4" OCT 2005 HSA- FREE FORMULATI ONS OF | NTERFERON- BETA FI ELD OF THE | NVENTI ON
The invention relates generally to pharmaceutical conpositi ons,oQar X005
particularly to stabilized forrmulations of interferron-1 that are free of
human serum al bumi n as an added pharmaceuti cal excipient. 5 BACKGROUND. OF
THE | NVENTI ON The interferons are a famly of glycoproteins whose secretion
fromcells is induced by a nunber of signals including viruses,
doubl e- stranded RNAs, other polynucl eotides, antigens, and mtogens.
I nterferons exhibit nul tﬂ@A%}@@#?ﬂM@LAT@@NS\OFM$ERPE@mWﬁm iviral,
antiproliferative, and i'munonodul atory activities. At 10 | east three
distinct types of human interferons, a, (3, and y, have been distingui shed
based on a nunmber of factors, includi b\ anti-proliferative
activities. Interferon-0 (hFN(B%ﬂSWﬂ;ErWen ified effective
treatnment for those Mi.t: J L bShaiYRceutitd chamokidens,desrenst r at ed
. to reduce the nunbermgf aﬁﬁéﬁékgmssgﬁe?rlgz%?y patients wﬁ?h rel apsi ng and
- remtting M5, aagickeeBNdatabilized foreadations pBinterfiron{Bhetare diep o4 bumen S

al so useful in"the treatnent of hepatitis B and Cinfections. As with all
prot ei n- based phawsineeaniadé¢dphapnecentifd B hcl e that nust be overcone in
the use of IFN-1i as a therapeutic agent is the |oss of pharnaceutical
utility that can result fromits instability in pharmaceutical
formul ationg. Physical instabBACKGROUND OFTHERVENTIMEpti de activity

and efficacy in pharmaceutical 20 fornul ations incluyde denatturﬁttnjnocréugﬁd
formation of sol ubl eTheiatarfesosis @ wiahr FEYPTOCIR§WROSE RERFLH

instabilities i.nclu hydr al VSieS:. 10 - OF patd I dBRNAs, oth
racem zation, éﬂé‘m&gz’%%‘l .EI]O%% ? f %@%ﬁ%@ﬁﬁ}u@%ﬁ%ﬁ,ﬂrﬂgggﬁaﬁi@knpm gool _eegld to
the )l 0ss o r efiiphicRdtiahs, biiegenbamdanicagens alntarfirons exhibit multiplp bislegiralof

interest. In other cases, the precise effects of .these c es .al:e...
unknown, but t fastividissd inrlugingagH ye: W’é’“ﬁ‘&ﬁf‘lﬁﬁuﬁ‘,’f‘émﬂ@o qral‘,‘ilraq%rgnagf]gleurg o
be pharnmaceyti cal |y, unaccent abl e o I Lad v. Ha9k bb@dastinahitiedsi de
effects. 284 tgﬁﬁ%glfﬁggsgpaeﬁ%lfﬂza | gﬂ%&gfmg%}oggépt [ El’es i n phar mag%g_ut I cal
conposi ti ons I gfRENSn & hundefdf fabtorh ireiuding aiti-einal andrapti-prbhiesativeragfivitics-ol e

revi ewed by Wan 1999) Int. J ] )
( Y 9 Intcr}eron-B (IFN-) is the first identified effective treatment for those with

muitiple sclerosis (MS), and has been demonstrated to reduce the number of attacks
suffered by patients with relapsing and remitting MS, and secondary progressive MS.

15  IFN-B compositions are also useful in the treatment of hepatitis B and C infections.

As with all protein-based pharmaceuticals, one major obstacle that must be

overcome in the use of IFN-B as a therapeutic agent is the loss of pharmaceutical
utility that can result from its instability in pharmaceutical formulations. Physical
instabilities that threaten polypeptide activity and efficacy in pharmaceutical

20  formulations include denaturation and formation of soluble and insoluble aggregates,
while chemical instabilities include hydrolysis, imide formation, oxidation,
racemiﬁation, and deamidation. Some of these changes are known to lead to the Joss
or reduction of the pharmaceutical activity of the protein of interest. In other cases,
the precise effects of these changes are unknown, but the resulting degradative

25  products are still considered to be pharmaceutically unacceptable due to the potential

for undesirable side effects.



Pharm 185:129-188; Wang and Hanson (1988) J. Parenteral Sci. Tech.

42: S3-S26). Excipients that are added to pol ypepti de phar macd@CTR005
formulations to increase their 5 stability include buffers, sugars,
surfactants, am no acids, polyethylene glycols, and polyners, but the
stabilizing effects dibertabslzationml palypapliesiiv pharmaicyutitap endbogtions feifins an

tein. On f - tacles to prepari stabilized I EN-, 3
har maceut i cal *farnutict sRYShEEnEerhs FEREE spkdumonred b omehad e 4
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sol ubi Iity-enhaEgi ng agent for IF . However, ‘the use 0
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formul ation also interferes with the ab; ?{tye?o pr%aggflﬁ@vggte\??r#eﬁ@ Bgon the
stability of | FRO4N. in the fornulation. This is because HSA and | FN-a are

both proteins, and t interferes with some of the I FN-(3
stability-indicati ngﬁg’gg’%}? TEF Ph%ti* to prepaqng stabilizeg IFNGE pharmasgutical

exhi bi ts aggr egforemiabi®hiOeetiBOpodt SAMIIRY olf thePiN- hgal. conposi tions,
and hence the atm)unt of this prot Ié(i)n in i tﬁgdf mngﬁﬁe@?@%i }S}lgﬁ?ni]gal |y
active statl@ i slorHistions emplayuhe nee ofld8 Age acblubiityenhandos hidne Rsr IFADGT egat e
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bhar maceut i vat ONEPEPHeIRe BB Afag bbbicks (368 dh A presitted hume blop aod ntst
pol ypepti de, r ethefieforae hanea®d fim hilShABRYLAIE Wﬂije(\sﬁ% 4 {aiicglﬁto iduge the gisk,

- pharmaceuti cal _ conposition. Furthernore, "aggregate torna
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I munogeni ¢ reactioin to the aggregated protel sequen
need for addi ti'®H fompRation, Thisia becauise HIS A3t ddbiNs G aird bath proteine) iri the HSA

e e G e R R
enhanci ng their phafurheshoalFNUB ik bipYoteindhdt e%%i@gggregate formation when
prepared in pharmaceutical compositions, and hence the amount of this protein in its
20 monomeric biologically active state is compromised during storage of these
compositions. Aggregate formation by a polypeptide such as IFN-B during storage of
a pharmaceutical composition can adversely affect biological activity of that
polypeptide, resulting in loss of therapeutic efficacy of the pharmaceutical
composition. Furthermore, aggregate fbnnation may cause other probiems such as
25  blockage of tubing, membranes, or pumps when the IFN-f pharmaceutical
composition is administered using an infusion system. In addition, injection of a
- pharmaceutical composition comprising the aggregated form of a protein has the
potential for generating an immunogenic reaction to the aggregated protein.
Consequently, there is a need for additional IFN-B pharmaceutical
30  compositions comprising physiologically compatible stabilizers that improve the
solubility of this protein and stabilize the protein against aggregate formation, thereby
enhancing their pharmacentical utility.
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SUMVARY OF THE | NVENTI ON Conpositions conprising interferon-beta (1FN 43)
as a therapeutically active conponent and nethods useful in Y4h@CT 2005
preparation are provided. The conpositions 5 are stabilized pharnmaceuti cal
conpositions that are free of human serum al bum n (HSA) as a pharnmaceuti cal
exci pi ent and which conprise substantially nononeric [|FN(3 solubilized in
a lowionic-strength fornul ati oguMURARYOR PHEONMBENTION fornulation is a
solution that conprises a buffer in an anount sufficient to maintain  the
conposition at a spEoifposifiopscEhpssing intenferon-be® (TAND aswHberapetEaly, adtivei ed
pH is 10 about 3.0 to about 5.0, and whi.ch has_.an ionic. str th of .not
greater than agyuporspt al?ﬁ\)l"F’thRdﬁB?P%ﬂdﬁitEe‘{ B??P@P?Wﬁrﬁlﬁaglﬁi?& iﬂ\gﬁ%f%sgf’%sed

into the phar eyt ¢ elapelo} i1 hENE R Rh kERRFalb&ioNi C,
where the [%nr%%fsyqbﬁgfégd)g%}t |s§g£dlgg)raggﬁ§/]5r at g{ark/elﬁ?ﬁo%gs for increasing
solubility of (HEA)&Sa pharpheentivabendipiant and ovipdsearnpnss, suhanfidly moneraesi ng
t he amount of nononeric 1'FN- 3 in these 15 '(:orrp(:)sitc'ﬁggy.lslﬁi w thout the use
VORPTEF-S W NGS
Figure 1 shows_.lFEN-13-1.b_sol ubi Li LN - i ' s LHr e 2
shows ] FN-fO-1 @Tﬁ’l‘%‘lﬂnllf?ﬁo1uﬁ°?6l'\'/él on 183%?‘ r%ur%e?%{ %?grrlﬁ atl gﬁn&él.e&g%mlgiﬁgﬁrle 3
shows: the ef f egfe @mptisitidnQt @Rpddified J &7 raigos @ Jatritswhemttbe spekifpdmdl is

shows the effect of pH 4.0 on the IFN-,B-1b aggregati on state. Fiq%g 695
shows the Hf eabowsi3.hig oot 5, audewhichibps an jog gihefint Zealgrdbana {; e 6

shows the effect of jonic strength (0 : - :
aggregation st 5}1\4: ' é*sn‘rﬂ"é’&fce‘°‘?’°§${8ﬁ(saﬁeﬁn§sé Ctrﬁ’%?ﬁ&%#){ﬁg@g%g%hﬁﬂ( 50 nmM
Nadl) on the | El}h;gési{ioﬁzs toASfkdcR B8 ¢ dsititng isofiudie)veheSe tHectonictfiympeizbntds 2 of

(150 MM NaCl) on the 1FN-O- | b aggregation state. Figure 9
shows aggr egat icanbobyérate. dflethpds foBindreasing sphybplity of %?er?rm pharpaceutigal
containing only the

5 mv ine bufferi t. Figy : the ~
effect of a noHQWBBPEO’E‘%ﬁgé%&bgﬁﬁéﬁﬁ%ﬁ%Ia?‘g%%g%%%%lg%%ﬁ:ﬁ%eﬁgg%?egat(:a i on
state of | F QLA bBitbRE vifolttRlise B RANNsériim itdi® e atsd pfoviliel. 2005

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows IFN-g-1b solubility in sodium chloride solutions.
Figure 2 shows IFN-£3-1b solubility in low-ionic-strength formulations.
20 Figure 3 shows the effect of pH 3.0 on the IFN-§-1b aggregation state.
Figure 4 shows the effect of pH 4.0 on the JFN-8-1b aggregation state.
Figure 5 Ishows the effect of pH 5.0 on the IFN-§-1b aggregation state.
Figure 6 shows the effect of jonic strength (0 mM NaCl) on the IFN-3-1b
aggregation state. '
25 Figure 7 shows the effect of ionic strength (50 mM NaCl) on the [FN--1b
aggregation state.
Figure 8 shows the effect of ionic strength (150 mM NaCl) on the IFN-g-1b
aggregation state.
Figure 9 shows aggregation state of IFN-$-1b in a pH 3.0 formulation
30  containing only the 5 mM glycine buffering agent.
Figure 10 shows the effect of 2 non-ionic tonicifying agent (9% sucrose) on

the aggregation state of IFN--1b in the formulation shown in Figure 9.

3.



Figure I 1 shows the effect of a non-ionic tonicifying agent (9% trehal ose)
on the aggregation state of JFEN-O- |I b in the fornul ati on sheuwycmgesgur e
9. Figure 12 shows percent of initial IFN-(3-1b concentration in

| yophilized formulations containing 9% trehal ose or 9% sucrose foll ow ng

8- weeks storage at Eigm:u@hmememfacoafm-ﬂﬁ@romdﬂ%@é’g%@@%fvgﬁﬂﬁg

Figure 13 shows gercent .of mai nJEeak | EN-O-1b in | yog«hél | zed Tornu
cont ai ni ng 9% t FEREEEEaIY} stety of JEN.E brip theptmrmylagonshawn 51 Bigagedat  40C,

Percent of main peaf; ] . RP- | nal ysis.. Fi.gure, 14 shows
percent of initial 1F_1 : 61?§6(§g§;}é§§ rtg%fingﬁaliﬁg'&ﬁrﬁoﬁ‘( no_‘i(ﬁ%ﬁ%ﬁﬂ? i ons
cont ai ni ng 9% t fozinalations aithiming esSreMatdsb sr 8V BuelRe %llo’%@ngr&@@&s storage at

Concentrati wdet.erm ned by UV spectroscopy. Figure 15 shows perctent of
mai n peak | qlérlll-},\%(ﬁ é?f‘qeﬁ}gﬁmﬁ’q Paedetenningd by Lbhebsogpthamai ni ng 9% t r ehal ose

followi ng 9-nonths s . Perce I,h . peak.was determ ned
by RP-HPLC anal ysi S.F%@Iﬁgﬂﬁoﬁ %%egéﬂg\%g medh 2% %B]FB'ilﬁi‘P?%ﬂplﬁflﬁQﬁ,fgml‘“lB“"ns
concentration icontainjugd% frehatubedr IMSucORé MWt 83 dek Bk 261t Ahe B %4

foll owi ng 9-weeks. stg]r(g‘%g at 30C. Concentration was det erén%%neg b(fg/' B@d%tq’?e

absor bance. Fi JUp@PE tepmmed hy BP-HRGapadsis. FN-O-1b in i quid

fornmul-ati ons cont ai g % .90 e follown - Weeks

storage at 30C Perc%ﬁ?ﬂz I%i())gﬁr?gl& %@%EO%ﬁ%ﬁig?ﬁgaﬂwﬁ'@ﬂm& °£ﬁ§?%i S.

Fi gure 18 sSRowsfoprulatinhs aintainidg 9k txleEandelljéu@ﬁg"‘%ﬂtlﬁél ét@fﬁﬁé By ’5“(981'; %0°C.
o S

formul ati ons Cngt ai ning 9% trehal ose or 9% sucrose foll ow g 9-non
storage in vi ar¥csptraon wandetenmined by UMispagtrosaopyned by UV spect roscopy.

Fi gure 19 shows per ' I b i Loyid.formu) atigns 25,
cont ai ni ng 9%treha|c?(§g%m?r3I %%A@ggb*-%ﬂn&ﬁaﬁﬁ%ﬁfrh&%#’éﬁzéﬁ&w%mo&ﬁs
at 5C.  Per centcontaiming 8%ktreledostablowinpeH montHsRidiRkLatad #Si0SC. Pefidhfmalh )

~shows percent of jinitial UN-,B-1_b_concentration in liquid fornulations
0

cont ai ni ng 9% tAsaL%PS detegpmed:by RE-SIRLG analysis.ng 9- weeks storage at  30C,
Co trati ded; ' 30 _Fi 21 sh t
Ll al YA T3 1 BB 18 ho B pEbe e SPIRT FA0 Y1 ol S e o i g

of initial 1FN-f3-1b Concentration In ai ni ng
9% trehal ose orfogmulatiarseeetdining 6% rghfeswreioss Si@bROPIIWIICwLROGERIEEE | ON
was det erm ned 3ByC.L801§ egtcrgtrigns \%gggétexmined by UV absorbance.

Figure 17 shows percent of main peak IFN-8-1b in liquid formulations
containing 9% trehalose or 9% sucrose following 8-weeks storage at 30°C. Percent

20 main peak was determined by RP-HPLC analysis.

Figure 18 shows percent of initial IFN-8-1b concentration in Lquid
formulations containing 9% trehalose or 9% sucrose following 9-months storage in
vials at 5°C. Concentration was determined by UV spectroscopy..

Figure 19 shows percent main peak IFN-8-1b in liquid formulations

25  containing 9% trehalose or 9% sucrose following 9-months storage in vials at 5°C.
Percent main peak was determined by RP-HPLC analysis.

Figure 20 shows percent of initial IFN-8-1b concentration in liquid
formulations containing 9% trehalose or 9% sucrose following 9-weeks storage at
30°C. Concentration was determined by UV spectroscopy.

30 Figure 21 shows percent of initial IFN-8-1b concentration in lyophilized
formulations containing 9% trehalose or 9% sucrose following 8-weeks storage at

40°C. Concentration was determined by UV spectroscopy.
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} -4 4 OCT 2005 Figure 22 shows percent of ini t.ial | FN- (3-1b concentration
in liquid formulations containing 5% mannitol with 6-nont hs skQ€d@00at 5C.
Concentration was determ ned by UV spectroscopy. Figure 23 shows percent

of main peak IFN-P-Ib in liquid formul ati ons contai ni ng .5% rrﬁnni tol with
6- nont hs st or age at Figfre P2 siwevs pastentral initid ARNvigd b caae ipR i Rt 1Py C.
DETAI LED DESCRI PTI ON OF THE L NVENTI ON. The. pre i |1 &R béfeftied to
stabi | i zed phatorRalaiions geniagy %%mp‘%ﬁgtﬁﬁggmc}:’gﬁ%\rﬂ edt?ngeﬁogron- bet a

(I FN-~) and et in v Rh&pdk&lpyon. These conpositions are prepared
in the absengg&g#)gﬁurmnegg t}FrrYa?bum?ﬂ{HSA), and arg_ thus free ﬁf this
phar maceuti cal exci pigue 23 Shehs poopdof maghreal IEN-BB AR d@uidoFBrRRANS o
"HSA-free" WN-1i phar eutical ¢ 0Si Li Theos0 Lfd ; GiaS €
SUbet ant | iy FRANGREE orREnRol Hip GraouBe ST ac L PRl oS GREe

I'n"a low1lonic-strength

15 formul ati ondeteﬁ%in%?gwmfﬁt rength” fornulation is intended a solution
that conprises a buffefr In an anpunt that is sufficient to maintain the pH

of the pharnmaceutical conposition within plus or mnus 0.5 units of a
specified pH, and which hBETAILEDDESCRIIGMN i NMater than

i

about 60 MM By "ionic strength" is .intended.t.he st ) i3
definition as appli d@efPsesgnsIVeRIBEHS dméFQ{jq %ﬁlgzﬁp@&%gﬁ%%@@go Uti on
is equal to'/z F, ciz.2,.1n L fvg_pk GBSt el tforn. THebe
charge. Th¥ bufl?a@f"""!l"ghﬁér‘é]éeerﬁ%@%)% aa]emléc?\)v-laﬁ%m c- st rfgﬁglt hri%ri‘ﬁr%l ation at a

conce fgagglbjﬁs Al-glﬁéﬁage@irﬂli\aﬂqué aﬁggnmf Wmﬁm;alh@dﬂt(}@wabout
more preferably about Vi to about even nore pre
about 2 nMto dbmutee aiGhisighagnadentipal c¥cipiest- e%‘éﬂ?l %P%&ﬁ{onﬁ WCE%T%%@F‘I %ﬂ v
Thus, in some enmbod] s,, the | i oni Gz: H: ssl ri ses
a buffer at a - %ﬁ?rﬁ'@npwg%egﬁpafgﬁmgﬁgbg 'gg?@ﬁ%ﬁ?ﬁﬂ]g%oﬁﬁpgﬁm to
about 7 nM ab%a%‘-ﬁmyr}@j IFN-PihatdO@nibiBzedvn sloowuiond-sikdngitbout 4 nmM
ul a% uffe

or about 5 MM rs that can be used to prepare. the

| ow i oni c- $% r erfginiulieemu Bt Tiow-ibmcwtrengtht famulagon is irtsndad a soleen el yde,
but are not limted to, cine, as t1c agtd [ g, < ' e,
citrate, fornmtc@mpPREeY %Pg%f dP@Péﬂwoe’%g{!ﬁatjfs sﬁfﬁsctl?n&ﬁﬁg{,a%ﬁ%ggg%%ﬂid

phosphat e, pharmaceutical cornposition within plus or minus 0.5 units of a specified pH, and

concentration c&fn

which has an ionic strength that is not greater than about 60 mM. By “jonic strength”
is intended the standard chemical definition as aﬁplied to a solution, where ionic

20  strength of a solution is cqu.al toa L ciziz , in which ¢ is the concentration and z is the
charge. The buffer is present in the low-ionic-strength formulation at a concentration
of about 1 mM to about 30 mM, preferably about 2 mM to about 25 mM, more
preferably about 2 mM to about 20 mM, even more preferably about 2 mM to about

} 10 mM, still more preferably about 2 mM to about 5 mM. Thus, in some

25  embodiments, the low-ionic-strength formulation comprises a buffer ata _
concentration of about 2 mM to about 10 mM, about 2 mM to about 7 mM, about 2
mM to about 5 mM, about 2 mM, about 3 mM, about 4 mM, or about 5 mM. Suitable
buffers that can be used to prepare the low-ionic-strength formulation in which the
IFN-B is solubilized include, but are not limited 1o, glycine, aspartic acid, sodium

30 succinate, citrate, formate, acetate, ghtamic acid, histidine, imidgzole, and phosphate,
preferably glycine, aspartic acid, and sodinm succinate, more preferably glycine and

aspartic acid.



preferably glycine, aspartic acid, and sodi um succi nate, nore preferably
glycine and aspartic acid. -5 4 OCT 2005 Preferably the | ow igaycg-Ripsenagt h
formul ation has an ionic strength that is not greater than about 60 nV
nore preferably not rggrer than about 40 mM still nore preferably not
greater than about 2(Preferabily thsolve/-mixostemRm formbulkionik Gn Sk the
formulation is sgl %%Pdeterrpéﬁe& by the buffer concentrat?ojﬁn(?g'g%\%g}]aEEQ%e

5 formul ation déeighahakny 8193¢ Prederablygios @resssr tharckboms 46 aeMUSAI more

chloride, pot apsdfeiibBhAdrelf | i de, ammoni um salt, and the
li ke, contribut ?)?1% top)hliht sfg"ri oni %@?ﬁ@%gpﬁ% S8¥ﬂeaeq'r%-“?1‘6’?\tﬁdh§ﬂ‘?@ﬁgﬁ¢ngih of

formul ati on t hathd ®mulatibnts solelyateprinshdihvthb b FRr tion of
about 1 mM t0 about 130 n&\/l preLerabI y . at a}gtt_l)lut 2 nﬁlt%gng%tgd&p%ﬁqjé&gber%ﬁﬁ
provi des for’ t he BrePHatCsMobRa: adgitiqnabipnicapes®s pivsh mmsaditinaslioride,

conposi tions t Bafasdhanehfrridd pr.ef erabl y about

psqlg;] .10 about 5.
3.0 to about 4.5, nore pr efng‘Laﬁél a Ol.(l:?ﬂog_l.d[@’ SRRk (il S%?a@pdglﬁqhke,ﬁgn@buﬁngto
‘preferably aboutts 3 steengtiout 4. 0, nost  preferably about 4.0, depending

upon the particul ar @Jffgr used., Thus, when the buffer is glycine, the pH
of the conposition i §§8batov%-ionicstrengthifornwation dfat isdsofutidmoedmpisisg Dbuflen

the buffer is agnAldncEnafich £ 1 ition | s about 3.5 t
about 4.5, pr of aronentilcof PRl Ao APRERL prcteablmabonicl i & sbche
pH of the 1€onpbsiMj provides dhrotit plopardtidnalfeiibiizzel IR G bRARN L AR M mBodtond

mai nt ai ni ng the g of the WN-O pharnmaceutical conpositions 0

i nvention wi t hi et hyeanid ef abowtBdlito ahieuBs.0, prefarhibkytabpirt D0 bbouit . NGk bl e
to increase 20,k ol f LENA3.in these conpositions beyond that
nornmal |y possi gtl’ e ﬁlﬂghg&ébjééeﬁoc%ogk 4%@“%9@“&?’ STABTY abepi S 40 BboritH.0, most

