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[0003]  Several factors can be considered in designing formulations and
processes for protein pharmaceutical production. Of primary cbncern is the
stability of the protein through any or all of the manufacture, shipping, and
handling steps, which may include preparation of the composition, freezing,
drying, storage, shipping, reconstitution, freeze/thaw cycles, and post-
reconstitution storage by the end user. Other potential considerations include
ease and economy of manufacture, handling, and distribution; composition of the
final product for patient administration; and ease of use by the end user, including
solubility of the lyophilized formulation upon reconstitution.

[0004] Liquid formulations may satisfy certain objectives. Possible
advantages of liquid formulations include ease and economy of manufacture and
convenience for the end user.

[0005]  Lyophilized formulations may also provide certain advantages.
Potential benefits of lyophilization include improved protein stability as well as
ease and economy of shipping and storage.
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durlng ong-term storage and/or after one or more freeze/thaw cycles. The
invention provides pharmaceutical compositions that contain an Ig fusion protein
and at-least the following four non-proteinaceous components: (1) a bulking agent,
(2) a disaccharide, (3) a surfactant, and (4) a buffer. In some embodirhents, the
composition further contains NaCl. The compositions do not contain arginine or
cysteine.

[0009] g fusion proteins are known in the art and are deecribed in, e.g.,
U.S. Patents 5,516,964, 5,225,538, 5,428,130, 5,514,582, 5,714,147, 5,455,165
and 6,136,310. In some embodiments, the Ig fusion protein is acidic, e.g., an Ig
fusion protein having a pl of less than 6.0. In illustrative embodiments, the acidic
Ig fusion proteins are PSGL-lg, GP1b-Ig, IL-13R-Ig, and IL-21R-Ig.

[0010]  In some embodiments, the Ig fusion protein is highly acidic, e.g.,
an lg fusion protein having a pl of less than 4.0. In illustrative embodiments, the
highly acidic g fusion protein is PSGL-Ig.

[0011]  In some embodiments, the non-lg portion of the Ig fusion protein
is a cytokine receptor, e.g., an interleukin receptor. In illustrative embodiments,

the cytokine receptors are IL-13R and IL-21R.
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thePB@kenlion are present in defmed concentration ranges. In some embodiments,
the concentration of protein is from 0.025 to 60 mg/ml; the concentration of the
bulking agent is from 0.5 to 5%; the concentration of disaccharide is from 0.5 to
5%; the concentration of surfactant is from 0.001 to 0.5 %,; all independently of
each other. In some embodiments, the concentration of NaCl is from 1 to 200 mM
NaCl. In certain embodiments, the concentration of NaCl is less than 35 mM. In
particular embodiments, the pharmaceutical compositions includes from 1 to 4%
bulking agent, from 0.5 to 2% disaccharide, and from 0.005 to 0.02% surfactant.
In illustrative embodiments, the composition includes 2% bulking agent, 1%
disaccharide, and 0.01% surfactant. ,

[0015]  The invention further relates to the physical state of the
formulation. The invention provides, without limitation, liquid, frozen, lyophilized,
and reconstituted formulations.

[0016]  The invention further provides methods of making compositions
of the invention, including methods wherein the composition is lyophilized by a
process that includes an annealing step.

[0017]  The foregoing summary and the following detailed description
are exemplary and explanatory only and are not restrictive of the invention, as
claimed.
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[0021]  An Ig fusion protein is a protein that comprises (a) a non-Ig
portion linked to (b) an lg portion which is derived from the constant region of an
immunoglublin.

[0022]  In some embodiments, the Ig fusion protein is acidic, e.g., an Ig
fusion protein having a isoelectric point (pl) of less than 6.0, 5.5, 5.0, 4.5, 4.0, 3.5,
3.0, or 2.5. In illustrative embodiments, e.g., the acidic Ig fusion proteins are
PSGL-lg, GP1b-lg, IL-13R-Ig, and IL-21R-lg. The isoelectric point of a protein is
the pH at which its net charge is zero. Methods for determining the isoelectric
point of a protein of interest are well known in the art and include, but are not
limited to, theoretical calculations based on the amino acid sequence of the
protein and direct measurement of pl by isoelectric focusing (IEF). Skoog, B. and
Wichman, A., Trends Anal. Chem. 5:82-83 (1986); Patrickios, C.S. and
Yamasaki, E.N., Anal. Biochem., 231:82-91 (1995); Alberts et al., Molecular
Biology of the Cell, Third Edition, p. 171 (1994).
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fusion proteins are PSGL-lg and GP1b-lg. In illustrative embodiments, the
sialylated Ig fusion proteins are PSGL-lg, GP1b-lg, and IL-13R-lg. Methods for
detecting and analyzing sulfation, phosphorylation, and glycosylation of proteins
are well known in the art and are described in, e.g., Posttranslational Modifications
of Proteins: Tools for Functional Proteomics (Methods in Molecular Biology),
Christoph Kannicht Ed. (2002).

