the FVC and then the catheter was tied off to eliminate
25  cross contamination with the blood draws. All blood samples were drawn through the
JVC. Phosphate buffered saline (PBS) was administered to Group 1 as a 300 pL i.v.
dose. Non-pegylated human insulin was administered to Group 2 as a 20 pg/animal i.v.
dose. The PEGylated human insulin formulation was administered to Group 3 as a 20
pg/animal i.v. dose, Group 4 as a 40 pg/animal i.v. dose, and Group 5 as a 30 pg/animal
30 i.v. dose. Blood samples (~500 uL) were collected from the JVC at predose (2 to 0.25



25 Exanple 7 Evaluation of Serum G ucose and I nsulin Concentrations

Fol |l ow ng I ntraveneous Adm nistration of 5K PEG Insulin in Rats

(P-2001- OwB)02/08200hi s study was conducted to determ ne whetharsor/ma@eacti vity
of insulinin the 5K PEGinsulin composition was retained upon chenical
nodi fication with an exenplary 5K polyethyl ene glycol chain, and to

expl ore the dose, and gl ucgse respaonse rves for these, coppositians when
adni ni PPBREHOF f doingholid by 0. 68 Bideand L mibiss Popidgi o Fralemartali «

[ IVC F¥idod WR! faceBlof QUSudRMBYstRp kS delcPmmiatiol oEB@G&V\%IJ&&/é tg,gman access port

t hreaded under the skin externalizing at the nape 02/ 094200

PCT/ US@Rnamuser Elitd glugbset henitmr¢Bayer Gorg.uBlKaiteldN)b T heirehaingder ofttheAni mal s | nc.
P. OO Box 183 cottdal e, PA 156 . The, [ ugu cannul as were . filled with
ool usRBRe T s e Pt erpRir taties atd Bk e SRARNER0 PGS ol | Gone
(PVR - thdM186d.0DRY serirh Yordls Ghedddce dlte§ ko A Sepande &BEiaddandigRAbyn to retain

patency. The nylon filament plug sealing the cannula was renoved and 5

r epl acéadigimmunpasgsy dREG: Mpfmﬁtaﬂgéﬁﬁ@ﬂd dggiggians((YIAR wessed@agd ysing t he day of
t he StMQ}’osoE@ePiEc%FQ gystem included 1 male rat randomy chosen for the

pl acebo group, maqe'rats random y chosen for the non-pegyl ated group,
and 4 male rats randomy chosen for the PEGinsulin group. The source of
pegyl atT@alei%s‘i;mrnarV@fht-{ﬁ@&mdmems 5K PEG insulin fromExanple 2. Doses

wer e adm ni stered intravenequsly. 10 Nunper/ Sex of . Aninpls Day 1:1M G oup
for the pl ailtehﬁcgo %IB% tﬁﬁﬁﬁq@o&é esfaélﬁnl@sn%ﬁ C{aé]% aﬁﬁ‘)ﬁ@"dwgﬁ ?%Pbeé%lB?fps 3-5 The
anijoBl growy atl a&t aged. Ofhelstudl By fxonpldied B ode@ayhe initiation of the study.

Human insulin (D osynth) was stored at -20 C prior to use. 5K PEG I nsulin
(Exanple_2) 15 was stored at -20C prior to use Two different solutions

f or adpiG@iowpr pt iGompesiton pr epaRedte ofol uf i Detal Paly Dose.of Admi Nimsberatfi on
Non- PEGNuatted| Human | nsul i p Adménisptioh $tloedldin: (Clg/éhimhl)of PBSimals/ added to
1.0 ng|of ri nsulin powder. Gender

1 Placebo 1.v. 0 M

2 Non-PEG Insulin Lv. 20 2M

3 PEG Insulin Lv. 20 4M

4 PEG Insulin L. 40 aM

5, PEG Insulin L.v. 30 4M

The results demonstrate that the SK PEG insulin composition possesses
bioactivity, i.e., the insulin molecule remains active upon modification with polyethylene
15  glycol, as can be seen by its ability to lower blood glucose. Mean serum insulin
concentrations following i.v. administration of pegylated insulin were dose dependent; a
dose dependent decrease in glucose levels was also observed. The results are
summarized in FIGS. 2 and 3. FIG. 2 is a plot of mean serum insulin concentrations
following i.v. administration of illustrative compositions of pegylated versus non-
20  pegylated insulin; FIG. 3 is a plot of blood glucose concentrations following i.v.

administration of the compositions described above.



20 5K PEG Insulin: (1.0 mg/mM Human | nsulin-concentration is based upon
insulin rather than on the conjugate): 6.0 nml of PBS was added to 11.7 ng
of 5K PBgolmsmM220m powder. The ani mal s were anesthetized wdriusonhaked

i soflurane. The i.v. doses (300 gUap mal) were given through the FVC and
then the catheter was tied off to elimnate 25 cross contam nation with
the bl ood draws. Al bl ood sanpl eﬁ wer e drawn t hrough the JVC. Phosphate
buffered saline (PBS) was adnini sE&*BPe80 Group 1 as a 300 L i.v. dose.
Non- pegyl at ed human i fdsinistralen ofdks REGdesubia tq bedusgp 2 as a 20 pg/ ani mal
i.v. dose. The PEGyl ated hunman {P3005-BlDor nul ati on was administered to
Goup 3 as a 20 g/animal i.v. dose, Goup 4 as a 40 g/animal i.v. dose,
and5G oup 5 Awsexeniplargpegylared ind3@lin, S PE(® ssuliBlvas ddmarnpéred t rabOa L) wer e
col | ect.ed froeg]) e. JVC at pc{ edose (.2 t% 0.25 WD 02/ 094200 PCT/ US02/ 16464
- 47 hodPLatpFR @“E’H@P?f@? etepmingd1) whstheg s actiyfly Was gnaimigingd WR%es post dose.

A smal |aaamstitiof o tehend aﬁ@{il) RS aapLtt, (?f‘a% h k&@tﬁ@nstuﬁﬁ bnd Bfob@ gfu%se

determ nati on of bl ood glucose by the uconeter Elite glucose nonitor
( Bayer coneeptratiqhseien delivgred direstly émthietaigr of the sanple was placed into
serum separator tubes and placed into the centrifuge to separate 5 the
bl ood. The serum was then decanted into a separate tube and anal yzed by
r adipoi rerodkasds@dhs( Rl A). Means and standard devi ations (SD) were cal cul ated

using M cr ot PEGyRIeahsi A0 mTSOPES das my 0%he bPmVhilyPpdvdelid Ment s The
fol | ow ngedte, tlhﬂgﬁx?l g%lk sgﬁl%l%ﬁ éﬁé@k@bﬁ&ﬁ@&b dﬁl‘ﬁt H@I{tro‘]‘ 5@;& éﬂé%’er S per

10 group that wer nstﬁa one day up
Conposi ti on Route of Total [% er of Numbe Admi nistration

I ns| lin (~g/ | s/ nder P 0 M 2 n- PEG
Insdlini.v ggd;%i/?[ AEE”%Or{Eh‘PfrPrP%e wgs a%g‘w%% E&gIFX’lﬁﬁo Insulin gowdes am 5
PEG Insulin i.v. 360BPaPiel Mmgap asedondpuinystack spdytiame 5K PEG i nsul i n
conposi tion %ssesses bi oactivity, i.e., the insulin nolecule renains

act i ve Rsang Yadetidniscat i on wi t h pol yet hyl ene

40pg/animal of Insulin: Within 2 hours of dosing, 667 ul of the insulin stock
20  solution was added to 4.33 ml of PBS.

150png/animal of Insulin B-1: Within 2 hours of dosing, 2.5 ml of the 5K PEG

Insulin stock solution was added to 2.5 ml of PBS.

Intratracheal Instillation
The rats were lightly anesthetized using inhaled 3.0 - 5.0% Isoflurane (Abbott
25  Laboratories) mixed with oxygen for approximately 5 minutes in a plexiglass anesthesia
chamber. Administration was accomplished by insertion of a gavage needle (Popper &
Sons Inc.; 18x3” W2-1/4 mm ball, New Hyde Park, NY 11040) fitted into a 1 mL syringe
into the mouth of the rat down the trachea to just above the main carina. When inserting
the gavage needle into the trachea, proper insertion was detected by feeling for the
30 roughness of the cartilage rings under the skin of the throat using the ball of the gavage
needle. Doses were administered into the lungs utilizing this method, and followed by

removal of the gavage needle.

