WO 01/ 05355 PCT/ US00/ 19347 FORMULATIONS FOR IL-11. 5 FIELD OF | NVENTI ON
The present invention relates generally to novel formulations conprising
interleukin-11(iL-i 1"). BACKGROUND OF THE I NVENTION 10 Interleukin 11
("ILr11") is a pleiotropic cytokine that stinulates a variety of.

henmat opoi 8YQ81/88%F | mune functions, such as primtive |ynPODHSIOAITOI eti C
progenitor cells and other henatopoietic growth factors which stimlate the
proliferation and naturation of rregakaryocyt es. IL-11 is described in
detail in ‘International 06803, published May 30, 1991,
as well as in U S 15 Pate FeStred June 1, 1993. A cloned
human § L- 11 was previously deposr ted vmth the American Type Culture

Col l ection (ATCC), 10801 Universit Manassas, Virginia, on March
30, 1990 under ATCC No. 68284FIERR bﬁﬁ%@éﬂ OMescribéd in U S. Patent No.
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protein V\nmterlaﬂun-lfiér(‘ WWin. It is desirable to have concentrated forms of
bul k protein, e.g., stored and which are
suitable for further ﬁf%ﬁ#@@‘?ﬂ#@mm forns of protein.
Typic |y, a pulteiletikihilo (T Dy &sa pleion@piel cytokine th@Sstihinfatésn Patery be£d,
concentrated protein. This concentrated protein, also known as bul k

protein, qs@oz@lq ﬁn% imgayng| Bioctionsy ras prifmitiver bmhﬁhemgtgpmq y at a

concent rat ?exﬁo /Fq:m rsC ped
frozento%8 7f|n| fachrty rerggrs te oan applr&(k)egrrate
concent r at prolifezativnf and| mdturation. of vinegakarydtyter dAldtisdlesaibpd da detall e
| yophiliz Jeez hi | es_ma kept in
| ong-t er meﬂwmh g’ﬁg?v?%%b tp"ﬁ’ﬁﬁ'ﬁdyay%ngggp Hﬁ%‘tggsui tabl e
adm nisst r ap4rent No. I5.095{895 1 ftued Jund 1) 19931 qwnixb@nﬁmuﬁmﬂ’mk%h&isgbl lity can
be affected inter alia by such factors as .ionic stren ?
deposited with the American Type Culture Collection (ATCC), 1080 UmversxtyBlvd
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, issue,d_ March §,1994,1L-1 1. may alsbb_eproduced 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 2 protein resuits in purified,
concentrated protein. This cc.mcentrated 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 dilutéd to an
appropnate concentration and filled into. vials. These dﬂuted samples can be . .
R lyophilized, ie., freeze-dried. The lyophilized samples may be kept in 1ong- 3
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,

i ncl udi ng denaturation and WD 01/ 05355 PCT/ US00/ 19347 5 aggregation (both
sol ubl e anWOM®IS&Ebl e aggregate formation), as well as charGRE$00/19347
Instabilities, including, for exanple, hydrolysis, deam dation and
oxidation, to nane just a few For a general review of stability of

protei n pharmaceutical s ee, for _exapple, Manning, et al., Pharpaceutical
Resear ch 6:003-288reptianadpth sgivhle a{lql,énngqu pgegesgicciorpatinn. a5t Wl @ ehemical
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particular instability problens of a particular protein. Any o t hese
instabilities custa &yl E’OI A general maviesw pf stabilitys of) prtein phagpragewticalspyeep farduct |

or derivative ngi re [ Vi .l eased.. |G and/ or

I ncreased i rmunogeR{%M@Hﬁgﬁq@&%ﬂﬂﬁa@Hgs“taﬁ‘i‘i‘gse%@{]%lt%cﬁ%?)m sol ubl e hi gh
nol ecul ar wei ght aggwaiethepovdible becuiiencd sHpRbtRifstMilitiesié Q3L apprdidrdd/ i@nd
ef fectiveness in_ use._ Thus, the safety and efficacy of 15 any

phar maceutttal i Jrpessible tg pregict pasticulainstability problems of 2 partiqulat proteimpAny ofy. | n
addition to st ghidai; | der atl Fzmg?&e I I Cl Rhents
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regul at ory agerdsrivativeiaeng loweretactivity/increatedtexicity) and/brinaresbed hempibgeicity.
hysi ol ogi cal | ui e r.ange. The choi .. and. anount, of buffer used is
Prr%;or t antg to a)c/‘hfs%'\%'algh’ﬁs mﬁ’%’ﬂ'ﬁq sog‘@‘?el?lg@mﬁ}qc&gh‘ﬁ"é.ght%&%?ﬂwl}‘?hcm
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concentratjon (Z20 for exanple) which allows for relative

/m,
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cqoncentration, e.g., cut aneo mni s . Accor
continues to exrsill meetovith theapprevahofivafions weddiwitie rialicahepalatry aggndibs. The 25

protein stability .(and | nt ai ni n ctimity. levels) duri t he .
concentration pﬁ%‘é‘é& gho 1?‘%8“*ﬂg‘bﬁ??ﬁz/‘ﬁﬁhﬁs“&%‘@y@%}gﬁﬁé‘% The ehpisgi di ng
st'abl e for nul atandamotht/of Baffe bR GMGortit & Atfve B MaingiMUARXsifdd pHfange.

