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present invention relates generally to novel formulations conprising
interleukin-11 ("1L-11"). BACKGROUND OF THE | NVENTION 10 Interleukin 11
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deposited with the American Type Culture Collection (ATCC), 10801 University Blvd.,
Manassas, Virginia, on March 30, 1990 under ATCC No. 68284. Moreover, as
described in U.S. Patent No. 5,270,181, issued December 14, 1993, and U.S. Patent No.
5,292,646, issued March 8, 1994, IL-11 may also be produced recombinantly as a fusion
20 protein with another protein.
It is desirable to have concentrated forms of bulk protein, e.g., IL-11, which, in
turn, may be stored and which are suitable for further manufacture of finished dosage
forms of protein. Typically, a purification process for a protein results in purified,
concentrated protein. This céncentrated protein, also known as bulk protein, may be
25 in a formulation buffer. Bulk protein, typically at a concentration of about 0.1 to at least
20 mg/ml, can then be shipped frozen to a fill/finish facility where it is diluted to an
appropriate concentration and filled into vials. These diluted samples can be
lyophilized, i.e., freeze-dried. The lyophilized samples may be kept in long-term
storage and reconstituted at a later time by adding a suitable administration diluent just
30 prior to patient use.
Protein stability can be affected inter alia by such factors as ionic strength, pH,
temperature, repeated cycles of freeze/thaw and exposures to shear forces. Active

protein may be lost as a result of physical instabilities, including denaturation and



tenperature, repeated cycles of freeze/thaw and exposures to shear forces.
Active protein may be lost as a result of physical instabilities,
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concentration (>20 mg/ml, for example) which allows for relatively small volumes for

fill/finish at the appropriate dose and also allows for alternate methods of administration

which may require high protein concentration, e.g., sub cutaneous administration.

Accordingly, there continues to exist a need in the art for methods for monitoring IL-11

25 protein stability (and maintaining activity levels) during the concentration process and

the lyophilization process, as well as providing stable formulations during prolonged
storage.

BRIEF SUMMARY OF THE INVENTION

One aspect of the present invention provides novel compositions and methods

30 for providing concentrated preparations of IL-11, useful as drug product. These

compositions, either frozen, liquid, or lyophilized (preferably lyophilized), comprise

IL-11, a bulking agent, and a cryoprotectant, and optionally include a polysorbate,

methionine, and a buffering agent which maintains the pH of said composition in the

range of from about 6.0 to about 8.0.



conpositions, either frozen, liquid, or |lyophilized (preferably
| yophilized), conprise |1L-11, a bulking agent, and a cryoprotectant, and

opti onal {pp é1ekasde a pol ysorbate, nethionine, and a buff egiggesas whi ch
mai ntains the pH of said conposition in the range of fromabout 6.0 to

about 8.0. 2 WO 01/05355 PCT/ US00/ 19347 5 Anot her aspect of the present
i nvention provides conpositions conprising formulations of IL-11 of a
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about 0.5 to aheitrativn ofaséut 3poedxr ably about 1% Preferably, the

pol ysorbate is selected fromthe group consisting of Tween-20(r) and

Tween-80(r), nost Preédrabipihe cryoprotecead( is)seleried dromt thiergreupodsivemg of suttvse,

pol ysorbate | resent at .a.concentration of about 0.001 tq 0.1%
preferably at tr%‘a@?fﬁtgﬁrf”é’felﬂ% qu‘&bﬁng&? 1RUGEY ¢ CSCOJbH}S’_Pt Br.eg%lblwrose'
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may al so be used. In certain enbodi nents, the conposition conprises

met hi onilfe, pWakeasatrbse iatuseds apuefemed cencentmatph is oot atthud 05 toibbat 2% ombstl M
nore pref erablréfat a con;?ntrati on of about 1 to about 100 mM and nost
preferably atPHEZHNEEW 4%-0on of about 10 MM 25 In preferred enbodi ments,

From about 620 Lo Shaut b b TR Bl o AR sl Y TR
buffering ag eartdsTwgem-808| mbst’emeikrablmp”fwgengm?uén catmi smba@irmﬁtspﬂhepp]yamrbate
is present at a concentration of about 0.001 to 0.1%, preferably at a concentration of
20 about 0.005 to about 0.1%, most preferably at a concentration of about 0.02%. A
plurality of polysorbates may also be used.
In certain embodiments, the composition comprises methionine, preferably at
a concentration of about 0.001 mM to about 1 M, more preferably at a concentration of
about 1 to about 100 mM, and most preferably at a concentration of about 10 mM.
25 In preferred embodiments, the buffering agent maintains the pH of said
composition in the range of from about 6.0 to about 8.0, most preferably at about 7.0.
Preferred buffering agents are selected from the group consisting of phosphate,
histidine, succinate, Tris, and diethanolamine, with phosphate (particularly the sodium
and potassium salts thereof) and histidine being most preferred. The buffering agent
30 may range in concentration from about 1 mM to about 100 mM, preferably from about
5 mM to about 40 mM, with 10 mM most preferred for sodium phosphate and 20 mM

most preferred for histidine.
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stability of IL-11 tablets incubated at 40 C in formul ations
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Figure 2 shows the stability of lyophilized IL-11 after 34 weeks in formulations
with and without 1% sucrose.
Figures 3a and 3b show the stability of liquid IL-11 after shaking for 16 hours
20 in formulations with and without polysorbate-20.
Figures 4a and 4b show the stability of IL-11, at 0.2 mg/mL and 1.0 mg/mL
respectively, liquid dosage forms at 40 °C in formulations with and without 10 mM
methionine.
Figures 5a and 5b show the stability of IL-11, at 0.2 mg/vial and 1.0 mg/vial
25 respectively, lyophilized dosage forms at 40 °C in formulations with and without 10
mM methionine.
Figure 6 shows the stability of IL-11 tablets incubated at 40 °C in formulations
with and without methionine.
Figure 7 shows the stability of IL-11 multiparticulates incubated at 40 °C in

30 formulations with or without methionine and Tween.