Furt her nore, bypriefecabdpabattiang depdh ' hORi h fornul.ation
u WP pabattiany depbhding bpéPuR pafeu A tfre? P%e?%ﬁpxgéﬁ i

as defined herein.it is possible to prepare” pharnaceu ns

i
that conprise & inglycine, thepRbefabe compisition Byabots Blsd abbit. 5, rBRAYIR bt
I's intendegsthajgt L Of of |EN-O . b Lght) present 25 in the
conposi ti oﬁsi s@f?\ P?lsemrr%é\)g!rlrfg% lg afpoarr&% ?‘é{ghtéf’¥W8ﬁ°§§$1§%!%@wb3mto Bhout
"aggregat ed" i .5, prefetbly abquhys). ctheh ﬂﬂlﬁférii@%d?ﬁh%gflgﬁtg%ggk—f&? tide

| i

mol ecules that results.in the formati on of nultiners nmers,; rs,
etc.) that may CPEWQF’H"“%PEIBF@-SO‘P abgut S-Aegreferadiy pbowtc0.out of sol ution. The

mononeric form of t IFy fnﬁmﬁiﬁing the pH of the IFN-B pharmaceutical compositions of the
invention within the range of about pH 3.0 to about pH 5.0 it is possible to increase
20  the solubility of IFN-B in these compositions beyond that normatly possible in the
absence of the use of human serum albumin. Furthermore, by incorporating IFN-B
into a low-ionic-strength formulation as defined herein it 1s possible to prepare
pharmaceutical compositions that comprise substantially monomeric IFN-8. By

“substantially monomeric” is intended that the majority of IFN-8 (by welght) present

25  in the composition is in its monomeric form rather than an aggregated form. By
“aggregated” is iptended a physical interaction between the polypeptide molecules
that results in the formation of multimers (dimers, trimers, etc.) that may remain
soluble or that may precipitate out of solution. The monomeric form of the IFN-B
polypeptide remains soluble, and hence is said to be “solubilized” in the low-ionic-

30

strength formulation or pharmaceutical compositions of the present invention. The
percentage (by weight) of IFN-8 that is in its monomeric form in the HSA-free

compositions of the invention may vary from 80% or greater. The present invention
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pol ypepti de remai ns soluble, and hence is said to be "solubilized" in the

| ow-ionic 30 strength formul ati on or pharmaceuti cal conpositi agCaf2008e
present invention. The percentage (by weight) of 1FN-# that is in its
nmononeric formin the HSA-free conpositions of the jnvention rra%/eevairg/ from
80% or gr eat er thud proidesSEBA - frovy BFN-Pahanpacputicat coupesitiops that emprpet least
HSA-free, | FN-P pharnmaceutical caonpositions.that conprjse,at | out
80% of the UN- gimut 80V af the Aohtdt ingisfrapppmegic fSBBogse?ijﬁgge4 E%susa%)%rg%z%de{?g?br m
preferably at |east .about 85% e Pleadt 885Et APQW11PRUe St | |
more pref er abl P a*rlgéifeaa‘o%& ‘g%;mg’%%rgg@%}y&% 95% 96% 97% O98% 99%
or more 5 of Lhe bBiNaP1da8t dticht TPROIEN] 93%094%, 95%%s90%6, Eitoo2B Y% ainarpe

invention, the HSA-firee I FN-P pharmaceutical conpositions further conprise
a non-i oni ¢ t oof theflfNAy mdemonpmead faount sufficient to render the

conpositions isotonic with boqy fluids.. The.co ki 191%"3399&'
i S(r)r}[) onic with a nunbeforge ewgﬁg%feﬁw-wﬁﬁ%WFPV%%?%%%%E@%& or di narulc?ly
Known 10 10, ¢ NaSSebdrbitShihkr cohiFRE a3lof fbyRietinying 3l dhainmauwn buffiafchtias

cl assificationgc"tlé2 or “exanpl e, Voet and Voe 1990) Bi ochem stry (John
Wley & Sons, Neeaieldpmpobhion$sotimir witk body Svisist Thd caspasiiens satbemads

gl ucose, nmannose, arabi nose,_ an ri bose, .as welk.l..as th £ S
ket oses such atsofqnie Wathea nuBber S BON-19HC W’I‘ﬂfyo?gélfggﬁ a%eenqggédéh%??r%h%ﬁéﬁi c
toni ci fyi ng,agents:i Q.t ¥ | drhiea6oNaidud efasdFicatiods (see, for
sucr ose, to qsgfr?(@ﬁaapgs@e%gn ! Ig%ﬂg}g&edrggl?\y al so be used. Iln addi tjon,
alditols (acyekifpRoVybyatdoRyet&l 298h Bicyresumety @GehmyWileyrdsSonseew Hark).
xylitol, and sorbitol _are non:iaonic.tonicifying age fuly-ln.t

present invent MWOS?‘FFélaﬁéé%c}_ﬁﬁsg#eélﬂs °ﬁ8§1®°¥’3ﬁ§%°?geﬂ?%aﬁ1p§§eﬁgﬂ%%ﬁe%fe Sé}gre
trehal ose, suctfge. QQfRAGdhassifiod ds ROBRNALA @0futibse, sofbosThmdnniulosni o

tonicifying agent I’'s a I'n an anmount sufficient to render 20 the .
formul ati on i sehebEasel asndsidpiciboicifging\igents imthemsescat wyentinn Digschaides, oo
| FN- (3 pharmaceutical conposition t he non-iani LGILyi AHE \dtol
present at 18 @gmeﬁ@qrafq,gpﬁ?@fse,gﬁgﬁpsﬁ@g‘é23‘35%986?‘9%%8@%3‘3%%” | Ng u%r?ldtﬁﬁes
agent used. Th b , LIBRY sudhh gideréiomiafinitalNnk ity iang saxpetot ares
trehal ose or 53?:(: 8?2"89@‘ dco cent ra? im:)n_ of about 8% to about 10%
preferably abouionGémioytomeifgimg agents wssfubin the prssepd dnystips L PosPrefenisd ngle

at this Concentigg‘]tcitglg}bifgd?] g%@%{? g{c t?erfgﬁ)%ia,%g}dse,ta?ﬁ &itol, or a combination

thereof. The non-ionic tonicifying agent is added in an amount sufficient to render

20  the formulation isotonic with body fluids. When incorporated mto the HSA-free
IFN-P phannaceutical compositions, the non-ionic tonicifying agent 1s present af a
concentration of about 1% to about 10%, depending upon the agent used. Thus, in
one embodiment, the non-jonic tonicifying agent is trehalose or sucrose at a

} concentration of about 8% to about 10%, preferably about 9% by weight per volume,

25  and preferably is trehalose at this concentration. In another embodiment, the non-
jonic tonicifying agent is mannitol at a concentration of about 4% to about 6%,
preferably about 5% by weight per volume. In other embodiments, the non-ionic
tonicifying agent is a combination of trehalose and mannitol, or sucrose and mannitol,
where the trehalose and sucrose are present at 2 concentration of about 1% by weight

30  per volume and the mannitol is present at a concentration of about 3% to about 5% by

weight per volume, preferably about 4.6% by weight per volume.
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concentrati on of abo

‘present at a co t |-QN; %t 0, about._5% b wei ght per vol une,
&y JO%B:JOQHV\EIQE ﬁ!?(? 8H5d ’I)’cgmfr};gereg Ijor

lonic tonicifying agent is nmannitol at a concentration of about 4% to about
6% preferably about 5% by wei ght per volune. In other enbodidf@@T2005he
non-ionic tonicifying agent is a conbination of trehal ose and mannitol, or
sucrose and nanni tol G‘}he\%g‘eeéfﬁthe trehal ose and sucrose are present at a

SRt Bhe Pharprgeutien] grmpasitionhef e imvention leBcompass

preferably about 4.6% o569 8T thePregsat mveation,

Yy per v

I FN-0 phar maceutliedaim Cigud?s initha8gardfto pheroh 066id ] ggmg?ﬁtﬁﬁggsa%ffg%’h@%gs is

conposi tions and drjed forns thereof. For purposes
i nvention, the & nplude thetarm Tfaggeeust endonaludes bqtid datmdatipmsthh 85 OF

formul ati onss i Sgqk - L nc he .term aqueous”, and includes
liquid for rru5I at fﬁl‘?t al?igj Jae?gm?pf}rs gfz;%ﬂ&ecggmﬁlﬂ“f%@’%aﬁ?mﬁcé]a GOHRRRN othe

i qui d phar maceformodtionastined &itlen b9 freekze i ONvhShifsdefl. €l reeze
drgi ng Fi .e., Iﬁp hili zaﬂign; Is.ee, g)f oe;e e%?g,equ}iﬁ?ﬁgdn@é%ft’ E%h%i%s%
J. Parenteral SciMamscaddiolli $HISARJByrentpabici dferling. §848-59)pspiray arfidP@dd | n

e B ey AU A

18:1169- 1206; afiechiioak Bska, €1 K 9} it 491 (4739 Brofihasd be 2 ryair
dryi ng (Carpent an$ _Crowe’#)198rt)3]51 Cryobi ol ggy 25:14@9@2%?%.%%@%%%&&( 1991)
Bi opharm  4047-5egrm. 4§d 16813065 npentivaletiet . ( ER5) Phzem) Rbd: Q1:12-20), or air

pharmoeut] ool SRR Ml b0 RISR Ao holel S ol L0 R22C ol
dose of the i ntRipbksran £47-53) The mirnp'hy%;helghéé vﬂél?&%}%dp%%%k,ﬁ%@%{,ﬁ& -

Lyophi li zers, which performthe above cribe \
commerci al |y a/armalghiensisdnteededitb yefop oy mipidfregzetdnping vatlér te@Gcddpreire 64 - )
I n one enbodi resent invention, the_ liquid conposition is

prepared as a i| yrggﬁi #fiﬂgael BRI RIS up %f%%ﬁthéwgéwgg@ﬁﬂﬁomgﬁhe

i nvention, 16he priSénf ineentidiNbERim By SREEME, GAli é},ﬂ{@ b of the

I nventi on can ge I*;i]'riepa_r ed in a fg??mthat_ 'S sfﬁ?%[g e %?dlb%‘tﬂ?'?rgsr%‘;?&

del i very and ad#? Prgecoamsreipy aviitable and reedibyityjeesiile biyahdsd SRUNA'M the

i nhal ation. By 4 | Lon" is. intended the pharnmaceuti cal
conposition is %“P?ﬂéc%?‘ P?/fn% 3gm nj lll§ CeeGt TREm o/ WE COmpPsifignigiprepared as

conposi tion i nadpopehiz=icdongrositioner suitable preparation froma delivery
device into the oral _cgvity of the subject as the subject
In otber embodiments of the invention, the HSA-free IFN-3 pharmaceutical

20 compositions of the invention can be prepared n a form that is suitable for pulmonary
delivery and administering the preparation to the subject via pulmonary inhalation. By
“pulmonary inha!ation” is intended the pharmaceutical composition is directly
administered to the lung by delivering the composition in an aerosol or other suitable
preparation from a delivery device into the oral cavity of the subject as the subject

25 inhales through the oral cavity. By “aerosol” is intended a suspension of solid or
liquid particles in flowing air or other physiologically acceptable gas stream. Other
suitable preparations include, but are not limited to, mist, vapor, or spray preparations
so long as the particles comprising the protein composition are delivered in a size
range consistent with that described for a dry powder form of the pharmacentical

30  composition as defined below. Pulmonary inhalation could also be accomplished by |
other suitable methods known to those skilled in the art. These may include liquid

instillation using a suitable device or other such methods. Pulmonary inhalation
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25 inhales through the oral cavity- By "aerosol" is intended a suspension
of solid or liquid particles in flowing air or other physiol aghcal3ogs
acceptabl e gas stream Qher suitable preparations include, but are not

limted to, mst, vapor, or spray preparations sa |long ag the [ti.cl
conpri si ng t herezuhs i depositipo of th dﬁépﬂ?é‘i"l}l\?@?‘é‘asmﬂné?g’iezi"eq?‘a?ﬁge Sibject3
consistent with that degcribed for a .dr r {el RREIBLLONs it
30 conpositi onhli%SdQF‘F?laﬁpoégF .eﬂﬂq r%ary% nggﬁb%‘t@’lé)gﬁﬁcgﬁ al so” be

acconpl i shed by, 88{;@ meg,%{ A SapiBir epihdifemiayts idtodhe bllodstresdn Far subsequent.
These may i ncl ude iﬁLl Instil'lation using a suitable device or other
such nethods. Rydtemivadistribathe.ati on -8 4 OCT 2005. results in deposition of

the inhaled protein _conposition.n the alveall.: 1k RLAF ks FFN-BuBgifires
Once deposiied, the Pb‘l?rB waﬁwﬁﬁatb s%%gzl?ﬂégggés?v%%y or activel 5 acr 0ss
the alveoli emstsp@%iﬁ 57 REBif8BichiiphotiveBubhstdefronh ayeliseryrdeyicetipto a subject’s
bl oodstream f or u'bse%uent system c distribution. 5 PRul

. nar
~admi ni strati onopdl cavippymepinhalation. Furpuamasesolcthe H?SF’P—{NDY%RP&E%QCG

di spensing of the biologically.active. X s g N1 LG adlRitigeredt Nt O
a subject’'s oPRRITRACERY Hﬁﬁnpﬁﬂgf’ﬂ%ﬂ Iﬁ%?réﬁég?c%grpos%gﬂgf theapresent

| nvention, FSAVLL Gfiafliah BRGS biroSallor oA Gsitdblopreparatipn s igolytained Boor an
variants thereof are adm nistered via inhalation of an aerosol or o{?her1Df
sui tabl e preparsueans dribataquecshsaiperor ﬁ‘lémwnlfeﬂaq‘ﬂfeaoﬁ’é‘éo‘?l RRYdenipan

solution or suspension for or a.soli Iy 8L1ivepy Ab@ke nidde Such

phar maceut i cal & RpATEIE IS W&Q%dg%eoglnﬁ]%f}ggp\?very&%evi ce used. Such

del i very devi CFRIdE dlces KROVEL ichowh 6 Mk tartamd inclode det ateutot dimktedde. | i mi t ed
me

“to, nebulizers,

ered-dose inhalers, and dry, powder inhal er or _an:
ot her appropri ajebulizhes,ineienpdrdost intiatars apd 41y H‘I’W@)&/P\fl‘\gﬁeﬁi ?pﬁs?tﬁ%r agpr?%te
pharmaceutical conposition. as Hsutical Bérhedkitién as an
suspensi on or ﬁ@@@?@%r@%%@&gﬁyﬁf#ﬁ?&%eni used I n the c%ﬁrﬁ ext of

phar maceut iygal Wﬂﬂoﬁ%ﬂb g&latien bosuspahsimnaras a séidioralry powdersiermer ns
have the fol'l owhg I ntended neaniqr%g. By "aqueous” i.g I nt e{&gﬁ:dfo ﬁ‘-‘lfm
conposi ti on pr ePparrased inkhe eenes ofiphgrmaseutical SOPPEKERS SR 197 REMIE Ry

m xtures wherein. water is t \ |Ndichbbiansag] Byt aquedust iy mtended
predom nati ng z#qgﬁ%?&ﬁﬁgﬁwg%agég%ﬁ@?ﬁmfgﬁ eater quanti ty;ﬁ?ha_n anot her
conponent of "t hg cahBédich plépared vt guatinitg, ios disseleedianvatel gREiESME TR ures

prepared with, containing, or dissqlved in a subst ot er or
M xt ures wher ei whergineyatesishe Pﬂ‘l‘é‘nﬁ‘f‘@ﬂ’@rﬁ“ﬁ%%dn A5 ARG 'A BhedoliiRatifY

20  substance is present in a greater quantity than another component of the mixture. By
“nonaqueous” is intended a composition prepared with, containing, or dissolved ina
subs!tance other than water or mixtures wherein water is not the predominating
substance in the mixture. By “solution” is intended 2 homogeneous preparation of two

) orlmore substances, which may be solids, liquids, gases, or intercombinations thereof.’

25 By “suspension” is intended a mixture of substances such that one or more insoluble
substances are homogeneously dispersed in another predominating substance.

For purposes of the present invention, the terms “solid” and “dry powder” are
used interchangeably with reference to the HSA-free pharmaceutical compositions
suitable for pulmonary delivery. By “solid” or “dry powder” form of a pharmaceutical

30  composition is intended the composition has been dried to a finely divided powder
having a moisture content below about 10% by weight, usually below about 5% by

weight, and preferably below about 3% by weight. This dry powder form of the
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substance in the mxture. By "solution" is intended a honbgeneous
preparation of two or nore substances, which nmay be solids, MiQCITRO0S
gases, or interconbinations thereof. 25 By "suspension"” is intended a

m xture of substances., such that one or nore insoluble substances are
honogeneous! y diSF@PEEANCANSENS Chpartisles gomprstngrthe NS arceianEahepuf, Posfese®!
the present invenhiddsiziNs ! | el d "dry.powder" are  used

i nt er changeabl y?&;t h Tt ergtr]l%éﬁ?ag %%lel{ E%R%PIF E’ecaﬁﬁhﬁ&h%g%mqreaﬁf%waswh@ns
suitabl e for pulatowtat§ poeleverempre fefersisiliabouidess ®ay aBOWSEH p a

phar maceutical 30 co osiﬁi on i s _intended the conposition ﬁglégﬁég}eﬁgrcﬁi ed to
a finely divi oleci”i)‘n R of Ol <-4 pan, mrnst preferpblycw thbrange dPWd 1.0 to

wei ght, usuat |y ;B6keVH mgalﬁg/ erWEi ght, and preferably bel ow about 3% by
wei ght. This dry powder formof the -9 4 OCT 2005 conposition consists of

particles conprising Thus, anFASASres ligtad phRnsackhSs 2 b i i el
sizes are | ess than a@out %’&}0 _m_rreq;ﬁﬁgi ametcer, mr%lﬁgfﬁéﬁé?ggﬂ}%égﬁti%
about 7.0 m ev&AR3H Beprolmdichhs intsnder for pulmenray delivery cha Gither be\used 895 €
preferably in tguf - 0f -0.um ..nost ., preferably in the range of
about 1.0 to 5 ggo%ta Hgl.og oﬁg%gpﬁebgﬁgg? g‘r?erqegiy?rﬁq?%é‘fe QJr&FH%—HTP%SﬂWGdTY
phar maceuti cal powpadotm asingdyptiliaten!dr -dHi \{@éﬂﬁgﬁ lch is
i nt ended fO{ pukﬂg)narri &%I i very can ei t.hle?ﬂkr?Fa e&&gjlegd as élvi;é(;ﬁﬁg%noﬂl}b?gﬁ' or
suspensi on 4"t Rehexet fig \FolIpn s sspensients beedin dedaldry dtvice adiebulippyier
form usi ng | yophietdrdPdid<R"4 r | chni ques well kpown in the art.
10 Where a liquid sol ﬁ?%ﬁ%ﬁ%ﬂ%ﬁ%ﬁ%iﬁw VIES HRVES IMR§els oy imudtipls

nebul i zer, a nibeticad disschby piiaioaary Mhaltibeh Ipﬁ!iﬁﬁa%*éhﬁcﬂ L yRfive %%Lﬁte f
delivers, in a single.or ngltiple, fractional dose, by pulnonary in a‘feﬁ’?on
a phar maceut i cafPestHadeithe subientisdungs asifsopletsrhavinigt tho marhe parielesdidy g S

| ungs as dropl ejgedag L&l 8,94.ze range  noted.above for the
dry powder form By " Sﬁg‘r’ﬂg‘%éﬁf P%g??{,ﬁ%‘?' fggt Pé?%ﬁ%ﬁ‘faniyseﬂ%g“Y%?@Wdl%n
amount t hatlSi s inteefled an amvhat thateiausefol in the B¥ARidnR PreRintidh AP MR sRT0r3

di sease or condi.tion responsive to IFN-Q_ The |iquid solution ©r suSpension
of the conposiTFTER° Ne§PLULIGRANsYe A JENG. ddiediguid/selpiioroor suapensionaddithe zi ng

omDi nat i ons. | her B ek e AR Tolog il BRI b ing hegas. « ney
don' t conpr oni SECALYVischsiunedifier, BOlkitpagets sinFidtans Ur chR®itdgond fiffed\ 0
conposi tions of g L aVent ey in the art, so long as they don’t compromise the distinouishil,z
g g
20  characteristics of the HSA-free IFN-8 compositions of the invention.