[0026] In some embodiments, the Ig portion of the Ig fusion proteins is
derived from an Fc domain of an immunoglobulin, e.g., IgG (IgG4, 19G4, or another
lgG isotype), of human, murine, or other species, and includes functional portions
of naturally occurring Ig sequences, as well as mutations and modification of such
sequences. Sequences of various Fc domains are well known in the art and are
provided in, e.g., Sequences of Proteins of Immunological Interest, US
Department of Health and Human Services, eds. Kabat et al., 1991. The Ig
portion may contain any one or all of the following portion of the Fc domain: CH1,
CH2, CH3, and the hinge region. For example, the Fc domain may contain CH2,
CHB, and the hinge region, but not CH1.

[0027]  Additionally, Ig fusion proteins may comprise a linker that joins
the non-Ig and Ig portions.
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buffers. Phosphate buffers may be, e.g., potassium phosphate or sodium

phosphate. Amine buffers may be, e.g., histidine,
tris(hydroxymethyl)aminomethane (“tris”), or diethanolamine.

[0030]  The concentration of a buffer in the compositions of the invention
may be chosen from the following ranges: from about 1 to about 1000 mM, from
about 1 to about 200 mM, from about 1 to about 100 mM, from about 1 to about
50 mM, from about 1 to about 40 mM, from about 1 to about 30 mM, from about 1
to about 20 mM, or from about 1 to about 10 mM. In an illustrative embodiment,
the concentration of buffer in the composition is about 10 mM.

[0031]  The pH of a composition of the invention may be chosen from the
following ranges: from-4 to 10, from 5 to 9, preferably, from 6 {o 8. Patient
discomfort may be minimized by setting the pH of an injected composition at or
near physiological levels. To this end, it is preferable that the pH of the
pharmaceutical composition be from about 5.8 to about 8.4, or more preferably
- from about 6.2 to about 7.4. Routine pH adjustments inside or outside of these
ranges may be necessary to improve solubility or stability of the polypeptide or
other components of the composition.

Disaccharides

[0032]  The compositions of the invention further comprises a

disaccharide. Preferably, the disaccharide is a non-reducing sugar, e.g., sucrose
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mass ratio of disaccharide to protein, typically at least 1:1. In some embodiments,
stability is optimized at a disaccharide:protein mass ratio of about 5:1. In other
embodiments, the disaccharide:protein mass ratio is 10:1, 20:1, 30:1, 40:1, 50:1,
100:1, 200:1, 300:1, 400:1, 500:1, 600:1, 700:1, 800:1, 900:1, 1000:1, or higher
than 1000:1.

[0035] The disaccharide may act as a lyoprotectant or cryoprotectant.
“Lyoprotectants” include substances that prevent or reduce chemical or physical
instability of a protein upon lyophilization and subsequent storage. In one aspect,
the lyoprotectant prevents or reduces chemical or physical instabilities in the
protein as water is removed from the composition during the drying process. In a
further aspect, the lyoprotectant stabilize the protein by helping maintain the
proper conformation of the protein through hydrogen bonding.

[0036] “Cryoprotectants” include substances that provide stability to the
frozen protein during production, freezing, storage, handling, distribution,
reconstitution, or use. In a particular aspect, “cryoprotectants” include substances
that protect the protein from stresses induced by the freezing process.

Cryoprotectants may have lyoprotectant effects.
7
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composition is 0.5 to 5%, for example 0.5 to 3%, even more precisely 1.8 to 2%.
Surfactants

[0039]  Preferably, the composition of the invention also comprises a
surfactant. In one aspect, surfactants protect the protein from stresses induced at
interfaces (e.g., an air/solution interface or solution/surface interface). In one
embodiment, surfactants prevent or reduce aggregation. Surfactants include
detergents, such as polysorbate, e.g., polysorbate-20 or polysorbate-80, and
polymers, such as polyethyleneglycol. A variety of surfactants are known in the
art (see, for example, U.S. Patent 6,685,940, column 16, lines 10-35). In an
illustrative embodiment, the surfactant is vegetable-derived polysorbate-80.