DETAILED DESCRIPTION OF THE INVENTION
As used herein, the terms lyophilization, lyophilized, and freeze-dried include

but are not limited to processes including “freezing” a solution followed by “drying,”
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20 “cryoprotectant” and “lyoprotectant” are used interchangeably herein. The present
inventors have discovered that stabilization of proteins by cryoprotectants can be further
increased by using a combination of cryoprotectants, such as sucrose and a polysorbate.
As used herein, the term “antioxidant” comprises agents which inhibit oxidation
of Met*® within IL-11, thereby preventing protein degradation and helping to maintain
25 protein activity levels. Exemplary antioxidants include, but are not limited to,
thioethers such as methionine and methylthioethane. These agents contribute to the
stability of the protein, presumably by providing an alternative substrate for oxidative
reactions in solution.
The term “buffering agent” encompasses those agents which maintain the
30 solution pH in an acceptable range prior to lyophilization and may include phosphate
(sodium or potassium), histidine, succinate, Tris (tris (hydroxymethyl) aminomethane),
diethanolamine, and the like. The upper concentration limits are generally higher for
“bulk” protein than for “dosage” protein forms as is readily appreciated by one skilled

in the art. For example, while buffer concentrations can range from several millimolar
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hydrolysis between Asp'* and Pro'*. Also, deamidation of Asn® to Asp® is detected.
In addition, oxidation of Met>® is observed. All of these chemical reactions are evidence
of IL-11 protein chemical instability. IL-11 is also subject to certain physical
instabilities including a dimerization process, as well as aggregate formation. The
25 chemical instability of IL-11, as well as the use of glycine and a buffering agent to
improve the stability, is disclosed in copending application U.S. Serial No. 08/230,982,

filed April 21, 1994, which is hereby incorporated by reference in its entirety herein.
According to the present invention, the addition of a bulking agent such as
glycine, a cryoprotectant such as sucrose and/or a polysorbate such as Tween-20® acts
30 to prevent aggregation of IL-11 and protects IL-11 from the harmful effects of shearing
and freezing. This in turn increases the ability to handle the protein and provides
enhanced shelf-life for II.-11 products. Moreover, according to the present invention,

the addition of an antioxidant such as a thioether (e.g., methionine) reduces the

oxidation rate of Met®, presumably through a competitive redox mechanism.
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5o, A BTN RS NI 01 iy

addition, IL- arious ce nes, xanpl'e, 't he
human | ung fidlr, et lastanaedphoblases ceMREe S TPATET (AT Akceddsida NoCCR111A%R). and
Paul et al., the human trophobl astic cell line, TPA30-1 (ATCC Accession

No. CRL 1583)cDNA capadingtiiean thol Ineie!! asitbededuged apeinp agid seqyencsdamiodeislii no
aci d seqipence; {YohlQs §&lcHlBed in Proc. Natl. Acad. Sci. USA 87:7512 (1990). U.S. Patent No.
5,292,646, supra, describes a des-Pro form of IL-11 in which the N-terminal proline of
the mature form of IL-11 (amino acids 22-199) has been removed (amino acids 23-199).
As is appreciated by one skilled in the art, any form of IL-11 which retains IL-11
activity, such as variants through the substitution or deletion of amino acids, analogs
25 and derivatives of IL-11, is useful according to the present invention. The disclosure
of each of the above publications is hereby incorporated by reference for the contents
thereof.
In addition to recombinant techniques, IL-11 may also be produced by known
conventional chemical synthesis. Methods for constructing the polypeptides useful in
30 the present invention by synthetic means are known to those of skill in the art. The
synthetically constructed cytokine polypeptide sequences, by virtue of sharing primary,
secondary, or tertiary structural and conformational characteristics with the natural
cytokine polypeptides are anticipated to possess biological activities in common

therewith. Such synthetically constructed cytokine polypeptide sequences or fragments



20 1 to 199), is described in Proc. Natl. Acad. Sci. USA 87:7512 (1990).

U S. Patent No. 5,292,646, supra, describes a des-Pro formof IL-11 in
which th i nal proline of the mature formof IL-11 i pds
22-199) ﬁggmgggglrennved (am no acids 23-199). As is appF§§?§?§%Q%§ one
skilled in the art, any formof IL-11 which retains IL-11 activity, such
as variants through the substitution or deletion of amno acids, analogs 25
and derivativ = i ' ; : j .o The
scl osure. | ofaRe HeH el RS ERRRARE DR iR pURR AT I ANERE L
reference forinthe coopbsitivss of thér imeéntidnn "Hld, tiiegndyobe emplyedanbidlegibaliyques,
IL-11 may al so be pr,oducef%técy known cggventi onal chem cal _synthesis.