Fourteen (N=7/Group) fasted male rats (Hilltop Lab Animals, Scottsdale, PA
(300-350 g)) with indwelling jugular vein catheters (JVC) were used for this study. Non-
35  pegylated human insulin was administered to Group 1 as a 40 0g/300 OL i.t. dose. The
PEGylated human insulin formulation was administered to Group 2 as a 150 Og/300 OL



15 glycol, as can be seen by its ability to | ower blood glucose. Mean serum
insulin concentrations following i.v. admnistration of pegylated insulin
wer e dosewoapemtent; a dose dependent decrease in gl ucosedraweb/sessas al so
observed. The results are summarizeg, in FIGS. 2 and 3. FIG 2 is a plot of
mean seruminsulin concentrations following i.v. adm nistration of
illustrative conpositions of pegylated versus non 20 pegylated insulin;

FlG 31itsdoa?-p138>c0défﬂ;sleééc|5%>| o gkae eafckadkat araderrs(% et qv?ww.to
et Usob) el % 58" BERMRIRY 4fnind TRERIES ERLR e HaIRt, (ne Lung
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admi ni s lered to_rats via i n,trattracgfaal ﬁﬂ(m njstration tq determne (i)
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(11} i tambERALt pladelt i %erufsepElalP RS dhd Bn AP dYy 398 o FhHERSRsaycONCent r at i ons
when delivered directly to the lung. 10 Stock Sgl utions Non- IXEG)/I at ed

| nsul i Vleahsahd efandBe deristiadd8D) werelcalculajedbsing\Witrosofiolides] 2080. prepare a 1
ng/ m staock lutipon. The stock so]Jution of insulin (control) was prepared
on ¢ he A, 2Rt onsi Ty 1o Sl o FoBed FRG0 1 “of ' PES vas added to
7.8 ng of 5K PEG I nsulin powder to prepare a 1 ng/m (based on insulin)
st ock SkabletS. Summbaryiofi dn-SivaEiperimedBgi Raismal of Insulin: Wthin 2 hours of
dosi ng, 667 of ..the insulin stock 20 solution was added to 4.33 m of
PBS. 150pg/ Qiher?{&i“’%ﬁ“gl ?{Sd{“i Aethal dosey pdmRISsETED AR agipalyumgh numbegs per of { he
SK1PEG grdupsthi Wers @&k sol ution was added to 2.5 m of PBS. Intratracheal
Instil|ation The rats were |jghtly anesthetized using inhaled 3.0 - 5. 0%
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Table 6. In-Vivo Dose Levels

Group | Type of Total Daily Dose | Dose Concentration of Dosing
No. Insulin of Insulin Volume Solution (ug/ml)
(ug/animal) (uh)
1 Insulin 40 300 133.33
2 5K PEG 150 300 500
Insulin

Mean serum concentrations and mean blood concentrations of insulin and 5K

15 PEG Insulin following intratracheal administration were plotted and are shown in FIG. 4
and in FIG. 5 respectively. The results demonstrate that the pegylated insulin
compositions of the invention possess activity upon delivery to and residence within the
lung. The pharmacokinetic data further demonstrate that pegylated insulin not only
passes through the lung into the circulation, but does so whilst maintaining activity, as

20  evidenced by detectable serum insulin levels corresponding to non-endogenous insulin.
Due to the blood levels of insulin observed within about 1 hour following intratracheal
administration, it appears that pegylated insulin is not substantially held up within the

lungs and crosses the lungs into the bloodstream shortly after administration. The results



t he gavage needle into the trachea, proper insertion was detected by
feeling for the 30 roughness of the cartilage rings under the skin of the
t hroat uswog2pobal | of the gavage needle. Doses were adgirriser/esed into
the lungs utilizing this nmethod, andfollowed by renoval of the gavage
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Ve St i ati ] i ft Li Excel
2000, TR FUBRG Cplfi b 80 relddihe Wilcini Byt BB BINRNNEERSES | oo,
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actual doses adm nistered and actual .ani mal] nunbers dper 10 group that were
used. EFOEPCFPEENGNddeREding wRaR te gpsing faguiregentsdntgndadpatigninose No of  No.

Adnyni -l [ i r.atd . Al -JJjays 1 Insulin
l. ‘rl'][b 7352@3{11&?5%{%%%%@6 t‘%’&#imhﬁ%@g?kg’?orfsaﬁ ?t?]&-?aégf‘% 5% ﬁ* Wf{/‘:@amse Level s
G oup Tygwbingkodiiot.al Daily Dose Dose Concentration of Dosing No. Insulin of
I nsulin Volunme Solution (g/m) ( animal) (1) 1 Insulin 40 300 133.33 2 5K
PEG 150 300 500 Insulin

Example 9
Administration of 750-1 PEG Insulin to the Lung
15 (P-2001-025)

A representative pegylated insulin, 750-1-PEG Insulin, was administered to rats
by intratracheal administration. The study was conducted, in part, to explore the effects
of a composition of insulin covalently attached to one or more polyethylene glycol chains

20  having an approximate molecular weight of 1,000 Daltons or less, when administered to
the lung.

The in-vivo rat study was conducted essentially as described in Example 8 above.
The precise dosing regimen followed and doses administered are summarized in the

tables below.
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Adm ni stration of 750-1 PEG Insulin to the Lung 15 (P-2001-025)
repr esent at ifygleegyl ated i nsulin,

ceha
CHe-Cat

FEER-"- - V- K 3
y Het-+1€e6a

750- 1- PEG | nsul i n,

1] n
+RSHH+h O

1
uov il .

Bxanpl e 9
A

was adm ni stered to

rats by intratracheal ad 'nistration The study was conducted., in part, to
explorecﬁgﬁ%ﬁ%fect g F qih on of SU|Inc%8&§%%H6A r B4 hed to one
or norle poliyethyl V|n an ap yl ar
wei ght| of 1,000 |Dal"tOHs ¢ :Eﬁghwﬂﬂ%l é&ﬁ? tler ed ‘HUI?ﬁR@gﬁBﬁS The
i n-viviorat study was condd @Hml?’i)cpnham)/ ad descrihed in Fxanpldg 8
above.| Thda preC|sBmdQS|ng regoren fol | oyad arld doses aefsmi stered |are
sumarfrzed T tie
2 750-1 100 300 333.33
PEG
Insulin
3 750-1 300 300 1000.00
PEG
Insulin
4 750-1 500 300 1666.67
PEG
Insulin
5

Serum insulin and blood glucose concentrations of insulin and 750-1 PEG Insulin

following intratracheal administration in rats were plotted and are shown in FIG. 6 and

FIG. 7 respectively. When looking at the plot of mean serum insulin concentrations in

FIG. 6, native or non-pegylated insulin reached its maximum serum concentration at

10

serum concentrations at 6 hours (100 pg/animal) and 8 hours (300 pg/animal),

approximately 15 minutes, while the pegylated insulin compositions reached maximum

demonstrating the long-acting nature of these compositions when administered to the lung



tabl es bel ow. WD 02/ 094200 PCT/ USO2/ 16464 -51 Table. 7 Group No. Type of
Rout e of Nunmber of Total Daily No of Insulin Adm nistration Animls/ Dose
Gender (g/animal) Days 1 Insulin |I.T. 2KTAGoX16484 750- 1
|.T. 4M 100 1 PEG Insulin 3 750- 14, T. 4M 300 1 PEG | nsulin 4 750-1
. T. 4M500 1 PEG Insulin Table 8.7 G oup No. Type of Total Daily Dose

g | Jin Volu Solution (g/m) (
ani mal )by(‘P')a?ait‘qnnftﬂ‘iaﬂ bSGC%’GB%QG.é’G‘T‘mOZh ?@dpiutfli’dﬁtuﬁ‘l?ﬁi 19883¢38¢ AbEG | syl i n

of I nsul iwoDe®P4200

Concentr ati

n. of Dosin I ns n_Dose of I.ns

3

750-1 %9&()%99&&9%6%98 %dggigélrhi'ﬁ%‘tga{ign whild %‘iﬂsuﬁg%v%@sofo}g@ggylﬁﬁ ik Ansulin 5

Serum i hsul i n and 00

| nsul i ® hours were significantly above baseline (from about 3 to 7 times or greater the baseline

10

15

20

25

30

value). Moreover, intratracheal administration of pegylated insulin resulted in sustained
levels of systemic insulin that had not returned to baseline even at 12 hours post
administration. In fact, insulin levels for pegylated insulin were over three times the
baseline value (i.e., the value for non-modified insulin) at both 8 and 12 hours. A plot of
these results is shown in FIG. 6.

In sum, when administered to the lung, 750-1 PEG insulin resulted in increased
systemic insulin levels when compared to unmodified insulin. Moreover, systemic
insulin levels for the pegylated insulin group were still significantly above baseline even
at 12 hours. That is to say, elevated insulin levels were sustained for the pegylated
insulin group for at least twice as long as for unmodified insulin. This data further
demonstrates that pegylated insulin crosses the lungs, is bioactive, and provides

prolonged systemic levels of insulin when compared to unmodified insulin.