| NVENTI ON One aspect . of the present invention provides novel conpom%?ons

and met ho 30 for Keally; formplationscthonlkhalse bp forilbrid bulk|storage inukighul as
drug product. TigSHtration (220 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 |IL, 11, a bul king agent, and a cryopratectant, and
optionally include a polysorbate, nethionine, and a buffering agent which
mai nt ai NS of said conposition in the range of fﬂﬁ#ﬁﬁﬂ@ypgh.o to
about 8.0. 2 WD 01/05355 PCT/ US00/ 19347 5 Anot her aspect of the present

I nvention provides conpositions conprising formulations oflL -11 of a

on provi des ons compri sing form L of a
The bul kihg agont AaoteieslEfLFioe bllenf nbllice ARkiOEE ARl il Fomplli ° 20 ¥

manni t ol , andfoliatlatiomsoflls bihdfiacedcentnation nssfelfor admisistration infimbdosagd formsie.  When

glycine is used, th i 1S present at cqoncentration of_ about 1 nM
P about 1 M pr ereiaey e Biiking et secish o S o chusieBRs LSRR 400
mM and nost  paefiR, aid Ma@t, arill cofiPifaBbhs tAdrbsimest pAisEbly giineMvheh glyahab! v,

the cryoprotectant is selected fromthe group consisting of sucrose,
trehal ose, hyisusedythe Blyring ispresentahaconcentiaton olgheuttlimalde aboutrb M, prefasahly abl y

sucr ose. 1o P efey all s GF 48RRI L Bboi U0R MRS afth il afjoyt 5% of

t he corrp})sitlon. en sucrose 1's used, a preferred concentration is from
about 0.5 to &inoetitratién ofabett 300m¥er abl y about 1%9. Preferably, the

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

Tween- 80(r), nost %’Féf@}yamewmﬁé%%gﬁlm S STRURGADSIgting ofisucrose,

pol ysorbate &&aﬁs@?gmox%thﬁ SA0R 304 'cainbRBricts BEeHE, rﬁbs@?ﬂegér%l/@ -s&ﬁ%se.
A%

preferably at a concéntration of 20 about 0.005 to abou DSt
pref erabl y atPreferably dbe eryoprotectant compuisesiabouvh).S to alguy 5% of the gompesitionor bat es

may al so,be ' ' [ S g Lo j

ot hioni Ho. . pPaP plefoss 080 (FERAC Bl Rrecbl s SQURASY 00D O IRE |
mor e pref er abprgfepdblypaboant@nt rati on of about 1 to about 100 mM and nost
preferably at a caopcentration of about 10 5 1n preferr enbqdi nent s,
the buffering ag-er#eﬁﬁu%éﬁeﬁ’glyf?fgatﬁﬁSMH%“%%%‘?@F’&W%%‘Y@' nge of
from about 6. ,418we2hRY®, rfosPprefEPibly PHEIEIOD IcethindRballiments, the BoIgicbated |

buffering agents are selected fromthe rouB consi sting of phoSphat e,
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.




hi stidi ne, Succi nate, Tris, and di et hanol amine, with phosphat e
(particularly sthe sodium and potassium salts thereof) and histidine being
nost preferred. The buffering agent 30 may range in concentration from
about 1 nmwoeressssit 100 mM preferably fromabout 5 nM t ecamsoos 19397 m\V|
with 10 mM nost preferred for sodium phosphate and 20 M nost preferred
for histidine. 3 WO 01/05355 PCT/ US00/ 19347 5 Preferably the protein is
present at _a concentratlon .of aboyt 1 g/nm to about 20 ng/m nor e

pr ef er abl y5at about Prefergbly Hemotmlmtatmecepmw fig4ml to about 20
concentration (o} a'—'bogg/ it y
enbodi nent s ofq{l ?l%ﬁﬁr@?o%n se a out t(h)GaU% sﬁd’?#%r 11
about 300 nM g@m@u@bﬁabomlwamdsng/md have a pH of about 7.0. 10
Particularly prefer odi pent.s 0 .CO i se 0, 02%
pol ysorbate and abgﬁ&wﬁgﬁ ﬁ%’f“ﬁ"ﬁ?ﬁ‘é“ %Iﬂf%i—e 5&%&@%@%&@% q‘ﬁ@ﬂ’%RES
Figures 1 a an@m nﬁIIQ\M [ab6ut 300 MiMigtytiref abbut D%atstose, mhiveagmic flabGiey.0.

in

| yophi | ized 15 dosage forns of L -1 | after 26 weeks at

formul ati dfs wiPeti mefmtemmhnsqa& alsooptipnallycomprisgrabaut 9.02% polyborbate y  of
| yophilized IL nygﬁﬁ nforrrulations with and without 1 %
ah&%'? and@g ow i I qui

sucrose. Figures e stability of liquid IL-11 after shaking
for 16 hours 20 in fornulations W|th and wi t hout pol ysorbate-20. Figures