Met hods for cHHYErUEPHEOIISEahS1RHEHES the dbe Bamial, pusifiedeyiqkings usgithdn the

i nvention by ﬁ%g&ngﬂ\jeﬁmg@ans are known to those of skill in the art. The
synt hetical l y constructed cytokine pol ypeptide sequences, by virtue of
sharing primary, Medifftdaoys inahe pmtdinapaptide oo DNA séquancts o6 fHeoe bRbkiaBabr
characteristics with the natural cytokine polypeptides are anticipated to
possess W ol o#fitivgl frageients; therge! My absenpieduesprotsips Whickyasy by amplayed an e

t ted | E i Y 0532
PCT Us00! L0340 B pRLrR ey 5 Bhefoyf SAERAREE b BREFRh e rddby SR
functi onal i t yinttheaeofingiyoval ©chiiguass dMbdificatiocheotiampasin thodrokihe tddjusnces,

invention. Thus, they may be enpl oyed as biologically active or
i munol ogi cal e-§ubks it Lk €quense. pAw inchidsrthe rephagemente ihsexpioplor delstion ef ae ¢m t he

present invenij i I . i ti ar . sequences
of these cyt Oﬁoﬁé;sselégfe% %ﬁ%‘??\?%‘@r‘l%‘{r}@ﬁ? é&%‘%é‘? 56 Cee:gra;}gu g %etl)uch %dﬁ%uceés(%or

pr ot ei ns13mi chudiayplbeeneiipligyeeibn o deldion e e khowi fo Ge skilled ih At @Re, Such
nodi fi ed cytokines can be nmade by one skilled in the art using known

t echni ques. MpEi {U- SaPrterNe 4.3 1% t in the cytokine sequences, e.g., the

113 sequence, Bl BSIHAELARORER! A8 SR ces AR AL ROHELIEO a0, One

or nore selected am acid resrdues n codi ng “seque C
t echni ques f oma}be 64¢6ll theeiletiCdTBHs dedohided héreih 104y iHRbIOE, 0, tBE Bsé¥Ebh oksiewn to

one skilled in the art. (See, e.g., U S.Patent No. 4,518, 584.)
or more glycosylation sites. An asparagine-linked glycosylation recognition site can be

20 inserted into the sequence by the deletion, substitution or addition of amino acids into
the peptide sequence or nucleotides into the DNA sequence. Such changes may be
made at any site of the molecule that is modified by addition of O-linked carbohydrate.
Expression of such altered nucleotide or peptide sequences produces variants which
may be glycosylated at those sites.

25 Additional analogs and derivatives of the sequence of the selected cytokine
which would be expected to retain or prolong its activity in whole or in part, and which
are expected to be useful in the present invention, may also be easily made by one of
skill in the art. One such modification may be the attachment of polyethylene glycol
(PEG) onto existing lysine residues in the cytokine sequence or the insertion of one or

30 more lysine residues or other amino acid residues that can react with PEG or PEG
derivatives into the sequence by conventional techniques to enable the attachment of
PEG moieties.

Additional analogs of these selected cytokines may also be characterized by

allelic variations in the DNA sequences encoding them, or induced variations in the



O her specific mutations of the sequences of the cytokine pol ypeptides
which may be useful therapeutically as described herein may involve, e.
g., the {sfildsi®n of one or nore glycosylation sites. AnpagRRLegdspe- | i nked
gl ycosyl at1on recognition site can be 20 inserted into the sequence by the
del etion, substitution or addition of am no acids into the peptide
sequence or nucleotides into the DNA sequence. Such changes nay be made at
any sitesof tiHQARBLRAUSNEGRNg ﬂﬁnmdsﬁmfcgp@aa tﬁ&k@utah% OdisGoidd gkﬁfé above-
carbohydrate. Expression of such altered nucleotid % pepti de sequences
produces var iraferacedpuatplicatians, beluyling hoyd caeatteaizet ﬂuysQNAi seg@eenc2bcapdblietaf onal
anal ogs and ative f the sequence of the select cyt oki ne which
Woul o e expaBPENZInS (B srofa ETBIG P R P e YR agR o gt

and which ar, t f o] 0 be
easi |y made bd;?/' Igfff\lgﬁ %%géaétlf?n&ﬁf) ?ﬁ\ﬁeﬁ%??k e?%épsl\g?:ﬁgﬁr%fdg [ ca$| goﬁ L%éragéﬁ t he
attachment ofMpuoiay,dredite ildbyrnnd HartbPEG@bavatbry, diewsY onkd 198%) will besindladsg i n
t he cytﬁbine seguence or the insertion of one or 30 nore |ysine residues or
ot her artPno 2Pl FEQiSH¥EORat can react with PEG or PEG derivatives into
the sequence by cOONERbhOAAYA LEERVAYESusoful serﬁe%déta}eaﬁm&%olggulef%
noi eti es. Additiona ana 0ogs of these selected cytokines may al

char act er i zecréparedy fasing theaequehtoos bislogioellMAvs fragraanes thersequd:n&goﬂolﬁe m or
i nduced variations in the 8 WO 01/05355 PCT/US00/19347 5 DNA sequences
encodi ng t herfytakinetg a&?fb?raywrwrPﬁ&%lnaﬁepumaxaaggnc@ng%q o8edl 14 fussd talbove-
referenced p at,i_on I a

capabl e of Lgotggre:éd% f’nﬁre%ﬂgﬁtghfgpgﬁ%crlﬁ ose lbgafl%kfﬁgfﬂs]%%fzgﬁ%:ges undeér ?rl ngent
hybri di 24t orpubhmthm 19r1990)- Hltermagieely, combintiiomsof| hardytskikeseihaybe ,