[0040] In certain embodiments, the concentration of surfactant in the
composition is from 0.001 to 0.5%, from 0.001 to 0.2%, from 0.001 to 0.1%, from
0.001 to 0.05%, from 0.001 to 0.01%, or from 0.001 to 0.005%. In illustrative
embodiments, the concentration of surfactant in the composition is from 0.005 to
0.01%.
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dls&céhandesmmkl Po agenmbbyd surfactants, may also contribute to the
osmolality of the composition.

[0043] Excipients include, but are not limited to, chemical additives, co-
solutes, and co-solvents. Preferably, excipients contribute to the stability of the
protein, but it is to be understood that excipients may otherwise contribute to the
physical, chemical, and biological pro‘perties of the composition. A variety of
excipients are known in the art (see, e.g., paragraphs 0048-0049 of U.S. Patent
Application 20030180287).

[0044] In some embodiments, the composition further comprises sodium
chloride. In particular embodiments, the composition comprises 1-200 mM, or
less than 50 mM, less than 40 mM, less than 35 mM, less than 30 mM, less than
25 mM, less than 20 mM, less than 15 mM, less than 10 mM, or less than 5 mM
NaCl. Under certain conditions, NaCl may cause difficulty during lyophilization or
lead to the appearance of opalescence in the reconstituted lyophilate.
Accordingly, in a particular embodiment, the composition does not comprise NaCl.

[0045] |tis to be understood that certain components of the composition
may be interchanged with alternatives known in the art. However, one skilled in
the art will also understand that inclusion of certain components will preclude the

use of other components, concentrations, or methods of preparing the



fromabout 6.2 to about 7.4. Routine pH adjustnents
i nside or outside of these ranges may be necessary to

WO pgroem4sol ubi ity or stability of the pol ypeptT/U82006/045059
ot her conponents of the conposition. D saccharides

rﬂpa%%ll [ rther.
phé:orrprl ggé;%a 3I saccmat?[ln%g%a tﬂfaetr'@(gﬁgé @ﬂé@.@éﬁ%ﬁ&ﬂit&e
chémical campaiiuliity] pH, tondeity, andgtabiltycr oseor trehal ose. In
cer g di nents,, the ctgncentratl on of disaccharide
o bR Lo:ffgg.qqr@wpsr@ormfs R IRVeSHIONHININGuMeEe than 0.5 mM,
r 9%
’ﬁ”"?ﬁ"m’%"’ PR B2 S 6 SrGRCor st Sat, o
cyslelie/oorits saltd Thesse cbvhpduruls dretrot ?dﬁ@d érﬂ pm&a{?r@f the 2%
2 to 2. 50/ f 3% frq to rom
corpSBEn. i RTRG! bR ad In MeseamEaT I DI BAD dhe s limits.
n
ThERTRRTIStBhs el oy 6%E LR SRIG 2kl SRR ¥ ps Deposed o
argimmej@nd/@trcyetemﬁ)pmseehtrsthetpméypﬂpmdechar| de .
on[centr ti,on i.s 0.9 or 1.0% [0033] In one aspect,
—ﬁ%&%&@%ﬂ%}ﬂ% serves to stabilize the protein
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depend upon the absol ute concentrati on of
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dur i ng drying. Protection dur i ng dryi ng may depend

updAOEBL fimane Hlustraive eRsimesh ﬂt\%@harmmeméccprapp@tlon
cortpR4B e NP RO BB R SEHRAAR o 1 v
to ablouftlrniyom, 0. 5rto§c%mhsacchande from 0.5 to 5% bulking agent, and from
0.001 to 0.5% surfactant. In a further embodiment, the pharmaceutical
composition comprises a pharmaceutically effective amount of an g fusion
prbtein, from 1 mM to 1 M buffer, from 0.5 to 5% disaccharide, from 0.5 to 5%
bulking agent, from 0.001 to 0.5% surfactant, and from 1 to 200 mM NaCl. In a

further embodiment, the pharmaceutical composition comprises a

| pharmaceutically effective amount of an Ig fusion protein, from 1 mMto 1 M
buffer, from 0.5 to 5% disaccharide, from 0.5 to 5% bulking agent, from 0.001 to
0.5% surfactant, and less than 35 mM NaCl. In a further embodiment, the
pharmaceutical composition comprises a pharmaceutically effective amount of an
lg fusion protein, from 1 mM to 1 M buffer, from 0.5 to 5% disaccharide, from 0.5
to 5% bulking agent, and from 0.001 to 0.5% surfactant, and does not contain
NaCl.