A plot of mean blood glucose concentrations following intratracheal .
administration of non-pegylated versus 750-1 pegylated insulin is provided in FIG. 7.
Blood glucose response levels correlated nicely with serum insulin levels for the
pegylated insulin group. (That is to say, at elevated levels of serum iﬁsulin, a
corresponding supression/lowering of blood glucose was also observed). In looking at
Fig. 7, it can be seen that the pegylated insulin compositions of the invention, when
administered orally to the lung, exhibit a rapid onset of action comparable to native
insulin rather than a delayed onset of action typical of many sustained release
formulations. That is to say, suppression of glucose occurs shortly after administration.
Additionally, while native or non-pegylated insulin reaches maximum glucose lowering
in about 2 hours, the time to reach maximum glucose lowering for pegylated insulin was
extended to at least 4 hours, 6 hours and 8 hours for the 500 ug, 100 pg, and 300 pg
doses, respectively. So, the time to reach maximum blood glucose lowering for
pegylated insulin, when administered to the lung, was prolonged 2 to 4 times over that of
non-pegylated insulin. Overall, the 750-1 PEG insulin glucose suppression was
significantly increased over the 12 hour period when compared with unmodified insulin.
At 8 hours, glucose levels had essentially returned to normal for unmodified insulin,

while glucose levels for the PEG insulin group were from 1.3 to 3 times lower than for

gl ucose concentrations of insulin and 750-1 PEG



following intratracheal admnistration in rats were plotted and are shown
in FIG 6 and FIG 7 respectively. Wen |ooking at the plot of nean serum
insulin ceoomaenbs2ati ons in FIG 6, native or non-pegyl at e®cmssob/isics eached
its maxi mum serum concentration at approximately 15 mnutes, while the
pegyl ated insulin corrposi ti ons reached maxi num serum concentrations at 6
hours (100 n and 8 hours (300 g/aninma]), denpnstrating the

| ong- acdiimeg gyf‘i’%t‘ “oﬁlt‘%%éevéﬁrfﬁb FPF@age%’éHh%@fﬂuﬁlh@fléP’erGtLF‘Ethqﬂe | ung WO
02/ 09430@1f @E&Hﬁ&%’z%ﬂ@“furgé?uﬁ cahﬂ??# dg@@glu%@secﬁ ‘?s@ﬁ"?d?‘tlﬁe!1 FIG 6,
unnodi fied insulin return aselrfne at approx y 6 hours post

adm ni shemtdaby deviwatieed imsulimsarmhpasitiom ef thefpogseplagydmaiioed i nsulin at 6 hours
were significantly above baseline (fromabout 3 to 7 tines or greater the
baseline value). Mreover, intrat racheal adm ni strati on of pegyl ated
insylin resulted in sustal ned 5 I 9 ﬂj‘ system ¢ insulin that had not
returned to basellne t 12 Enq1 stration. In fact,

insulin levels for IBItS anqnn%f 5} 88% f Eggtl mes the baseline
value (i.e., the vaI ue for non- suI in) at both 8 and 12 hours. A
pl ot of these results is shown |n FI G 6 In sum when adm nistered to the
| ung, 750- 1 i) 3thitdh 1§ ERHhbRY dové NBOSIPE indfinWRlAMifisieREWL 0 | evel s
when conpared to unnodifie hsul I n. 'Moreover, systemc insulin levels for
t haopegyth &y édrdtrashdal adrgmoumative atedosed llobvestkgnltliaseamplqyeahoﬂmrb[asél i ne even

at 12 hours.. . That.is to s el evated in uI| | evel s u,tainedfor t he
pegy! at ed i 1€ (7 thog‘PB?fbacﬁ%ar] TSt ¥3s @ ‘tcée S?‘B‘ﬁhyé‘mﬁ?sﬁp dified

i nsul i Exakipless Safve. fHE bRRIse SRR mak &Rd ddkel adRRYAbEtelsURIt diRefi0SSES the
| ungs, is bioactive, and provides 15 prolonged systemc levels of insulin
when cdhﬁ)@b]@@leIQWunrmdl fied insulin. A plot of nmean bl ood gl ucose
concentrations following intratracheal adm nistration of non-pegyl ated
versus 750-1 pegyl,plead insulin is provided in FIG 7. Blood glucose
response levels correlated nicely with seruminsulin |evel s for the 20

pegyl at . That sqy .at, el ev $ rjum

i nsulin &%ub%ior r¥8%8ﬁﬁ'g%‘4 5 U %%@? 819/ | g unrl%%erof etdIPIS% ]ucos C\/\g‘e al so
observled). In llooking at :|‘S‘5m*7‘}s THOR dn seef 810 egyPHP2d i nsulin
conposfi tions of the invention, when acnﬁ‘?i"éi‘lé/r ¢d (@eanimal} o [t HaYSung,
exhi bift a rapi ¢ onset of a¢tion corrparcbI@er;dgrndti ve insuliin rathegr than a
del ayed onfet of a [I'Dn Typi cal many su Tngd Tetgase 25 formotjati ons.

That ils_to say| sufhte®sion of g tucose occ shortlvsoafter adnt ni sft r at i on.
Addi tijonal2y, Whitse-pptGve|or none pegyllat egmv nsull i n rgpches | maxj mum gl ucose

| owerifng Insulin

14

3 750-1 PEG it M 160 1
Insulin '
15
Table 10.
Group No. | Type of | Total Daily Dose Dose Concentration of Dosing
Insulin of Insulin Volume Solution (pg/ml)
(ug/animal) (uh

1 Insulin 80 300 266.7

2 750PEG 80 300 266.7
Insulin-1

3 750PEG 160 300 5333
Insulin-1




I n about 2 hours, the tine to reach maxi mum gl ucose | owering for pegyl ated
insulin was extended to at |east 4 hours, 6 hours and 8 hours for the 500
g, 100 g,wand/80200g doses, respectively. So, the tinme toPcaato2/mess mum

bl ood gl ucose |owering for 30 pegylatged insulin, when adm nistered to the
| ung, was prolonged 2 to 4 times over that of non-pegylated insulin.

Ov 1, the, 750-1 PEG insulin glucose suppression was signifjcantly
inggased ovEFUTH Hisulip apg blood gluchif GaResn ey ‘?féﬂ"‘?/ﬁdﬂﬁ*{eqjﬁﬂ‘a{ﬂ 2F“idfjé((‘)?lnsul in.

At 8 h@E@ins@hNﬁﬂ@%iﬁ%ﬁﬁ{aga&?Q a‘aﬁﬁﬁile&étﬁilnl i¥ rz'it@Wé%enﬁgttécParﬂﬂhg?ésulfté)ﬁre
|

unnodi fied insulin, glucose levels for the PEG insulin group were

f rom 1.sBowniBFXG.Bemndine. 9,veapestore] WOVWIRN(0KiODatRET ploSORMESNE4UM- 53

unnodi fied insulin. G.u e, levels for th egyl.ated i nsulin. group had not

" ot ur ndF W cOfsEslirions B Bt sy frdiBt R ERobsd PR BB Bnged

gl UG0S QeRPEYTREMRdN @ hpprBfmatdle I aithiltys, dile idd pez§thtddinsdlionn conposi tions of
the present invention. Exanple 10 Adm nistration of 750=1 PEG Insulin to

the Lurgmppsitiogozad@dynaximum sstunigonsentidtions aio2 Exasileganibel)end $50- 1- PEG

' | m ni st er to 10 rats.by intratracheal adm nistration at
doses. ?‘B%f(lg‘ﬂ&%/%%ﬁf@wwéw ‘E}ngf’pﬁeé%‘_?‘axw ST G ShiPsHinacheal
rat st ygypesodigied Hishfs was seehdedld % Asifas Rt nﬁfte'd?ng%r@ggg%dﬁmaﬁme- The

preci se dosing regi men and doses adm ni stered are su In the tables
bel ow. wWihebladménisteredup thicsysEmpecigfuldtiosviid the Rog eAsdanNersbar inTldGaB, Dai |y No of

B R TR A T T
160 1 wHikUhdulindévelafdh erellEG-insulin group ranged from 2.5 to 3.5 times the baseline
value at the same 12 hour time point. Insulin levels for the pegylated insulin group did
not return to baseline until around 25 hours, meaning that it took twice as long for the
pegylated insulin group to return to baseline when compared to unmodified insulin.
15 Systemic insulin levels were sustained for the pegylated insulin group for a duration of
time about two-fold or twice (25 hours versus‘12 hours) that of unmodified insulin. At
time points up to about 6 hours, the insulin levels for the two pegylated insulin groups
roughly corresponded to the doses administered (that is to say, insulin concentrations for
the 160 pg/animal group were approximately twice those of the 80 ug/animal group).