Mol ecul ar Cloning. A Laboratory Manual, 2d edit., Cold Spring Harbor

Labor at ory, W%@W%@%@%“W‘]ﬂ}ngﬁ@%ﬁ wethadiy 10 useful in this

Lnvention. AlSo cofldghed ; %hed sb gidn@hyesﬁlg&sm&st&%g R é&%ﬂ}% s

fusi on nol ecul es, prepare usi sequence or a ogically "active
fragnment of trh@tﬁ)ﬁéwby'lﬁan@flt i® ﬁﬁderstybd)ky thesd of s&ﬂDfrnthf aICBHaOK_l—mEexwompasses
pr ot ei naceous_therapeutic agent, e.g., IL-11 fused to IL-

the protein produced by the sequences presently disclosed in the art, as well as proteins
20 characterized by the modifications described above yet which retain substantially
similar activity.

The following examples illustrate practice of the invention. These examples are
for illustrative purposes only and are not intended in any way to limit the scope of the
invention claimed. Example 1 shows the benefits of adding sucrose to rhIl-11

25 formulations. Example 2 describes the effects of polysorbate on shearing of IL-11.
Example 3 describes the effects of L-methionine on the oxidation of IL-11 in liquid
formulations. Example 4 describes the effects of L-methionine on the oxidation of IL-
11 in wet granulation tablets. Example 5 describes the effects of L-methionine and
polysorbate on the stability of enteric coated rhIL-11 multiparticulate pellets.

30

EXAMPLES
EXAMPLE 1: Effect of Sucrose

The effects of sucrose on the stability of lyophilized recombinant human

inter]leukin-11 (rhIl.-11) were examined in two stability studies. First, a 26-week study



6 (see, e.g., nethods for fusion described in PCT/US91/ 06186 (W92/04455),
15 published March 19, 1992). Alternatively, combinations of the cytokines
may be ﬂl&?§%ered together according to the method. Thysy ?5 4 n the
descriptio he conpositions of this invention IL-11 |s nen oned by
name, it is understood by those of skill in the art that IL-11 enconpasses
the protein produced by the sequences presently disclosed in the art, as
vel | as prot gfag .49 M@&ﬁﬁésﬁidrz&%ﬁ%ﬂgm@nﬂmb&hﬁpgn @}Imﬁtéi:e,é&wpgqcﬁ@w yet
which retain substantially simlar activity. The | ow ng exanpl es
illustrate pﬂaﬂc(tefcteedib hetea aswlwmft)rrmniatldrwewes @manmchmﬂaami wrﬂmutil%lsusrtosau ve

pur poses only are i nf ende y to limt t

i nvention cléfﬁgg %@ § n@ﬁe |W§eé§qﬁﬁ Bﬁgi gggﬁ

rhiL-11 25 f Wd“pfﬂl t%& Qﬂén m&iﬁ[ﬁ&'a%‘% 465Crnl29° ¢ hee8hl %@% @éek@ﬁ{%%@ﬂﬁﬁt e on
shearing of [I1-11. anpl e 3 describes the effects of L-meth ine on the
oxi dati on of 1lllin fie base forqualationf (3 OmM abdiomsphdspbatp| 30mM edyind) @8l T.0pwes f ect s
of L-nmethionine on.th OX|dat|on of |L- in v t ranul ati o bl

Exanpl _e5@ de§¥4TPIEd WIROYIPESE &t %Pnclg%{#&ﬂ‘il et siEra st bk & 9 2 he
stability of rsg gﬁ@t\x?ege E&Ehcajﬂgy fitidd IR@ Gl S PhB mkglhoet *fh?ﬁ& RAMPLES
EXAMPLE 1: Effect o ucrose The effects of sucros %n the st Flty o

| yophi |l i zed imubated achiC, Y@ and 4011Ce rSaenléswdrd afialidd-id bythwardeesepesinil

t wo stabilit% studies. Fjrst, d} 26-week study 9 WD 01/05355 PCT/USOO/19347
5 of rhiL-11 Vﬁcgﬁﬂﬁﬁﬁﬁ%*P‘Eﬁ &fpri si ng 10nM sodi um phosphate, 300V

glycine, pH 7.0 f r i 3F L.ed
wi th and wi thout A)lgu%l?’g]gréﬁ)e IQ%IES ﬁéﬁmbl%% ég(ghg&%g?e{b@el?%ﬁ éa% es
were asepti caydpynlfzbﬂHﬁti—hlmlb@agelfairmfomdlatddymmddivﬁe}dmt dubsmse mimtinbataeell fat 4C,

30C, and 40C.. _Second, an 34-week study rhiL-.11 in the base fornul ation
(10MV sodi um2fREEkTAAR C- 3%?&111@}69&6%60%@@3 W%Aévam ARG IRIRCHEPTIR 2 PPIAY

sucrose at 2 Ang SRt 3R 1Y ook tGh 99Biedt tethprrandre Gt a R38 of6Ppg. The

mobile phase was 0.1% TFA in water with a linear gradient of acetonitrile. This °

method was run on a Waters Alliance HPLC system detecting at 214nm.
20 Fig. 1B shows the results of acidic reversed-phase HPLC analysis of 5 mg/vial
lyophilized rhIL.-11 dosage form formulated with and without sucrose and incubated for
26 weeks at 40°C. The text above for Fig. 1A outlines the reversed-phase HPLC
method used.
Fig. 2 shows the results of acidic RP-HPLC analysis of lyophilized rhIl.-11 at
25 2 and Smg/vial formulated without sucrose and 0.5, 1.0, and 2.0mg/vial formulated with
1% sucrose and incubated for 34 weeks at 40°C. The text above for Fig. 1A outlines
the reversed-phase HPLC method used.
In summary, the 40°C RP-HPLC data from both studies show that sucrose added
to the lyophilized rhIl.-11 formulation (at 1, 2, and 5Smg/vial) is beneficial in reducing

30 the amount of aggregate generated on stability.