Where the liquid pharmaceutical composition is lyophilized prior to use in
pulmonary delivery, the 1yophi1ized.composition is milled to obtain the finely divided
dry powder consisting of particles within the desired size range noted above. Where
spray-drying is used to obtain a dry powder form of the hiquid pharmaceutical

25  composition, the process is carried out under conditions that result in a substantially
amorphous finely divided dry powder consisting of particles within the desired size
range noted above. Similarly, if the starting pharmaceutical composttion is already in
a Iyophilized form, the composition can be milled to obtain the dry powder form for
subsequent preparation as an aerosol or other preparation suitable for pulmonary

30  mbalation. Where the starting pharmaceutical composition is in its spray-dried form,
the composition has preferably been prepared such that it is already in a dry powder

form having the appropriate particle size for dispensing as an aqueous ’brrnonaqueous
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Where the liquid pharmaceutical conposition is |yophilized prior to use in
pul nonary delivery, the |yophilized conposition is nilled to dP€l200fe
finely divided dry powder consisting of particles within the desired size

range noted aboye, \Wiere spray-dryi [ L Slhiinchady ¥dmmiétetiohor m
of the liquid %@éﬁ?@ﬁ&"ﬁé%‘é o‘ggefrtflggﬁ,ﬁ?t Ctgpc:)a?lgcgss is?g:f:arri ed out

under conditi ofg hbRbag gﬁwefm'mg' drypehdbefoimabf phararoepivelicomnpersiignsdses i d
dry powder consisting of particles within trée%ggg' d_sj ran ' ghot ed
above. Sini | aréxamplé, WER9&B2#49, WO el 284 @éﬁﬁ%@ﬁ?&ﬁ ?’%g‘g‘i ieady in
a lyophilized for Sl ki . -m: frehdee dry powder
formfor subs%gaghgagggﬁg% ﬂégjsbl%ﬁghlge?%lg]é+é 0 %ﬁﬁgty%fegar ation
suitable fa pul moneRy EQuidd@yoivass forhef ehe drengsdsitian in gheprpirerdoridiin @a|

conposition is in its spray-dried form the conposition has,preferabhl
been prepared spprbpzﬁzktatdeliverblsleallcﬁéfacﬁ}'bﬁﬂ“@ﬁd’l“ipaggw anfamﬁ"hgﬁﬁaf tgble

appropriate particle size.fqr..dispensing. Snlflatita FhpoO e drdk0 4
OCT 2005 sol ut P@Ha@f“’gﬁé"ﬁéﬁg?lg’ﬁr%ﬁo@%y p{)e%ggi?rh‘u%?lﬁqﬁ?g accor dance pul n%gnlary

admi ni strati onpowgarfoﬂzﬁ_tmpmmagﬁﬁaﬂimmpdgiyiopdmhdre proparsd end dispensed as an
phar maceuti cal “conpositions, see, for exangl e, WD 96 9214‘%11 \\O 93@%}%833,
WO 98/ 29096, anqhecuSor RanANEONFEO UG GUSPPAS 0’5,*’9@8‘,"2%{8,“8& ety B OB
herei n i ncorporated.b ference. . e eS8 Ye flRewile Amb et B fahe
conposi ti ofdi saPWQW’?}%é{fg&eW R lg%s-gﬁ'a%%?%#afcat e dglei very -devi ce fo_r‘me

subsequent prega&a&ﬂ RPmAST tAEcRRPOSIYN 6 bdmirtistered in taErosolatherarepAmatioRat i s
delivered to t

e subject via pul nonary inhal atiqgn. Were the dr
form of the phauima%ﬂefmiwﬂonwpldﬁlﬁuoﬁnm%am‘amﬁé’%@%%wgﬂ' *IQHB ogiﬂiepceooﬁggeé% o
an aqueous or ponagueous sol.uti o [ Palpk Hek dpge inhaler,
or other 10 apﬁ?%ﬁ&ﬁ’é&é”%‘%\l}g?’y%é’%eé%ﬁgaggﬂetggugﬁpfggr rraﬁﬁticall

ef fective anmou gbha,%acteﬁﬁcgry)/effd@ﬁw@moﬁmrolﬁtlm‘cdnhwsiitmq:ioém meqt§Yé@Pﬁ¥?ﬂ°§’E ered

in an aerosol Or other préparation _ suitable for,pul ry | |.at:ion. The
amount of dfy pPimedhe toonnbef dry@ord tt?gﬁpiaﬁ%@b{?%ﬁﬁ%ﬁ ({élqge?el:“i very

device is sufficient to.all i 88 ddi a,ragagﬂalaéﬁadryysfefef&yt ive
anount of the 68%8@?3{1? B%ﬂog% eglisssgﬁoet}éffl Y i'nhalllg;%}i on. 15 Thus, the an&g{;t
of dry powder fiidet forifopihacemiposititheFalkiwing placamenicel the Aty PQIRS AP VAT,

ngﬁg?l feolr (r)ns gfesq ‘;f’gi"égﬁ‘ig@e—%% %grigg;%&g%%dséﬁg‘ﬁ%\sg%d%og% %ﬁloﬁe)éégélrsst?ggdoe\%éﬁn form
‘;“uts B 'e N ed f'ﬁ' ;‘F’P%%oﬂ%ip%ﬁanﬂ e PSRRI nétiagBEbURREPeBbIRA inthen atiessed fmne the e
20  delivery device into the air passage of the subject while inhaling. The delivery device
delivers, in a single or multiple fractional dose, by pulmonary inhalation a
pharmaceutically effec;{ive amount of the compq_si;ion to the subject’s lungs. The
aeroso) propellant may be any conventional material employed for this purpose, such
[ as a chlorofluorocarbon, a hydrochlom-ﬂuorocarbon, a hydrofluorocarbon, or a
25  hydrocarbon, including trichlorofluoromethane, dichlorodifluro-methane,
dichlorotetrafluoromethane, dichlorodiftuoro-methane, dichlorotetrafluoroethanol,
and 1,1,1,2-tetra-fluoroethane, or combinations thereof, A surfactant may be added to
the pharmaceutical compoéition to reduce adhesion of the protein-containing dry
powder to the walls of the delivery device from which the aerosol is dispensed.
30  Suitable surfactants for this intended use include, but are not limited to, sorbitan

trioleate, soya lecithin, and oleic acid. Devices snitable for pulmonary delivery of a

dry powder form of a protein composition as a nonagueous suspension are
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aerosol propellant. The pressurized nonaqueous suspension is then rel eased
fromthe 20 delivery device into the air passage of the subjeatOo@iriloes

i nhal ing. The delivery device delivers, in a single or multiple fractional
dose, by pulnonary inhalation a pharmaceutically effective anmount of the

conposi tion to teramsuhilécevalablengsamples of asthadevices inpedd MotV e BEmafRYed-dose
such as a

conventional naterjal l.oyed for this purpose,

chl or of | uor ocar B’@ﬁ!“’%@%#ﬂ%hﬁﬁ%ﬂé@ BEnNQ) apg thedntal dnlederr Fesons,Corg.,
25 hydrocar bon, Be G, ' . di ehl gr odi fil - net hane,
di chl orotetrafl uo?%kr}%%gge?é%liﬁgﬁ%%éé{ﬁ% ggif%{}g@gwggge@eﬁcgge in'U'Y] Badeht NGE

di chl or ot et r af | 86P2878,20873,32G5D3Y, 271, anll, 960579 Hetdiw rROIAMNEE bYreference.
conbi nat i ons, t her eof tant. may be added to the pharnaceuti cal

A surfa
conposi tionto reducg’r}?&ﬁg‘ﬁ% d of dphrowdetiern of the HSArfrep TN/8 phemoareuticalt he

wal | s of the deldpy, : [ | [ | is dispensed, 30
Sui tabl e surfact anﬁsw%%fxttﬁigg%ﬁ%%ﬁ;? ﬂé&ﬁ)lvﬁ%rg%g‘?’ao pg?‘}é)l%ﬁﬂ'ﬁ’alefﬁ’ft’@&rt 0,
sorbitan tri ol ygrepridodeliveey deviceris mefdrablpisedaThe dnBsoweaTontoFak! € for

pul nonary delivery of ldr¥nFPompler, foramof a protein conposition as a
nonaqueous susp@?‘%’l"ﬁﬁ’ & compogifion 1pprefergbly raepared es afirypewdsriasidsel by

B oy o et 69 MGG, bRl A B s lBRG s SHS G A X
Bedford, MAPD. Swoventmmat nmnnfmBsampléebfu@ﬁmeﬁemlycsmdslwrgw&fﬁn%}@m’
Pat ent Nos. 5,5% 37 5,.775,320, 5,934,272 and 5, 960, 792, herein
i ncor porated by™ é‘?l&fgw&%m@cw evrith dismetherds hprgin pechads the Spmtadertposyder
HSA-free | FN-1 (BB inGal Y ' ’ endeliver as. a dry
powder form aag%la;omdergbio 'éPg@g&r)’(ig@wgﬁ&Hg%%gBﬁ’?5{9@3518]@“6&"9’ Wevice is \
pr e]t er ag: y usedRes@ireh dnianplevitiek, NOY. &eemehIFe db@rwgfwagm&gugﬁeeg)ﬁsh%mni S )
preferably prepate er aerosol i spersion in aflowng air
or other physi gﬁ@ﬁé@?@’g@éeﬁ?ﬂ%% \yéé%/@?b%%apﬁlb et Nasn 61468 ABSranner .
Exanpl es ofisconsyrsisa hid @,‘9@3,‘7@@,‘%&5@&%@5{? ed'tg@hﬁ&fce. suitable for use in

u e Spi nhal er

accordance with the nethods herein iInc powder inhal er
(Fi sons Corp., Bedf 6th§=,drwmdenUmei\meHGW-freRphahﬁcaiﬁda&@ﬁﬁosiﬂi&feomprising

described 1 n- A SPO0BISE Gty D! a5 e e SerongiRed i anpaueans Nos.
The dry powder Torm of the oA 1 res et sl R iRk AL ik soBhiiih
metered dose inhaler, or other suitable delivery device. In the case of a nebulizer, the
20  aqueous solution held within a fluid reservoir is converted into an aqueous spray, only
a small portion of which leaves the nebulizer for delivery to the subject at any given
time. The remaining spray drains back into a fluid reservoir within the nebulizer,
where it is aerosolized again into an aqueous spray. This process is repeated until the
fluid reservoir is completely dispensed or until administration of the aerosolized spray
25 is_ terminated. Such nebulizers are commercially available and include, for example,
the Ultravent nebulizer (Mallinckrodt Inc., St. Louis, MO) and the Acorn II nebulizer
(Marquest Medical Products, Englewood, CO). See also the nebulizer described in
WO 93/00951, and the device for delivering aerosolized aqueous formulations
described in U.S. Patent No. 5,544,646; herein incorporated by reference.
30 The HSA-free IFN-p phammceutical compositions of the present invention-

are "stabilized" compositions. By "stabilized" is intended the compositions retain the

IFN-$ polypeptide in its substantially monomeric state during storage, and hence the
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| FN-fl1 or biologically active variant thereof can be reconstituted to an
aqueous sol ution for subsequent delivery as an aqueous sol uti enO&dar2066|
using a nebulizer, a netered dose inhaler, or other suitable delivery
device. In the case of a nebulizer, the 20 agueous solutiqn he 1LEhin a
fluid reser voitherapeetineibeotizgngsh ob this PAYRERINE 1% ‘5&?9{“136?{??@%8%%& +é% a{tél]on of
whi ch | eaves the nebuli zer far RVACT: dlaN&udBhRifac@iticaldorgposttion i ne.
The renai ni ng Elﬁ?lﬁéoﬁlﬁa‘f n‘{surg%cﬁiglgé\ét olggllﬁ?llt'd&i § irilese?l\_lloi r within the

nebul i zer, \Ahfarﬁmgjéﬁoh%pﬁe?%weﬁ;ﬁdlgagnimdiatt_boamnme‘f)tﬁsa shies). Rathes
process is repeated unti he fluid reservoir is,.conplete | or
until adnini st following plepatationdt spsckassd fgb?‘%‘g%@tihgr lPearlh‘iLHg?%rg‘?ﬁgggﬁﬁgn

nebul i zers are comerci ally.avad o logher fofne
U travent rebufPfefT %&??%@W?a{ ﬁFéﬁ?;@%%t{t{uﬂﬁ%gﬁg?lﬁlN%d %ﬁg@he “Acorn 11

nebul i zer ( Maggupst foMadingabrdlioads atsabjebn didssiatilityGepchiseed inl the absrace of the
nebul i zer described in WD 93/00951, and.the device for,deliver.i.
aerosol i zed aquepefHS$Armalstabilimng arbelphiljemeagent: %?effgﬁi)gnfomsglg?%ﬁ%%ﬁ&
herein incorporated by referean . . ERnDadantape of the cal
conposi tions of'€H °’b¥r§§g°ﬁf‘5 ?H\%‘g]rﬁl?g]ﬁ%p§?§§@%§ﬁ#zed"acom?c%i_ tions. By
"stabilized" i syhvihfideds hiving ooRpeistability in trediquid foem, eRrob adBIBERMde i n
its substantially nononeric state during stor f arag henceﬁ% re;i&ye—g}?
2005 t her apeut mdthefrf mconsyisetions apd ahlhbst%BPWéﬁ"tg oFgutaliof Y Pt om s ue
to aggregate fornmation. By.:durli . frsiul E6nBatibl€ witth
phar maceut i cal SWBQF??BHH%QOSQPBW%%gﬁﬁ%ﬁdggugﬁgyedl_ﬁ?s not =~
i medi at el y- adh&esbakfdadentsa ThY Biabitized BStAhfree IFN-@ donvpasyiops of gheany GHion; ¢
i s packaged for storage, either in aliquid form in,a fr zelgrS state, or
in a dried for péferablyhiae arshelfrlife of atleast aboktS monthy JZdnPRihsn 15 MERHE TS,
rat.ion

suitable for ad m?ﬁ]!'él% at Jeagt aé %éo%gfs;gt{ilfﬁ'}ore gll%gez%bﬁg%Fjehétta}soﬁt%ﬁﬁllﬂhﬁ%,eﬂoﬁn t he

absence of thePr I'ZI'n ubi i zi ng agent.
Pref er abl yy 5 conpagidblPiiSek abéift 24iniens when storedsat 3¢85d. directly in their

liquid formto take full advantage of the convenienc havi ng _siorage
stability in the |idethofinfonmenitosingsstabiiy of dherHisAc eﬁ‘@%@?ﬁ%‘?&“{mﬁ

reconstitution, and abili to supply th : ' | & hedhd
ready-t o- use ﬁﬂﬂ?@@@ﬂ%ﬁé&1ﬂ’(ﬁ"§5f‘)’5ﬁf‘e‘*“’6§‘é‘%‘§? a Iega#éﬂﬁﬂc?%%ﬂ%r irlr-lul ation is

compat i bl e vit e hagiahRobAleAfiaibsd HERGn. SR, [N @lagddSdpate Samprth Guring
conpositions of the invention preferably have a shelf-life OL at lleast
about 6 mont hs,stdrdgerofi ligyid Phannarehtical romposiper pEthgpRYENEED cabe T3 Y ont hs,

still more 28r efdeertgrgligedatgy Lq%%%%n%qgg (tzha%zge 0045 PR in solution over time. Amount

of soluble polypeptide in solution can be quantified by a number of analytical assays
adapted to detection of IFN-f3. Such assays include, for example, reverse phase (RP)-
HPLC and UV absorption spectroscopy, as described in the Examples below.
f Determination of both soluble and insoluble aggregates during storage in liquid
95  formulations can be achieved, for example, using analytical ultracentrifugation as
poted in the Examples below to distinguish between that portion of the soluble
polypeptide that is present as soluble aggregates and that portion that is present in the
nonaggregate, biologically active molecular form.
The stabilized pharmaceutical formulations of the invention comprise IFN-
30  and variants thereof. The term "IFN-B" as used herein refers to IFN-f or variants
thereof, sometimes referred to as IFN--like polypeptides. Human IFN-p} variants,
which may be naturally occurring (e.g., allelic variants that occur at the IFN-p Jocus)
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15 preferably at |east about 24 nonths when stored at 2-8C. Methods for
monitoring stability of the HSA-free | FN-13 pharnmaceutical cadnPQTi2008ns of
the invention are available in the art, including those nmethods described
in the exanpl es disclosed herein. Thus, | FN-O aggregate formation during
storage of a | i q¥fiT8cqspinaatbeproduedd, bavepamninioi 2oid @hjuedtes tHay Rl theBarhdls R ilar
readily 20 detertgigredbgé?tﬁfsurln t he change .in_soluble 1FN-J3 in solution
over time. Amount’ %ot Yé%?ﬁ@éﬁﬁ%ﬂqemagm N -$rsequencioe Fragmdrit o£0NbB

a nunber of analyty apt.e 0. det.ectiaon of UN- (3. Such_ assays
i ncl ude, for exadfnpt{'gl,ehféel\%%?}sgzofp as tﬂlag%tgm&&:&agh\aw alse speAmpassed. These
spectroscopy, asiclegicailpedivetfridierXaMPheS ' hminat i o bot h .
sol ubl e and i nsol u.blgjg _alggr‘legat es during st (t)éraggfe}%l %WE%QS%I#}S&MFQPP%‘%
can be achi e¥edantioe aeid aesidwes fusn i fullaleygthQAN-B hiniRe R Sddubgdd Qi as

noted in the Exan‘;loh’g)s bebﬁv to di stingui sh between that portion of-the
sol ubl e pol ypeptiuPPRAONA tenhaiques well knovalinshagyr B Bamianptidbainap®et i on

that is present 4 te, bi.alogically active nolecular form
The stabl i sed Sharnamied f IBGSREAMP A%t Gecs trbriad inie crireomp ot bobre ( 3
30 and. vari ant s ghjresymkd aﬂ'@_&nﬁ]@&éﬁﬂdt@r r\ﬁe]ﬁ@:tb'sas%o%éﬁ%_li@?f;y%é&gg{er > I,ﬂ %ggqbtlgs

or variants thereof, sonetinmes réfe o as |
Human | FN-J3 va@PéHias therpfore therglycosy] madietia dry n@GaWsIvedE 4R &b mot%'ohﬁ'}ﬂu?? to
y

variants thﬁ} felol rﬁ%l%tél(’?tﬂﬁ;%‘é’&l:fgl_&ﬁiggl ocus) -13 4 OCT 2005 or reconbl nant

produced, have am B-hat are the sane as, simlar to, or

substantially simla I ative .LMP.sequence. Fragnments of

IFN-1i  or truncat edq?%?:nlg '](?;}r%%c? HRessedhsrem Vﬁg‘?‘{én&‘EﬂWi yheanatuz¢ vative
enconpassed. ThE3¢S sejodneg) whdrkin el drMBork', . cated for of
| FN-O are generat ?d_b renmoving 5 am'rnoorfgcc?%&?lgtsr;ésdgﬁeegR@#%Fn@?%teesﬁﬂ“gf %ngt h
| FN-J3 amino acP@ %@im\@t}m\rn@m deldrpitaiyrdeldibdiort RERBEIIWERE ofdrlankiRO W dL N

the art. IFN-O 2 [ be | ycosyl at ed. or ungl ycosyl ated, as it
has been reportt@?%ﬁﬁ?&gﬂﬁs{ogr% élﬂ"(}}lgtﬁ?fﬁé BBt frofHking granagrrest intrammiecular

ungl ycosyl dfed diffid8bsndhawagoa! tald V. ik o SREGHE e activities and
that, therefore, the glycosy] nvietiés ﬁir&étsﬁdot | rqi%poﬁ 1§§I§d? H’logﬁao%lwa

contribute to 2lacippeabineldeiinallewnins, Wdgucife, tyrdkike, phB9y1hiahnt Shivgdihant s
i | FN-D sequénce,

enconpassed herein i.ncl ude muteins of the mature native
wherein one or tﬁﬁ?"éﬁﬂéﬁs e&“ﬁgﬁfe@é’i’%%“{e prige substituted s the esteine found at

amino acid 17 of the mature native amino acid sequence. Serine and threonine are the

—

more preferred replacements because of their chemical analo gy to cysteine. Serine
20 substitutions are most preferred. In one embodiment, the cysteine found at amino
acid 17 'of }he mature nati\(e sequence is replaced with serine. Cysteine 17 may also
be deleted using methods known in the art (see, for example, U.S. Patent No.
4,588,584, herein incorporated by reference), resulting in a mature IFN-B mutein that )
1s one amino acid shorter than the mature native IFN-B. See also, as examples, U.S.
25  Patent Nos. 4,530,787; 4,572,798; and 4,588,585. Thus, IFN-B variants with one or

more mutations that improve, for example, their pharmaceutical utility are also
encompassed by the present invention.

The skilled artisan will appreciate that additional changes can be introduced
by mutation into the nucleotide sequences encoding IFN-B, thereby leading to
30 changes in the IFN-B amino acid sequence, without altering the biological activity of

the interferon. Thus, an isolated nucleic acid molecule encoding an IFN-B variant
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bi ol ogi cal activity have been deliberately deleted or replaced w th other
amino acids to elimnate sites for either internolecular crosk@CIIMNG or
i ncorrect intranol ecular 15 disulfide bond fornmation. ]FN-P variants of
this type include those containing a g]ycine, valine, 3alanine, Jﬁeu%i ne,

i sol euci ne, t yiaviigweseqnbmmeytha dififerseror kst aEmA @cid SeAYERcE IRtHe magipepative

t hr eoni ne, t hi oni bstituted for th t e i i d
17501 the ot iR Proan be ercaikay tbogicing fan SamoapRleafak Sl Rions MEdMrAL 0
more preferred r tf%q%ﬁ g RO S, p&g%ggﬁdéﬁénﬁagaﬁde%@mh salisaatdBsreingswfisthati ne.