20
A plot of mean blood glucose concentrations following intratracheal

administration of non-pegylated versus 750-1 pegylated insulin is provided in FIG. 9. At
25 hours post administration, glucose suppression for both pegylated insulin groups had
still not returned to baseline in contrast to unmodified insulin. Similar to the results from

25 Example 9, the overall profiles for pegylated insulin demonstrate prolonged glucose
suppression extending beyond 25 hours. At 8 hours, glucose levels had returned to nearly
normal for unmodified insulin while glucose levels for the PEG insulin groups were about
1.5 times lower than for unmodified insulin. These results further demonstrate that
modifying insulin with one or more polyethylene glycol moieties results in good

30 bioavilability across the lungs and prolonged systemic insulin levels as well as prolonged

glucose suppression.



G oup No. Type of Total Daily Dose Dose Concentration of Dosing Insulin of
I nsulin Volune Solution (tg/m) ( animal) (1) 1 Insulin 80 300 266.7 2
750PEG 80w8@2/02460 7 I nsulin-1 3 750PEG 160 300 533.3 | neairiused/ 1446

02/ 094200 PCT/ US02/ 16464 -54 Serun1§ﬁsulin and bl ood gl ucose
concentrations of unnodified insulinand 750-1 PEG insulin follow ng
intratracheal admnistration in rats e plotted and the results are
shown in FIG 8 and in FIG 9, ré‘gggﬁ‘\f‘f ly. When | ooking at the plot of
mean serum insulin duimistratian SsVi2PEE Ipsubn tathe Lyeg or non- pegy! at ed
insulin reached its maxi mum 5 sefRdd&oPEBntrati on at approxi mately 15

m nutes, while the pegylated insulin conpositions reached maxi num serum

concentrations at 2 hours 0, .pg/.ani mal ). an S (160 g/animal). That
o o sy, hibsrisplas R B oot D B Redidapan o
peg- NDQdfnifsteicasy kaitglby@,\%a&éétﬁaﬂ&ﬂmﬁistm&ﬂ THISREdP VRS chrfubié t@further

non-pegyl ated insulin when adm nistered to the systemc circulation via
t he | usgplopsthe gffeesof yapensi doses o pegylated varsip toi-pegylated insitlin weenur ned t o

basel i ng_at. apprpxi mat e 12 hour.s post adm.nistratio whi.l e insulin
avel s Wi RREGERELTPOThY s o AtiPaf e ARS8 L inSha et iR B basel 1 ne
val ue aotH feyRddPantiton ek ylhicdTol ditinsullins tihk fn-VRVGhSsth®) whd@nBeayd at ed
insulin grqu? did not return to baseline until around 25 hours, meaning

t hdf i testeabifdlx a6 described|ip Kgample & shove pEhg prriceldosingitegimer ollowedandt urn to
basel i . r ymdi fled ipnpsulin. 15 Systemc insulin |evels
wer e 33§F§?ﬁ35&%%3%1 %“%ﬁﬁ%ﬁ%@é&‘?ﬂ%@F?§58W0up for a duration of tine
about two-fold or twice (25 hours versus 12 hours) that of unnodified
insulin., At _tinme points up to about 6 hours, the insulin |levels for the
two pegylatd@blendylin groups roughly corresponded to the doses

th ¢/ ani nal
rou%‘&ggo A pl ot
sing

adm ni $teLEH |(tAghe bf 110 SRYute LRSUl T Ny ﬁB%&t rat i PRg) HAf
L y
group Yeng, appr giLFRt el yA%%@‘Etr%tW"%@ﬁaﬁ/ en%o % smo??rﬁ o
of neam bl 6od glucose cloncentrations Toll ow ng|i ra% 2al
adm ni $t+atignr—of npngaegy!aped vetsus—780-1 pRgyAA } pr ovi ded
in FIG| 91 At d6sdliours| postITadm nistraffMon, g|ucose8Guppressidn for both
pegylatedzlnsubgapgégyps had . ™M 20 1
Insulin
15 Table 12.
Group Type of Total Daily Dose Dose Concentration of
No. Insulin of Insulin Volume . .
(Dg/animal) @ Dosing Solution (Jg/ml)
1 Insulin 80 300 266.7
2 750PEG-2 80 300 266.7
Insulin

A plot of mean serum insulin concentrations following intratracheal instillation of
both non-pegylated and 750-1 PEG insulin at a dose of 80 ug/animal is shown in FIG. 10.
A plot of mean blood glucose concentrations following intratracheal instillation of both

20  non-pegylated and 750-1 PEG insulin at a dose of 80 pg/animal is shown in FIG. 11.

Results similar to those in Examples 9 and 10 were obtained.

A tabulation of pharmacokinetic parameters from Examples 10 and 11 is provided
below. Bioavailability is absolute bioavailability (i.e., compared to intraveneously
administered insulin).

25



still

not

i nsul i n deoonsb42ae e prol onged gl ucose

t he overal |

returned to baseline in contrast to unnodified insulin.

to the results from25 Exanple 9, profiles for

pegyl at e

Simlar

d

suppr essi on ext endipag/useyosids 25

hours. At 8 hours, glucose levels hag returned to nearly nornal for
unnodi f| ed insulin while gI ucose levels for the PEG insulin groups were
about s, ower th r ified insulin. These results further
denonst rat eLI{aHEIBm)dl fl\ﬁl? qr‘tﬁémuﬂ‘n%g‘f‘ﬂ“%?ﬁgmﬁ?csmr e pol yet hyl ene gl ycol
noi et i ef HEH le[ ST* Roald Fﬁgyﬂ abT Iy acr.0SST AR T ungs] ARG1RE O] onged
system ¢ I ns evel $ as well as pr DI onge ol ugose _suglﬁ)r essi on.
02/ 094200 PCT/ us@2v11r64b4 - 55 ugfeaimpale | MY/mHni Hilst f abisin/el [7B6-2 P
I nsulin pt ne 1#86lin (PTEO0Z{@E3) D fsEEPT ESEt af [ gPegyl pted 1 nsulin
conposi t{i_ an 5P- 2- PEG|i nsul iin, was adm ni stlered fo rats by} intratrgacheal
adm ni st{r28¥ lon This sfudy was conducled to [further explorge the effect of
various |¢gyes of pegyl <at ed versus nonj pegyl at ed insul i n Wnen adm nj st ered
di rect | yt+o—thertungs Hredrs—pere—desed—at—36 H-A—per—ant+ra] for
bot h peq?l at ed a?f’gj r\on gjégyl cifig forng 8% in ﬁgi n 21,9;% in-vjvo rat study
was conduct ed 1PPEGsenti al | | y|as described in Exarrpl e 8 abovle. The precise
dosi ng negrmen = dases—adn st rrerged—tn—the
t abl es t;gl oW. Taﬁdé 11 I%roup l‘ii?/pe of E? te o&Nun%%qwof Tot al Dailly No of
No. Insylin AdmREStrali o Aniimal s/ Geng Dose |of Insulin Dosijng n er| ("
ani mal ) [Aays I UL TM@En L 2 Gz dyT I Tmsuttm1p Tabl e
12. G oyp Type p %)t al i"E)ailyzég%se Do:g%ncelngt‘tratl on of No. Insuljn of
| nsul i n|Vol ure (BE@ni mpl) (~l]) Dosing|Solutijon (2g/m) 1 Ijhsulin 80 300
266. 7 2 [TRQPES Pin8RlisOPIESS. {80 132 15 |28167
2002-
001)
10 750-1 IT 80 56 210 | 36818
PEG
10 750-1 IT 160 117 78 60713
PEG
IV Ref. [Insulin |IV 20 3057 5 44388
P-2002-
002
IV Ref. [ 750-2 v 20 2638 7 63190
PEG
IV Ref. |750-2 | \Y 30 3510 5 62746
PEG
11 (P- insulin |IT 80 89 24 22203 12.5
2002-
003)
11 750-2 IT 80 164 73 57639 32%%*
PEG 3ok

*outlier was not removed from data set.

**relative to IV 20 pg/animal dose. Value with outlier removed was 22%

k3% relative to IV 30 pg/animal dose. Value with outlier removed was

5  unchanged.