4a and 4b show the stabili /rrL and 1.0 ng/n

respectively, liquid dosagggﬁil"nbmmp? FIGURES with and wit hout

10 mM net hi oni ne. Fi@%s%mﬁﬁllﬁdh@w%bsﬂlﬁﬂ!ybh?m%’alﬁ@SHgttﬁ O}S&u{rél?]lio& t 40 c
i11ze sage a

ng/vial and 1.0 ng/vial 25 respectively, #E)
i n fornul 48i ongosage formsof B b affer 2weekwiah 4@ AT imfomanlafpns wish @nd witheutt 1%

stability of Ilg.lel tablets incubated at 40 Cin formulations

Figure 2 shows the stability of lyophilized IL-11 after 34 weeks in formulations
with and without 1% sucrose.
Figures 32 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 Sa 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,”



w th and w thout methionine. Figure 7 shows the stability of IL-i |

mul tiparticul ates incubated at 40 Cin 30 fornulations with or without

met hi oni ne and Tween. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein,
the ter nWOIOBIMT | i zati on, |yophilized, and freeze-dri edPFHUPWABTHhut are
not lim ted to processes including "freezing" a solution followed by

"dryi ng, 4 r V\D QO /05355 PCT/USQO 19347 5 optionally in vacuo. As used

herein, khe idBal yw&wm herGA Ffe?ﬁs‘bﬁ‘%rﬁigtagln O%ns hd Gongod

Iyophlllzed o operties, p the varlous
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process, and__whic Lo fal nt ai r ot evels. | ary
bul ki ng agenf fEespes (ﬁk‘%ﬁ'ﬂ °5F’éa“ﬂ’$£ a?eéﬂwfﬂbhxé on PIRRT SPD NaCl,
and the |i kewhiahﬂlei: 10 GhiitRin HEoIEin hétivieg 1évelst meﬂaglabo@ﬂﬁhgx fs ihdl@de, but

forrrulatlons potectants al so contrlbutetothetonlmt The term
"cryopr ot ect amns? ligiteitpeglysing, manritalNald and shelikec These Iqtpﬂy! to the

proteln ro | udes
agents t at%"ro‘%ﬁ% staﬂg&m&?’? é‘é.ﬁg'a otsg?ﬁw bu&?% |ons Eﬁ%’% ng

st or age fr ontcrgoprotectents’ hgpnenﬂymhdeﬂaymsmchpﬁmdqitﬂmytyw&emﬂbmnt s

i ncl ude sacchari.des such as s crose and nni t.0 as || 15 as anludlng
surfactants dﬂfﬂ%ﬁgﬁﬁsﬁ% %‘%e"e{az}} lﬂéﬂ REYidesbiitg g ¢ he

like. The teregi ":smhnpmg%f@ﬂ ions AGting Soraae Q‘fﬁﬁnbﬁ'-%eﬁﬁ iidfeedSiRiNeb.i Ly tO
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the protein ri ng water renoval fromthe system durlﬁm‘g the dryin

process, preSuemplaty qsyoprotectantyingiudesacpkaridessich as sherese aad mepnitel, aseellpr ot ei n
through ydr IR },Eﬁg, ant

ef fects; gt here rgﬂl@qﬁe te&dggﬁcﬁgoprgﬁm@{ n@d%gl %%%%’e g{r?t " are
used inter chhhge'ihé terindicajioprotébiant "nineladest agents vhat providestabdityl 't(sﬂn\pwteﬂ t hat
stabilizatio rot eins cryoprotectants,can .be further ased by ,
using a corer1 g’ﬁteﬁfelﬁ? é”fﬂ é’ftsgﬁtﬂn 3tg'ja§hth5?;%%rp&cgs Hf?s‘émﬂ }gorbate.
As used her ehﬁmtitﬂﬂ t#8é Propei L dofiforliatin’ of SWED pioiél tREREK Shydoped boAdihg

oxi dation of NEts$ within IL-1 i, thereby prevent| n%hprotel n degradat| on

and hel pi ng CSYopEQtptafty, can also have . lyoprotectant erefore, the terms
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 cryoproteétants, 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



25 protein activity levels. Exenplary antioxidants include, but are not
limted to, thioethers such as nethionine and nethylthioethane. These
agents contribute to the stability of the protein, presumably by providing
an al ternaoorossssostrate for oxidative reactions in sol upcomsooriseszt er m
"buffering agent" enconpasses those agents which nmaintain the 30 solution:
pH in an acceptable range prior to |yophilization and may include phosphate
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i nportant for the, dgsage formnul ations. However, for bulk formulations,
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solution is nmagged LAk N I B ol
pharmaceutical ly ﬂ%i@%@ﬁgbﬁﬁgggﬂ?@mﬁﬁ%%@ éoog %@gﬁ??@%@%
properti et ( buaskpravide dvopratiction ang icryopidtestiop of dhedgroteim maidteszince of pIEIpIand
cryoprotection t .| majl Nt enance o H, roper. confornation
of the protei nprgherri %g‘f"g@gﬁ“g’bgf% ft"ﬁkﬁ“ SHpes gtiqfqog&soﬁﬁgeﬁ#pﬁﬁna&fretemqﬂ g'gi cal
activity (protbiblogithbattivityy {proteineiability)NRdmafiitahed. 2 Prferdbhe @e"EuniAed
concentration of the _exc% i ents provides a conbined osnol ali tg of about 250
to about 350 FABCEIUBEARP %ﬁ%?‘egémﬁfﬁP@bﬁF@Pﬁ@ﬂW%M 30 abontn kg.
20 Applicants $30Witkidsadol ge%g ' ol IL-11i is a
result of hydrolysis be?ﬁv@ﬁ%p g%lsan %%}yS%L%ﬂggéﬁxe‘%ki dation of Asn49
to Asp49 % det ect etpplicants find that some of the chemical instability of IL-11 is a result of

hydrolysis between Asp'* and Pro'*. Also, deamidation of Asn® to Asp® is detected.
In addition, oxidation of Met™ is observed. All ofthese 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 IL-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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| L-11 may al s@%lﬁ%%@éﬂ%ﬁwm%ﬁﬁﬁ?c%%q%% Clold)randPel eanot her
protein. |L-1% @hodfin hepRIRLHE B 1, ﬁt’)é?(%t PAYCRIAdiaslondd. CRIDSEELSEr L 1 O

now conventi ondl geneti c” engl neeri ng niques. In addition, IL- can
be obt ai ned f¢memudmg§mmennrll aswell #sthe deduged Bwnqan@seqmnm(mnm lds

the humetb 1 obisPR e Pl ét%x%%ﬁ?f?% T

5,292,646, supra, describes a des-Pro form of IL-11 in wh1ch 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