Serine 20 subs? Sare nos rred. I'n one enbodi nent, the cysteine
found at am nogpeAdrork anfifio biid substitndonsasddigonsay delebiens arenaip mtpithe

serine. Cysteine 17 may also be del eted uysi t ho nown_ i t

(see, for @anpiwddl%g-ﬁpdﬂémloﬂﬁ)@nIZE’BHB‘,&"?}@H?’Y%E" f’%stf’ﬁgﬂ?‘be&r g’tcselgg B’)E/Eé

reference), resulti in a mat FN- ' E&% | 3 |

shorter t%]an tﬁ’éect‘t%if F@gﬁ%ﬁwﬁ%@w@a&g&'gﬁg&%}? as'e%dﬁ}pllﬁgf?%ﬁsgs%?%& ent

Nos. 4,530, 787, %nﬁg&eﬁ%g,;th@i}fbsémﬁg&;ﬁaﬁ, Thus, 1FN-A variants with one or
M I nprove

more mutations™t ve, for exanple, their pharmaceutical .utjli th, are
al so - enconpassed bfot hempplesemservatieeramion acigisebypEonsnay be mafe 9} oqe

appreci ate that additjonal chapges can Int y | At o the
nucl eoti de squ’é’ﬁ%E@dﬁﬁ%Bﬁfh@mBgl\ﬂo(“ﬁsePﬁérdg ’)'/& T%eiggﬁ%uq?b ASNB{{%S%%@ ?ﬁlé&he

| FN-0 am nf, aci,da3EANENE & redtid Bl ol Seallichd i S w1agyRedequeiadflNg ¢ he
i nterferon.” Thus, a@n 1solated nuclelc acid nolecul e encoding an | FN:- 13 :
variant -14 4 Ghog0fkringvistdolagmabantivity, Whereascint eesentiph’ griBm aCIgAsidPedE d
sequence for the mature native |EN(3,can be.creat A ] e or
more nucl eot i deeasifgd forthiplogial agtidiyt i rronsery? Wc?eﬁ“%’??%ﬁ@ Sl“h?%&pﬁig% e St

cor riespondi ng i Jis $&J1 828 dvitesreamino it residat having asimilar e
am no acid subg%?{hu Fgﬁ‘?’égﬂgﬁ‘?ﬁ'ﬁ@%s ofﬂ del etions are_introduced into the 5
encoded 1FN-P. sMetchtinoPantities dberninbmoducsdudsyhayingsiraner &l%mﬂl’aﬁi@? §Eth as

site- directed nutagenesi s and PCR-pedi at ed nmut d .|
variants alé aldgfne &%653885%1%1*@ y ?8@% lqogd\%gdr%ﬁﬁl lct)ﬁnpa%logﬁg)?g%hp% gb,'g"
conservative arf%s‘i‘x? 'iﬁn&%%&ihb'}, LA sTRYcHRBIsBds a artimacidy glutantie acid),

predi cted, preferably’ nonessenti’al amno acid residues. A" noness%gt ial "
anino 10 aci d unelsirgetepolsr side chainsie. g hglyCinaRSPRTAENE.HR@IING FEFE RIEPYIEy pe

sequence of IFN-P without alteri 11s.biglogi : et ; a8cifé)
"essential " anitWOSRE ‘H’greé%q%d%(glﬁozaq sideTnBin(©F) BinindVdite! ¥nciHBTHe:

proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.,

20  threonine, valine, isoleucine), and aromatic side chains (¢.g., tyrosine, phenylalanine,

\J

tryptophan, histidine). Such substitutions would not be made for copscrved amino
acid residues, or for amino acid residues residing within a conserved motif.
Alternatively, variant IFN-B nucleotide sequences can be made by introducing
mutations randomly along all or part of an IFN-B coding sequence, such as by
25  saturation mutagenesis, and the resultant mutants can be screened for IFN-B
biological activity to identify mutants that retain activity. Following mutagenesis, the
encoded protein can be expressed recombinantly, and the activity of the protein can be
determined using standard assay techniques described herein.
Biologically active variants of IFN-f will generally have at east 80%, more
30  preferably about 90% to about 95% or more, and most preferably about 96% to about
99% or more amino acid sequence identity to the amino acid sequence of mature
native IFN-B, which serves as the basis for comparison. By "sequence identity” 1S
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required for biological activity. A "conservative am no acid substitution”
is one in which the amno acid residue is replaced with an adi®QTaNi08
residue having a simlar side chain. Famlies of am no acid residues
having simlar side chains have been 15 defined in the art. These families
i ncl ude anino adfigaded the sias aning atud césadues afefognd withis tRevarRhOh&yP&tide and
hi sti di ne), aci %ec%cﬁhgetﬁiha' S Lge - asgart ic acid, glutam c acid),
unchar ged pol ar 'Si e RRAFEIQES ‘?%F%P 8 a ipderapegyvhen a gperified, nentigens ne,
threonine, tyraegmént ofVsd £hi)aci ' chains: (e..q. , al ani ne,
val i ne, |eucine, 1soleuci n%?%p?r%l i ﬁggﬁ%;\oeﬁb gﬁ%ﬁﬁsejalé?ﬁl%?’%ﬁ?m?wgm the
t rypt ophan), be®eimr 2mé Reqiencclef thhaefesence ngplecudd) t hr eoni ne, val i ne,

rosi ne, phenyl al ani ne,

i sol eucine),cand aropmtic _side chains (e.g., t

t rypt ophan, i sti di ngjl%?P@ii’Sﬁess‘tfcmlmqiﬁflme%mﬁ@hmsemenméome pagnsey ofed
am no acid reskdjnesce @EnH1Y defilin | 4 .resi: residi within a
‘conserved notif @KI teer_lnat it(\%el v, %@%@elcﬁ&gﬁﬁég@g@&%wm@ eaNeReE
made by i ntrodu€fthg vanetadaphaveraiditoomay amimgididsidues BRAs1eRH afling Al (Ridues

codi ng sequencewﬁﬁuch S 3*4 25.satyrati on nutagenesis, and the resultan
mutants can be SerAsKEY Plhe prfpomciq sequsare ol the sefexence modeculte Ml gontighaut S
that retain actiegirdent uded P b ' e . encoded protei.n can be
expr essed reconbe;g?lﬂantllly,_ and tﬂe a%??%ﬁb?%’f% n(%ehe ‘BP@P%%WE%‘FW@&I cqEwEsEPhed
usi ng standdt d kasdP coptipwoupamsndesidretiddes) al@tettioBs Rrftreael % b Eb tity
vari ants of IFI\;SQSC%%II . enefual |y have at |east 80% nore 30 pfe eraefly
about 90%to abou Jo3P Ghusion.of gaps i the vanantsismyine Beidtse@esvice cambeiade 89%
or nmore am no amkgmERELD it N4 ' aci d seguence of mature
native | FN-3, which serv?s&gs tgg%%%qs%f%gﬁe@gén%mgﬁ.m% eﬁgﬂﬂ\’f@ﬁ‘& e art.
identity" is -15 4 COmus20Csidternematin dfiyercennientiiyter@einlany g Setee cLPHNd
within the varia%%mgﬁsl%ﬁqgide and t.hé pol ypeptide nolecul e that serves as
a reference when a spectfi g&“@ﬁﬁ‘?ﬂjﬂﬁ salg‘!é'tt-gi%r@n%Pref%daMmbna'&mgexamp]e
sequence ofl5t heof\wanitheraticalaldodiagt \ATded MRS ' Lamno .acid,
sequence of the reference 'rmlgecul e. 5 For purg%g%%%g%gﬁwuﬂfewm%ﬂ’ﬁ?
the two sequenc¥Myss a@‘hé’hb‘m’@8§&)sCoiﬁgpz¢$dgpkoi‘.dlem—WISudlﬁilﬂlgéﬁ\ﬁhf jQn, the

conti guous seg I,no_aci d sequenc of .the variant may have

addi tional anmi @ﬁrg%(?{? é’gg}%@@w@ﬁrﬂﬁl(&? N Inhaedy 1y pagt of these CGmlignmrens pect

to the am no acb Rege. OA PlANMI 1 7@ ' -4l I T Qnt i guo
fiwaregpieRage i e&idiR!se! aegapdfég ; P2 and 2

segnment used for conparison to the reference amno aci
conpri se at gap penalty of 4 can be used with the ALIGN program when comparing amino acid

20  sequences. Another preferred, non-limiting example of a mathematical algorithm for
use in comparing two sequences is the algonithm of Karlin and Altschul (1990) Proc.
Natl. Acad. Sci. USA 90:5873-5877, modified as in Karlin and Altschul (1993) Proc. ‘
Natl. Acad. Sci US4 90:5873-5877. Such an algonithm is incorporated into the
NBLAST and XBLAST programs of Altschul ef ol (1990) J. Mol. Biol. 215:403-410.

25  BLAST amino acid sequence searches can be performed with the XBLAST program,
score = 50, wordlength = 3, to obtain amino acid sequence similar to the polypeptide
of interest. To obtain gapped alignments for comparison purposes, gapped BLAST
can be utilized as described in Altschul ef al. (1997} Nucleic Acids Res. 25:3389-
3402. Alternatively, PSI-BLAST can be ﬁsed to perform an integrated search that

30  detects distant relationships between molecules. See Altschul et al. (1997) supra.
When utilizing BLAST, gapped BLAST, or PSI-BLAST programs, the default

parameters can be used. See http://www.ncbi.nlm.nih.gov. Also see the ALIGN
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10 |l east 20 contiguous am no acid residues. Corrections for increased
sequence identity associated with inclusion of gaps in the vdr®&€kt2085anm no
aci d sequence can be nade by- assigning gap penalties. Methods of sequence
alignment are well known in the art. Thus, the determ nation qQf_ percent

I'g I us CF% I gaﬁlﬁ)pf c*’

i dentity betwggbgany(Dayhoffddaes)cesizzan/ Beoteigckegneice e PIEIHTE
mat hemati cal al gorithm e preferred N b ATt | 4hs @ th

mat hemat i cal aNejinmat Biﬁfﬁ?%]??lﬁ%’de Bﬁﬁ9wg8%%%%ﬁgg$ﬁ§£%@ng§?i si: t hee
algorithm of ers . BackEed Mrsiof8 [(hvailBblesfeom Gentties7CoBputer an
algorithmis u i?ﬁorzi‘selgr&léﬁw%#g%alﬁ@§prcogram (\;ersi on 2.0), whi %‘? IS part of
the GOG al i gnneniup, Makdisenr Wigankmyefor examne, (oo GAdi giograrbsYhfie e a gap
| ength penalty of 12, and a gg‘p enal.ty.of 4 can be used with the ALIGN
program whén cearpaeicrelhe RPLENY B0 WEH lences. Anot her preferred, .
non-limting exa”p'ﬁr}féﬁuﬁnﬁ‘a 80T o it e (GR4ihb BBITsequeries Bldntity; GOPEMATDO t WO
sequences is the algorirthm litn and Al tschul (1990) Proc. l\@l&ﬁw Acad.
Sci. USA 90: 587:3d b&fdue pusiliohs ethyabifferaskeancsulhobeRRSAVAR K APIO2sih§u ons,

Nal |. Acad. Sci USA 90:5873-5877.. Such an al dor i t LS i nt
the RBLAST anowhibASTaSdsFimePshespLmoRn Lpigh HbGpsRbapatgt | o
215:403-410. 25, BASECANy My sbjaaigneasenicebest forthebimilasityon red wi th

t he XBLAST progriam 'sco =750, wordlength = 3, to obtain ? I NO aCihdart
sequence sjgri | aénsepratinelypabstiretetiiadeno adds. rfusheasjustpents greay ¢ gﬁ‘b‘ﬁ’é&“ ¢ar.

described i n ABea BRI s MR BPRSEPRuAER! Rl #£1io5°

Al ternatively, PSI-BLAST: eu%:gg A RRE ERddihpassdd B ede alemhtion atsohntihde
30 detects distant re@?}l%ﬁgﬁ?{g‘é et\lz/een nol ecul es. See Altschul et at

(1997) supra. pgpilpépiitics thabBhdTheeg appaientBUkTRd vith, Fer exBRmSs RAYSERARS
the default paraneters can be used. See http:/,/#%/. ncbi . nlIFm ol hs Vi Nl SO
;ee the ALI C?ngﬂ;&oH(REB)SQ(ISH)BlrFmgPW NSW% T‘Vbr_(“i P ’i;ﬂ;‘:é’f EY A ein
equence an tructur s Su Ly 3, | | hfehaft

Foundat i on}3 V\a§ﬁ$‘}?§‘recﬁ?arﬂaﬁgﬁmﬁlrﬂ%%1§% %u%gaaf r?ﬁtea{e%q%scongfcaﬁﬁéequg nce _
Anal ysi s PackaggmiVarsiditod datval. | Neiheds fop areaeng PEGHTIOS apdices invalveghemical
Madi son, Wsconsin), for exanple, the GAP prog‘%am where d fatult S cound that
paramet ers of iedifcatigmafanenamethoxypelethyleRssH ﬁ%FWéﬁ%&cﬁnggﬁ?’é’é’e 0

am no acid sequence idepnt; N .dar g%@mm@' epiles@id f er
as a result of V@Hﬁ%@l‘\‘i"dﬂ% ngiggtgg‘?ﬁn}gr%%@%iat%gt@o S, ponp _
described, for example in Delgado et al. (1992) Crit. Rev. Ther. Drug. Carrier Syst.

20 9:249-304. Methods for creating albumin fusion polypeptides involve fusion of the
coding sequences for the polypeptide of interest (e. g., IFN-p) and albumin and are
described in U.S. Patent No. 5,876,969, herem incorporated by reference.

Biologically active variants of IFN-03 encompassed by the invention should
retain IFN-P activities, particularly -the ability to bind to IFN-B receptors. In some

25  embodiments, the IFN-B variant retains at Jeast about 25%, about 50%, about 75%,
about 85%, about 90%, about 85%, about 98%, about 99% or more of the biologically
activity of the polypeptides whose amino acid sequences are given in Figure 1 or 2.
IFN-PB variants whose activity is increased m comparison with the activity of the
polypeptides shown in Figure 1 or 2 are also encompassed. The biological activity of

30  IFN-B variants can be measured by any method known in the art. Examples of such
assays can be found in Fellous et al. (1982) Proc. Natl. Acad. Sci USA 79:3082-3086;

Czemiecki et al. (1984) J. Virol. 49(2):490-496; Mark et al. (1984) Proc. Natl Acad.
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“which do not affect properties of protein function. In these instances,

percent sequence identity may be adjusted upwards to account £/QCTIi005

simlarity in 10 conservatively substituted am no acids. Such adjustnents

are well known in the art. See, for exanple, Myers and M| ler (1988)

Conput . Appl . Bf@stiSd 84:3G621566; Bracagt eRl(19813 Mdrve 277N 3 %a&,tmﬁg.’ﬂ

enconpassed by @ggaj’&vent égg al so include I'FN-0 pol ypeptides’tha ave been
rirs 328

s er al

coval ently |ink {antpbictienberman ea/e1979Ngtob 27 PET)-208; Ah&sHsem.
These coval ent Lybrd 2 u 0 S rtaipn 15 desirable
phar maceut i cal %r‘%’pdérg§?)g‘g+ﬁ§ﬂgﬁhg’§' %ﬁé%gmalé rh?ﬁﬁ%g:fwi'ﬁ BolgpERassay

admi ni stration deschbgblidreint(sedBidgsls 2§.or creating PEG 1FN adducts involve
chem cal nmumdification of rnonomethoxypol et hyl ene glycol to create an

activated cénpound t hbg IFNGB ¢f the frmubaticns loF Me(iaverviRinhad Def ffm ABY kg ANd

usi ng PEG | i nke .ides are. described, for exanple in Delgado et al.
(1992) Crit. Re5$?9’%§'3ﬁp®%§m ’é%‘ﬁ?%? 1§y ay1an eaniney hovipeporeibe esinel end
creating al bumpppddssi g es: . i fusj.on of.th codi.ng o
sequences for the po|lﬁgﬁegﬁl%gﬁgmﬁf‘érﬁ@égg@rﬁ?hm%"@W&lﬁ? Butuiationgs)
are described tbbetis&l infta¢amentNT.a thafirfalidh PNILERbRck %ﬁrn‘?é}ég}%gmgﬁ; ds from 2

reference. Biologically active variants of | FN- (3 encdonpassé
i nventi on shoul™mma} af the spre specaestasyhe masymaydamiderpobrey fryatinbg fabkbdH ¥ dikSrder.

bind to | Fy(3 25 enbodi ts, .the IFN (3 t
Cetaing at Peact SoRne s RuR T indgp MRl o Ban, peTiraclyoh b is

about 95% aboutimefiMterathalHSANYeOPh b Ee R at (EndH ' vty of
t he pol ypepti des whose am no acid(}i s_equenceg ar eﬁgsﬁ/(gﬁéol @n&l&%@é?l&.
| FN- vari ants Eecthuyman FNsp jonbradegieally activevasiahistheresft h the. activity

of the polypeptides,shpwn.in Figyre 1 or 2 are al so enconpassed. The )
bi ol ogi cal acti vi ty%‘fn'g@“?’?ﬂ\?m?i‘?si ofHFN-B palypephdas snd JHNGY vaniant pelypepttides

k inth eheon fi : e.fo in Fellous et al.
(1982) Proc. nat | hassl SRR iRy S5t AN P oo Ranpe 30500y .
Lor ® Un 51, bho: aan o chSoN nenay MpaShedleAuratll (oKD My FE A0BS,
al . (1979)'Na%‘?'§§?§’27%%g;e’ g@ﬂ?@ﬁ Ho@ NVl Acad.oSm) Und. (B2 RAB728521 - 223;
Anderson et aEFPO2IeR3R 4 ' ol -1 1304, t | EN- 3
poteniy assay degcri ?{ga rr]\derggip?\m?ggg! I%%gr%ipsll’g')J 'E) %gtg;ml]ﬁ%glﬁs’a%g‘oﬁ’%ﬁéo&
formul ations” of - BRE8FIHERR. Bk 4 ETB, 105, HIT6M 233y 47981985, 4,914,033; 4,959,314

3,545,723; and 5,814,485. These disclosures are herein incorporated by reference.

20 These citations also provide guidance regarding residues and regions of the IFN-B
polypeptide that can be altered without the Joss of biological activity.

In one embodiment of the present irivention, the IFN-P within the stabilized
pharmaceutical formulations is the mature native IFN-B polypeptide. In another )
embodiment, the IFN-B in these formulations is the mature IFN-B polypeptide

25 wherein the cysteine found at amino acid 17 of the mature native sequence is replaced
with serine as discussed above. However, the present invention encompasses other
embodiments where the IFN-B within the stabilized pharmacentical formulation is any
biologically active IFN-B polypeptide or variant as described elsewhere herein.

In some embodiments of the present invention, the IFN-p is recombinantly

30  produced. By “recombinantly produced IFN-B” is intended IFN-B that has
comparable biological activity to mature native IFN-B and that has been jirépéred by
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species including, but not [imted to, avian, canine, bovine, porcine,

equi ne, and human. Preferably, the IFN-J3 is froma mamual i ad QE&EA0ES when

the forrmulation is to be used in treatnment of a manmmalian IFN- |3 disorder,

and nore preferably is froma manimal of the sanme species as. the nmal

under goi ng t r eaksRbinahiadNSLebhifiqakss BN can tepradiced byrfaianps a

undergoing treatnent is a human, preferably the SUb;,{czé:thidic?; LOhsh Sh&fedn
ntia

HSA- f ree phar meaefiorsd With b SSressen Yo NMONONEr | C

human 1 FN-O or bjql agi cal | . actiy ' ef &@firandaibd thehhilagtdxsapees
of | FN-[ 3 pol yp@bﬁ%ﬁ'@g"’i‘ﬁpﬁg‘?\‘l Jﬂ’e5%15}{i%%irlliilg](}c’)rclz)elttgpeptidacrels enconpassed by the

i nvention are Aligéélh&aem rdtedHl, aall caf bOBAYkatyaticr(for284mples E. ¢@/ia0;
Goeddel et al ﬁ“(? 55?? Nat ure 287:411-416; Yel verton eﬁ %&%98@1-5%}@& hﬁf
Aci ds Res. 9: 7%&%0(%@%1@?%&%@89}“@%@1%6l.)' 168 B E :

78:2848-2852; EP028033B1, and EPI 09748B1. 1991 ONGS et ol
4,518, 584, 4, samaetm olarSoh sipgen S st (DRSS Yyne AT QERo 2

4,793,995, 4, 91033, 4,999,345 1096745miks GOSN, €O BishsBIS6, and
|

di scl osures ar nrncorporated by reference. 20 These citatj.ons al so
provi de gui dangesrega Mo 46E9H0,eE02%699, andd&14.486; berain pserPerated Ry nept i de

that can be altered wi thout .the | oss of., bi ql ogi YRV :
enbodi ment of t¢ferepee sAnman jt ?IiOBrﬁenf%‘é""F%@‘? 5%\?‘\/.L‘? ﬁ‘f‘:‘;ﬁé;“ LIé’)6’s"’t”§%f§’it f?ji'fg‘gd

phar maceut i cal (@Wﬁ#ﬁm@mﬁvg%w Exphédstd i E R (MNagolaya @pt(} 88Q) Nafure

anot her enbodi

In these fornmulations is th ture JEN-(3
pol ypept i de 25 2gaa316j Goddue] et @i986) Natune 287:4 hki Ydveatoner of: @PMRM‘-‘H&

} 16 Gotdiel eyl €960 . i
present | nvent i SREGEEL 4 Sh{ 1AL FERE h ek e SR AP AP B remay 9

the stabilized ' F O b AddeRlt dnsmanot pldit tha @ac hednygemetically | FN- p
pol ypepti de or r gﬁlcgéajélloggéegr%ed elgéécn{/émere herpe_i n. In sone enbqdi nents
of the present dayuRplel @ exprass thEFIP poteieod nitenesing Iaycoréﬂwﬁf%&h@éﬂ?"dﬁsy
"reconbi nantly produced IFN-0" is intended | FN-O that has conparabl e

bi ol ogi cal 1act iksiown indhe@t.ure native IFN (3 and that has been prepared by

-18 4 OCT 2005 reconpi pant YeYall ihi eGaferfeforpbasilike gr ies may
{?rop 1S or%ﬁé&ﬁ%l ﬁz}l@é&hlﬂnl: HhtheGi grdipyert

culturing a host ce ran an expression vector copprising a
nucl eoti de SequABSBe prdaiiceaneiol EDN Aarechnidlogy by s yastipe Pab-ATHD HoSPEEPE™ s

one that can transcribe_the nucleotide sequence. . C i h
protein, and caRNld‘eﬁ?Iﬂd’klany&%‘eggB?“aﬂfﬁ an% 'mggﬁloﬁ?ﬁlg%ﬁ%ﬂdéd@)ﬂﬁsdsﬁ@t ©

mRNA as a template, introducing the cDNA into an appropriate cloning vector,

20  transforming suitable microorganisms with the vector, harvesting the microorganisms,
and extracting the interferon-beta therefrom. See, for example, European Patent
Application Nos. 28033 (published May 6, 1981); 32134 (published July 15, 1981);
and 34307 (published August 26, 1981), which describe various methods for the
production of interferon-beta employing fDNA techniques.