EXAMPLE 2: Effect of Polysorbate
The effect of polysorbate-20 on the stability of liquid rhIl.-11 was examined in
a short-term shaking study. rhlL-11 in the 10mM sodium phosphate, 300mM glycine,

10



ng/ mL. Sanples were aseptically filled into vials and |yophilized. They
were then 1incubated at 4C, 25C, and 40C. Sanples were analyzed in both
studies periodically by acidic reversed-phase HPLC. Fig. 1A shows the
resul ts WP 0H83385 c reversed- phase HPLC anal ysis of 1ng/vi afCT/¥80033hi | i zed
rhlL-11 dosage formfornulated with and w t hout sucrose and incubated for
26 weeks at 40C. The sanpl es were reconstituted with water and injected

ontoapros [H col ym 6nmID 100 mm L) at a nt tenperature at
a load o FRImPAHRED aﬁf&‘é‘@u}\ﬁﬁ Ovaf%‘ﬁ\fpmefwlmg?“&i%lwoéyﬂoméea?

gradi ent of %9%9{1‘%ﬁﬁﬂJmT*ﬂ'sélutxﬁﬁkﬁtQﬂsmw 182k, i8R aaﬂ&lg?m;eodﬂc

system detecting at 214nm 20 Fig e resu ts“of aci
rever sed- phas$0HRhCOA2E yallysorbite 20mglheivadls weyogbpperadahd drithpedlamdioseaged f or m

fornmul ated wi.th and wi t hou ucrose and ncubated for 26 weeks at 4OC The
text above féwrlﬁvrg Iyon %ﬁ@tﬁwi@ shaker- 638\&13%6@@&1 HhEeEs sheken at aRRTREENALRIEd20 Fi g.

2 shows the n f PRC i i

25 2 and 5ny/via 1fst(?rgrrfl(ﬂ?at eécl:\)/\neﬂ?)ﬁgoﬂu'E3 éﬁ“gf‘%ﬁ 1§h%{d i{ﬁ&ipso,:&qﬂe 5@ Wv al
f or nul atied V\/Itinlibpoih% satpleseera emovedUubatredlysiOsy [Bght weicsingtand SEC-HRECT ext
above for Fig. A qutlines the reversed-phase HPLC nethod used.

I n
sumary, the 40C RpeHPh cheoms ekt waiterieestltriplcliquit shile Wapfter shekiag faldéi@d to

t he | hi | |
e Yoo gk B Ol S R e RERS L
Effect of PolysprduaiteciVettest eHitactfi PONAS SpEstloph @Bt Wherst 2ANohinl y Of

liquid rhlL-11 was exam ned in _a short-termshaking study. rhliL-11 in the
10nM sodi um phospHag-& %imm\ﬁl@q Bxglpgon C WW&I&P@S@%@ -HEEQuspoits offliquid pH

ol ysor B3t e- 0L bl 28 g i L e A (R
t ubi ng vi al s SHQ- BIP(D.C Wadpdrforn2d QingaiTose. ID2X0TSH 20906 WA} @olfn TEnmi B £ wer e

stoppered and cri rTEed and secured horl zontally on a flatbed gel shaker.
Dupl i cate vi B00mpR: baxglﬁgq(sgﬁnaqocglgﬁ @HmlngsmgaSOmM MES, 5M NaClL,

0.1mM glycine, pH 6.0 mobile phase. The method was run on a Waters HPLC system

detecting at 225nm using a 30 pLg column load.
20 In summary, the 16 hour shaking data show that the addition of polysorbate-20
totherhIl-11 liquid formulation benefits the stability by significantly reducing the light

scattering at 320 nm and % rhIL-11 multimer generated.

EXAMPLE 3: Effect of 1.-Methionine on I1.-11 Formulations
25 L-Methionine is believed to protect the methionine residues of IL-11 from
oxidation by acting as a scavenger for the oxidizing species. Several experiments were
performed which determined that 10 mM methionine was an appropriate and adequate
concentration to minimize the oxidation of Met58 within IL-11 (data not shown).
To examine the benefit of L-methionine in the presence of polysorbates, which
30 contain varied levels of oxidizing species such as hydrogen peroxide, IL-11 was
aseptically prepared as liquid and lyophilized dosage forms at two concentrations (0.2
mg/mL and 1.0 mg/mL) in formulations with or without 10 mM methionine. Up to 10

different sources of polysorbate, from a variety of vendors, were added to each

11



RPM for the follow ng periods: 0, 1, 2, 4, 8, 16, and 24 hours. At the
appropriate 10 tinepoint, sanples were renoved for analysis by |ight

scattering and SEC-HPLC. Fig. 3A shows |ight scattering l'iquid
rhiL-11 ‘é’gtoéfﬂs"éﬁaki ng for 16 hours in fornmulations with gﬁﬁmﬁﬁ‘?}?%%

pol ysor bat e-20. Light scattering was perfornmed wusing quartz cuvettes in a
Hi tachi UV/Vis Spectrophotoneter where 1=320nm Fig. 3B shows Size

| usi op Ch h ! | 1s f. 4iquid hiL-11 af
Shaki ng.Por  18PRGARET Tt cpAERIravT SOtV ded rllsuriRitbid s