CDNA encoding human ILrl 1, as well as the deduced am no acid sequence
(amino"acids 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 form
of IL, 11 WPMMSBY the N-terminal proline of the mature fBEHO8I019347|

(am no acids 22-199) has been renoved (am no acids 23- 199) As is

appreci ated by one skilled in the art,. any formof IL-1 whi ch retains
1L-11 actiyity h iiants th ub; i on. of
am no aci dsél ngﬁ)eég' “@%%gﬁﬁf%fgerqrpg%a{)%@gp ?ﬁle%"ﬂ‘%%éﬂﬂé’ ?m%gﬁ?etlﬂ‘ﬁ@d to
the present i nvinthe @ompdditorsiof ¢hio Suvefitio| TR&S they imdy R dfsl ?hd%bbéxb BIyIS 1S
hereby incorporated. by reference for the contents there In ad t|on to

recombi nant t ec Ve s smmppolegicalsbstitates for the saturabpusified mmmes;wﬁénmtm]m

chemni cal synt hegxte Ma,%ﬁ%s for constructing the pol ypeptides useful in 30
the present invention synt hetic neans are known to those of skill in the

art. The syntheti cal Wdfmmmmtlmwmokepﬁﬂemmmmudmesenhmﬁﬂuﬂwor
virtue of arin r| nar onda or, tertiar uct nd
conf or mat i g‘ﬂ %{@tq‘ #*MH’E%P’QP‘“S)IV@B{{ Li}‘}(ﬂﬂ*g iigdle ar e
anticipated to mnbbpmﬁhoﬂcswﬁwﬁea sﬁmanbe\agfoHesﬁHE&

r

synthetically constructed cytokine poly ti de sequences or fragnents

01/ 05355 PCT/ usm@qgswmsmn@rt@bmqum Mwh emionsaﬁmtemstnpahetqymkige sequeheasat e
the functionali s _of. this

I nventi on. ThusL¥T y%hﬁglgﬁ gre@;l&e&gtgl ﬁg%%i \&errbc?fl of ons of

i mrunol ogi cal sﬂosdseleuieéaminmracid’temdﬁslin ﬂiecomnglséqueﬁbeeymlfagaﬁatdﬁﬁhuésfbﬂ t he

present inygntion i fi cat [ ons | n.the prot eptide or DNA sequences
of these c;{/fokl ﬂ?g'?h}fﬁu ﬁtﬂ%‘ﬁ?ﬂﬁ’lﬁp H’r@ﬁé@e ee,

proteins which ggyuns. mﬁﬁtg%edsllg\,sgby corrp05| tions of this invention. Such
modi fi ed cytokines can be made by one skilled in the art using known

techni ques. Mbdi fi caPthenspeeificimptatians of the sequenesstof Keraytaking polypeptidesaviich  t he
I L-11 el. t f
seduence: ﬁsgﬁﬁ&g&a% }gges in he cO %ﬁ%?&wréng’ Sbiee g one

or nore sel ecte amno acl ng se

t echni ques for d&mghcoshhmmﬂnham@t&h&e@glyd&bhhbﬂ&cogﬂnm&cﬁwm to

one skill efo 'n Inh mto seqﬁence 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



e.g., U S Patent No. 4,518,584.) O her specific nutations of the
sequences of the cytokine pol ypeptides which nmaybe useful therapeutitally
as described herein may involve, e.g., the insertion of one or nore

gl ycosyl o om05335t es. An aspar agi ne-1inked gl ycosyl at i on RCGIASIBION site
can be .20 inserted into the sequence by the deletion, substitution or
addition of amno acids into the peptide sequence or nucleotides into the

DNA sequence. ch changes .,may, be . .made.at an ite of. the nolecule that is
modi f i ed Yy alaﬁﬁemneﬁs%@msﬁm 185%%3’?%@@%?8@@&4%@@%% al t er ed
nucl eoti de OrrefapRbédifubliesitRsGAcudih® tHosE sharaicriaed By DNACdquéit¥s &pable of

gl ycosyl ated at those sites. 25 Additional anal ogs and derivatives of the

sequence of thybridigingtathedisclesedeytekinaspquencasbndes stoagent hvhridizgtioncanditions, or

prolong its t iH ' %mk leQl t n \f@“ﬁp £ ex be
useful in thgﬁpﬂr esen éelgtnve tfogg,'(sérﬂggﬂglf s%a"eﬁleoasL y C%g%‘gg'bygg%ie’&ngski N
in the art. QdemmlQl edingCoidSptingHarbeyLibwratony, New Yorkn@889)) vilpbd similagly ene

gl ycol PEG opto existing |ysine residues in the cytokine sequence or the
i nserti 0‘59 of "BF&H‘E@(S“‘WBF ‘l ysi ne residues or other amino acid residues

that can react w t{}sfEdasilerelESderivkivesisei $n ih8teOmbthedsSRSl AR MmSmblécules,

conventional techniques to enable the attachnment of PEG noieties.