25 Alternatively, IFN-B can be synthesized chemically, by any of several
techniques that are known to those skilled in the peptide art. See, for example, Li et
al. (1983) Proc. Natl. Acad. Sci. USA 80:2216-2220, Steward and Young (1984) Sofid
Phase Peptide Synthesis (Pierce Chemical Company, Rockford, Illinois), and Baraney
and Merrifield (1980) The Peptides: Analysis, Synthesis, Biology, ed. Gross and

30  Meinhofer, Vol. 2 (Academic Press, New York, 1980), pp. 3-254, discussing solid-
phase peptide synthesis techniques; and Bodansky (1984) Principles of Peptide
Synthesis (Springer-Verlag, Berlin) and Gross and Meinhofer, eds. (1980) The
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i [ lian cell). Exanples of
eukaryotic (for exanple a yeast, insect, or mamal
r5econbi %ant E)roduction of IFN-t are given in Mantei e'F al . (J@@@ﬁj@sgggs)
297:128; Chno et al. (1982) Nucleic Acids Res. 10:967; Smth et al. é
Mol . Cell. Biol. 3:2156, and U.S. Patent No. 4,462,940, 5,702,699, an

5, 814, 485; her eikﬂtﬁwrmmdyweﬁgfmgwgﬁg g?%ﬁ%%ﬁrgrggso 8 8%&2?"6

Gxprocaca- n'E. Lot SATHA e enubon s} e SO GRAEG e 9
sireul ot o RAMRLER il el sl o Smampmi, v,

Alternatively, (1984)Proanvie .ng.qgtg.eggmr%?slt?{l ﬁﬂg%?g%ﬁfga%:ﬁé?é&t g\{"oﬁ’él‘i;zél] egt
has been gengt!cal %ggég%Woﬁpgmﬁtfor R Singrépsarkiy 1RO %Big%%g@gd

\ch ?L (ra)[()rl\llid\b f[ g c Eﬁ%ﬁie\é Eglkl% Sﬁ&%{aﬁ%ﬁ%ﬁg%ﬁ;ﬁﬁr{aﬁﬁﬂ; Iﬁte?znﬁng exigied rectiNAed bR

. . oS ; cd 68N
PRNA o &'t onpl BeES Ak sy niNESE Rl Skl Byt o Sucmetans ageiude

as a ! . . . .
Vector, 20 tr aniose disalpsedin B8 PatehtNBS! CACS. 51T ol £ o3 BBoMEELA e vegLng

the microorganisns, and extracting the interferon-beta

exanpl e, Eur opedn“iate nTheSAﬁ’fﬂth‘@étIFQr?g’cl\lﬂm 1171@8{&% mrbm gf@%@ tilagtg%as to
s ch goser be-var | UL EEAUE Ara iR SGHER et bl bnog v arrie,
enpl oyi ng r DNA ﬂneaem:;emogi g}rt]g{se ﬁtele]gﬁm ltjdélzﬂg{i i’??t E&g';deié?(xﬁgaﬁrbrﬁ%é g@\gegsge?géﬁfqt the
"nthe.pep i de PP SATEFSH mspmi i conresiio couposKols amubhestsat.
Sninests (o o ezoenen SRR 4o aimiCiie. Sk e
Mer T field (1980N-Teapbpobthimd vdi thedemeifhay, ffﬁ%%g;ﬁt N Al andD3Fed "
30 Vel ol gy Vel o2, (acedem  Frece, Ko York CISBY o B asinehnied
di scussing ol '\{tyﬂlﬁﬁrg GG Ia%i Syeiere Ver | qlmger J,in) . and Gross and
i oo cas! RG0S ARG R ORI a6 i s 5] B
Bi ol ogy, Vol . Bs{ispediUif.c\ppliestion Sevul Y, lD/243 965, copending provisional application
entitled “Improved Method of Protein Purification and Recovery,” filed April 9, 2001,
and assigned U.S. Application Serial No. 60/282,607, and the provisional application
20  filed concurrently herewith entitled “Methods ofProtez’n Purification and Recovery,”
and assigned U.S. Application Serial No: ; the contents of which are herein
incorporated by reference in their entirety.
Two improved purification and recovery methods for IFN-8 are disclosed in
these copending and concurrently filed applications. The first of these purification
25 and recovery methods comprises precipitating substantially purified IFN-8 with an
alcohol such as an aliphatic alcohol, and dissolving the precipitated IFN-8 into
guanidine hydrochloride. The resulting sohution is then diluted into an appropriate
buffer to renature the protein. The second of these purification and recovery methods
omits the precipitation step. In this manner, a sample comprising substantially
30  purified IFN- is mixed with guanidine hydrochloride to form a solution comprising
solubilized denatured IFN-; this solution is then diluted nto an appropriate buffer to

renature the protein. In both methods, the solution comprising renatured [IFN-8 is
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di scussing cl assical solution synthesis. IFN-R can al so be chemcally
prepared by the nmethod of sinultaneous nultiple peptide synt4e3CT.2088¢e,
for exanple, Houghten (1984) Proc. Natl. Acad. Sci. USA 82:5131-5135; and
U S. Patent No. 4,631,211. .5 The reconbinantly produced IFN-P for_use in

pL eparing the &ﬁ@ﬂ%hﬁm@a kaﬁa}jjzeegnb Emuﬁ]’;&r pkd@rfnfaplwmaé@lﬁcé’cﬂm%ﬁeﬁ-i Slaeng
the 1 nvention can be recovered an purified,using.an e
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NoS. 4462, 940 ARt rddf P NGB s afiBREpbCtlalited inkd @lcpdanic-Sirengh

met hods recove®' ron’i'n a pure formof IFN-1 that tends to 10
f or m aggr egat eSojrfulhtich @bse pessestiinGifionwsideseribed isByaraple doWibi | i zi ng

agent. Further, these nethods expose e _pr.otein to hi ondit.i

that nmay adersely dfdnepesitions enﬁ‘PIBP%?SFA EY H’Ed%@"(?ﬁlmﬁh%%gra?mg& ggggr? hgg.gn
result in conpositi ong ai ni | dy ; d1eRe). 9vari

sol ubilize the %#Bilgfﬁ'ﬁﬁﬁﬁ"# ‘?‘FgmBlE}?la%@%g? Tgpmgﬁglsﬂm \%{1??2% | FN- ?"'Im{mnasy be

obt ai ned using eﬂxﬂﬁ)ﬁlﬁagnﬁg MREEENY 8 pREseRl & al donécntratiow e alemitt rid 1pginilito ebiowt5 by
t he i nproved netho [ '

ent 1160 | nDrZ0MbshghhL Sbobn a0 R mpERYioRaPY 2o SmEsn, Bhe RSB o bt
Cct ob 27, 2000, d ' U, ligatl |

copgngir ng provi m-%%’mhg‘ggﬁtgﬁfﬁd W‘iﬁ‘?ﬁ?’g}degalrlf% }?@éﬂ%ﬁ%‘ﬁ’g* %éa}g?t glér?
Pur [ 1 cat G angd, BACENE Y1 mbihiad aB6id 4.0 fhe/@fGbout (I mgAnlpoedoit 50 mg/ml,

Application Seri , 607, and the provisional application.2Q filed
concurrently hesweot 0.078ntg/ml ed aboustlbug/of, a&’\étoe? Wgﬁﬂ}‘i"f‘ﬁ’«? E&gﬁn%ﬁ’& about

Recovery,"” and_assigned U, S. licatiagn,Serd ; the contents of

whi ch are her ei%225%6?b§9@§98ﬁ&8$“$/5ﬁ=§“@r?g8“{6ri§% ot rety. Two i nproved
purification and ' SO JRsenik Othe Fihul Richs f diesink et domprishase
copendi ng and concurrently filed applications. The first of tfiese .

purification 2ghamdcauticaileacceptablesdsiaro ﬁ%"l@é@“%ﬂ_&'&a&lﬂt"&‘??ﬂﬁﬁb € USRS al | y
purif) 20 IR St ana sl AP geR S AL sehapl matinge,
resul ting sol ut ﬁcﬁﬂinis-?raﬁ&%’hnﬂ}dﬂtﬁﬂ(kakiﬂ% effect cfjtips thprapemtic ingredients. t & AT TAYe
TN RO St
1o L AP B ol S et toion
an appropriate R fredude@ignifeciat Weal sheystemit edversel effeotstin renipicnig st therdosages
sofution Cogé) " gllldngonrcgr?t?gtilﬂ)rnggmlpllzol\;eg fclnzs tréaztr(l)lcnt. Such carriers are generally known in the
art. Suitable carriers for this invention are those _gonvemionally used large stable
macromolecules such as gelatin, collagen, polysaccharide, monosacchandes,
polyvinyl-pyrrolidone, polylactic acid, polyglycolic acid, polymeric amino acids,
fixed oils, ethyl oleate, liposomes, glucose, lactose, mannose, dextrose, dextran,
25  cellulose, sorbitol, polyethylene glycol (PEG), and the like. Slow-release carriers,
such as hyaluronic acid, may also be suitable. See particularly Prisell et al. (1992)
Int. J. Pharmaceu. 85:51-56, and U.S. Patent No. 5,166,331.
The pharmaceutical composition may additionally comprise a solubilizing
agent or solubility enhancer that contributes to the protein’s solubility beyond the
30  enhanced solubility obtained using the low-ionic-strength formulations disclosed
herein. Compounds containing a guanidinium group, most preferably arginine, are

suitable solubility enhancers for IFN-B. Examples of such solubility enhancers
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. the formulation. .Lt, should not produce significant |o

4 OCT 2005 then diafiltered or dialyzed into a buffer used for

phar maceuti cal purposes. Wien used to prepare an HSA-free pharQ@gergoscal
conposition of the present invention, the purified renatured 1FN-j protein
is diafiltered or dialyzed into a lowionic-strength formnulation of the

present inventi drclude the aprnband Brgiﬁna,rash&lﬁashﬁhj@wacﬁ N0 bf Qr:%; tha
enconpassed by tr e. itﬂv ng' on qggxw have as little as about 0.01 ?ﬁ hI‘:N-P
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to about 10.0 iballizingtapents Qré&isttgsad int19.Sapay 0 i : 5
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about 0.2 no/ M 440 rRRGM bout 0.225 ng/m to about 0.3 ng/m,
and about 0.25 ng/’ni. l%ﬂﬂ?@éﬁgﬁ%aﬁtﬁ%ﬁfg the formul ati ons of the

i nvention conprise aln phitiorwatiosctph deiRRd k@bl -
"phar maceuti cal | églac?c{ﬁg%abl e carrier” is 15 ?ﬁ‘%‘?ﬁgg{ﬁgﬁ%lgrzﬁ?éeargef'ﬁafu‘*?
convent i onal |y {I8¥§n HisteffaeeticpoihEDTAhoroncef itt miltagech adiibotishEDTADN,

and/ or the healj f rapeuti.c ingredients. A carrier may
al so reduce any %ﬁ)deg‘glhregtﬁ @hg%%]hteap?ee@?ﬁ&ﬁlﬁfﬁgﬂ? Mwaphamaceatinsl e carri er

shoul d be 18t atxlompasitions. The EDANA 8ctohs ﬁ@@a@r&hg&_o\fﬂ:ﬂéﬁal%ﬁbgfnd%%%a U Smiaty

adverse ef f ect LH{AUOBIFIGIORS Shus providingnarsagiditical stablilizimgcaent, abikepsuiRBR o0yed

for treatnent. fALL ally k in th t. Suitabl
carriore for i haoiAg Akl BelE EIGHE sutestit GrelPipE pebibeitylens sotbiol

macr onol ecul es esterdsueb agpbbtd:rbatc@)l(’IE&@HSOPQM’?@MB&E%;(E%QR% chari des, , )
» PO

pol yvi nyl - pyrrql ? done, polylactic acid, polyglycolic aci ric amno .
acids, fixed SCPEXYBERYIengipehioxyethylsne eviers such acBlseonit R68 asnd Phaoiio g3e7;

dextrose, pext pa3loxgeth§Rht He858s se G R ﬁrgl 35551%%1%&1(3?1 égenﬁ@%‘lx co gﬁgﬁ cs;%;@h %nd

the like. Slowrélease carriers, such as

! N . . . i _Or
bt ai ned usi ng s e o r et IR J e I ABonied LS Ris S e
Conpounds cont HicAmogated by aefertnos.um group, nost preferably arginine, are
20 A pharmacentically effective amount of a stabilized liquid HSA-free IFN-B
formulation or the invention, or of a reconstituted stabilized lyophilized HSA-free
IFN-B pharmaceutical formulation of the invention is administered to a subject. By
"pharmaceutically effective amount” is intended an amount that is usefu] in the
treatment, prevention, or diagnosis of a disease or condition. Typical routes of
25  administration include, but are not limited to, oral administration, nasal delivery,
pulmonary delivery, and parenteral administration, including transdermal,
intravenous, intramuscular, subcutaneous, intraarterial, and Intraperitoneal injection or
infusion. In one such embodiment, the administration is by iy ecti;)n, preferably
subcutaneous injection. Injectable forms of the compositions of the invention include,
30  but are not limited to, solutions, suspensions, and emulsions. Typically, a

therapeutically effective amount of IFN-B comprises about 0.01 png/kg to about 5
mg/kg of the composition, preferably about 0.05 pg/kg to about 1000 pg’kg, more
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suitable solubility enhancers for |IFN-P. Exanples of such solubility
enhancers -21 4 OCT 2005 include the anmino acid arginine, as WdDCTa00am no
aci d anal ogues of arginine that retain the ability to enhance solubility
of IFN-(3. Such anal ogues include, without [Iimtation, %ﬁﬁgt i'ﬂeﬁ rbd
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stabilization o} p

armaceuticals by surfactants is descri bedti f.or exﬁnﬁl e,
in Levine et aivials&mpules. R&d@homl@ﬁetmds.foﬂm@mgwa‘@@- G SompayEp

i ncorporated by reference. . A _phar eut | oYty dTfthed
stabilized |iq8FRF" A-E'F?“élé’ H%Rpaﬁténaﬁ“?ﬁn%eﬁté{’fﬁgﬂﬁﬂ%ﬁﬁ’?%ﬂﬁﬁgntion, Odrrf of a
reconstituted Shatidcedgehl byapbiitioratsdiSibdhiessn plovided thiyadaaeteadyersaly affect
formul ation of "the invention is adninistered to a fu?%gct. thé h

" phar maceut i calthebenieficial effectaptibinstabihizingagsatsed B oshd AFEY Had U ef ul in
the treatnent,, preventjon . di | ' Iy shit taiers]ypi cal
routes of adicHFe 3# ﬁgﬁuﬁﬁgﬁﬁ?@%&l}ﬁa ngfgﬁﬁg%&;é?{?ﬁ&tngd cf?,ﬂ or al .

admi ni strati on s pAsaks, ¢8). EMEbey/ found it RenmgordePharenayeutioaliSgeneas (B34 (18th

adm ni stration, including transdernal [ nf'gra@nou%, I nt r.agusgﬁlt&‘;b

subcut aneous, iedt, Maeki Retilishing Aroarmanyr Bajer Regnedy g BEEPoRCGPo st Wi on. In
one such enbodingnt, the adm nistration is by injection, preferably

subcut aneous | rﬂe TGN, | nj ectable forns of the conpositions of the

i nvention include, Formulations comprising an effective amount of the pharmaceutical

20 compositions of the invention comprising B-interferon (IFN-{3) or variant thereof, such
as the mutein of human IFN-g8 (hIFN-) designated hIFN- Bser17, are useful in the
diagnosis, prevention, aud treatment (local or systemic) of clinical indications

responsive to therapy with this polypeptide. Such clinical indications include, for

example, disorders or diseases of the central nervous systern (CNS), brain, and/or

25  spinal cord, including Alzheimer's disease, Parkinson's disease, Lewy body dementia, .
multiple sclerosis, epilepsy. cerebellar ataxia, progressive supranuclear palsy,
amyotrophic lateral sclerosis, affective disorders, anxiety disorders, obsessive
compulsive disorders, personality disorders, attention deficit disorder, attention deficit
hyperactivity disorder, Tourette Syndrome, Tay Sachs, Nieman Pick, and

30  schizophrenia; nerve damage from cerebrovascular disorders such as stroke in me
brain or spinal cord, from CNS infections including meningitis and HIV, from tumors

of the brain and spinal cord, or from a prion disease; autoimmune diseases, including

3.



30 but are not limted to, solutions, suspensions, and enul sions.
Typically, a therapeutically effective anount of |FN R conprigsetRisust
0.01 pg/kg to about 5 ngy/kg of the conposition, preferably about 0.05
pg/ kg to about 1000 g/lc,-,, more -22 4 OCT 2005 preferably about 0.1
~xg/ kg to about *SBEFeh/REMmaLAficianCH rhewhatoabarthritis, pborddais| Créhrs digdakd t O
about 30 pg/kg. QPe Lnent . the stabilized HSA-free pharmaceuti cal
conposi tion co?‘r{)drglrm ne su@g%’aa]nlﬁdﬁoﬂﬁﬁ{fﬁ% Tes1§, ;Rd lupus; nst canicers gbcluding
unit dosage andbrzast, pestdde, bBladder, kidrRG288/c81cR cal S} f.orm s .
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sol ution, suspension, or enulsion. Furthernore, 1t can

prepared in t heMHSRtor BERMSE @himals mayeideliverdd opaliv xitrapeHichialpan be
reconstituted int9.t liguld sol ution, suspension, or enulsion before
adni ni stration lg‘y an3|§|7‘(?1(1)11anl l?/’ftlgrulg Sfanehup oH’éIaP’ﬁ&%Bf:h@“@aéﬂlW@mbﬁpghmm
routes of — adm dulseraas dsemebhppsdpHatd by 8 phhgk{g@ceut i cal conposition may be
sterilized by 10 nenpbrane filtration and is"stored in unit-dose or

nul ti - dose cont ai ner 1€ pEsseRtdnveaion grovides smothodrfptiineseasibgdbhibiinglofmet hods
for formulatin ac eal conpasition generally known in the art
may be used thPﬁerr{EE%’; gg‘ﬁﬁgfﬁ%'@ﬂ ﬁwér%%cgiyaawpwnmt theyeof piraphreecsutical
conposi tions dicetpesRibiiangd Vifaeg of. adyers affect the
beneficial effects of the stEaEi)SiBfll&z(% ng a%gb%ﬁ]slgglsﬁﬁriugcl S&Igth%q%‘i”ﬂ?nﬁs

t hor ough 1%0di geerasingrthecompositibawithra londionit- AednoN fotubfiRh B eeidsed! | Y

acceptabl e carrjers. tabilizers, etc. can be found in Rem ngton's

Phar maceut i cal e@c?@ﬁfeegcrfw ?}(aigp,pH gfjthe commesitiayl is staintgined apshopt pHSL G

Pennsyl vani a), aBeaeiM 5.01GRA . nefef ence. Fornul ations conpri sing

an effective a_rmuntf? of the %’?@T@g%%’ﬁhgmg%%%%ﬁl YATE Ve aHHE thereridrtoon

conpri sing , B itk eormhpositio. VIEN12) entoduaéntaiie lb\hﬁbﬁﬁtmreﬁuﬁxr&;onﬁﬁ]aﬁiﬁx‘? OHpfiA of
e

(=4

human | FN-f3 (hl EN-f) desi gnated hl FN- 01, 117, arf. useful 1n
di agnosi s, pr everit %A PANE 61 0% SPAM pycsinate ay thepuifemale carcentrativnasiabout 1

i ndi cationgs r eNIGHHLYEL ' [ ol ypeptide. .Such clinical

i ndi cati ons i ncl ude, fgﬁéwg%%@by éﬁc}}uégl}?agﬁp %’P’Eﬁ%ggg ﬁet‘:ﬁ@l’&‘é‘ﬁ?? may

nervous syst emf@Nsrontprise n norsidiiotord&ifEng BgéntGR & anodfl éﬂlﬂﬁ&gnﬁozrgﬁdel;rﬁ{é s
e

di sease, Par ki néon' Stidi sease, L@l body denentia, nultiple sclerosis,
epi | epsy, cerebelPaPUgPasatgme ¥ %@é’ﬁ% as fbycaened cbsewhpred heyein. dmpne r ophi ¢

| ateral scl er osmbodighdrRCihk %6n 4680 f&?&iﬂdnﬁgﬁ(énﬁsy setd3 O ggﬂﬁhe gposu%%%lngi&ing of
trehalose, sucrose, mannitol, and any combination thereof. Further, by maintaining the
20  pH of this composition between about PH 3.0 and pH 5.0, preferably pH 4.0, it is
possible to retain the majority of the IFN-B in its monomeric state. Thus the invention
also provides a method for preparing a stabilized HSA-free pharmaceutical
composition comprising substantially monomeric IFN-B.

The following examples are offered by way of illustration and not by way of
25  limitation.

EXPERIMENTAL
The current invention was made by better understanding the solubility and
stability properties of IFN-g-1b. The preferred characteristics of the HSA free IFN-8-
30 1b formulations are a pH range of about pH 3.0 to about pH 5.0 and very low-ionic-
strength conditions. The use of very low-ionic-stren gth conditions within this pH

range results in a higher content of monomeric IEN-$-1b and lower content of

24-



conpul sive disorders, personality disorders, attention deficit disorder,
attention deficit hyperactivity disorder, Tourette Syndrome, #CE208,
Ni eman Pick, and 30 schizophreni a; nerve damage from cerebrovascul ar

di sorders such as stroke in the brain or spinal cor l.nf.ecti.ons
i ncl udi ng meni aggregatehRN-GH N, speciosn Thessicendigens POVIE, Pﬁﬁé‘g’?'%%ﬁﬁi‘{‘%&”& or
froma prion disegse; autai ne .di,seas hncl uds -3 riuiktidR OB

acqui red i mungtabigty E‘?@ﬁﬁ‘??‘r’gﬁéﬁﬂﬁ@jfg g @?)Ptr#llp'ﬁ]ls ésj?figgf)\rllﬂgg?g Cr ghn' swy

di sease, S 00LRp R\ ailh GéfRouiAldh Bt pithe nakiznath conteat alhenonrit IFdpGdb- and
cancers, inclu |n8 breast, prostate,

S | adder, ki dn&a/cgand ollon cakgacherasé.
Administration of | HRNG-bb fortuse imihees experimeRtiHaPIg it SORERFEREY
delivered orally, .intraperdtoneQy, 5 i c QUPXERAVS. Y.
i ntravenous y, dFW&’ﬁ‘iﬁ‘s@‘Fl St sgye t?ﬁfl‘)%’ﬁl@%g& eﬁ\k;ae%hyﬁgg deemed
appropriate by 4the qousiIck 3816808, TheseNrarsfveredibanterie owrelasedao peadwoe IHNr

~increasing solubilTity of interferon-beta (I.FN-_i)_or. biologicall l,ve
vari ant ther eof; ihe lmspiedls vere coricenirated simg 4Beir £elhwalls @%P%stgﬁﬁgl%mﬁh@n

serum al bum n.  The net.hod conprises 10 preparing the conposition with a
| ow-i oni c- st reﬂ?ﬁp‘imaﬁﬁﬂ | ati on as di scl osed el sewhere herein such that

the pH of the conpoSififpR-4.3bMRiKhaiefahscadbiained tortking 50 niM sodlwmuacette, 3. 0,
and incorporating the I'FN-P or biologically active variant thereof i.nto
the conposidi oM EDBAcOSMosutiiwmmodecyl sulfaadsbn) et.ri ?é@%ﬂ?ﬁr’»mﬁ Bk

conprises glycine, .asparti.c, acid . I { nat W esag Fenfdved
concentration é’f‘atﬁ'%3?lp?l‘i%ﬁw3la§%fé)tgt§g Wﬁ%ﬁ%ﬁ%ﬁ@%fm 2 MMto
about 5 MV They GRWROFN-BAB WY mafesial B prozessiig the materal throngle a Go?b eolrying
agent in an amount sufficient to render the, K c osi.ﬁ(l“,iaon> i}fﬂtonhc %fe@tuﬁ’é’dy
fluids as di scl(Pbahagialeqhidbeatedwith 4.5 My spdiumdnleKidiedtPH hl ASHRE FOTY
toni ci fyi ng agenpt i el ect fr om hsdihd19H0%. eqghislgbal ose,
sucrose, nanni ttg? POQr%DAﬁV @%r%ﬁo at ;,%ﬁvcﬁﬁx@#%é?%%ﬁlﬁée}?, by q_mai nt ai ni ng the
20 pH of thks inbieBP1 DO lovBRPoRD 4k addéd3wTh aspid priBGe agingfiae neglyo ppH
4.0, it is possible toretain the majority ofﬂ%he IFI\%&:S iﬁuhi'?y%‘s?ﬁfi{yc
state. Thus the3.i Matsmalsomerestozed #rdS6 erdEozan 0% FOSEREP WF dR 5™ 2;‘ £)
stabilized HSA-free pharmaceutical conposition conprising substantially

monomeri ¢ | FN- (BESPF&1 owi ng exanpl es are of fered by way of illustration
and not by way of