Absolute bioavailability was calculated as follows: (AUC)  (Dosey i)
(AUCyvins) (Dose)




Insulin A plot of mean seruminsulin concentrations follow ng intratracheal
instillation of both non-pegylated and 750-1 PEG insulin at a dose of 80
g/aninmal wemhawmoin FIG 10. A plot of nean bl ood gl ucoPeTamozesbs at i ons
following intratracheal instillatio f both 20 non-pegyl ated and 750-1 PEG
insulin at a dose of 80 tg/animal is''shown in FIG 11. Results simlar to
those in Exanples 9 and 10 were obtained. A tabul ation of pharnacokinetic
paranmeters from Exanples 10 and 11 is provided below Bioavailability is
absol ute bioavailability (i.e., cxapplem® to intraveneously admnistered
insulin). 25 WO 02/ 094200niRedd 4R 2KIAG 4nsutiR © thalPuge 13. Mean Serum I nsulin
Phar macoki netics Exanpl e Type of (ﬁg@@ﬁof@gse CMVax TI\/%X AUC Absolute Insulin
g/agi mal UmM mn pUmnm BA9 (P- Insulin IT 80 56 15 12878 2001 25) 9
750-1 I T 100 64 368 27954 PEG 9 750-1 IT 300 160 188 50691 PEG 9 750-1 IT
500 3474 184Aniw88lempint pkylated idsnButompdsficBO2KPEGInsui] &as 2002 001) 10
750-1 IT 80 56,210 36818 PEG 10 750-1 IT 169[(117 78 60713  PEG |V Ref.

| nsul i RAministered gesratshyipaggacheal Qgrgynstratlon. The 2K PEG insulin used for this

study was prepared as described in Example 3. Animals were dosed at 80 pg insulin per
animal for non-pegylated insulin. Animals were dosed at 300 pg insulin per animal, 600 pug
10  insulin per animal, 900 pg insulin per animal, and 1200 pg insulin per animal for 2K PEG
insulin. The in-vivo rat study was conducted essentially as described in Example 8 above.
The precise dosing regimen followed and doses administered are summarized in the tables

below.

15



002 IV Ref. 750-2 1V 20 2638 7 63190 PEG IV Ref. 750-2 1V 30 3510 5 62746
PEG 11 (P- insulin IT 80 89 24 22203 12.5 2002 003) 11 750-2 IT 80 164 73
57639 32*wo RE&28R*** *outlier was not renoved from data Pe/UvSiinekati ve to
'V 20 g/ animal dose. Value with outlg renoved was 22% *** relative to IV
30 g/animal dose. Value with outlier renoved was 5 unchanged. Absol ute

bi oavai | abi | j s calculated as follows: AUC ose ins) (AUCw ins) (Dose)
WO 02/ 09420 S02/ 16464 -57 Exanple 12 Admi nistration of 2K PEG

Insulifn TO tHe Cung (PJ2002-010) Another _exenplary pegyfated insulin
conpos|i Grewp 2K BESofnsyl i nRowgsf adii Nugwer efd |t o Tasaldaly | nt Na9facheal

adni nilst Net i dn. Mieli®K RPESdmisistritionus edAsioraly hi |s Dos¢ odinswlas [pPepag ed as
descrilbed in|Example 3. |Animals were do@d%t 0 gug/aﬁm{all)n perDayani mal f or

non- pegy-ateqd—AstA—Anral-s—were—glosed—at HASHHHR W. artHmal , 600
.tg 10 i nsul ifn p@sulani rml , 900t.g insulin Ber an mal 8nd 1200 glinsulin per
ani mal % 2I\ [rn. The Tn-vivo rat st dy Vg é:onducted essential ly
as descrl ed alg‘? 8 abové. The preC| se dosi ng Qegl ner thOV\ed and
doses |adm ni <t er e qummarized jnlthe tablesl below 15 WD 02/094200
PCT/ US02/ 36484 PEGBK-1 it. 3 80 1
Insulin
4 PEG2K-1 it. 3 160 1
Insulin
5 PEG2K-1 it. 3 300 1
Insulin
6 PEG2K-1 1.t 3 900 1
Insulin _
7 PEG2K-1 i.t. 3 1200 1
Insulin ~
Table 15.
Group | Type of Total Daily Dose Dose Concentration of Dosing
No. Insulin of Insulin Volume Solution (mg/mL)
(ug/animal) (1D
1 Insulin 80 300 : 0.267
2 PEG2K-1 600 300 2.0
Insulin
3 PEG2K-1 80 300 0.267
Insulin
4 PEG2K-1 160 300 0.533
Insulin
5 PEG2K-1 300 300 1.0
Insulin
6 PEG2K-1 900 300 3.0
Insulin
7 PEG2K-1 1200 300 4.0
Insulin
5 A plot of mean blood glucose concentrations following intratracheal administration

is shown in FIG. 12. Good dose response was observed for the pegylated insulin



Tabl e 14. G oup Type of Route of Nunber of Total Daily No of No. Insulin
Adm ni stration Ani mals/ Dose of Insulin Dosing Gender (g/aninmal) Days 1
Insulin iwnD.02898001 2 PE&RK-1i.t. 3 600 1 |Insulin 3 PE®HAKR/I144643 80 1
Insulin 4 PERK-1 i.t. 3 160 1 Insuign 5 PERK-1i.t. 3 3001 Insulin 6
PEQRK-1i.t. 39001 Insulin 7 PERZK-1 i.t. 3 1200 1 Insulin Table 15.

G oup Type aof Total Dai.l se Con t|o sin No. Insulin of
noul i FOBPUHRSHITHACBH PR IE 1o (ke oS SR RF T sle oy 2
PEGZ2K- 1p Q%Qaaﬁgegreage il BYSYA gl'ﬂc@Se %gﬁ%%ﬁfrétlcﬁn@ ﬁﬂgo&haﬁg timb B8 gzi‘ﬁ't iMhécl&2K-1 160
300 0.533" Insulin 5 PERK-1 300 300 1.0 Insulin K-1 900 300 3.0
| nsul i rat WhiRE@2agihuhXd@oSOppre§sion was achieved appears to be about 3 hours for both

the pegylated and non-pegylated compositions, the profiles for the pegylated versus non-

5  pegylated insulin differ significantly with respect to duration of glucose suppression. In

particular, for time points past about 6 hours, at the three higher 2K pegylated insulin doses

(600 pg, 900 ug, and 1200 pg per animal), glucose levels were suppressed significantly

below those of non-pegylated insulin. These results further demonstrate that a prolonged

systemic effect can be achieved by administration of pegylated insulin to the lung.

10

Example 13
Evaluation of Serum Glucose and Insulin Concentrations Following Intravenous
Administration of 2K PEG Insulin in Rats
(P-2002-009)
15

This study was conducted to further explore the activity of insulin in an exemplary
2K PEG insulin composition, and to determine the intravenous (i.v.) dose of pegylated
human insulin (PEG2K-1) effective to lower blood glucose to a concentration of about 30 —
40 mg/dL.

20 A protocol similar to that described in Example 7 was conducted using the

compositions, animal groups, and doses summarized in the tables below.



Insulin 5 A plot of nean bl ood gl ucose concentrations foll ow ng

i ntrat

r acheal

adm ni stration

is showmn in FIG 12. Good dose response was

observed woro2obheopegyl at ed i nsulin WO 02/ 094200 PCT/ US02/ P&4A702/1&64
conpositions when adm nistered to t

insulin resulted

lung (i.e

hi gher doses of

2K PEG

in a greater decr ease in blood gl ucose concentration).