SEC- HPLC was @&r {dad Rl sHewiltand afapoctHaas TSK2000SWKL col utm (7. 8mm I D X
300mm L) and was run isocratically at 1.0 nL/mn. using a 50nM MES, 0.5M
NaCL, 0. 1mM gl yciligurepfp and4braisivw theptiahgbity aflquideilhd bl atiers8 waeksaan 48 *Gdner s

HPLC t t ti .at 25 i 0 t | | 01 ; ,
The 16 hour dRamabondl SRR PRttt o S85Pshu bbb 1
hi Lo 11 1§ Uiy At 0 oe Balddks af I i bishiulati oy Wi GREWHERE L0/ M

reducing the light scattering at 320 nmand % rhlL-11 nul ti mer gener at ed.
EXAVPLE 18: Efthetbiongfe. | Léwelh pHMeia8 onidation wdke menitored by r2gersedvphast daghae i s

believed to protect the methionine residues of |L-11 from, oxidation hy
acting as o Fevants TR PIUOGRPAPLY FnbsBeis R I TEEUurn e S oHee Uer o
perforned whig g detidmyierwidaterdderaBLBhigMe N OeVRBoR Va8 BPS Rt at e and
adequate concentration to mnimze the oxidation of Met58 wthin IL-11

(data not shown). The daxapricsemtechia hgure$ #a, 4bf 54 and Shidemongratathiahthe pddisience of

ol ysor bat es, i C 30.contai.n varied | | s_of. oxidizing. species such as
Py ogen per i Banig pettionggrsed s She (41 of ieSs Sriddlan Wit ol et 8
| yophi I ijzed Olﬁéﬁx%_%‘eiﬁ r¥Bn i oh Oy 420 ¢t @.Qtn_ﬁé’ﬁ‘xit& @.Oﬁ%glﬁglgﬂglé\)éﬂofjoxﬁ)daﬁﬁ% )

in formulations with or without 10 mM net hioni ne. t different
sources of poviysorthap®ieif decreasey aithatgreated\peotdimrconcemragonddbo ib corsastdnt 11

O 01/ 05359 Lol UL RNt S L kol et aon, B S, -
i':'ngur es 4a andpébus RBtHidEnst ARilkbleYioOfhe! d:q8izthe! dpedits AThE Lo INESK Sf @his40 C

experiment is that 10 mM methionine dramatically reduces the level of Met58 oxidation

20 within IL-11.

EXAMPLE 4: Effect of I.-Methionine on I1.-11 Tablets
The effect of methionine in rhIL.-11 tablet formulations was examined in this 4
week stability study. rhIl-11 tablets were prepared (2.5 mg active/tablet) with or
25 without 10 mM methionine and incubated at 4°C, 25°C, and 40°C in HDPE bottles for
0, 2, and 4 weeks. Samples were crushed and extracted overnight using a 100 mM
sodium phosphate, 300mM glycine, 0.02% polysorbate-80, 10mM methionine, pH 7.0
buffer at ambient temperature on a flatbed gel shaker set at low speed. Samples were
analyzed at each timepoint by reversed-phase HPLC.
30 Fig. 6 shows the stability results for rhIl-11 tablets incubated at 40°C by RP-
HPLC for detecting percent (%) oxidized methionine®® species in formulations with and
without methionine. The samples were injected onto a poros R1/H column (4.6 mm ID

x 100 mm L) that was incubated at 40°C at a load of 8 pg. The mobile phase was
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formul ations with and wi thout 10 mM met hi oni ne. Figures 5a and 5b show t he
stability of lyophilized IL-11 after 8 weeks at 40 Cin fornulations wth
and wit t 10 et hi oni ne. Levels of Met58 oxidatio jtored
by revegg§&}/3]%z§g1eﬂ hi gh- performance |iquid chronmat ographypﬁ)gﬁlg a Poros
R1/H colum and a nobile phase of 0.1% TFA in water with a gradi ent of
acetonitrile. Detection was at 214nm The data presented in Figures 4a, 4b,
5a and 5k de t. L he
avel of vt SB BT A BB AR baitp B brT T RIsHREAG BREHGFSn b
concentr ati orwagrs/Alliagct HPDO s§s@mdptétking @t 214miry/ nL, the | eveI of oxidation
within the protein decreases with increased protein concentration. This is
consistent with ¢ n%’éfytlalb’hﬁte @%ﬂ%gfé@t@pnmttm HaithE-dktakles &mudation
dependent on the I i.0 bl

oxi di zi ng sper ?1 & he co Iﬁestlhg)lrl\% of ¢ Eatl%ggiﬂlesrcgﬁrﬁ St% a{nﬁr% On‘i%fbrﬁ(}%gg

net hi oni ne drtggrﬁ{mclqlfoﬁnﬁlgﬂg@%aﬁmldxm{ of Met 58 oxi datl on 20 within

| L-11. EXAWVPLE 4: Effect of L-Methionine on IL-11 Tablets The effect of

met hi onilfe in rhiL-11 tablet fornulations was examined in this 4 week

stability stugdy. --11 tablets were, ared(2.5 ctlv/tablt W th
or 25 Wthou%mréthi o%q%—aﬂ‘ﬂ{—ru Lo el —>8S 500 T HDPE
k: —%B%Fé!—cél