Example 1: - Detenmining the Solubility of IFN-8-1b
20 | Initial experiments were conducted to understand the solubility of IFN-3-1b
under a wide variety of conditions of pH, buffer type, and ionic strength. A solution o_f
« IFN-B-1b (~0.8 mg/ﬁﬂ TFN-B-1b in 100 mM glycine, pH 3.0) was dialyzed against the
buffers in Table 1. Results are shown in Figure 1. These results show that the
} solubility of IFN-g-1b is dependent upon pH and jonic strength. The IFN-5-1b at pH
25 3.0 remains soluble at all concentrations of sodium chloride to 200 mM. For
formulations at pH 4.0, the IFN-g-1b becomes less soluble as the sodium chloride
concentration reaches 150 mM. For formulations at pH 5.0, IFN-§-1b becomes less
soluble when the formulation contains only 100 mM sodium chloride. Taken together,
these data indicate that IFN-3-1b is most soluble in formulations at pH 3.0, less
30  soluble in formulations at pH 4.0, and Jeast soluble at pH 5.0. These data also indicate
that increasing the jonic strength of formulations (by increasing the sodium chloride

concentration) also decreases the solubility of IFN-3-1b.
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25 limtation. EXPERI MENTAL The current invention was nmade by better
understandi ng the solubility and stability properties of |.FN4OOT 2008¢e
preferred characteristics of the HSA free IFN-O- 30 I b fornmul ations are a
pH range of about pH 3.0 to about pH 5.0 and very lowionic- strength
conditions. The use oVhilefie showe icwpirinett mex gble toaetkirinind \onditids Favdsle R
range results i ;F-.![QQ&E q nt.Eﬁi of .mononeric | FN-O-1 b and | ower content
of -24 4 OCT 20 ggregaPe 1! 10t defsrmame the solubnliss Bmitea any obtie givewi de
for 1FN-- | b sebuditibhd, YA 808seqiémdibidt ' Ltainabl e wi.thout.
the use of HSA in_the formlat i on. he%eﬂgfassg’r 0%?%@?%@9%?@8?% %‘%ﬁ@qmﬂs
having the maxi REFN-$hitenTo afaximize FENI 2 1bAbwSdnicastranktl odmblitbas vdé?eeu(fe? Gie,

t hese experisnen dyced in coli. essentially as 5 describe
the first sever g?”%&@%?&aar‘?iﬁ %’Ebiaéﬁoé‘é?‘ qhdorde); Mifier dialymis, JAN-MAb was

4,462, 940 and/ otorkefiitfted @9 detthatne it ia were ysed t

produce | FN- 0; the host cells mér}?:eﬁ‘ﬁgg tlgg{{g%?ggﬁ%%ﬁmﬂl\ggg’él #B%g}swgthese

di srupted to ob??ammqqtmmsbownmmg:mahrFahnulamslalfgmﬁalahdhm e TR Ll 1bleS O
E 0 fum

bt ai ned t ai Vi ..sodi tate, |1 10 DTA, 0.1%

dodecyl  sul fat e PR AEthIRROE SRR Tk i, ue dormuiiban aisit 6rwasisombie to
lubi it d {ibriat j S d

sol ubi lity and sipabii aﬂyBﬁﬂéfﬁﬂ?%ﬂﬁﬁlaﬂ%ﬂoggﬂﬁgﬁh&{%F rgafg»btl(\alasgrem)ve

fromthe IEN-O-1b bulk materral by processin B’naGZS
col um  ( PR8r meRAPEGiBwiAly O mpkul. ihebe fesbitsddasothdisiennat P 2 Bbweptl dfect

he.G.25 columm, a volune of 1°M glyclne,

Af t | | ecti . .1
oH 5. oqual 1 o T5EAE AR) Tveieris-Seristh dgmitions aGpH 3, b phip tare

stirring to adjmsie sohiiPah at 8H- P rd . t ored. at or,
frozen for subsequent use in gglsaéb-li ﬁ??;@?%%&&ﬁ@s gsr?ﬁ%téfg]rye‘%‘ﬁil:@.em low-
Exanpl e 1: - DePBicritengty forsuigtonmi ity of IFN-(3-1b 20 initial experinents
were conducted to understand the solubility of IFN-9-1b wunder a w de
variety, of conditions of pH, buffer type, and ionic strength. A solution
of IFN-13-1b (---0.8 nmg/m IFN-~-1b in 100 mM gl ycine, pH 3.0) was

di al yzed against the buffers in Table 1. Results are shown in Figure 1.
These results show that the solubility of IFN-(3-1b is dependent upon pH
and ionic strength. The IFN-(3-1b at pH




25 3.0 remains soluble at all concentrations of sodiumchloride to 200 mM
For fornulations at pH 4.0, the IFN-J3-1b becones | ess sol ubdeO&d 2088
sodi um chl oride concentration reaches 150 nM For fornul ations at pH 5.0,
| FN-, B-1b becones | ess soluble when the fnpraH—en—e&nWW@ﬁM
sodi um chl or i deble TaR@mukoge toffeamine FHels b Soibit) b PREY SYReHET >9PRTE 1" i s nost
sol ubl e i n forQutetritons at pH 3. 0| ess-—36-setubte—+nmformuiations—ar pH
4.0, and |l east soluble at pH 5.0. These data al so indicate _tgat i ncreasing
the ionic strength of feumml ations (by i ¥ easing tSeEvRdMNarife CAPSPIReD
concentration) also decreases the solubility of IEN-43-1h (0dR 4 OCT 2005
Wi |l e the above exXpers Dty dRs able to dghigrm ne conditi onddMvorabl e for
|FN-f-1b solubility, grtnwdé]d.r}:ot determ n?Ht3he solubility | isgrinM at any of
the given conditions. sﬁ%’}sequent expe hrgent was conduct g i det erm ne
the sol ubility linits> YR j-1b. To mBXimize IFN-f-I1b, |
| ow-i oni c-strength fof mGivdinens were Hai o
salts such as sodi um chiociuee) . After di aysis, |FN-.B 1b v concentrated
to determine the sol uRigdyib¥adei Mt in a gipWen fornul ation. RBIM ts of these
experinments are shownsi Eiuggre 2. Formul,gtd ons at pH 3.0 a0uinM. 0 are nost
sol ubl e, show ng a SO';&%' |1y of at Iea%h416 nmg/ M . The f ¢gomtsati on at pH
5 was soluble to apprsw\f 81y y—8—mg/ it oy ari ons above, 5.0 were
soluble only to 10 apprdkifely 0.2 ny/ r’ﬁﬁ.4 These results agaip indicate
that pH has a powerfubmAetae on | FN-#- [P %ol ubility. LowTOnic-strength
formul ati ons at pH 3. @rdndcduit 4.0 are nwEed sol ubl e than at®yM5. 0. Above
pH 5.0, IFN-f3-1b is esagRtdad |y i nsol ublpgd n | ow i onjc-sfiftm¥t h
formul ati ons. 4 OCT zg%iﬂjoa}‘%tg I For mul q;g’;pns to Exam ne |1&MML3-1Db
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p

5 mM Formate
5 mM Acetate’ pHS5 0 mM
5 mM Acetate pHS5 50 mM
5 mM Acetate pHS 100 mM
5 mM Acetate pE 3 150 mM
5 mM Histidine pHS 0 mM
5 mM Histidine pH 5 50 mM
5 mM Histidine pH S5 100 mM
5 mM Histidine pH 5 150 mM
5 mM Sodium succinate pH S5 0mM
5 mM Sodium succinate pHS 50 mM
5 mM Sodium succinate pH 5 100 mM
5 mM Sodinom succinate pH 5 150 mM




5 mMMCtrate pH 4 100 nM
nmV Acet ate pH44ET 2085 5 MM
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h | FN O- L $ | ut,ion,. other techni ar e red 1o
determne. (he atPantel ahLy Hb@hRtNe myflspEine proter 61 o igher
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’ ; ' ' h regation s
?’03'[ E_owerf ul tﬁ%@ﬁil@%%&ff P! .93"[ éé‘:?ﬁ%ﬁfﬂg Thgee experiments were conducted to
see Liu

characterize the monomeric content of several IFN-8-1b formulations with the use of
10 analytical ultracentrifugation. These analytical ultracentrifugation experiments were
each conducted with a different preparation of IFN-B-1b. In this matter, each
experiment contained a common formmulation (5 mM glycine, pH 3.0). However, each
of these common formulations varied shghtly in the percent monomer (Figure 3 -
89.8%; Figure 6 - 94.2%; Figure 9 - 86.3%). The recovery and purification procedure
15 used to prepare these IFN-$-1b formulations produces some aggregation of the IFN-g-
1b molecule, which is mainly covalent in nature. The 5 mM glycine, pH 3.0
formulation for each experiment therefore serves as the baseline for the amount of
aggregate in the formulation at the beginning of each experiment.
The first experiment examined the effect of pH on the IFN-8-1b aggregation
20 state. Formulations at pH 3.0 (containing only 5 mM glycine to buffer the solution),
PH 4.0 (containing only 5 mM aspartic acid to buffer the solution), and PH 5.0
(containing only 5 mM sodium succinate to buffer the solution were analyzed. Results
are shown in Figures 3, 4 and 5. The main peak in these profiles corresponds to
molecular weight of approximately 20 kDa, which is very close to the molecular
25  weight of IFN-8-1b (19.878 kDa). The main peak is therefore the IFN-8-1b
monomer. Larger species (dimers, trimers, etc.) correspond to higher sedimentation
coefficients. These results show that while IFN-£-1b is mainly monomeric at pH3.0
and pH 4.0 (about 90%), at pH 5.0 the molecule begins to aggregate into higher
ordered species and is only about 75% monomeric, These results indicate that the
30  apgregation state of [FN-8-1b is susceptible to changes in pH, and that the IFN-£-1b

monomer is favored by low pH conditions such as pH 3.0 and pH 4.0.
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and Shire (1999) J. Pharn_ Sci. 88:1237-1241). Three experinments were
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formul ations with the use of 10 anal ytical ultracentrifugation. These

anal ytical ultracentrifugati on experinments re..each conduc A _A.
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the IFN-O- 1 b aggregation state. The ionic str i tdoPis Was
increased in fexmenmenisgrgmiredformulgh fbi}?‘?'g‘?’&‘& e\%ﬂ%&ng@%m ne) y_ng%di ng
0, 50 mM and 15Q,, XY} LB Chdifki GforidRasigntisnianenisifiennAi thiréiegperegers,
7, and 8. For tﬁ@‘%“%f%%?%ﬁ]‘ga cont ai ni ng no added sodi um chl or i%e fﬁjl\g_%[ e
6), the NMONONEr pgariigedibefcieENofiBntibnicaomptlngsagans ¢ o2 s6eFeA08 Stajt 8
IEN-(3-1b (i.e. ’lb_gﬁf/?h?;a clx?)elpi]?naell'i'? th:e\{a\y}gpml?l%tig% at pH 3.0 (buffered with 5 mM glycine)
20  were prepared. One contained only the glycine buffering agent, the second was
tonicified with 9% sucrose, and a third was tonicified with 9% trehalose. Analyhcal

ultracentrifugation results are shown in Figures 9, 10, and 11. The monomer content

of the formulation with the buffering agent only (Figure 9) is about 86%. When
! adding either sucrose (Figure 10) or trehalose (Figure 11) as the tonicifying agent, the
55 monomer content is about 89%. These results indicate that non-ionic tonicifying

agents such as sucrose and trehalose do not promote aggregation of the IFN-$-1b

molecule.



sodiumchloride is added to the fornulation, the nonomer content drops to
about 76% (Figure 7), and with 150 nM sodi um chl ori de in the4f@CTR086i on,
t he nononer drops to less than 10% (Figure 8). These results indicate that
the aggregation state of IFN-f 10 I b is strongly susceptible to ionic
strength and that Frawpledr Sighiiteof LyorhalizeddBNog- 10 KSAIFo8d Borshleistsnder
conditions. A desirable characteri Sf‘é'l(‘fg af an i njectabl e pharmaceuti cal

formulation is that it should bE8SFLERls i Emper MU Egnditensds. | oni ¢
subst ances (such as HO®}-b&e CdrhRildtRs AN QR es (sugh .as the
IR o I B e B ST B A SRR oGl e

sugars sucrose and trehal ose) may be used to
i sotonic with Dfdg-G(Cunlsaspanic mdes bufferpoatyinimptither BYREaM g6 (PR D GHg

: . . : . . H
t | that were ejt t isot taih
onl'y 5 vt Bt 120 e SHERsE IR A D G bRt | e hmhilsed fomnaisoivome. A
third experi merthen shsedil AR0°C R4 & i o, gt | gifying agents on
the aggregation state of |FN-(3 %%Qiqlﬁgyt’ﬂ?%u%%%ﬁtﬁeqﬁ% F'hgg‘é]%{‘%%‘fr%m?%ﬁﬁs
at pH 3.0 (buf fas¢ Biesl stabBizing ageptsiused iPlopleiliced fexpansibns OACIev AN AN S 1REL ¥
the glycine bufferi Sﬁgeedﬁtdt tﬂtﬁ second \%3 tonicified with 9% sucrose,
and a third was tonrar Fracehbessgcopsiiuied fermplation will be isotonic with body fluids.
ul tracent ri f ugdid minirgstht Sorié Sin ' | 9 nd 11. The nononer
content of the fornulation with the b%?ffgr?]?'ﬁéﬁ%geﬁdjtg%ﬁ?}e(gﬁo t e @ggn?ggted

about  86% 1‘hheAFNdbstle emonst ofudfen ses (Eptguraemiriinuer levele @Sl bifrihRrd 1)

as the tonicifyi aqent .. the. 25 mononer content is about 89% These
results indicat thQ%at %%tﬁqrf%ﬁ‘?eafioni cifying agents such as sucrose and

trehal ose do not pr OMettepissIt&dad LA, - lacul e. 4. 5
Exampl 6 3 - Stabi ity of ]Lyophigéi zed"?‘*&‘n{"g.ﬁf“éﬁﬁﬁaﬁ%% s P dictisonender: ;
Accel erated Te £l receptediteoperafiBAcdnddiorscrevfiah uSeiSin@hrh b Sn sRart pH
3.0 (5 nM gl yci e and .pH 4.0 (5 nmM_aspartic acid as buffer)

contai ni ng ei th{eb?eagg‘/gt reLea‘{%dsegmglﬁﬁlg%‘?gaB Cylar fampignongio thatreleyantseabilits

4.0) were 1yopHataicare coheted/philorteeerddor drilpt | ; : tQred at 40C
and their stability measured over 8 V\geeks. Sg@%oggﬁ%ngia&%{%gﬁggeewaﬂsé’sedm

typi cal st abi | PSR the éerred degradation|of HPRiA- 1k aulHSA-frat Adrimitaiond Revdts 8f 9%

of these reag IS t he reconsti d formulation will be
i sotonic with _bE doigyé"ﬁ'hﬁggaﬁ%é{’ér}‘n%ﬂ# %BTFE*BHP%#ﬁgt(Bé’n%?%ﬁnalms are shown
formul ations amdigmes 12laedd6DUeseOlestSheathAtv ok Elbitka tdnpd MG AR Of

buf fer was ke I ni m | evel. Thus, all buffers were
pfFI\t(-g-ﬂ) 1%11111 gltllons show no detectable changes over the 8-week study.

20
Example 4 - Stability of Lyophilized JFN-8-1b HSA-Free Formulations Containing

Trehalose Under Real Time Storage Conditions
Although a typical storage condition for protein pharmaceuticals is 5°C, it is

desirable to have a product with room temperature stability (25°C to 30°C). In this
25  experiment, formulations containing 9% trehalose (S mM glycine, pH 3, or 5 mM

aspartic acid, pH 4) were lyophilized. A concentration of 9% trehalose was used so

that the reconstituted formulation would be isotonic with body fluids. Formulations

were stored at 5°C and 30°C and their stability measured over 9 months. Results for

concentration measurements and reverse-phase HPLC (RP-HPLC) analysis are shown
30  inFigure 14 and Figure 15. These resulis show that even at 30°C, these JFN-8-1b

formulations show no detectable changes over the 9 months of the study.
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- e -

at a concentration of 5 ruM The typical storage condition for protein
phar maceutical products is often 5C. However, accelerated tedfeEat2Q08
conditions are often used in fornulation studies to increase the rate of

degradation of a particular fornulation so tha vant. stahil]i dat a
can be collected i rﬁmmigﬁt-&fa‘tpbmﬁélwdtmwé‘%]‘lLﬂ‘isﬁu’??e %B}H??ﬂb"r?ts%?ég was
used to attenpt the forced degradalion RimddrNufe3chititiond1SA-Tree

formul ati ons. Results for concentratl on asurenent s and reverse-ghase

HPLC (RP-HPLC) anal y$ SRy i BIOA-free fdrhmilatiems bZ IENG- 113 at pithé lsWelgow
that even at elevated tenperatures, these |FN-fl- | bffor Iatlﬁgnsthggzgweno
det ect abl e chaalyesxaminedtihthegiquditate: (g compogiionf thejformyjaligns WEL 1

Lyophilized JFN-1 |b HSA:.Free EoQ at hDhB%.0)k kasesdnErs.oPeal
Ti e Storage O@ﬁ8?‘5‘%&?%?‘“@5&@%ﬂlﬁ/&%&gyﬁgﬁﬁggﬁg&)ﬁ%n f.oi_d{%r ot e?n

phar maceut i cal Hdath B mihinikSthedSk kabigh bbthedommalapomscne thus whnimsesthe
tenperature stagilr

ty (25C to 30Q). In this 25 experinen f ormul atq
cont ai ni ng 9% tanwhat obaggfepatad Ny ilhethe gpoynt be"ﬁ%\‘?(a& hol e R fﬁgﬁj()s
were |yophilized. concentration _of 9% t.r Sk vSReashitdiovene
reconstit ut ed %Mﬁm%ﬁo%?ﬁ“&“w%%%ﬁ?ﬁia?gﬁ‘?ﬁﬁ%ﬁﬁg f1 ui qus. e_aFor mul ati ons
were stored at JSGranth3fpic@nsokdseiconditiahifbi liquidpeseindompeiion indrehs.

Results for concentrati'on nmeasurenments and reyverse-phase HPLC (RP- )
anal ysi s ané sKrherefG®, BO°G-tgrage reapresents acEgigrated) mpﬁ?@grs oPR IHPP%‘Q%}%'\%E#%&

even at 30C, these |FEN-0-1b | ati h Gh # Th anGesntaMion
the 9 nonths ofPgfEedpRic OEWQW%A%QOEE#%I{% Sl;Slsw?rﬁSt a%uiil?tyqdf)b]gcil Li qui d

JFN-(33- 1D H%ﬁﬁ%éﬁw)%haisg}mw ledese-pheediBLE rodyTiehghomand fetectable
A f i

Condi tions The stability of \-free fornul ati ons | FN- 1.3-.1 h. 3.0
and pH 4.0 wer echangesdn Seaformulatipps ¢¥E the yyegh e%ﬁereéé?f’p]gg}c?fec}ﬁhé t he
formul ations were the sa |Gl PETRRPA-2b & {88k ovehiak esersé pH
3.0 and pH 4. O)IIiIS‘Te %%@ﬁgg%ss%?ﬁﬁ%%%@% ,g\’gai n, to mnimze the ionic
strengt h of;st hept eyl ati ons and thus mninmze the anmbunt of aggregated

| FN- 3- 1b, the anount of buffer was kept to a mninmnumlevel (5 mM. Liquid
formul ati ons were stored at 30C and their stability nmeasured over 9 weeks.

The typical storage copgdifio® fQuiliiyHdqRiadFe.-p-16GISIFaéd Bormulatione.
Under Real Time Storage Conditions
In this experiment, liquid formulations containing 9% trehalose {5 mM
20  glycine, pH 3, or 5 mM aspartic acid, pH 4) or 9% sucrose (5 mM glycine, pH 3 or 5
mM aspartic acid, pH 4) were examined under real time storage conditjong of 5°C.
Formulations were filled into vials and their stabilities measured over 9 months.
Results for concentration measurements and reverse-phase HPLC (RP-HPLC)
) analysis are shown in Figure 18 and Figure 19, respectively. These results indicate

75 that the IFN-B-1b in these formulations is stable during the 9 months of this study.

Example 7 - Trehalose is Preferable to Sucrose as a Non-lonic Tonicifymg
Agent for IFN--1b Formulations
In this experimert, formulations containing 9% trehalose {5 mM glycine, pH
30 3, or 5 mM aspartic acid, pH 4) and 9% sucrose (5 mM glycine, pH 3, or 5 mM
aspartic acid, pH 4) were prepared and filled into vials as a liquid, and vials of the

same formulation were Iyophilized. Their stabilities were measured under accelerated

-31-



10 Therefore, 30C storage represents accel erated tenperature conditions
designed to increase the rate of |IFN-0-1b degradati on. Resul 4O€ERRMSi n
Figure 16 (concentration neasurenents) and Figure 17 (reverse-phase HPLC
anal ysi s) show no detectable changes in the fornulations over the 9-week
study. These relPRSauFR¢Eukonshwhichrare ofiespreflimtive béAtlieansk oiike tabllR$ o

conditions, the - IsS Stable over.the course of 15 the study.
Exanple 6 - Sta 4%%@? Olfiacﬁﬂe& Hrﬁﬁlﬁ‘gbﬂ“lfeﬁgﬂu 188S PEFNiPEediadAQ°C tmdeweeks,
Real Tinme Storaged @@pﬁilizle@ﬂf@nﬁtg%ﬁ&ﬁsﬁv&é Ql%'}édfﬁgb”% 'rfbﬁﬁl%efcso rﬁ%’s{uﬁ% 'ogns

containing 9% trehal ose (5 nv gl ycine, pH aspar cid, pH
4) or 9% sucr osEONCENANY! Jepswesmertis Brecsho®n iniFiiguas palliqeidpendiFighid ) Were
exam ned under orage .canditions of 5C.  Fornul ations were
filled int O%Si a{l %ﬁﬁiﬁeﬁ&“’%ﬁt BHfs I lééteﬁﬁ%lsf%da%at@%ﬁm@mnmmses
for concentrati gioWBASHELEMNEGeARIn CENGH -HPLC) anal ysi s
are shown in Figure 1gﬂjand Fi g_ﬁre 19, reg‘gg@??@gﬁ)lé%#ﬁé[?gcggssed%tcgn?ﬂﬁ%gg{‘e
25 that the | FNSQut tpthehydrelyss o swubsetst dows piktosforh iredbirig Sigrats) WhSch eSS

of this study. | . - Trehal ose is Preferahle to Sucrose as a

Non- | oni ¢ Toni cﬁ?%%y% aZ\lgcebﬁ?wf“&g O-enmpasilard resgtion) ofthe, frsmutatioms s Teshsdose fent |
formul ations combéeh Hiorgré2iédnt &Ry RERslsd | or._ 5 r
aspartic acid, rgH 4@ and 9% sucr oseE/(S %Mﬂﬁ\%gytgﬁﬁgscﬁ#?g%ﬁ? SHMOSEEhEFts ¢
aci d, pH 4)}0nerienprlapanetbeadBrich (EW6) Stiznve 61:672%82).1 i qui d, and vials of

the sanme formulation were |yophilized. Their stabilities were neasured
under accelerated -31 4 OCT 2005 tenperature conditions, which are often

predictive of the rankE%gﬁgﬁkg ol 8 i men protein-
- Liquid formul ati ons were stored E{Obg%%%§ "%@%‘@%ﬁ&gﬁ%ﬂ;’%bﬂ% ‘Y’F’?éd )
formul ati ons were stored at 400GhanidBedBgischlfieddPiesipihtiogoncent ration ’
measurenents are sh An Elgure 20 (liquid) and Figure 21 5 (lyophilized).
These results indi c%ﬁmg"ﬂm&t ?f)hgl Me/HIR0. 4SRN h M ucetorduffen g
an apparenysi ngr £ d t .| Thi e  ncrease i.n,
concentration i sﬁgﬁe th!é)]mt9 %ggﬁf]ydjrbgwg ?tg r%é‘%’ got}@?g@@eg]) $ BES Py reFpiiates. 250 mi
reduci ng sugar 9f thihimterial 417 S migh was eix e BYHNER0G GF QiRidige hydrSchlofiBd {d 1y, d