Addi ti onal arprepseesd byfusingthesequence erapielogicallysetive fragmentof thesequeneeions i zed by

allelic variat]aons.l %@ gqgﬁ%ﬁg ' Oky |

vari ations i %%%%ng % 8‘8%@%%%%’5@%&2%%&&%6& ng

them It is afises) pgl atethbdst forl fusion alesgibed iis FOHI$91/06186 (WiDH2H4453) er enced

Rybri di 21 (=abhited MEEh JSc o) NieFiaety Rl &f e iokines Tay be

ybri di zt*hg e u

stringent hybrmw%@%ﬂ%ﬁ!ﬁgmﬁeﬂ&ﬁo&t ri ngent conditions (Sanbrook et

al., Mdlecular Goning. A lLaboratory Nanual, 2d edit., Cold S&rﬁiérfg Har bor_
11 3s -

Laborat ory, New YdFhws,(wiggoin thefescripionsefithe egmppsitipgs ofthis invengiop
e o AR e USat) 6 SR e TR
fragment of ttheproeipyroducedby 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 poly#orbate 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 rhll-11 mﬁltiparticulate pellets.

EXAMPLES
EXAMPLE 1: Effect of Sucrose
The effects of sucrose on the stability of lyophilized recombinant human
interleukin-11 (rhIL-11) were examined in two stability studies. First, 2 26-week study




cytokine to another cytokine or proteinaceous therapeutic agent, e.g.,
I'L-11 fused to IL- 6 (see, e.g., methods for fusion described in

PCT/ US91/ 06186 (W92104455), 15 publ i shed March 19, 1992). Alternatively,
conbi nat i W@ O0UM538he cytoki nes may be administered toget hE&CTAESHIEIhg to
t he met hod. Thus, where in the description of the conpositions of this

I nvention IL-11 is nentioned by nane, it is understood by those of skill

oresent |y i scppik 1} REHRASE Edorrlatfe Rty Shfull BOYREE, RouMERRERISE T o

modi fi cati ons dmﬁfexfwdomemesméfmhﬁoﬁ)ems exasiifedtwithiahd Witioutd%Ruciose
activity. The follow ng exanples illustrate_practice of the invention.

These exanpl es a’ia?‘éh Img,and, ymg:dosaes forms,, ﬁa&w&ww%ﬁ@m@lﬂdm vitls#8ed i n
any way to |im Rhﬂi%eéﬁﬁﬂﬁc%atéﬂﬂ4 Lolg iRalt ﬁ'lofdf B, @@W&E the

benefits of ad g sucrose to rhlL-11 25 orrru at1ons. Exarrp escri bes
the effects of lﬂ)mglmhamioandauemélmlwgodmmphomhate BRAmM glyeine it 7ilh@ams t he

effects of  L-nethi.onine, on the oxidati.on | i qui mul ons
Exanpl e 4flaesc #Wgthélf’is'é‘ff?%e%? ahﬂgﬁ%m“kg’l%r‘}wﬂg%ﬁlaggﬁ 8h ‘dea#

in wet granul ahignaL! Séhgleswereaaemticallypfilleb té PRE dnddysphileels They bvef@ﬂ:@hom ne
and polysorbate on the stability of enteric coated rhil-11

mul ti parti cul aircupaied #dsC, 250C ardKP| G- Samplegwwereanalyzed inhath sndies perigicaliy e
effects of suc??%‘fqﬂﬂ?ﬂep&d igphitey,. of |yophilized reconbi nant hunan

I nterl eukin-11 e examned in two stability studies. First, a
26-week study 9 V@Mlﬁmﬁeﬁsuwmﬁv&sd-pmmmamalyasof)lmgﬂviyltion

conprisin 10 I U hate 3 ne, referr
herein as asreﬂi/| Bﬁﬁ?‘i}?‘ﬁﬁﬁf‘? &?MW%‘F%&% ﬁ%‘ e at
both 1ng and Swwa&&gm COTHESs: ﬁ%ﬁnﬂaﬁp&hﬁa&mﬁm&t@&oﬂwhgofésal s
and |yophilized, then incubated at 4C,_  30C, and 40C. Second, an

study of rhi L- RUH poluyn . émﬂ?ﬁﬂ%mmi«maph@mmm&mmépgam
glycine, pH 7. Qopi@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
Iyophilized 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 thIL-11 formulation (at 1, 2, and Smg/vial) is beneficial in reducing
30 the amount of aggregate generated on stability.