[0049]  In one illustrative embodiment, the pharmaceutical composition
comprises from 0.025 to 20 mg/ml Ig fusion protein, from 5 to 30 mM buffer, from
0.5 to 2% disaccharide, from 1.5 to 2.5% bulking agent, and from 0.001 {0 0.02%
surfactant. 7

[0050]  In a further embodiment, the pharmaceutical composition

comprises about 10 mg/ml lg fusion protein, about 10 mM buffer, from about 1.8
10
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' , MG Qi St pLbution, . . o
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protein fromstresses induced by the freezing process.
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iy . g .

coree1d ARG oB e goranidnanaat, | Be. LOUERL B lAAN0on
sucgbses iamel ;B d%apoipsdrohte-8@e bul ki ng agents serve to

' ical structure of the
: f;gbh#gﬁ;:gﬁ ggé(ﬂlﬁsﬂﬁﬁgq]gpn O%Prxgllwt?%we Shertrl#naceutical composition
comprises 10 mg/ml IL-13R-Ig, 10 mM Tris, 2% mannitol, 40 mM NaCl, 1%
sucrose, and 0.01% polysorbate-80.

Physical state of the composition

[0056] A variety of physical states are suitable for the pharmaceutical
composition of the invention, including, but not limited to, liquid, frozen liquid,
lyophilized, and reconstituted formulations. Reconstituted formulations include
lyophilized compositions that have been resuspended in liquid, typically water for
injection (WFI). For lyophilized compositions, concentrations and osmolalities
typically refer to those of the pre-lyophilized liquid composiﬁon, although these - -
values may alternatively refer to the reconstituted composition. For frozen liquid
compositions, concentrations and osmolalities typically refer to the liquid
composition prior to freezing.

Methods of preparing pharmaceutical compositions

[0057]  One skilled in the art will know a variety of methods suitable for
preparing the pharmaceutical composition of the invention. The skilled artisan will
also understand that some components may interact in such a way as to make

certain methods or orders of preparation unfavorable.
‘ 11
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de$ifed €bcaraiitiBat stresses (e g., physical and chemni cal
stresses) and hel p maintain prot ein activity. [0038]

I n %604 n lawhedimeedigent, Hbemﬁum&ltrcm isdyopdfilizedl ky agrocess

f h
e 0l BB AREIhALL, DAL RE oAl £ 4 kre
abé&% tffer final Zrele@ing- teffipetdtore ?or%t H6Xired pér ddﬂo?‘prbfﬂhcﬁe %%stalhzatlon
from3.5t0 4% from4 to 4.5% from4.5 to 5%

of theLptentallyGsysteliise companenis Mnoom: aspersk, anneating. alows

core M o S0 38 b SN sy v

caksasrlmmwream proteih stadiliky n @m@emcryﬂathban@@@w BulkiRgisent can
0.5t to 3% even nore precisely

increase; egé) 0@%@%?@@9@8 [pb'@ég] Wbic(@f@raf@pghtat@ leore efficient drying
oy SO S S0 B SINO AL L NERBR 4R, pgai
resphivigein impraredstatespeadity odsrlebdatyat Seat®ahgdeateriatienal Jaornal of
e BEAGE e B REA S L b
bulam@r%m affiy E%E)egﬂ'ﬂaﬁlgpgtire it p&?ﬂ?g yvt?ygg%@%ad to
VIaQb(@akage (Tang ang Pikal, P%armaceutlcal Research 21:191-200 (2004), or
crystallization during storage, which can destabilize the protein (Carpenter, et al.,
Pharmaceutical Research 14:969-975 (1997)).