' to ’

reaction) of the I‘gr]nul af i.ons. Jr ebal ose is nuch nore resi'stant :
hydrolysis, and®ft'% e 0007 2 Shzedetreamdrperatie devel § mimitessusing a magnetic
stir bar. The 6 M guanidine hydrochloride/protein solution was then filtered with a
Sartobran® P Capsule (0.45um pore size) to remove the precipitated SDS. The
20 protein concentration as determined by UV at 280 nm was 1.02 mg/ml. The protein
yield was 406 mg or §5%.
The 400 ml guanidine-hydrochloride treated material was concentrated
utilizing a Millipore® Labscale® TFF diafiltration system (Millipore, Inc.) with two
Pellicon® XL Biomax® 0.1 cm?® 10 kD polysulfone membranes (Millipore, Inc. The
25  volume following the concentration step was 37 ml with a protein concentration of
10.3 mg/ml for a post concentration yield of 381 mg or 93%.
Using a transfer pipette, 10 ml (103 mg) of the concentrated guamdine
hydrochloride/protein solution were gradually added to 590 ml of 5 mM glycine, pH
3.2 solution. The buffer was at a rapid stir using a magnetic stir bar; the protein
30 solution was added directly to the vortex. This 60X dilution of the 6 M guanidine
hydrochloride/protein solution yielded a 0.1 M guanidine hydrochloride/protein

solution at 0.17 mg/ml. This 600 m] was transferred to a 500 ml scale diafiltration
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10 formul ations (see, OBrien (1996) Science 61-679-682) Exanple 8: Renoval
of SDS and Formul ation of IFN-P-1 b Using GQGuanidi ne Hydrochl ¢rQQF 2005
Precipitation Purified IFN.. -1b (1 L of 1.91 ng/m in 0.4% SDS, 50 nmM
acetate buffer, pH 15 5.5) was stored at 5C During orage, sone_of the
SDS present pr soit sieigpediwithggo Rellicon@dhi Gkl by QOIXSE??F%"WB)I"%- d
wth 229 g of api di ne.h chl ori 6 t ot el d
stirred at roo?’r?tﬁlug%évraﬁfrﬂﬁgﬁf%orncirgjraghgdnt&fé@bﬁng? %g?]go% g%%eéﬂﬁéﬁ Ar)t)%g:? The
6 M guani di ne Q%h@ﬁbﬁgﬁa{t@tcﬁém@eﬂ Maigen Swadurhd eifaniges (RO ofiStthMa
Sartobran(r) P Capsule_(0.45m pore_si zez?eéo renove the precipitated SDS.
The 20 prot ei ngtysmeestpihal-2oTha éinglediabivpiedd0B il wag meagyed hy Wb 24 LEnmdpng |

The protein. vyi.el s 406 ar 0% WeTMe)~90l i de
treated materi gPa&H\é\’%&ﬁ%’é‘ﬁg&%{o&’%ﬂ %%E@? ‘ﬁ’gﬂ%mﬁﬁgj@g{ Sjer?? Y %%E)&s)gog:ﬂ&e)ﬁ{r) TFF
diaf ltration gyiesmdnMié] aRDaovetdIyizldwf71% selublegidtemaiof the péirifisaemax ( r)
0.1 cn2 10 kD pol ysul fone nenbranes (MIlipore, Inc. The 25 vol une

foll owi ng the poreeatrati on step was 37 m with a protein concentration of
10.3 nmg/m - for a post concentration yield of 381 ng or 93% Using a
transfer pipette, 10 ml (103 ng) of the concentrated guanidine

hydrochl ori de/ pr ot ei nExahipld @nStabiliey of Biduil IFN-BcidedS AdrbdBomhulatiors  nM
glycine, pH 3.2 solution. The buffer was at a rapid stir using a magnetic
stir bar; i%e protein 30 sol GentavingMapmitas e ERNFYYIP8 ASREt vortex. This

60X dilution of the6,M ni dine:. Fk O | nr.of e Wi onyiekded a
0.1 M guani di ne hydrl?)gﬁf%ﬁ?ﬁ%ﬂg{%ﬁ%@gﬁhﬁ%ﬁﬁg :."f?%?%#%%ﬁcilg’ %(30 m
was transf err eghdmitdl WO examiredandedicaiftithe s@ragerconditiogs GCT°Q0Tbreaseparate

i dwith t Pel | i Il 10kD, 0.1 | |.f b . Thi
S Por s EreeEops ComtsAted RrGUA brep B 200 REoR & s et vesh BeReredl | on
f 0.23 /fm, j {_ht 1St . 6
0 my/ m e ang @gﬁ;@ﬂg@}bﬁ% %Nng-llﬁ(rﬂﬁg ff?fktﬁ'lﬁt% wﬁs.vqrhy?ﬂﬁ)}scn&regs@ﬁe& 3

L) of 5 MM glycine rate - (402 was neasured
by UV at 289 niacCf sud the Stabilitabf the domnulatemscerstmesined ayer 6 nE@itheg/Rdsults far a

92.46 ng or 90% yield for the diafi|tration st ral,l .yield of
72% sol ubl e pr GPRYHURBPD f”r‘r'és%ﬂ?‘??t?. Teﬁﬁ'se'ﬁﬂﬁﬁe@gx‘eggg%g&sal}al)é?%%’ielsﬂ?vnof
Liquid 1FN-, 8- lipefiyde &5 6fd FRufad2tiPBSively. Results demonstrate that no detectable

changes occur in these IFN-3-1b formulations over the 6-month study.

20
All publications and patent applications mentioned in the specification are '
indicative of the level of those skilled in the art to which this invention pertains. All
publications and patent applications are herein incorporated by reference to the same
} extent as if each individual publication or patent application was specifically and
25  individually indicated to be incorporated by reference. Subheadings in the
specification document are included solely for ease of review of the document and are
not intended to be a limitation on the contents of the document in any way.
Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be obvious
30  that certain changes and modifications may be practiced within the scope of the

invention.
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10 Contai ning Mannitol as the Tonicifying Agent In this experinent, liquid
formul ati ons containing 5 nM aspartic acid, 5% mannitol were exam ned
under real-time storage conditions of 5C. Three separate Pr@edr2M0bons
(designated Prep A, Prep B, and Prep Cin the figures) were prepared from

a single lot of HAS-free I f o vials. The vials were
stored at 15 5C, and the stﬁ%ﬁlﬂb Iéﬁqﬁﬁ@imq%’u ons was neasured over 6
nonths. Results for concentration neasurenents and reverse-phase HPLC
(RP-HPLC) anal ysi s are shown in Figure 22 and Fi gure 23, respectively.

Resul ts demonsirate [ L"%Ea e 1FN-0-1b
formul ati ons over t e ]rlrioé% é%?ﬂ C%@@gﬁ%?? nodr??&é'[r%ﬁ?gpat ent
appl i cat i substaniaity inosséric inbeefesqebéth (IFALB PoY Iﬁﬁl@glchmﬂaﬁaklv‘ﬂﬁaﬂfthérhﬂ' level of

those skilled in the art to which this invention qEertai ns. All
publ i cat i ¥Hebitizrd ipalewrionistieagthitermlaticn, whewsimsal k@drpmmam@gﬂy ref erence

to the s at ent. _.application
was speci ca éﬁggn% %ﬁcijnntgig(:/&gjlt}g& Fy I'n |r(§§|fﬂ? S*W%%%S“?ﬁ 8}""&%18 by

r ef er encethe ﬂibdif&di amdsmoinhathiﬁ pReiok nifds MM ud@s:(bmﬁiecﬂea pﬂ-DG\iHéﬁéetﬁe solely
for ease of revi t he document and are not intended to be a Iimtati on

on the coffeiiedp Fis @hent ol iaest -6 wif) foppylatiap hayg AN Lonc stemedoihalg
t d
hven S b s i SOTS haky Bl bty on end

t hat IertaceptoRanges and nodi fications may be practiced within the scope of
the invention. -33 4 OCT 2005 THAT WVHICH IS CLAIMED I S: 1. A stabilized
HSA- f ree pharnaceuti cal conposition conprising substantially nononeric

ol oo 1 o0y erE, (| EedoriosRid AAAA L YRRk YEa KBRLADDABRIFE ©

solubilized in"a lowlonic-stren on,

| ow i oni cecsﬁ:eremybhofﬁbn*urmraMtombbstﬂ)mM.uti on t hat conprises a buffer in an
anount sufficient to maintain the pH of said conposition within plus or
mnus 0.5 units of a specified pH where the specified pH is about 3.0 to

about| 5. 0. saigl for Tl airhRRifAdramiAm, Wilich Sk Iz, NOt greater
t han about 20 nM wherel nﬁHs};iPﬁ vagailant haset sb*b?%ntba?%d to |FN-P 10

r ecept or sconcentration of about 1 mM to about 10 mM.

4, The composition of claim 3, wherein said buffer is present at a
concentration of about 2 mM to about 7 mM.
20
5. The composition of claim 4, wherein said buffer is present at a ‘

concentration of about 2 to about 5 mM. |

6. The composition of claim 5, wherein said buffer is present at a

25  concentration of about 5 mM.

7. The composition of claim 1, wherein said specified pH is about 3.0 and

wherein said buffer is glycine.

30 8. The composition of claim 1, wherein said specified pH is about 4.0 and

wherein said buffer is aspartic acid.
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2. The conposition of claim1, wherein said buffer is present at a
concentration of about i mMto about 20 MM 15 3. The conpag QETO f cI aim
2, wherein said buffer is present at a concentration of a

about 10 MM 4. The conposition of claim3, wherein said buffer |s present

at a concentrgti on f about... 2 bqut .7 20.5 he co i on of
laima, wherobn sarhe soRpepieODaR Fidtted st spitnet iy t°2 o
about 5 m¥hein stiEbCRMOsSIdiARu&fingé.ai m 5, wherein said buffer |s present
at a 25 concentration of about 5 MM 7. The conposition of claim1,
wherein said specified pHis about 3.0 and wherein said buffer is glycine.
30 S. The conpeggi ti e jt 4.0
and wherein sg(?d bgﬁfgémp&q{éésﬂéﬁ %%ﬁ@ﬁghﬂﬁ@%ﬂ%@ %E#E%%%gnpom tion
of cl a§ m Whemshiesatd buffaiislglypme) f| ed pHis about 5.0 and wherein said buffer
i s sodium succinate. 10. The conposition of claim@®6, wherein said specified
pHis about 3.0 and 5 wherein said buffer is glycine. 11. The conposition
of claim®6, wherein ' [ ﬁ&ﬂf jd buffer
is aspartic ac?gf 18“%%&“%&&%%%%%?%3%0 Rg%ld%f!n&é e\ri\ée]iﬁ{r‘rﬁggro peci fied
pH i s abowhefiDsadbuffertieasparticseidd buffer is sodi um succinate. 13. The
conposition of claim1, wherein said conpositionis aliquid or a dried
form wherein said dried formis selected fromthe group consisting of a 15
| yophigi zed fogm amnaicmpldifith é21fin &\eheieif REigXpAAGHDA Y MBout $.0 K
conposition of claiml erein sald conposition IS an aqueous or
nonaqueousyhsmimsald)huffans seflrenisgconateionaqueous suspensi on, or a dry powder
form that is suitable for delivery to a subject by pul nonary inhal ation.
20

13.  The composition of claim 1, wherein said composition is a liquid or a
dried form, wherein said dried form is selected from the group consisting of a

15  lyophilized form, an air-dried form, and a spray-dried form.

14.  The composition of claim 1, wherein said composition is an aqueous or
nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.

20
15.  The composition of claim 1, further comprising an amount of a non-
ionic tonicifying agent sufficient to render said composition isotonic, wherein said
non-ionic tonicifying agent is trehalose.
25 16.  The composition of claim 15, wherein said trehalose is present at a

concentration of about 9% by weight per volume.

17.  The composition of claim 15, wherein said composition is a liquid or a
dried form, wherein said dried form is selected from the group consisting of a

30 lyophilized form, an air-dried form, and a spray-dried form.

18.  The composition of claim 15, wherein said composition is an aqueous
or nonaqueous solution, an agueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.
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1

15. The conmposition of claim1, further conprising an anount of a non-
ionic tonicifying agent sufficient to render said conposition i|sotanic,
wherein said non-ionic tonicifying agent is trehal ose. 25 H@CTROS
conposition of claim15, wherein said trehalose is present at a
concentration of about 9% by wei ght per volunme. 17. The conposition of
claim15, wherein said conpositionis aliquid or a dried form wherein
said dried formwis Tateshpskifisrof dldit 0D, Gikhes eBapSsihg en @moantdT alnvaphi | i zed
form an air-dried form and a spray-dried form 18. The conposition of

cl ai m 15, iopfeloBicHYEgiagericiiiident it render the compesiien iselonisowheisaowdd sol uti on,
an aqueous,0F. s nND, or a dry powder form that is suitable
for delivg?ﬁf%“g@%ﬂ%mgﬁégﬁﬁ%%ary inhal ation. 35 | 4 OCT 2005 19. The
conposjtion of claim 10, further conprising an amount of a non- ionic
tonicifying agent sufficient to render the conposition isotonic, wherein
said non-ioni €%t oni%b? F?‘PH‘@S‘%IE‘P&C??@ l%é‘ﬂ‘&f%@lgg'el?@?seﬁﬁér%@?’rﬁbéi tion of
claim 19, ' i I j t at a concentration of about 9%
by meightC%@$ﬁ€%ﬁﬂ§g%g?¥Fﬂ?EgQ%@%%ggﬁ%ﬁ%ﬁ&of claim 19, wherein said
conpositionis aliquid or a 10 dried form wherein said dried formis

selected fromfhe group consisti ,of a lyophilized form, an, air-dried
form and a sp%gy-dﬁ'ﬁ‘égolm?%lo .cqai*ﬁ’eweé‘flf‘ﬁ ?ﬁ‘%ﬁOIBPO%V%ﬂ ’ar8UGHet ei n sai d
COMPOR) 1 BHied RorwRBAPIR difd RARAINIANS G W BBup BohMiEYS OF nonagueous
suspension, or a dry powder form 15 that Is sulftable for delivery to a
subj ect blyophilizechform, amhiaidaied dorm, 28d a $pray-coeppbeint.i on of claim 11, further
conprising an anmount of a non- ionic tonicifying agent sufficient to render
the conposition isotonic, wherein said non-ionic tonicifying agent is
trehal ose. 20 24. TiTRe eOAP&HMidr OMtif B, WhetedPsaidBSBbdHiSRistntagils0se i s
present at a concentration of about 9% by wei ght per vol une.

or nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form

{

15  that is suitable for delivery to a subject by pulmonary inhalation.

23.  The composition of claim 11, further comprising an amount of a non-
ionic tonicifying agent sufficient to render the composition isotonic, wherein said
non-ionic tonicifying agent is trehalose.

20
24, The composition of claim 23, wherein said trehalose is present at a

concentration of about 9% by weight per volume.

25.  The composition of claim 23, wherein said composition is a liquid or a
25  dried form, wherein said dried form is selected from the group consisting of a

lyophilized form, an air-dried form, and a spray-dried form.

26.  The composition of claim 23, wherein said composition is an aqueous
or nonagueous solution, an aqueous or nonaqueous suspension, or a dry powder form

30  that is suitable for delivery to a subject by pulmonary inhalation.

27.  The composition of claim 12, further comprising an amount of a non-
ionic tonicifying agent sufficient to render the composition isotonic, wherein said

non-ionic tonicifying agent is trehalose.
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25. The conposition of claim?23, wherein said conpositionis aliquid or a
25 dried form wherein said dried formis selected fromthe

consisting of a lyophilized form an air-dried form and a4§8£§§ﬁwpied
form 26. The conposition of claim 23, wherein said conposition is an
aqueous or nonaqueous solution, an agueous or nonagueous suspension, or a
dry powder form 30 that is suitable for delivery to a subject by pul nonary
i nhal ati on. 2728 TheThesmagbditiemofdlaifd 20, Whkrin §did tleRalosOprdsehtragaan anmount
of a non- ionic tonicifying agent sufficient to render the conposition

i sotonic, C%P@‘W“ﬂiaHOUtr%’%bVW@fP‘éfnY(tli‘mEf-i ng agent is trehal ose. 36 4 OCT
2005 28. The conposition of claim27, wherein said trehal ose is present at
a concentration of about 9% by wei ght per volune. 5 29. The conposition of
claim®7, wher29.n sdhe compimition 6frlains2F whetpin shid compodtiorend af loquid omder ei n

said dried.formis selected.fromthe group consisting of, a _|yophilized
form an g’l"?‘ioéﬁri_neﬁ’h?r&”rﬁa"ga%e‘gf%gﬁrl%tffﬂ%ﬁ?dego‘?’ $Eroup CONUINg Hkansi ti on of
claim 27, ﬁifli%d‘fo?ﬁa',Qnﬁi?@i%ﬂ'f&ﬁrﬁ@nh%sgﬂeaﬁﬁh%&%%. 10 or nonaqueous

sol ution, "ah aqueous Or nonaqueous Sus sion, or a dry powder form that
is suitable for delivery to a subject by pulnonary inhalation. 31. The

conposition of _.claim1l, wherein i.d N-(3-is.the pol.ypeptide wth the
oo a6t o seqitinge ThE ColpERGoTaE #Risicin Saif SPOBEPT § earesyar i ant
15 t heg eohr natdquediS s6RIBR Sintdg@Bolor fbRddledds sudRERhorSAdS poftefonS _
reconbi nant | roduced. 20 §13 The conposition of claim32, wherein said

| FN- ( 3 i sthat 1scugghle ferdlebiveryue glsyljest\hyaubdonagy inh@ladiosonposi ti on of cl ai m 33,
wherein said IFN-(3 is unglycosylated human IFN-3 (hJFN-0) or biologically
active mutein thereof. 25 35. The conposition of claim 34, wherein said

mutein is hlFNsRse, ¥fe 36mpébsibPof dlhige e whafeih k58 W%—@Eﬁﬁél&?@dtid@onpOSi tion
conprising substantially nononeric interferon-beta (IFN-1i) or
bi ol ogi caMiith theamine acat segnénce o€ manfre native IFN-P or biologically active variant

15  thereof.

32.  The composition of claim 31, wherein said IFN-J is recombinantly

produced.

20 33.  The composition of claim 32, wherein said IFN-J is glycosylated or
unglycosylated.

34.  The composition of claim 33, wherein said [FN-f is unglycosylated
human IFN-f (hIFN-B) or biologically active mutein thereof.
25

35. The composition of claim 34, wherein said mutein is hIFN-Bgen 7.

36. A stabilized HSA-free pharmaceutical composition comprising
substantially monomeric interferon-beta (IFN-B) or biclogically active variant thereof
30  solubilized in a low-ionic-strength formulation, wherein said low-ionic-strength
formulation is a solution that comprises a buffer selected from the group consisting of
glycine, aspartic acid, or sodium succinate present at a concentration of about 1 mM

to about 10 mM, said composition having a pH of about 3.0 to about 5.0, and wherein
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30 solubilized in a |l owionic-strength formnul ati on, wherein said

| ow-ionic-strength formulation is a solution that conprises a buffer

sel ected fromthe group consisting of glycine, aspartic adi@CTA0030di um
succi nate present at a concentration of about 1 mM to about 10 mM said

conposi tion, having, a pH of about 3.0 to about 5.0, and ein, 37 4 OCT
2005 sai dsalé?mu;aPR}oarb%ﬁaglw-ﬁwgﬁ}@ftﬂéﬁgtﬁeftﬁ%@avgﬁ%?ﬁhg?e@af%? than about
20 nM Sa@iaﬂ}'%‘ﬁﬁ?&‘c?@mt% Biﬂﬁt@ﬁ"ﬁ-@tr}éc’::%?or?] nd to IFN-P receptors. 37. The

conposition o erelrn sai P is reconbinant 5 human 1FN-P
(rhl FN-0) or biologically active nmutein thereof. 38. The conposition of

claim37, wherein said rhlFN-P or biologically, active nutein thereof is
ungl ycosyl at ed37-10 3b¢ campositiemelslaipbip, geherginpaid HN-Risapcombinattd nutein is

or esertapugn S8 RAFKERTA YO BRaH =50 B et Shout 20,0 myim - 15 a1

The conposition of claim36, wherein said buffer is glycine, said glycine
bei ng present at a concentration of about 5 nM and wherein said
conmposition h38 a [he odtmposiiien f daim7, wheeein saip olJFIN-B ar biolagiedlln 41 furt her
conpri sing .about. 9% trehal ose b wei ght per volune. 43. The conposition
of claim fveM'étF‘Qit[herg% | uﬂﬁﬁf%%lqtépasparti c acid, said aspartic acid

bei ng present at a concentration of about 5 mM and wherein said
conposition has a pH of about 4.0. 25 44. The conposition of claim43,
furthé® conpri89.ng Tbooompositiorentdlaise3s, heven shd npdeinvohliMefseds. The
conposition of claim36, wherein said buffer is sodiumsuccinate, 30 said
sodi um succi nate being present at a concentration of about 5 mM and

wherein said QQWQ%EE%PQé?ﬁ%@oPJIEiHT3@,Weil$gﬁd PY- 'sﬁel@lﬂﬂﬁ 46. The

conposition of claim45, further conpri'sing about 9% trehal ose
concentration of about 0.01 mg/ml to about 20.0 mg/ml.

15 41.  The composition of claim 36, wherein said buffer is glycine, said
glycine being present at a concentration of about 5 mM, and wherein said composition
has a pH of about 3.0.

42.  The composition of claim 41 further comprising about 9% trehalose by

20 weight per volume.

43,  The composition of claim 36, wherein said buffer s aspartic acid, said
aspartic acid being present at a concentration of about 5 mM, and wherein said
composition has a pH of about 4.0.