(D"

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. rhIL-11 in the 10mM sodium phosphate, 300mM glycine,

10



10 exami ned with no sucrose at 2 and 5ng/nL and with 1% sucrose at 0.5,
1.0, and 2.0 ng/nL. Sanples were aseptically filled into vials and
| yophilized. They were then incubated at 4C, 25 C, and 40C. Sanpl es were

anal yzedwigbijesise studi es periodically by acidic reversedrosen®diPLC. Fig.
1A shows the results of acidic reversed-phase HPLC anal ysis of |ing/vial
15 | yophilized rhlL-11 dosage formformnmulated with and wi thout sucrose and

incubated for 26 weeks at 40C. The sanples were reconstituted with water
and i nj eé ed p¥h1.6 composition (baae farmilatiomywas axanined with andwithounpalysozhatea2fhi ent

tenperature at &..load, of~64 |iqg. The i) e k20 TFEA 0 wat er
wth a li neaﬁ’ygéﬁ?ﬁ g‘ﬁP r%]ir"glcié’l[h%‘r?fl t(% ﬁ.%%#gmpo%ﬁﬁﬁ%gia%ﬁgho@da ters
Al idance' HPLQ.%usiﬁcetmﬁ%tmbcjfmeaal O.Zﬂhé?Msﬁr&}eE't@peﬂal lBaﬁdlleﬂﬁpémh | ddrseanéh ds of
acidic reversed- phase HPLC anal ysi s 5 [vial lyophilized rhllLA 1
dosage form fh?ﬂﬁ?ﬂtﬂlya}*\iﬂaﬂ?dgﬁ]d’%%? lic %W%MF‘EWMY 1206 weeks
at 40C._ The t fa.bmﬁ?oﬂ&fmg' -odfk.Aooyt 1418516, 3d 22 \HORRE dadthe s .Jﬁg met hod
used. Fig. 2 'shows the resu Pglo aci'di'c’ RP-HPLC anal ysi's of %’gg I1ized
rhiL-11 #x 2iimépointcampips wierd removed flonanalysisibyiight scatieringsand SEC-BPEC.1. 0, and
2.0mg/vial formul gted W.th 1% sucrose and i.ncu Qk_3 eks 40C.
The text above fo?igfi%@. Sth'sJ{Fﬁ ﬁ?ﬁgmﬁﬁﬁﬂgquwgﬁ%égéﬁﬂwﬂﬁhﬁ used.
In sumary, tHyarsdRfortinatibilsWithahad withowpbiytdibaé-20) Eightsbatring #hs serfofed added

to the |yophilized rhlL-11 fornulation (at 1, 2, and 5Sng/vial) is
beneficial i risingayatirvetcs 193@%”&%@5?@@5&@%&%- stability.

Stabi 11ty of |1 qub i PRRToTs SaeEReiitn Ehroalilogipn) ERCHITAD Rectlly SUARE oy
rhiL - 115 n trhA-1Dafdr shakingfop A6 hptrs imfor@oltidsgwith awd withdig palpsebAe2055
and i thout - NGB LA 30oRggt itk h RS fes PRREDQHS g ool 3B T/ )
into 2L t ubi3oPmyi B dad Wak Aur(isodPatidally at 1D Hll/mianging A500NI MBS, O(SMNacR). The
vials were s tO?PIEl\earg?}gcinae?gH%TOi ggbeil% p%gs%. 5I'%ec glreﬁ'gd was run on a Waters HPLC system

detecting at 225nm using a 30 g column load. '

20 In summary, the 16 hour shaking data show that the addition of polysorbate-20
to the rhIL-11 liquid formulation benefits the stability by significantly reducing the light
scattering at 320 nm and % rhIL-11 mulitimer generated.

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 véndors, were added to each

11



horizontally on a flatbed gel shaker. Duplicate vials were shaken at
approxi mately 120" RPM for the fol | ow ng periods: 0, 1, 2, 4, 8, 16, and 24
hours. At the appropriate 10 tinepoint, sanples were renoved for anal ysi s
by |ight swaxamsisag and SEC-HPLC. Fig. 3A shows |ight scaRCEUSMHIMBSUltS
of liquid rhiL-11 after shaking for 16 hours in fornulations with and

wi t hout pol ysorbate-20. Light scattering was performed using quartz

cuvettes in a Htachi UV/ Vs Spectrg&hotom&ter where 1=320nm_ Fig. 3B shows
Si ze Excl udion feﬁwﬁ%&wamyn (viv3. Thes! 1BE. sapples were npupated atQ -

af t er shaki ng fsc gtﬁ,;(}ﬂjg ?ﬁl ons with and w thout pol ysorbate-20.
SEC- HPLC was perforned using a oso as TSK2000SWL colum (7.8mm I D x

300mm L) and was rurﬁgtxm{#mdetblshqwahe stability ofitiguid His1 Inaftes 850eeks AEB, °in5 M

NaCL, 0.1nM gl The meth t
HPLC system g CIW&?S% ?ﬂ&@nffg“%mg"ol 55 &ﬁ%%qwﬁﬂgmﬁwefs
the 16 hour shadﬂy@hﬂab@n;mpwémweéﬁwaddctmRﬁmafansﬁﬁwmaﬁmtvﬁn&ﬁ 10tngMt he

rhiL-11 I| uid formul ation benefits the stability by significantly reducing

the |ight 10scatmethionimeatLeyely ofnMat$§ omidation-were mgnitorash by)aeversad-pliase EhighvPL E
3: Effect of L- 1 eld eved
to protect the I?régbﬁ%’%{r%ngmr emgﬁ%ﬁ& ""%Pgrg%ﬁ%@%?%&nw Bﬁﬂc@a%g flas a
scavenger for tht%eTHAInwae wifes gradientSef\aeetahititle pPetedtioi was 2¢4nmer f or ned
whi ch determned th nM net hi opni ne an appropriate and adequat e
concentration to ni %‘lt%]a?@ Efxﬂﬁiﬂ"ﬁﬁ\zg’f tﬁiﬂg?ﬁ‘gdow W?PSFEteIEatG'Pfa”%Q‘Wt
shown) . To examm@maﬁa%emtestmmén bRiahdt WA 9098, Phrther, as

pol ysorbates, which 30 contain varied evels of oxidi zi ng speci es such as

hydr ogen pér oxitheprotein donpeniggtion ny&md'fmloynpg/mbm bamgéml| theldevel afiokidation