Al t hough th?é me point in the curve at which maxi mum gl ucose suppression
was achi eve ars to be about 3 hours for both the pegyl at ed and
non- pegdyT at ed (on’posul ons, the profirles ftor_tn ated VEr sus |non 5
pegyl atledioHBul | RYRE aff ¢r SREWEOf canf | Yumberefr gs ilyur at NorPfof| gl ucose
suppr eslsi d¥e- | n Ipahnj ¢ uAémmlfft@ﬁlOtll e Apvinalss pga Bpsca@fdmulm hodesing at t he
t hree |gher 2K pegyl ated insulin dosegen(g(ﬁoo g, (@Qﬁhlgxal)and (38 .[tg per
ani mal ), gl tcose— c\(ci $—Were—Ssupptressea—_Stgtiit cantty—betowthose of
non- pegy! atled i nd#ulip. | Thesd Fesul tfs fuerer dermonst?Pat e that h prol onged
systemic elf ect P%%PKbi achi eved by pdm tratfion of, pegyl at ed1 Insjulin to
the lung. 10 Ej ?,‘Pu 3 Eval uation pf Séerum dlucose and I ngulin
Concentjrati ans Ol mg lntravenous Adnministlration of 2KIPFG Insulin in
Rats (H 2032- 00PEG2K51 Thi s sitwdy was congucted to fugother explpre fthe
activitly of insulpslihn|an exerrpl ary| 2K PEG insulin conposition, and to
det er m jpre—the—int+ravenepus \I —V- } dese—of "‘egyl at-ed Rtrar—iHastH+ (PEG)ZK‘ 1)
effectijve tho | QWEG2K-bod gl Ucwse to| a cdMentr|ati on48f aboft 3D - |40 ny/dL.
20 A prlotocol sidmsubin fo that descrjbed in Exdnple 7 was conduct ed using
the conmpo |t|(‘%ﬁ8§ ) | groups, apd d%gfs sgmmari zed 1 n gne [abtles bel ow.
WO 02/ 94200 P % 16464 “-60 Tapl e . Gqup Ty of Rout e of |Number of
Total Daily Nol|ofMsY | nsulin Admihistration|Animal s/ Dos¢ of Inslulin
Dosi ng | Gegder | pgkaR-ml ) Dayws 1 Insulinppm.v. [2M 2014y 1
Insulin
Table 17.
Group No. | Control | Total Daily Dose Dose Concentration of Dosing
[Test of Insulin Volume Solution (ug/ml)
Article (ug/animal) (uh)
1 Insulin 20 300 67
2 PEG2 20 300 67
K-1
Insulin
3 PEG2 30 300 100
K-1
Insulin
4 PEG2 40 300 133
K-1
Insulin
5 PEG2 80 300 267
K-1
Insulin
6 PEG2 160 300 533
K-1
Insulin
5 A plot of mean serum insulin concentrations following intravenous administration

of non-pegylated and 2K PEG insulin at doses of 20 pg/animal (non-pegylated insulin) and



2 PERK-1i.v. 2M20 1 Insulin 3 PERK-1 i.v. 2M30 1 Insulin 4 PEQK-1
i.v. 2M40 1 Insulin 5 PERK-1i.v. 2M80 1 Insulin 6 PERK-1 i.v. 2M 160
1 Insul iwobakbeod7. G oup No. Control Total Daily Dose Desa/uSozcaniration
of Dosing /Test of Insulin Volune _%ql_ution (g/m) Article ( animal) (1) 1
Insulin 20 300 67 2 PE&R 20 300 67 "K-1 Insulin 3 PE&Q 30 300 100 K-1
Insulin 4 PEGQ 40 300 133 K-1 Insulin 5 PE&R 80 300 267 K-1 Insulin 6
PEG2 186 Hhend43 ngranimal (2K BEG insulin) iy showsfin Fianl 3s &k plet pinsean klood

concent o) . QWi [l 1: 0 ' - ted and
2k pech et Re i ol i RERERE i 8 hoPpeluRbaRROMEG! 0

02/ 094 281irPafTtheJ36s2s destfiBed above is shown in FIG. 14.



-61 20, 30, and 40 g/animal (2K PEGinsulin) is shown in FIG 13. A plot of
mean bl ood glucose concentrations follow ng intravenous adm ni stration of
non- pegy!woed/oas2do 2K PEG insulin at the doses described ®o®maEsoz/se4shown in
FIG 14. 5 WD 02/094200 PCT/US02/16464 -62 IT IS CLAIMED: 1. An insulin
conposition for pul nonary adm ni stration, said conmposition conprising a
conj ugat? ;)(;I IB@:” in covalently coupled to one or nore nol ecul es of a non-
5 nat urh$ D; ng hydrophilic polymer. 2. The insulin conposition of
claim1l1, wherein said conjugate is absent a lipophilic noiety. 10 3. The
insulin conposition of claim1l, wherein said non-naturally occurring

hydr opHi | i ¢ Avoingwher cdngpaaitivo Ifgmpulpenay gldmembtratibn, Sadcompasitiaon conposi ti on of

pol yet FpmEangryobiests 8 s 86 ety RRTHE R e perE PRle oS =N ifer o1 n s o
nons natndiuadll oGk g Hydgbphiedsodahéd | ¢ pol yner is pol yethyl ene glycol. 6. The

conposition of claim4, characterized by an absol ute pul nonary 20
bi oavailability that is greater than that of native insulin. 7. The

conposist i on 4Qf. - i ' . | ut e | ary, ..
bi oavaiT abi |1?‘F§84t“ﬂ3?°1§’%’°§{"&f BELER] F ohein WMaBBRAE Fo ML obhitie o
conposinidiewy. of claim 4, characterized by an absol ute pul monary

bi oavail ability greater than 15% 9. The conposition of claimS8,

characterized by an absol ute pul nonary bioavailability greater than 30%

30 ,40. zThe it o Q) I 1.l .10 the lung, is
chéf&ac?éri Zgﬁ@?ﬁ%ﬁ%‘@%g&;{lﬁa@f {%lﬂla%’meegés]{] %ﬁ?‘ggqﬁ%gt (?({?ggj&(%f nat i vg 9!
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4. The insulin composition of claim 1, wherein said non-naturally occurring
hydrophilic polymer is polyethylene glycol.

15
5. The insulin composition of claim 2, wherein said non-naturally occurring

hydrophilic polymer is polyethylene glycol.

6. The composition of claim 4, characterized by an absolute pulmonary

20  bioavailability that is greater than that of native insulin.

7. The composition of claim 6, characterized by an absolute pulmonary

bioavailability that is at least twice that of native insulin.

25 8. The composition of claim 4, characterized by an absolute pulmonary

bioavailability greater than 15%.

0. The composition of claim 8, characterized by an absolute pulmonary
bioavailability greater than 30%.

30
10.  The composition of claim 4, which when administered to the lung, is characterized

by a Tmax that is at least three times that of native insulin.



11. The conposition of claim 10, which when adm nistered to the lung, is
characterized by a Tnax that is at |least five tinmes that of native insulin.
12. The cwopaespizoon of claim4, wherein said pol yet hyl ene pgincsob/16484
end-capped. 5. 13. The conposition of claim 12, wherein said polyethylene
glycol is end-capped with an al koxy group. 14. The conposition of claimd4,
wher ei n _sai ¢, pol yet hyl ene glycol is selected. fromthe 10 group consisting
of 1 inddr pdihy &P P%ﬁ@n@f glewff&m‘laﬂtwen SHGY BHEC dinesl, forked
pol yet QML@&@d%WATnﬁQ%ﬁ%@@Jsifi&otliﬁri@stdﬂ){ﬂ&f'?ﬁti%%ﬁﬁ’llin. 15. The conposi tion
of claim 14, wher'ein said polyethyl ene glycol conprises a biodegradable

| i nkage. 15 16. The conposition of claim 14, wherein said polyethyl ene

gl ycol .gonmpri ses a .nunber. of ( 2CH2), subunits sel ected fromthe group
Sonsi sting. dPEFPBROSBEN BT a4 BRFl B ONE o 1408 th en8-2B0Sho subuni (s,
andsfrom about 10 to 100 subunits. 20 17. The conposition of claim 14,
wherein said polyethylene glycol has a nom nal average nol ecul ar wei ght
from addut Abe compation o‘rld;clmmd)Z,dfd?emngaldpelyeméen@@mgisﬁndwamedovi& m 14,
wher ei j et hyl ene glycol is linear. 25 19. The conposition of claim
17, mthéﬁﬁgggﬁ%Xbolyethylene gl ycol has a nom nal average nol ecul ar

wei ght from about 200 to about 5,000 daltons. 20. The conposition of claim

17, wherein said poL_etherne glycaol has a nomi nal average nol ecul ar
wei ght M om&ssamPegiHon 8f iyt whasein syidinobisthyleny ghicol wslecisapersm theon of

cl apm o i I 1.nal ge nol ecul ar
B e e e e R ST S

- 64 22 .polhlethytemezbgiol,iand dofmbbélbpatyethylaieglgtol. said i nsulin is native insulin.
23. The conposition of claim4, wherein said conjugate has a purity of
greater than 90% 5 24. The conposition of claim4, wherein said insulin

I's covakent e ¢oMPb&HOM Bf c1R Y& IMHEr&R 8ai ¥ RRthyiine @R oPEoRHigs 8T 1 1S am no

sites.

biodegradable linkage. -

15
16.  The composition of claim 14, wherein said polyethylene glycol comprises a
number of (OCH,CH}) subunits selected from the group consisting of from about 2 to 300
subunits, from about 4 to 200 subunits, and from about 10 to 100 subunits.

20 17.  The composition of claim 14, wherein said polyethylene glycol has a nominal

average molecular weight from about 200 to about 10,000 daltons.

18.  The composition of claim 14, wherein said polyethylene glycol is linear.

25 19.  The composition of claim 17, wherein said polyethylene glycol has a nominal

average molecular weight from about 200 to about 5,000 daltons.