[0060] In an illustrative embodiment, the pharmaceutical composition is
lyophilized by a process comprising the following steps: freezing the composition
at less than -40°C; annealing at a temperature between -5°C and -40°C for a -
period of time sufficient to promote crystallization of the bulking agent; lowering
the temperature below —35°C; establishing a vacuum; and drying the composition
at a temperature between -20°C and +30°C.

Stability

[0061] In one aspect, the invention relates to stable pharmaceutipal
compositions. A “stable” composition is one in which the protein therein .
essentially retains certain physical and chemical properties upon storage or use.
In one aspect, “storage or use” includes one or more cycles of freeze/thaw.
Various assays of protein stability and/or instability are described in the Example
and other suitable methods are well known in the art and reviewed in, e.g, Peptide
and Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New
York, N.Y., Pubs. (1991) and Jones, A. Adv. Drug Delivery Rev. 10:29-90 (1993).

Such assays include, but are not limited to, quantification of high molecular weight
12
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osition Qg be hi gher or |ower as specific’
i
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R T

of [0Be4l ompoeneiaspect, rrca pitdmeceuticalempogitiore s $table protein
throkl)Jugfhféer{ySOr all of the manufacture, shipping, and handling steps, which may
include preparation of the composition, freezing, drying, storage, shipping,
reconstitution, freeze/thaw cycles, and post-reconstitution storage by the end -
user.

[0065] A variety of factors may affect protein stability, including ionic
strength, pH, temperature, freeze/thaw cycles, shear forces, freezing, drying,
agitation, and reconstitution. Protein instability may be caused by physical
_degradation (e.g., denaturation, aggregation, or precipitation) or chemical
degradation (e.g.,“ deamidation, oxidation, or hydrolysis).

EXAMPLES
Example 1: PSGL-lg Formulation
A PSGL-Ig background

[0066]  P-selectin glycoprotein ligand-1 (PSGL-1) is the major high
affinity receptor for P-selectin on human leukocytes. PSGL-Ig is a fusion protein
comprising soluble PSGL linked to a mutated human IgG1 Fc domain, as
described in U.S. Patent 5,827,817. Isoelectric focusing (IEF) of PSGL-Ig shows
predominant bands within a pH range from 2.8 to 3.3, clustered around a pl of

approximately 3. Post-translational modifications of PSGL-Ig include sulfation and
13



di sacchari des, bul king agents, and surfactants, may
al so contribute tV the osnolality of the conposition.
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T e g
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conposi tions of the invention contain no nore than 0.5

mvi

Table 1: Optimization of PSGL-Ig Formulation

% HMW % HMW
Buffer Polysorbate addition at Time Zero after 20X Freeze/Thaw
PBS-CMF none 4.25 46.52
PBS-CMF spiked in post-F/T 5.28 : 4418
PBS-CMF 0.005% 4.18 4.86
His/Suc/Gly 0.005% ‘ 4.39 3.37
His/Suc/Gly none A 4297

[0068] To determine the contribution of the buffering agent and pH to
PSGL-Ig stability, PSGL-lg was formulated at about 50 ug/mlin 15 mM buffer
alone (without additional excipients). Five buffers (succinate, citrate, histidine,
phosphate, and Tris) were tested at a total of 7 pH’s (see Table 2). Samples were
subjected to 5 cycles of freeze/thaw. Percent HMW was determined before and
after freeze/thaw cycling by SEC-HPLC. As shown in Table 2, citrate and

14



0.1 mMM 0.01 MM no detectable |level, or none of any

of arginine or its salt, or cysteine or its salt.
wadb@seewanpounds are not added in preparing theCT/US2006/045059

conposition, or cannot be detected in the conposition,
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enbodi nrents, the pharmaceutical conposition consists
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di saccharide, a bul king agent, and a surfactant. In
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[ 0048]|Ln anCCII T ustra i\lpgéﬁhndl nent t?]lﬂ?/

phar ngceut i c%ﬂra"%onposi i on5€bnprilses a 1.8%

phar mgceut T caly T f ecf T Vesapouny of —an TigsLusion
protelh Frnm'] nr{\/lfnl!\v/!hllf‘fe'r’ frnmn'—'\tn I;O/r\

di sacdhar i d&"%m 0. 5] to 894 bul i ng agerft’”and frof
0. 001 |t o O.H%6heatef act aht. vn2a further erasyd nent, tlhe
phar ngceutiGa npostHonsepnprirses—=a