0 Forml at 1 onoigte e s SRAC ke Be Bitci Sofienliich, THiF fseapufpe™

sources of pol yeith ttﬁatthasldbgmarofﬁfe;hmime/aﬁdﬁo&mWeﬁdmddﬁdadlevﬂaﬁthe 11
WO 01/ 05355 PCT/ gSOO/ %9347 5 for ftlo& concentration of 0.02% (v/v).
The | tnl, sanp™ ehiRRineh £¥ e gSReGBt DNmmsiugien oftthiso C

experiment is that 10 mM methionine dramatically reduces the level of Met58 oxidation
20 within IL-11.

EXAMPLE 4: = ionine on I1.-
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 pug. The mobile phase was

12



Figures 4a and 4b show the stability of liquid IL-11 after 8 weeks at 40 C_
in fornulations with and wi thout 10 nM nethionine. Figures 5a and 5b show
the stability of lyophilized IL-1 1 after 8 weeks at 40 Cin fornulations

with andwoiotksass 10 mM 10 net hionine. Levels of Met 58 oRCEISIWAPB4Ter e

nmoni tored by reversed-phase high- performance |iquid chromatography using a
Poros R1/H columm and a nobile phase of 0.1% TFA in water with a gradi ent

of acetonitrile. Detection _ was_ at 214nm The data esen in F| ures 4a,
4b, 5a afd. SQ%W%W%W%&“{%?& Ftt‘?f(?ﬁemB‘F“]EO%H‘PE'&‘H Ias e %Iuces

the level of yhln Huéa,ch{ ath]Mmlﬁurther as 15 the protein
eccgiq?r s))é!e L%

concentratlon I'S varl om™0. 1.0 ng/m., the | evel of oxidation

wi thin the protei rlnmeshc wﬂdmon nﬁm@ﬂn@mﬂm vhlled A dablet formplationhi s | s

Gapendent  on b=t B0 ERBnof RpeiodfielRAGHop mEFiolehil s ShitaicBopiehy |

oxi di zi ng smaéam,-ﬂmnﬁnmhusmmumm s experiment is that 10 niv
met hi oni ne dramatically reduces the | evel of Met58 oxidation 20 within
IL-i 1. ¥XAMPLE 4: Effect of L-Methionine on IL- 11 TabI ets The effect of

met hi oni ne | r‘%ﬁ‘m‘?ﬁ t abl glee,

stability study %B 11 t RRLRbS ‘-,;oo ng

or 25 without 10 nmM net hi ofif nNe d I ncubated at 4C 25C, and 40C i n HDPE
bottles for 0, 2, 'H:edefﬂecmméknethﬁnmpla:d palyserbata:i8 dul rhﬂdlbmlﬂmw:ﬂwa ni ght

using a 100 odi um onM % at.e- 80, 10nM
nmet hi oni ne, %36“ %’ ?‘gﬂf}%ﬁk&ﬁ%&)ﬁ@ %{%gﬂ%‘g"gim%haker
set at |gw spggd ,%ﬁ,m raenv Zﬁﬂl@ardbﬁla&s iwithpof Mithout 10 mM

rever sed- phase HF}I’_ 30 F| 6 shows the, stabi] |ty results for rhil-11

tabl ets mcuba@tbwnmean@)@% mbsmhﬂieéorae d ingubated at &&é A §inBIDRE zed
met hi oni ne58 snedd 1{119 aa t Béng d NE
0 apo 0S

sarrpleswerelnjec ourm 46nmID X 0 mm L) t hat
was i ncubat ed108t nnmaodmnaphoswate;‘ 300 gnMTub'cmel@%lpab@OMs-so;LZOV@bll 05355

BT/ USO0T 103 Bicine, A 7.0 bultef 8t Shibilh'BBeratukd GP4 nitbBd b6 Mhallh s@ %011 1111 €.

This method WaS
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 pug. 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 rhIL-ll 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 inventibn.

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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Waters Alliance HPLC system detecting at 214nm In summary, the addition of
met hi onine to the rhlL-11 tabl et formul ati on reduces the anount of
met hi oni ne oxi dation. This confirms that methionine benefits the rhiL-1

formul ati ogoaipsdasant i oxi dant. 10 EXAMPLE 5: Effect of L- Nt Q§7and
Pol ysor bat e on L 11 Multipa iculates The effect of nethlonlne an
pol ysorbate-80 in rh]l |1 nultiparticulate formulations was exam ned in

this 2-nonth stability study, rhlL-11 nultiparticulates 15 were prepared
(1 ng acti se/ 1®ans;qmﬂtnymaysumnhﬂmaensmapﬁewmmaﬁpaudedmmmmwﬂm and
0. 02% pol ysor bat e- 80 .and .i ncubat.ed 4§1 25C d, 40C in HDPE bottles for
2 mont hs. * Ml ¢ RSP ARPURIIEA funiendda coRFERIFIGHELRR o
100 mM sodi um maﬁmwch%%wmﬁﬁmsespe&tﬂem%&%%mﬁ@%% 10 mM