20.  The composition of claim 17, wherein said polyethylene glycol has a nominal
average molecular weight from about 200 to about 2,000 daltons.

30
21.  The composition of claim 17, wherein said polyethylene glycol has a nominal

average molecular weight from about 200 to about 1,000 daltons.



25. The conposition of claim?24, wherein at |east about 75% of the B-| Phe
sites on 10 insulin are covalently coupled to pol yethylene glycol. 26. The
conposi t i wo wfsbai m 25, wherein at | east about 90% of thecB/URhes4s4t es on
insulin are covalently coupled to pghyethylene glycol. 15 27. The
conposition of claim?24, conprising a@ m xture of nonomer and di ner
conjugates of insulin. 28. The conposition of claim27, further conprising
a trimdé i ndiieicAmpesifiogat daim $0vhegeinpaid ipyipds nativeAning| ai m 4, wherein
said insulin is covalently coupled to polyethylene glycol via a |inking
noi ety positioned at a term nus of said polyethylene glycol. 30. The
conposi2Bi on Tk comabsitidy ofdiaimed nwisaeid spidlcpeiulgyte dnea ghytyalf grqatarolant o coupl i ng
25 wi t@ i&sul in, possesses an activated |inking noiety at one term nus
sui t ab’d #®or coval ent coupling with insulin. 31. The conposition of claim
30, swherein said activated linking noiety is suitable for coupling with
reactive insulin amno groups. 30 32. The conposition of claim 31, wherein
sai d a@ti vatldd cbinpksifign abélainy4.cuirgein seid imsulingsicavalently gnepledival gr oup

sel ect ed1 fgpﬂé t ngC%LOtgP consoirést%igg oif N.-thsydr oxysucci nim de active esters,
act i ve PRFBENAF & Caf dehiyd &9 8he” 4e8P31'S Wo 02/ 094200 PCT/ US02/ 16464 - 65
33. The conposition of claim?29, wherein insulin is covalently coupled to

polyethélene glycol via an am de |inkage. 5 34. The conposition of claim4
i n aer @30l i 8§ cpEpasitionsf claime24 arhsadn af lsast apowt| 7aneishe B-1Rhgusites o dry form
36..,Th L$ i r rising a pharmaceutically
acégptgﬁﬁggg%%kéhgﬁ%?éﬂ%ﬁéggk%Pﬁgh@%ﬁﬁ%gggPon of claim4 in spray-dried
form 38. A nethod for delivering insulin to a mammal i an subject in need

t her eof , - sai 15 et hod_conprising: aerosolizing the insulin conposition
of clai?h 4, Tgﬁﬁoaa%lﬂ%9%?1?1%2%317*&%%@%iak%la A thé BeHssdrs #bn by

i nhal atQfin e cHGRAGY Eoiled B poffRthy3RRYIRON fromthe lung of said subject.

15 27.  The composition of claim 24, comprising a mixture of monomer and dimer

conjugates of insulin.
28. The composition of claim 27, further comprising a trimer insulin conjugate.

20 29.  The composition of claim 4, wherein said insulin is covalently coupled to
polyethylene glycol via a linking moiety positioned at a terminus of said polyethylene

glycol.

30.  The composition of claim 4, wherein said polyethylene glycol, prior to coupling
25  with insulin, possesses an activated linking moiety at one terminus suitable for covalent

coupling with insulin,

31. The composition of claim 30, wherein said activated linking moiety is suitable for
coupling with reactive insulin amino groups.

30
32.  The composition of claim 31, wherein said activated linking moiety comprises a
reactive functional group selected from the group consisting of N-hydroxysuccinimide

active esters, active carbonates, aldehydes, and acetals.



20 39. A nethod for providing a substantially non-inmunogenic insulin
conposition for admnistration to the lung of a subject in need thereof,
sai d net hwd cepgod si ng: covalently coupling insulin to OPETASOHDG464

mol ecul es of a non-naturally occurring hydrophilic polymer to provide a
conposi tion conprising an insulin-hydrophilic polynmer conjugate, 25 and
adm ni stering said conposition to the lung of a subject in need thereof by
i nhal ati on, whereby as a result of said adm nistering, said insulin passes
L r ougfs3t he dRBmpBSHof BE Blhiin kLA ARG EhakHlgboGleg R0 40 The met hod
of claim 39, wherein said non-naturally occurring hydrophilic polyner is a
pol yal kplystieylepleygtysio]l via@nCa4i0QU2I0@e PCT/ US02/ 16464 -66 41. A net hod for

provi ding a prol onged-effect insulin conmposition for admnistration to the
| ung of a subject in need thereof,  said nethod conprising: covalently

coupl i r3g. i NSHeicBnipBsifiBR oPElafiRl &n BRYbAbEforRf @ non-natural ly occurring

hydr ophilic polynmer to provide a conposition conprising an

i nsulin-hydrophilic polymer 5 conjugate, adm nistering said conposition to
the lu of j .1 n . her eof inhal ati on, whereby as a result
of sai adnﬁﬁFZ#gﬁﬁﬁé?h f?gggﬁébﬁ%gngﬁngEBES through 'the Ilung and
enters the blood circulation, and (ii) elevated blood levels of insulin are
sustained faor at |east 8 hours post admi nistration. 10 42. The nethod of
clai m #P; widespmpssitign abelaimad fwgher gompising 2 RamRAeeisnlly pecepigbleyner is a
pohgal@xkﬁﬁﬁtglycol. 43. The nethod of claim42, wherein said non-naturally
occurring hydrophilic 15 polyner is polyethylene glycol. 44. The nethod of
claim43, whereby elevated levels of insulin are sustained for at |east 10
hour s %gst-ﬁl@%inistr.atiog.1 20 45, Tha,qffhod of claim 43, whereby el evated
| evel s “Of i ICPFPQHOR QL ¢latmyddn $RIRY-4Hi€d 19Mst 12 hours post - adni ni strati on
46. The nethod of claim43, whereby further as a result of said

adm nistering, glucose levels in said subject are suppressed for at | east
10 hour3s. po A mgtheddpsdaliyeiinginsulin to a mammalian subject in need thereof, said

15  method comprising:
aerosolizing the insulin composition of claim 4, and
administering said aerosolized insulin composition by inhalation for deposition in

and absorption from the lung of said subject.

20 39. A method for providing a substantially non-immunogenic insulin composition for
administration to the lung of a subject in need thereof, said method comprising;
covalently coupling insulin to one or more molecules of a non-naturally occurring
hydrophilic polymer to provide a composition compriéing an insulin-hydrophilic polymer
conjugate,
25 and
administering said composition to the lung of a subject in need thereof by
inhalation, whereby as a result of said administering, said insulin passes through the lung

and enters into the blood circulation.

30 40.  The method of claim 39, wherein said non-naturally occurring hydrophilic

polymer is a polyalkylene glycol.



25 47. The method of claim46, whereby further as a result of said

adm ni stering, glucose levels in said subject are suppressed for at |east
12 hours wodk/oaetnd ni stration. 48. The nethod of clai m 43, pamarse2/m4s4i d
adm nistering step conprises admnis éqerl ng 30 said conposition in
aerosolized form 49. The nethod of Claim43, further conprising the step

of aeraosolizin conposi ti pri dm ni steri WD .02/.094200
PCT/ USO@/ 1646Meth Og‘/f"'sl@o"*ﬁﬂtg Wpﬁ%‘@e%f‘%ﬁqt 1R §Omppsifian Rg§3 ltq,ff\%’Pl ng step

CONPr i §8hAANRbEN§Yect FPMRLINGANSH fn@thba cB #;M%Q)” ene glycol in a
site-specific fashion. 5 51. The’ met hod of clain’43, wherein said coupling

step conpri %salcmloauemhhg/msuhmm dnegprinmge iokecutes Pbh yletl-mytlueaib' @eywiok in a

dom f hod of ¢l 43, . wh d t wh
i i SOBRBNTE PR T SR SRAPHEPE AT LG By AP CURBERS oLl ronar

bi ogvaichafichtel y that is greater than that of 10 native insulin. 53. The
met hod of claim43, wherein said coupling step conprises covalently
coupl i ng i ngdministeEngsnd epmpesitéomis] the ling of @ﬁulamwa@piethers@ﬂ 'Wet hyl ene

91 Yol o wAlEC Ve DAL, O0r ShAL AfecitierSL i, Al GRUN H10BUEP Corpri ses

coval en coupli I nsu 0 one or ecul e ene

gl ycol 1&@ anlenter§ therbldddeci@uiitipn, hdr(E) sevaied bibod lenelarofni@nmmaﬂfeed forked, and
dunbbel | poI et hyl ene glycol. 55, The nethod of claim43, wherein said

conj ugét@a‘lﬂ% é’é}?@“e{g }Pquﬁ%mﬁ qulemh%ﬁaaw 20 56. The method of claim 43,
whegei n said conposition is absent a |lipophilic conponent. 57. The nethod
of claim43, wherein said coupling step conprises covalently 25 coupling

i nsul i @2t o drhe nethowbofeclainl £lc wheeeimaig obry-ettaydllyrvecyting dydwphiici si ng a

bi odegr adabl e |IE|J agde 58 The met hod of claim 43, wherein said

pol yet BYPENE '4f PLgh YsAHEvses a nunber of (OCH2CH2) subunits sel ected from
the group consisting of fromabout 2 to 300 subunits, 30 fromabout 4 to
200 subunits, and from about 10 to 100 subunits. 59. The nmethod of claim
43, \Ahélaei n Ts!’uirnletlp@l 9fecdign 4 evhgloje edid hersnaturablyiogelrriag dydigehilicol ecul ar

weilght y%nérzitsbg tg%ene&ycgout 10, 000 dal t ons.