phar ngceut i Ca Pétgeffectlve7'§§rount of an Iq f’u3| on
proteiln, from™® mMto I MBatfer,| from0.35%0 5%
di sacctartde, fromo-5 to 5% burkirmg—agert—fFrom o001
to 0.5% surfactant, and from1l to 200 MM NaCl. In a
further enbodi nent, the pharmaceutical conposition

i ses a Ily effective anmount of an Ig
Cfus Hgﬁﬁﬁvégb tVPg?%%éhf?M%ﬂw I3}t fer, fromo.5 to
5% chapj,
o, osEC ARyt ?gg’ﬂa%@aé exciiagdhiy 2"3&%’?\%3% M
glygirey rittheM Batbdinge mM éstidine, pH 6.5-6.6 at 5 mg/mL. Polysorbate-
80 was added to a final concentration of 0.005%. 1 ml aliquots were filled into

—

Type | glass 2 ml tubing vials and stoppered. Samples were either lyophilized and
stored at 5°C, 25 °C, or 40°C, or stored as a frozen liquid at -80°C. Protein
stability was assessed by HMW formation, degree of hyposulfation, biological
activity measured in relative binding units (RBU), and degree of cyclization of the
N-terminal glutamines to pyro-glutamic acid. Time zero samples consisted of pre-
and post-lyophilization formulations. Samples were also analyzed after 3 or 7.5
months of storage at the temperatures listed above. As shown in Table 3, the
lyophilized and frozen liquid formulations are stable under the conditions tested.
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phar maceuti cal conposition conprises a
phar maceutically effective anobunt of an |Ig fusion
w@e@rmes2040 from 1l mMMto 1 Mbuffer, from 0.5 t oPGRAIS2006/045059
di saccharide, fromO0.5 to 5% bul ki ng agent, and from
0.001 to 0.5%Fak t i n NaCl .
[0049] In one il I[S?f r%??‘ym?ﬁgguﬁﬂ%ﬁmﬁﬁﬁm
pharnaceutical conposition conprises fromO0.025 to 20
/m 1g fusion promwbgm%ggréﬁb pbufter, Trom
5 to-2%disaccharide, from1 to_ 2. 5% bul ki ng
a“gr@mperaww r omi@uigo1 ¢ o‘yg, Dm%@mf ac$ aranthg 005015 mondhs
urther—enbodin the pllalo ettEal €6 POeS ++-on
conpri ses about 1%3 mg/ M | g ffsion protein, apout 10
™ bgioker, f{rom about 1.8t o0 about Zpo bulkimg e[y 63
about 0 9 to aboutt 1% di sacchafide, and from
, about5°@ 005|to about 0/01% surfactapt. {8051 | In @52

ot enboti-rert-—ihe phar-racedt aL copposi-tion
:on‘p?$ about 10 ng/m 1g fusion prot0e391 apout Q.61
™M byhd@r, [rom about [.38 1O apout 2% gjg rep—from
bhout 0.9 to about 1% di sacchari de, r om [about

D. 005 to about 0.01% surfactant. [0052I I'n a further
enbodi ment, the pharnmaceuti cal n‘gosn tion conprises
hbout 10 ng/ni | g fﬁ§ (Mﬂ'%'é’iaha Bd¥k 10 mM buffer,

Egﬁ] ?@o 'ff’ Dacc%g"rl lyg’nqll'gg?&wb. &@%ﬁg‘%abou?'%j i@T%S

sur f act ant, andOl%s than 35.yM Nadl .~ [OO53] |ITn one

' j [ the pharmajceuti cal ‘
corrp‘gtéléi on| conprises 10 mg/m PSGIg, 10 Ml 0.81

STiggEne, o0 vtgtyct e 0—ni-Naeh 1‘6” 0.85
25°C 1.3 0.96
40°C 1.2

Ratio Q-Q/<Q-<Q (fully uncyclized to fully cyclized)