bottles for 0, 2, and 4 wee a—%re crushed and extract ed overni ght

using a 100 M _sofliu f?&oéﬂf"ﬂ?ctﬂﬂonﬁgoiﬂw gpl)é(r%rﬂﬁe-& Rl ¥ snRpdBedie 10MM

methionine, pH 7.0 buftrer at anbient te rature on a flatbed gel shaker
set at |ow spfeﬁdulaﬁammkrasemnmed ianhils Yzedntatstabdith studpe gdLalt1 doyltiparticulates

rever sed- phase HPLC. 3 . 6 sh t he stabi.l |t results f rhilL-
tabl et s 1i5ncub‘éi?r§dpr§PaI38(§ 1p{perectivg %L\Q%W%ﬂn dpasti eyl p@'l‘tg‘eﬂlf V(laewbxlu di"‘é\éd
met hi oni nesSS spgeiy i3 dd“om 2 92}5%1%%&95‘[% 3 Al 11?&&6&6?‘21{4{?@1“55@%5@6'@91 HDP

sanmpl es were injec r os /H col um x 100 mm L) that
was i ncubat edatles402 afonzhd. dddltiphrtButates e nnishécbarﬂmﬁmctmd&veﬂﬁ’gmlﬁghOSSSS

PCT/ US00/ 19347 5 0.1 9%FA in water _with i near qradi ent et n| |Ie
This method wHY mM spdium 9@&8@2@%5@’&&%@ glysiige, sﬁ}g%‘gnpa@ﬁegﬁt@@

methionine, pH 7.0 buffer at ambient temperature on a flatbed gel shaker set at low

20 speed. Samples were analyzed periodically by reversed-phase HPLC.
Fig. 7 shows the stability results for rhIL-11 multiparticulates incubated at 40°C
by RP-HPLC for detecting percent (%) oxidized methionine®® species in formulations
with and without methionine and polysorbate-80. The samples were injected onto a
poros R1/H column (4.6 mm ID x 100 mm L) that was incubated at 40°C at a load of
25 8 pg. The mobile phase was 0.1% TFA in water with a linear gradient of acetonitrile.
This method was run on a Waters Alliance HPLC system detecting at 214nm.
In summary, the addition of 10 mM methionine and 0.02% polysorbate-80 to
the rhIL-11 multiparticulate formulation reduces the amount of methionine® oxidation.

This confirms that methionine benefits the rhllL.-11 formulation as an antioxidant.

30
‘While the present invention has been described in terms of specific methods and
compositions, it is understood that variations and modifications will occur to those
skilled in the art upon consideration of the present invention.
Numerous modifications and variations in the invention as described in the
35 above illustrative examples are expected to occur to those skilled in the art and,
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In summary, the addition of nmethionine to the rhilL-11 tablet fornulation
reduces the amount of nethionine58 oxidation. This confirns that nethionine
benefits the rhiL-11 fornulation as an antioxidant. 10 EXAMPLE 5: Effect
of L- MetWPIMOFBSand Pol ysorbate on 1L-11 Ml tiparticul at BSTHE/EBfect of
met hi oni ne and pol ysorbate-80 in rhiL-11 nultiparticulate fornulations was
examned in this 2-nonth stability study. rhlL-11 nultiparticulates 15
were prepared (1 ng active/ 100 mul ti particulates) with or wthout 10 mV

et hi oni fle af @R IOYep BTy SBe ?%Blsé_ﬁapli’%ub%ﬁ appadedidaingsboulgre I’A@?Gdig
overni gt uethg o AB0 R Lk e BRI B sl e DT RR R SEh ek

pol ysor bat e- 8@riatiéhsridhicliresrhe omthirethe pebpeé. &F theifrfventiat asaidiedl t enperature on
a flatbed gel shaker set at low 20 speed. Sanples were anal yzed
periodically by reversed-phase HPLC. Fig. 7 shows the stability results for
rhiL-11 rmultiparticulates incubated at 40C by RP-HPLC for detecting
percent (% oxidized nethionine58 species in forrmulations wth and w thout
met hi oni ne and pol ysorbat e-80. The sanples were injected onto a poros RL/H
colum (4.6 mMmm ID x 100 nmm L) that was incubated at 40C at a | oad of 25 8
g. The nobile phase was 0.1% TFA in water with a |inear gradient of
acetonitrile. This method was run on a Waters Al liance HPLC system
detecting at 214nm In sunmary, the addition of 10 mM net hi oni ne and 0. 02%
pol ysorbate-80 to the rhlL-11 nultiparticulate fornulation reduces the
anount of nethionine58 oxidation. This confirns that nethionine benefits
the rhilL-11 fornulation as an antioxidant. 30 Wile the present invention
has been described in ternms of specific nethods and conpositions, it is
understood that variations and nodifications will occur to those skilled
in the art upon consideration of the present invention. Nunerous

nodi fications and variations in the invention as described in the 35 above
illustrative exanples are expected to occur to those skilled in the art