44, The method of claim 43, whereby elevated levels of insulin are sustained for at

least 10 hours post-administration.

20 45. The method of claim 43, whereby elevated levels of insulin are sustained for at

least 12 hours post-administration.

46.  The method of claim 43, whereby further as a result of said administering, glucose
levels in said subject are suppressed for at least 10 hours post administration.

25
47.  The method of claim 46, whereby further as a result of said administering, glucose

levels in said subject are suppressed for at least 12 hours post administration.

48.  The method of claim 43, wherein said administering step comprises administering

30  said composition in aerosolized form.

49.  The method of claim 43, further comprising the step of aerosolizing said

composition prior to administering.



WO 02/ 094200 PCT/ US02/ 16464 -68 60. The nethod of claim43, wherein said
pol yet hyl ene glycol has a nom nal average nolecular weight from about 200
to about wWo0R0Itad t ons. 5 61. The nethod of claim43, wherP€Trussziadod

pol yet hyl ene gl ycol has a nom nal average nolecular weight from about 200
to about 2,000 daltons. 62. The nethod of claim43, wherein said

pol yet hyl ene glycol has a nom nal average nolecular weight from about 200
to about 1,000 daltons. 10 63. The nethod of claim43, wherein said

coupl | By, COMRL e Rod Qi TY3, RS YA E5BInGEERbrbAslsISVhibLAL one or mor e

of its reactive amno sites. 64. The I'm63, whérein said
pol yet kepligimg igsulimab pokyethylegnk gtiycbbini asstetspecific fashonnore or nore of its
reactive amno sites via a bond selected fromthe group consisting of
am de, urethane, and nethyl ene am no. 65. The nethod of claim63, wherein

sai g caupl i NGe GG SRIaifrEAL Wi Rs® LN NRY kRPLomPhi¥&oviianiyng a term nal
reactive group selected fromthe group consisting of N 20

hydr ox geupliigrinstilidgo potyethyleas tgbicsl ingorandam Eashismnat es, al dehydes, and acetal s
with one or nore reactive amno sites on insulin. 66. The nethod of claim
43, wherein said coupling results in a conposition wherein at |east about

75% of sphe BhéRhehsd sfagaifiud, Rgiteinsaad Corjonsed whth ydEibidredtd the RAIRYSt hyl ene
25 glycol. 67. The nmethod of claim43, wherein said coupling results in a

conposiftithss chpresterized byt an absalpteapdmenagp biasyailabditp thapkregregtetbanal olsul i n are
covigl entlive 13.915’191 ed to polyethylene glycol. 30 68. The nethod of claim 43,
wherein said coupling results in a conposition conprising a m xture of
nononer and di mer conjugates of insulin. WO 02/094200 PCT/ US02/ 16464 -69

69. The _nethod of c|aim.68,_wherein said coupling results in a conposition
further3 co i"%"tt%l‘ilctl?lm WOSFRR Bt EOUPIIng SERICPRPTISRS. COTMENthet hod of cl ai m

43, whepghiheSAblinR8loHe bMhbRNRoBLYIE: HAMREb&ESLI I AEHd ¥ptgd 5 Iinking
noi ety at%o e term r?us sui tabl e '¥‘or coval E‘Flt cogtgﬁ]iﬁng %%?%(ﬁ i nsulin.
15 54.  The method of claim 43, wherein said coupling step comprises covalently
coupling insulin to one or more molecules of polyethylene glycol selected from the group

consisting of linear, branched, forked, and dumbbell polyethylene glycol.

55.  The method of claim 43, wherein said conjugate is absent a lipophilic moiety.
20
56.  The method of claim 43, wherein said composition is absent a lipophilic

component.

57.  The method of claim 43, wherein said coupling step comprises covalently
25 coupling insulin to one or more molecules of polyethylene glycol comprising a

biodegradable linkage.

58.  The method of claim 43, wherein said polyethylene glycol comprises a number of
(OCH;CH)y) subunits selected from the group consisting of from about 2 to 300 subunits,
30 from about 4 to 200 subunits, and from about 10 to 100 subunits.

59.  The method of claim 43, wherein said polyethylene glycol has a nominal average

molecular weight from about 200 to about 10,000 daltons.



71. The nethod of claim 43, wherein said activated |inking noiety conprises
a reactive functional group selected fromthe group consisting of
N- hydr oxywoaeiopni2oe de active esters, active carbonates, alrdehysd®ss46and

acetals. 10 72. The method of clai m£0, wherein said linking noiety has a
| ength of fromabout 2 to about 20 atons. 73. The nethod of claim 43,

wherein said adm nistering step conprises adm nistering 15 said
conposition by dry powder inhaler. 74. The nethod of claim43, wherein said

adm ni gheri 3 } N} [ ' INWE met er ed
Gose i ohal e e R e ) bR e SR AT oo O71 g
st ep camyedudasveaghtifming atwout 30 tesahiodt £,00Qdaianson by a nebul i zer. 76. The
nmet hod of claim43, wherein said conposition further conprises a
pharmaceutical ly acceptabl e excipient. 25 77. The nethod of claim 43,

whegebylas aheesdthdd ifclafid Nk fd pelvethGRAE B9abEhas GAFRARA] lal&ge S€rum
| evels of insulin that are at least 2 tinmesS greater than basal |evels are

achi evaeploguldiiweighttiom alpas 20Q enabeut2.080 ddens30

62. The method of claim 43, wherein said polyethylene glycol has a nominal average
molecular weight from about 200 to about 1,000 daltons.

10
63.  The method of claim 43, wherein said coupling comprises coupling polyethylene

glycol to insulin at one or more of its reactive amino sites.

64.  The method of claim 63, wherein said polyethylene glycol is coupled to insulin at
15 more or more of its reactive amino sites via a bond selected from the group consisting of

amide, urethane, and methylene amino.

65.  The method of claim 63, wherein said coupling comprises reacting a polyethylene
glycol having a terminal reactive group selected from the group consisting of N-
20  hydroxysuccinimide active esters, active carbonates, aldehydes, and acetals with one or

more reactive amino sites on insulin.

66.  The method of claim 43, wherein said coupling results in a composition wherein
at least about 75% of the B-1Phe sites on insulin are covalently coupled to polyethylene

25  glycol.

67.  The method of claim 43, wherein said coupling results in a composition wherein
at least about 90% of the B-1Phe sites on insulin are covalently coupled to polyethylene
glycol.

30
68.  The method of claim 43, wherein said coupling results in a composition

comprising a mixture of monomer and dimer conjugates of insulin.
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69.  The method of claim 68, wherein said coupling results in a composition further

comprising a trimer conjugate of insulin.

70.  The method of claim 43, wherein said polyethylene glycol comprises an activated

linking moiety at one terminus suitable for covalent coupling with insulin.

71.  The method of claim 43, wherein said activated linking moiety comprises a
reactive functional group selected from the group consisting of N-hydroxysuccinimide

active esters, active carbonates, aldehydes, and acetals.

72.  The method of claim 70, wherein said linkin g moiety has a length of from about 2

to about 20 atoms.

73.  The method of claim 43, wherein said administering step comprises administering

said composition by dry powder inhaler.

74.  The method of claim 43, wherein said administering step comprises administering

said composition by a metered dose inhaler.

75.  The method of claim 43, wherein said administering step comprises administering

said composition by a nebulizer.

76.  The method of claim 43, wherein said composition further comprises a

pharmaceutically acceptable excipient.

77.  The method of claim 43, whereby as a result of administering said conjugate
composition, serum levels of insulin that are at least 2 times greater than basal levels are

achieved within 1 hour post administration.