Temperature liquid - lyo, time zero | 3 months 7.5 months

1.68 1.64

-80°C nd

5°C 1.67 1.78
25°C 1.64 1.72
40°C 1.56

Hyposulfation (by AEX)
Temperature | % hyposulfated
at 7.5 months

-80°C . 1.06

5°C 1.00
25°C 1.00
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sucrose, and 0.005% pol ysorbate-80. [0054] In one
illustrative enbodi nent, the pharnaceuti cal
W@ 0wpo63080 on conprises 10 ng/mM GPl b-1g, 10 mT/US2006/045059
hi stidine, 1.8%glycine, 25 nM NaCl, 0.9% sucrose, and
0. 01% pol ysorbate-80. [0055] In one illustrative
enbodi nent, the pharmaceutical conposition conprises
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de@@ihﬁdanul?%?ttby@aw Nym@rréNOtQ?-/@ﬁ%%? ofl he pMAVF-binding domain
of BFAL: lé%%yﬂ %qu)o fﬁ&ﬁﬁ;@ ltoH§| Mﬁ%%ﬁc?%?ggv which

val u tern €' reco

enhangis VWA birfciimg éﬁmﬁt?n I$aealecteic dmrmmg tIE6h®f GP1b-Ig shows
concentrations and osnol al i ties t Ily refer to

PradoguinantARs WIS BFirgnde dom ééz%r@%aﬂ}yﬁr%aé agpund a B of
ap@f(o‘?ﬁﬂﬁéigq% p'?%rsﬁ%ﬁghklﬁﬁél lﬂBHmeé’ﬂlddsoé‘lsqugﬁée ﬁb&e N-linked

n the art know a variety o

glysosylativre NelinkedegpcansgintGe1ipha inchcta.siatyidted amoideri fucosylated
of. the invention. The skilled artisan will also

StrHﬁtHé‘?SSt and that some conponents may interact in such a
B. Way Optinti2atiBH6f GP1b-Ig formulation j

[0071]  The effect of polysorbate- 80 on GP1b-Ig stability was evaluated
in 2 ml polypropylene vials. GP1b-lg was formulated at 2 mg/ml in 20 mM Tris pH
7.2, 50 mM NaCl, and varying concentrations of polysorbate-80 (0%, 0.005%,
0.01%, or 0.02%). Vials were frozen by submerging in liquid nitrogen for 1 minute ..
and thawed by incubation in a 20°C water bath until no ice remained. Samples
were subjected to 14 freeze/thaw cycles, with aliquots withdrawn for analysis after
every other cycle. Percent HMW was determined by SEC-HPLC. Protein
recovery was evaluated by integrating the area of protein peaks on an absorbance
signal at 280 nm. As shown in Figure 1, addition of polysorbate-80 significantly
reduced HMW accumulation.

[0072] The effect of glycine on GP1b-Ig stability was evaluated in a
similar manner. GP1b-Ig was formulated at 5 mg/ml in 10 mM histidine pH 6.5, 25
mM NaCl, 0.9% sucrose, 0.01% polysorbate-80, and varying concentrations of
glycine (0%, 1.0%, 1.8%, 2.0%, or 4.0% w/v). Vials were frozen by submerging in
liquid nitrogen for 1 minute and thawed by incubation in a 20°C water bath until no
ice remained. Samples were subjected to 10 freeze/thaw cycles, with aliquots
withdrawn for analysis after every other cycle. Percent HMW was determined by
SEC-HPLC. As shown in Table 4, addition of 1.8% glycine minimized HMW

accumulation after 6, 8, or 10 freeze/thaw cycles.
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certain nmethods or orders of preparation
unfavorabl e. [ 0058] In one enbodi nent, the conposition

WO g00p06a0 ed by exchangi ng purified protein i nPCI/ES2006/045059
solution conprising all of the remaining conponents of
t he conposition except the surfactant and subsequently
addi ng the surfactant to the desired concentration.
Tdé 9l BffecookGamhmedCortdntrdtion @oipBidiWiinG P tb-lg Formulations
| yophilized by a process that includes an anneal i ng
step, i e holding the conposition at a tenperatiure

abo%e the final freelumbecpifegze/Mhaw&yclesdef i ned

pél)’)} % o-pponNDte Chyst attzatTom of gthrepotgmtTat T y3g
i ne_conponents. |In one aspect, annealing

al ' ows ¢onpi3et e| or oanr e |t har3vugh| cr@asal lji zat4i7on | of 0.52

the byl king agent wiht o e v-e—eake—strgettre—or
pr oflei n stqul ify. 0'Ivgért herudér ygt al p‘l‘%ati on~ot" t he 0.47
bulfkgng|agemB can pmoreaseoidse TP' @4 t he agmpephouso.46

i + facilitate norelefficient drying-by —
al | 8wi n$ oPBRary dPyng |t o pelfoPfed 4t 24 gher 048
UTenmger ajur .4 agau NnoReSUlltimoaf N | nppaged |cagg2qual 1 D9

or stabillity. See WAng llnternational Joirnal of
Phar maceutics 203:1 -60 (2000). Further, failure to
conpletely crystallize the bul king agent may al | ow
cryst allization during primary drying, which can |ead