met hi onine, pH 7.0 buffer at ‘anbient tenperature on a flatbed gel shaker
set at low 20 speed. Sanples were analyzed periodically by reversed-phase
HPLC. Fig. 7 shows the stability results for rhlL-11 nultiparticul ates

i ncubated at 40C by RP-HPLC for detecting percent (% oxidized

met hi oni nes$ species in formulations wth and w thout nethionine and

pol ysor bat e-80. The sanples were injected onto a poros RI/H colum (4.6 nm
ID x 100 nmL) that was incubated at 40C at a |l oad of 25 8 g. The nobile
phase was 0.1% TFA in water with a |inear gradient of acetonitrile. This
met hod was run on a Waters Alliance HPLC system detecting at 214nm In
summary, the addition of 10 nmM net hi oni ne and 0. 02% pol ysorbate-80 to the
rhlL-11 rmul tiparticulate fornul ati on reduces the anount of nethionine a
oxidation. This confirnms that methionine benefits the rhiL-11 formulation
as an antioxidant. 30 Wihile the present invention has been described in
terms of specific nmethods and conpositions, it is understood that
variations and nodifications will occur to those skilled in the art upon
consideration of the present invention. Numerous nodifications and
variations in the invention as described in the
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35 above illustrative exanples are expected to occur to those skilled in
the art and, 13 WO 01/05355_PCT/ USQ0/ 19347 5 nsequently, only such

limtations as appear in the a ' ould be placed thereon.
Accor di ngb¥i/nedsks i s | ntended i n[ﬂﬁ t %ﬁ#ﬂ i s to CcpEEuseibissuch
equi val ent variations which c ¥ ope of the invention as

clainmed. 14 WO0110355 I 11111 121111! 111121111222 1111 * CL 5 WHAT IS
CLAIMED IS: 1. A conposition conprising IL-11, glycine and a
cryopr ot 8ct aNVHAT ISXHeABMEBLES: t i on of claim 1,  where said cryoprotectant is

sucrose. 3. The cpnposjtjion.of .C : r g]% 'gg' 'hﬁﬂpresent at a
concentration of gboutA%B?sg{l%nb%%fﬂﬁiﬁlg%q’Qﬁaﬁé. _ e%gbrrpom t|'on of claim
1, where said gl yzine Tk qongosition of clailnl)tiwhiefsaideryorrotedint is aupassi t | on of
claim?2, where sajd sygrose is_presenf.at. a  concegntration of about 0.5 to
about 2.0 % 6. The coﬁH?oE?‘FP‘E?HPQS‘f°€F§+'H112,WW%rS@ YEOE 8 Ryetent &t 3 esent
at a 15 cong&ibtihion Bf SHouf POHHo abolt 400 mv. The conposition of claim 1,

further conprising a polysorbate. 8. The conposition of claim?7, wherein
sai d poll§sorbate 4s TwBercopposition ofleimch Nyhere; seidglycire is present 7t abpita308i n sai d
pol ysorbate ig,present at a concentration of about 0.005 to about 0.1 %
20 10. The cB’M‘osition of claim?7, wherein said polysorbate is present at a
concentration of sboutTH: 6dmpositich. ofl blaim @ypwhere isaid sicraseais nprésenf ar aher
conprising an antioxidant. 12. The g?)%osi tion of claim1l, wherein said
ant i oxi dant Feceutratign of ahouk @S 820 conposition of claim 12, wherein

m d L -nethioning is Peegposition 8f €At Whdre QidOSucibieUis predefit ab@ut 100

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 éomposition 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 claim12, wherein said L-nethionine is present at a
concentration -of about 10 mM 15. The c¢onposition of claim1, further
conprising a buffering agent. 30 16. The conposition of claim 15, wherein
sai d buff ewongossgent nmaintains the pH of said conpositiorpcvusovesssange of
fromabout 6.0 to about 8.0. 17. The conposition of claim 15, wherein said
buffering agent maintains the pH of said conposition at about 7.0. 15 WO
01/ 05355 PCT/ US00/ 19347 5..18, THE_conPosltion of ¢laim 15 where n'said
buffering Agent is 38di ufic SAMERHItaR of clyimihwhestin saidbnifering agentis pediumyher e
said IL-11 is ¥5&§ﬁg&_at a concentration of about 1 g/nl to about 20

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

conpri sing about 1 abgut 5 mo/.od | 1, . about %’g‘g gl yci ne, and
“about 1% sucr ose. : 228 Th@ﬂ%&?ﬂ@WBn&oF&Wa}’W IS rlﬂs{illn PESERt & o
about 5 ng/m bbnckﬁuaﬁoi;%f&ﬁ&ﬂﬁ@ﬂl@dbﬁhﬂdﬁ about 1% sucrose, and about
0. 02 % pol %sorbate. 23. The conposition of claim 12, conprising about 1 to

about 5 mdPnmi 1L- 120 abdhe copwpopiioy gfcriaim hbwhere1said dlcklodse preatrsuat 8. 02 %
53, having a pEpaEittionof bl s SR SHRE 7l on of claim 1, wherei n sai d
conposi tion is |yopBLl i z€Hecdmpokitibh bf claii 2, bompridihg dbobd 1 tobbout 5 g/l -, 16
about 300 mM glycine, and about 1% sucrose.
22.  Thecomposition of claim 7, comprising about 1 to about 5 mg/mI IL-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.

AR A
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