25
44.  The composition of claim 43, further comprising about 9% trehalose

by weight per volume.
45. The composition of claim 36, wherein said buffer is sodium succinate,

30  said sodium succinate being present at a concentration of about 5 mM, and wherein

said composition has a pH of about 5.0.
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by wei ght per volune. 47. The conposition of claim36, wherein said
conposition is aliquid or a 5 dried form wherein said dry gf rmis
selected fromthe group consisting of a |yophilized form érﬁ Tﬁ@g: ed
form and a spray-dried form 48. The conposition of claim 36, wherein said

and a | si tion
Suspensi on. or *8 ar ytpeuner gl it A B ke PRk bRl bl to

subj ect byy peighoparwlumigial ation. 49. The conposition of claim4l, wherein
said conpositionis aliquid or a dried form wherein said dried formis
selected fromthe group consisting of a |yophilized form an air-dried
form and a SP&ﬁythh@Qo&g&ﬁﬁo&éfc%m :sTé‘%vh%Peﬁ‘iPQa%Fbrﬁﬁos?ﬂ‘ioﬂsadlfqﬁ prdnerein
sai d composition is an aquéous ~or nonaqueous solutton, an aqteous or
nonaqugoudrisdfpanshersin sid driell formayskdéctddofiom thd@oup somsidtinglolfa f or del i very
to a subject ‘,giy | ronary jinhalation. 20 51. ' The conposition of claim 43,
wher ei n shogh S?Fg AT idgied fory and a gpray-drigd fIM1-f or m  wherein said dri ed
formis selected fromthe group consisting of a |yophilized form an
air-dried form and a spray-dried form 52. The conposition of claim43,
wher ei n sai d cé&posThe oompesitdon aftplaoLds, whsradr said nalgpesucn Sahwgiens an
agueous or nonaqueous suspension, or a dry powder, form ,that is_suitable

for del i vBFYPNAGUSRUS SRIUERR. ABAAHEAUSSR APYRIURMS SHERSTRONSY 2 dHPOVIRLBERL i on of
cl ai m@5, HADRIGItAbIS HirdieROLHS b ShfBetiby pRithbfiy hh@latign, dried form wherein
said dried formis selected fromthe group consisting of a 30 |yophilized
form an air-dried form and a spray-dried form 54. The conposition of

l'ai m 45, wher g; Ld i tion i | ution,
an aqueous or AonaqAln 6T ERNBRHeS i 4 Wiey S ceBposi oS ATHANY K i ( bl e
for del i vefiyd foPmawhbiRirsitd BePRMRONctéd Hethkd BBup 3SnststiRgbr3005 55. The

conposi tion of claim42, wherein said conpositionis a liquid or a dried
form whehwephiliged foroy preairfdoedhfors, and asprap-diied fomhe group consisting of a
Iyothized form an air-dried form and a spray-dried form 5

50.  The composition of claim 41, wherein said composition is an aqueous
or nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.

20 51.  The composition of claim 43, wherein said composition is a liquid or a
dried form, wherein said dried form is selected from the group consisting of a

lyophilized form, an air-dried form, and a spray-dried form.

52.  The composition of claim 43, wherein said composition is an aqueous
25  ornonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.

53.  The composition of claim 45, wherein said composition is a liquid or a
dried form, wherein said dried form is selected from the group consisting of a

30 lyophilized form, an air-dried form, and a spray-dried form.

54.  The composition of claim 45, wherein said composition is an aqueous
or nonaqueous sclution, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.
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E o o

56. The conposition of claim42, wherein said conposition is an aqueous or
nonaqueous sol ution, an aqueous Or nonagqueous suspension, or dry powder
form that is suitable for delivery to a subject by pul non 9 |rﬂ1ﬁ'§ation.
10 57. The conposition of claim44, wherein said conpositionis a liquid or
a dried form wherein said dried formis sel ected fromthe group
consisting of a lyophilized form an air-dried form and a spray-dried

form 58. The s®nmpoghé coMpsiticd & dRifif42, WiREePh Eaid BbHpSHIIRPRIal liAid bSa N
aqueous 15 or nonaqueous sol ution, an aqueous or nonagueous suspension, or

a dry powdaed fosmnwhcmatsmctdrsm ioablleserlmtedd@m\ibergroupcanss&m;g@cf@ by pul monary
i nhal ati o T n_of ¢laim erein said conposition is a
liquid or B’glﬁ%ﬁ%gﬁ% g?rﬁl 53 asma?’gl&e?gh% is selected fromthe group
consisging of a 20 Iyophlllzed form an air-dried form and a spray-dried

form 60. The conposition of claim46, wherein said conposition is an
agueous or noﬁ@cquefgbgC%P%il%offéﬁﬂa‘iﬁié‘éﬁée%ﬁal é?ma%mlssmsﬂﬂEWon or a

bt b Phedus Siulids A REE of BbndiebuiSulpdiBiof, Gk Shutls RgonarY
conpri si nehat Buhititde toraleliyeryos a sutijee Hytmnﬂonaﬂy mhbRtion.- bet a (hl FN-P) or

biologically active mutein thereof solubilized in a |lowionic-strength
formul ati on, wherein said low ionic-strength fornmulation is a solution

that genprisess ?chTch i & lalrﬂ’\iﬂeme&%ga gOIﬁE&J]&(EHiSSdl ?@8{5 at a

concentration of about to about sard osition aving a pH of
about 3. Odtied folnmytvhdreth saahdriedforeiinsedaita frannhd goup nodsdskingmfiaoni c- strength
that is npt greater than, aboyt 20 40 4 2005 62. The conposition of
claim el,i)xm&hé?%?%@w%%aio%as mwwé&r%omhcu ve nutein thereof is
ungl ycosyl ated. 63. The conposition of claim62, wherein said nutein is
hl FN-j 3ser17 5 64. The conposition of claim®63, wherein said buffer is
present at a &8&nceflhe avmnpositidn afdaim 44, mYeresiasald pbinpesitidroistanaigsouand sai d
ionic:strength is not greater t han _about 20 MM

1 Or ronaqueous solutitn, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.

59.  The composition of claim 46, wherein said composition is a liquid or a
dried form, wherein said dried form is selected from the group consisting of a

20  lyophilized form, an air-dried form, and a spray-dried form.

60.  The composition of claim 46, wherein said composition is an aqueous
or nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form
that is suitable for delivery to a subject by pulmonary inhalation.

25

61. A stabilized HSA-free pharmaceutical composition comprising
substantially monomeric human interferon-beta (hIFN-) or biologically active
mutein thereof solubilized in a low-ionic-strength formulation, wherein said low-
ionic-strength formulation is a solution that comprises glycine as a buffer, where said

30 buffer is present at a concentration of about 2 mM to about 5 mM, said composition
having a pH of about 3.0 to about 4.0, and wherein said formulation has an ionic-

strength that is not greater than about 20 mM.
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10 65. The conposition of claim6l, wherein said conpositionis a liquid or
a dried form wherein said dried formis selected fromthe group
consisting of a Ilyophilized form an air-dried form and # QQCTa008ri ed
form 66. The conposition of claim6l, wherein said conposition is an
aqueous 15 or _nonagueous sol ution, an agueous Or nonagueous suspension, or
a dry powder f&fm thasompostion efislainyals whersinsaig hIFN-8 orbinlegically pul nonary

i nhal ati of.,: : i Ll claim6l1l, further conprising about 9%
trehal ose&tggznmlglg;gﬁ?&%@g\ﬁlho@g%yﬁ "68. A stabilized HSA-free

pharmaceutical conposition conprising substantially nonomeric human
interferon-beta (hIEN-P) or biologically active nutein thereof solubilized
in a | owionicodtrehbe eompnsifignaf crim 6 sherein saad thukeimis KIBNF e st r engt h
formulation is a solution that conprises aspartic acid as a buffer, where
25 said buffer is present at a concentration of about 2 nMMto about 5 MV

sai d conposi téan hake egmpositidndt cki@UW3, FhBrelPsaddButterds ﬁveséiﬁgt%herei n said

formul ation has an _ionic-strength that is not greater than about 20 nM
sai d nut eSIRCEHTALRY of Alowd5imM, yaid pil igiahentt3d, apdisad ierdeptreongth is3®L69. The

conposi ti 19f ' erein said hIFN-P or biologically active nutein
t hereof | ?J%g %ggéﬁtgtggnd&pm. The conposition of claim®69, wherein said

mutein is hlFN- 3serl17 41 4 OCT 2005 71. The conposition of claim68,
wherejn said buffer #'ls present at a concentration of about 5 nM said pH
is abdut 4.0, %hd shigeqmerpsHiomaf shumipli whersin sai eompgsitiads adigeidor20 nM 5

72. The cq{gaasid Sd'r[gdgg?n i I g .conposi 1 i is.aliquid or a
dried form ﬁ@’e‘?ﬁb@g‘i%id rie o%kgle@ﬁ%ﬁl go&%o(%l%hgl{q%?gﬁp consi sting
of a | ydpbphilizesfofroyan aindried forn; aeda fpayniriehfbrm. spray-dried form 10 73.

The conposition of claim®68, wherein said conposition is an aqueous or
nonaqueous sol ution, an aqueous or nonaqueous suspension, or a dry powder

form that is egiit apheodnffosfithiofelaim'e?, Rhardh G cdpdoMOah ¥qdddg! ati on.

15 or nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.

67.  The composition of claim 61, further comprising about 9% trehalose
by weight per volume.
20
68. A stabilized HSA-free pharmaceutical composition comprising
substantially monomeric human interferon-beta (hIFN-B) or biologically active
mutein thereof solubilized in a low-ionic-strength formulation, wherein said low-
ionic-strength formulation is a solution that comprises aspartic acid as a buffer, where
25  said buffer is present at a concentration of about 2 mM to about 5 mM, said
composition having a pH of about 3.5 to about 4.5, and wherein said formulation has
an ionic-strength that is not greater than about 20 mM, said mutein having the ability

to bind to [IFN-f receptors.

30 69.  The composition of claim 68, wherein said hIFN-B or biologically

active mutein thereof is unglycosylated.

70. The composition of claim 69, wherein said mutein is hIFN-Ber17.
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74. The conposition of claim®68, further conprising about 9% trehal ose 15
by wei ght per volune. 75. A stabilized HSA-free pharmaceutical composition
conprising substantially nononeric human interferon-beta @PEH2085 or

bi ol ogically active nutein thereof solubilized in a |owionic-strength
formul ation, wherein said lowionic 20 strength fornulation is a solution
that conprises sodium succinate as a buffer, where said buffer is present

at a concentrayi.on Theahf s1t2oxf®ﬂdl£nﬁdm%eﬁlmld§§ffé’r1sP{%'§&R%'tE' on having a
pH of about 4.5 to about 0, and wherein said fornulati on has

i oni c- st r eangedrationtof abowi St miyt, said o istehoutabid and 3gidricnic-3Gemsh isTng corrp05| tion
of claim %é%‘ }é%gésb&f%llﬁthl FN-R or biologically active nutein thereof is

ungl ycosyfa e "conposition of claim76, wherein said nmutein is
hl FN-f85eri 7. 30 78. The conposition of claim75, wherein said buffer is

present at a concentration_ of about 5 mM said pHis about 5.0, and said
i oni c- strengt h’3-s nbke comeasitian afiedaimdifo wherin said corapasit@oris a0@id’era The

comos! {1 e on! Ahdt i IR S0 RTRES Uid BRub SoRisbdihd, or 2, Uried

form wherern said rmis se glstlng of a

| yophi | i ziydplfitized fo&n mmfdﬁe@darﬁpmiﬂaqndyans@f@ur dried form 5 80. The
conposition of claim?75, wherein said conposition is an aqueous or
nonaqueous sol ution, an agueous or nonagueous suspension, or a dry powder

formjghat is i taﬁ&fc&fﬁosﬂﬁi ?urt@éa’héllém &8 ¢ gp&ghdﬁ)ggg‘ 9'!1&%8' ation.

81. The conposition arm rconprisin al ose 10
by wei ght crpemaqusousrsoluiden, aAaqmduedr haraquenss saspiengj os,alrabiry pbwdeaf form
|nterfero bet a .0gj cal actiye variant thereof in a

phar maceu tt:‘él &%’Jﬁ)&&ﬂ)ﬁﬁy%af Cgb¥BH N3ty inAYARPN ser um al bumi n, said
met hod conprising preparing said conposition wwth a 15 | owionic- strengt h
formul ation, wherein said |owionic-strength formulation is a solution
that conprises’a buThecomposiivnafelaim 8y further emtprisingrebout 8¥atréHabspH of sai d
conp tion g’f‘Q%B’ us or mnus 0.5 units of a specified pH, where the

speci P edpiF! ®3.0 to about 5.0, said fornulation having an ionic
strength that is not greater

75. A stabilized HSA-free pharmaceutical composition comprising
substantially monomeric human interferon-beta (hIFN-B) or biologically active mutein
thereof solubilized in a low-ionic-strength formulation, wherein said low-ionic-

20  strength formulation is a solution that comprises sodium succinate as a buffer, where
said buffer is present at a concentration of about 2 mM to about 5 mM, said
composition having a pH of about 4.5 to about 5.0, and wherein said formulation has

an ionic-strength that is not greater than about 20 mM.

25 76.  The composition of claim 75, wherein said hIFN-B or biologically

active mutein thereof is unglycosylated.
7. The composition of claim 76, wherein said mutein is hIFN-Beer17.

30 78.  The composition of claim 75, wherein said buffer is present at a
concentration of about 5 mM, said pH is about 5.0, and said ionic-strength is not

greater than about 20 mM.
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t han about 20 mM and incorporating said IFN-R or biologically active
variant thereof 20 into said conposition, wherein said IFN-p or
biologically active variant thereof within said conpositi dOCT 2005
substantially nmononeric and wherein said variant has the ability to bind
to | FN-p recep rs.,ﬁg& The, met hod of_claim82, wherein said buffer is
present at a comBeFRTMRRSIEAN Rficlaimols whersin said eorppasitian iswliqesd orkhe net hod
of claim I @i ' o of I ipon of about 2
T T abotr e #hfeRtar Rt B sl e Bouf CIRRRNEREA L oci i ed pr
i s about Bophilinet fownearedin-dsed frbyafdsa spray-ghiyd form. 43 4 OCT 2005 86. The

met hod of claim84, wherein said specified pHis about 4.0 and wherein
said buffer is aspartic acid. 87. The nethod of claim 84, wherein said
speci f§ ed pH igp aboyte & I8 [ k odi ci nate.
88. The nethod of cl ai m%ﬁn&ﬁeégﬁﬁsg’ g’@%ﬁg%@ﬁ@“?%@%%%%%& ses a
non-i oni cORNeMAQUELYS srjutierean ajwecain onnenaqiiesy shspension, dra dre paedersfarm

conposi ti . 1S LC,. . Wherein said non-ionic tanjcifying agent is

trehal oset?‘gTas@'gan?é;ﬁéd%Y%go B é‘?cgpwglf?onﬁﬂ?’f‘hgﬁu%rrpri sing the step of
preparing a dried formof said conposition, wherein said dried formis
selected fromthe group consisting of a Iyophilized form an air-dried
form and a sp¥lay- dFheeprerasitionid cbim 75 further ¢anprising dtwiun P ¥trehatose ei n sai d
conpogy ti L: us or nonaqueous solution, an aqueous or nonagueous
suspglzjsi o‘?}{]"’%‘gh@%?@%’gﬁuer form that is suitable for delivery to a

subj ect by pul nonary inhalation. 91. A pharnmaceutical conposition produced
according to the nethod of 20 claim82. 92. A nethod for preparing an

HSA- fr ee phar n¥eut 4 dagthediopinsreasing sobbility o§inteyfeserbbetafIFNaB) yr nonomer i ¢

i nterf - : i d set hod i si . i id
compos: ¢ | aRgIeRY BV bRt ot B A PRI P SR b BaSier ow 25
i oni c- st riemgintsefuni BMbuAfin, QAid Bethod OdribridRs RPAiOIR] boifSostidMAugs i n an

amount_ suffici ent i L .
15 low-ionic-strength formulation, wherein said low-ionic-strength formulation is a

solution that comprises a buffer in an amount sufficient to maintain the pH of said
composition within plus or minus 0.5 units of a specified pH, where the specified pH
is about 3.0 to about 5.0, said formulation having an ionic strength that is not greater
than about 20 mM, and incorporating said [FN-B or biologically active variant thereof
20  into said composition, wherein said IFN-p or biologically active variant thereof within
said composition is substantially monomeric and wherein said variant has the ability

to bind to IFN-B receptors.

83.  The method of claim 82, wherein said buffer is present at a

25  concentration of about 1 mM to about 20 mM.

84.  The method of claim 83, wherein said buffer is present at a
concentration of about 2 mM to about 5 mM.

30 85. The method of claim 84, wherein said specified pH is about 3.0 and

wherein said buffer is glycine.
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to maintain the pH of said conmposition within plus or mnus 0.5 units of a
specified pH, wherein the specified pHis about 3.0 to about 5.0, said
fornul ati on having an ionic strength not greater than abo%O€T 308 and
incorporating said | FN-P or biologically active variant thereof into said

conposi tion, rein,said vard ant has,the 30 abjJity to bind to 1FNJ3
recept ors. 93\.,\/g he et ASHY Ofl(‘ffaé? 92/?6&)?}{@%?%?@% eapﬁx‘ﬁfaé?mi‘%ofﬁ%sent at a
concent r atvhereirodai PO ida fcqicabout 20 M 44 4 OCT 2005 94. The nethod of

claim93, wherein said buffer is present at a concentration of about 2 mM
to about 5 MM 5 95. The nmethod of claim 94, wherein said specified pHis

about 3,0 and er g§ i fer,Js.alycine. 96. The net of , cl ai m 94,
wher ei n sai d s%’ggi f?ggm%ﬁilogsoqlaé[%ﬂtg44W88'§ﬁ’dsauﬁ§r§’§?®ieﬂ pglgﬁsgg%@%%?ﬂq s aspartic
aci d. 50 @Rerelfhwaidmiff@ds ofdiwhidoids. Wherein sai d specified pHis about 5.0

and wherein said buffer is sodiumsuccinate. 98. The nethod of claim 92,
wherein said conposition further conprises a 15 non-ionic tonicifying

agent in an a nt i.Gi I j jti i sotoni c, wherein
sai d non-ionic toni ?F% {}{le{nﬂéﬁa%ggfnagﬂisgpﬁﬁéﬁ%ﬁ%@e&%ﬁlFHefﬁafg?rﬁ(?nglsescﬁ ai m 92,
further coompioni togictfpmgzizent inhn pmepay sufficiént telfdnder dald E8r@Posiind conmposi ti on,
wherein said dried formis selected fromthe group 20 consisting of a

| yophi | i ZEgtopy H‘se"éﬁl $8G Defr-jaRys topicHyIngAgent ispekaloseri ed form 100. The

met hogh of claim 92, wherein said conposition is an aqueous or nonagqueous
sol ution, an aqueous oOr nonaqueous suspension, or a dry powder form that
is suitable fo89.del Themgthod o chithj8@cfurthyr qudprisivgy tie sepalf pidparing 25 101. A

phar maceut i c conpasi tion .produyced according to the nethod of claim92.
102 A § GHRH AT G CB COTRBS P i S8 A AU Selgried FOm HEETOWT di seases
30 respongiritiagof ARoARNYiZYA fdtm| B & RE Forfh, Ghd Nsfhy-dfidh ok MUl ati on
conprising the
15 90.  The method of claim 82, wherein said composition is an aqueous or
nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form

that is suitable for delivery to a subject by pulmonary inhalation.

91. A pharmaceutical composition produced according to the method of
20 claim 82.

92. A method for preparing an HSA-free pharmaceutical composition
comprising substantially monomeric interferon-beta (IFN-B), said method comprising
preparing said composition with a low-ionic-strength formulation, wherein said low-

25  ionic-strength formulation is a solution that comprises a buffer in an amount sufficient
to maintain the pH of said composition within plus or minus 0.5 units of a specified
pH, wherein the specified pH is about 3.0 to about 5.0, said formulation having an
ionic strength not greater than about 20 mM, and incorporating said IFN-B or
biologically active variant thereof into said composition, wherein said variant has the

30 ability to bind to IFN-P receptors.

93.  The method of claim 92, wherein said buffer is present at a

concentration of about 1 mM to about 20 mM.
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pharmaceutical conposition according to claim1, 36, 61, 68, or 75. 103.
The conposition of claim8, wherein said aspartic acid is present at a
concentration of about 2 mM 45 4 OCT 2005 104. The net hod 4@Cdl 2004 96,
wherein said aspartic acid is present at a concentration of about 2 mM 5
105. The conposition of claim11l, wherein said interferon-beta is stabilized
for at least 2 nonths at a tenperature of 5C. 106. The conposition of claim
1, wherein saiggint sdt i3S jab r; 2 nonths at a

t enperature of d%'OC. ??Ll%%gcgj{?bd Thedrlr]ag)hg@@g#d S(Z:aﬁgtl)l#rf?égzls &t\ﬁﬁéer?g?% sai d

i nt er f er onerizentation oftahbutl 3 mdditd about HmMeast 2 nonths at a tenperature of

5C. 108. The nethod of claim92, wherein said interferon-beta is stabilized
for 15 at least 2 nonths at a tenperature of 30C. 109. The conposition of
claimg, wherebs thehiafiifoddicai@id, She®di fid éﬁe&fmh?ﬂ RRbbet $ELE ¥

determ ned by concentration of said buffer, and said buffer is present at
a concent Wheteonsayd bufieris gl t o about 10 nM 20 110. The conposition of
claim 109, wherein said specified pHis about 4.0 and wherein said buffer
is aspartic acid. Ill. The conposition of claim 110, wherein said buffer is
present at a 86 comaehietiaid ctldh FHEresh siM épecidRa\pH ié aBbhit 4.3 dad The
conposition of claim 110, wherein said buffer is present at a

concent r aMheisibTaihBfier ivasprrticacitbout 5 nM 30 113. The conposition of claim
110, yherein said buffer is present at a concentration of about 2 mM 46

97.  The method of claim 94, wherein said specified pH is about 5.0 and

wherein said buffer is sodium succinate.

O8. The method of claim 92, wherein said composition further comprises a
15  non-ionic tonicifying agent in an amount sufficient to render said composition

isotonic, wherein said non-ionic tonicifying agent is trehalose.

99.  The method of claim 92, further comprising the step of preparing a
dried form of said composition, wherein said dried form is selected from the group

20  consisting of a lyophilized form, an air-dried form, and a spray-dried form.

100. The method of claim 92, wherein said composition is an aqueous or
nonaqueous solution, an aqueous or nonaqueous suspension, or a dry powder form
that is suitable for delivery to a subject by pulmonary inhalation.

25
101. A pharmaceutical composition produced according to the method of

claim 92,

102. A formulation for the diagnosis, prevention, or treatment of diseases
30  responsive to therapy with interferon-§ (IFN-p), said formulation comprising the

pharmaceutical composition according to claim 1, 36, 61, 68, or 75.

103.  The composition of claim 8, wherein said aspartic acid is present at a

concentration of about 2 mM.
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104.  The method of claim 96, wherein said aspartic acid is present at a

concentration of about 2 mM.

105.  The composition of claim 1, wherein said interferon-beta is stabilized

for at least 2 months at a temperature of 5°C.

106.  The composition of claim 1, wherein said interferon-beta is stabilized

for at least 2 months at a temperature of 30°C.

107.  The method of claim 92, wherein said interferon-beta is stabilized for

at least 2 months at a temperature of 5°C.

108.  The method of claim 92, wherein said interferon-beta is stabilized for

at least 2 months at a temperature of 30°C.
109.  The composition of claim 1, wherein the ionic strength of said
formulation is solely determined by concentration of said buffer, and said buffer is

present at a concentration of about 1 mM to about 10 mM.

110.  The composition of claim 109, wherein said specified pH is about 4.0

and wherein said buffer is aspartic acid.

1. The composition of claim 110, wherein said buffer is present at a

concentration of about 2 mM to about 7 mM.

112. The composition of claim 110, wherein said buffer is present at a

concentration of about 2 mM to about 5 mM.

113.  The composition of claim 110, wherein said buffer is present at a

concentration of about 2 mM.
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