and,
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13 WO 01/ 05355 PCT/ US00/ 19347 5 consequently, only such limtations as
appear in the appended clains should be placed thereon. Accordingly, it is
intended in the appended clains to cover all such equivalent variations
whi ch cO¥@O0WPBAT n t he scope of the invention as clai ned. RYI/HEINIP34I5355
PCT/ USO0/ 19347 5 WHAT IS CLAIMED IS: 1. A conposition conprising IL-11,
glycine and a cryoprotectant. 2. The conposition of claiml1l, where said
cryoprotecta i ~.The conposition of claim1, where said
glycine 1s p%@éﬁiﬁg@iﬁmﬁééhtrati on of about 100 to about 400 mM 10 4.
The conposition off cl ai Il Y .cinery ghput 300 M
5. The conposition of (/:Xlnaz;)i1m ngdé%m{vr\ﬁcg?? rggi%dmsjulégyggle?gg%%g%(gﬁ§teat a
concentration of about The Somposibouof Aaith % where Fiié co@ppasitintdnswiosel ai m 2,
where said sucrose is [Hlesent at.a 15 coni:en rati QE of about 1.0 % 7. The
conposition of cldimi, ‘FLﬁW“’@BnﬁfrlF?i”Hg ’aWE?STeyé*B pEYEne gs prggent at a
conmposi tion efy&h@itBnlor B8 RI0T0SBbH 408/nfS0r bate is Tween-20. 9. The
conposition of claim7, wherein sald polysorbate is present at a

concent t@ti on of dbout TBe 0@hpositiabaidlaith 1, Wwher@€hid @lycifleds presgd ai 4boan3af
claim7, V\/neqrﬁ\lén said polysorbate is present at a concentration of about
0.02 % 11. - conposition of claim1, further conprising an anti oxi dant.
12. The conpositign of i o {0 Sal tLOxi is L- t.hi oni ne.
25 13. The corrpos?'ti on%%%ﬁ%tlfy?gfmﬁea?gi%’ glal E@ﬁeﬁ%ﬁi% F%erﬁgragsaent at
a concent r at carentatamaftabdutt@S5 abahaut 200% M

6. The composition of claim 2, where said sucrose is present at a
15 concentration of about 1.0 %.

7. The composition of claim 1, further comprising a polysorbate.

8. The composition of claim 7, wherein said polysorbate is Tween-20.

9. The composition of claim 7, wherein said polysorbate is present at a

concentration of about 0.005 to about 0.1 %.
20 10.  The composition of claim 7, wherein said polysorbate is present at a

concentration of about 0.02 %.

11. The composition of claim 1, further comprising an antioxidant.
12, The composition of claim 11, wherein said antioxidant is L-
methionine.
25 13.  The composition of claim 12, wherein said L-methionine is present at

a concentration of about 1 to about 100 mM.
14. The composition of claim 12, wherein said L-methionine is present at
a concentration of about 10 mM.
15.  The composition of claim 1, further comprising a buffering agent.
30 16.  The composition of claim 15, wherein said buffering agent maintains
the pH of said composition in the range of from about 6.0 to about 8.0.
17. The composition of claim 15, wherein said buffering agent maintains

the pH of said composition at about 7.0.
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14. The conposition of claim 12, wherein said L-nethionine is present at a
concentration of about 10 nM 15. The conposition of claim1l, further
conprising a buffering agent. 30 16. The conposition of claim 15 wherein
sai d buf‘Vgr"lqu $58gent mmintains the pH of said compositi oRCTHSIKE4Tange of
fromabout 6.0 to about 8.0. 17. The conposition of claim 15, wherein said
buf feri ng agent nai nt ai ns the pH of said conposition at about 7.0. 15 WO

01/ 05355, PCT/ US00/ 934 18 The co i.on of . cl wherein said
buffering agent i sl%sodl [l;lf?élt 8%1%@t1§h8h%r81?p§3§1‘?‘1féﬁm8@g%‘}téﬁﬂ dpum yher e
said I'L-11 i php§paent at a concentratl on of about 1 g/m to about 20

nmg/ M. 10 20. The conposition of claiml, where said IL-11 is present at a
concentration of about 1 to about 5 rrg/m 21. The conposition of claim 2,

conpri si ng about to out 5 /.rr1 ut 30 | yci ne, and about
1% sucrose. 22. THe coﬁlﬁ‘ﬁsf?ﬁnB gen c‘? F]{‘Hn? 1’08"2‘6?’7 §?‘% Hg‘/ll%gu‘ts Rref@t ot 5
mg/m |1L-11, Cog&nglgt%g o@g&ump%ympgo%ou@gpﬁ%ﬁ&f@ sucrose, and about 0.02 %
pol ysorbate. 23. The conposition of claiml conprising about 1 to about 5

ng/m 100 11, abol0. 300heMcgihpasineny abdlatm 11,%wherer esid, Habblis Prefbat %t a
pol veorbate. and About ASpul gL Riggite: 24, The composition of claim
conposi tion is lyophiligRompdtion of claim 2, comprising about 1 to about 5 mg/mlIL-11,
about 300 mM glycine, and about 1% sucrose.
22.  Thecomposition of claim 7, comprising about 1 to about 5mg/mlIL-11,
15 about 300 mM glycine, about 1% sucrose, and about 0.02 % polysorbate.
23. The composition of claim 12, comprising about 1 to about 5 mg/ml IL-
11, about 300 mM glycine, about 1% sucrose, about 0.02 % polysorbate, and about 10
mM L-methionine.
24.  The composition of claim 23, having a pH of about 7.0.

25.  The composition of claim 1, wherein said composition is lyophilized.
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