Lbr el&keaé!@edﬂ:ﬁ o @WdﬁFﬂlbkl@ stabBiey was evhivaedd in similar
Researc 2 1:191 -20 é2004 or crystallization

magner.nGpdbdoawes foxmubried ah 1 deaimiin 207aM sedivmghasphate at

v LT s (£ 8o 7 R e Sal T ona 6P hnSiad Pru
nitielganac e utina® andtieesd by)tmcUBahcym prha 1202@ dvatgr bathr urdit e ice
rorg8RBEs RASAea ey Dlasb 1t Beealaa Ehgeas wih aliquots
withGRAT fRr UraRed ¥R&everP Gt CyeO08elc@ht AMW was determined by
SEC-HPLC and protein recovery was monitored by the HPLC detector signal at

280 and 214 nm. After 10 cycles, samples at pH 5.0 and 6.0 became cloudy, an
indication of declining recovery of soluble protein. 'As shown in Table 5,
formulation at pH 5.0 or 6.0 leads to increased HMW accumulation and decreased

protein recovery.
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period of tinme sufficient to pronote crystallization
of the bul king agent; |owering the tenperature bel ow
we 2870Q04@st abl i shing a vacuum and dryi ng thePCT/US2006/045059
conposition at a tenperature between -200C and +3Q0C
L td h&! i
TEHIES; Skt oY Sh e PE aRaHEloin ool BNIN a8 T g Faifaiations
conmposition is one in which the protei'n therein

essentfall]y retalns cerNamepbysie@aé/’maw Cyuies cal

proper | PHBg_upon storage or use—h-one_aspect,

'r'st orape qr ude" incl Wles pne br npre %ycl bs of 10
freezels ays 95 opr of €Y, TTigr ]
and/ or ?Qstabl?zlt\%ar%@%escri bed | thé@Ex nglgze%an 24.94

ot h%rg 5610t [ab1396ret hodk63r €| WeRiB3knpwi5ig8 t he 2864 and 24.94

Hs o Pe te—and g Rrot i g DelsyETY;
247-3055'0 Vi iedht Legé 4. . Ma?c'éel Deljlg(:frw na 2%y, 1867

York, [8%] Ru®. (19932 ahd JéBes| AB.78dv] DO 11.77

|b| |A“e ’\1 an {1nJ0\ S--n } .-..-..-.a‘..-. _:rr\nl UA -
Fq'ﬂfeifi” K 1919%Q5ed81’5€'?*‘%a°6?§?7‘@% pazE3¢§i1i5g9\§E+U§ 4.06E+05
mol ecul glo & €6bEH0Y es.eaaw;vw&&es ,763E+05 7.37E+05

ow -l ebul ar \wel rial

SR ZRE S OPEp o] BAREC DG Brr E4D6 § 4 60E 05

pé @EE#@B AGbBELOY | 9aRE-+08 2Bt00E+081Y 180 E+05

amno acid dificatilons The

phar maceuti cal conposn tion of the invention preferably
contains less than 10% |less than 5% |ess than 4%
| ess than 3% |less than 2% |ess than 1% or | ess than

0.5 dﬁva?gr eﬁ@éffé&tlcﬂfprmirﬁmﬂo@rntr\aﬁbgrotn)epn bdg@tadmytwas
(1 ow nol ecul ar wei mat eri al upon storage or

evsmeldam%f) mi h@tﬂﬁﬁagﬂ'ﬁ ke WiHRI0.-2% b S t19JR OGR! @ﬁég -igin 10 mM
B E S SLSUBI, AU 0N Aty A 0ty 7
polysorhage-80r Tisebottles were frozen by submerging in liquid nitrogen for 10
minutes and thawed by incubation in a 25°C water bath for 15-20 minutes.
Samples were subjected to 10 cycles of freeze/thaw, with aliquots removed for
analysis after 0, 1, 2, 4, 6, 8, and 10 cycles. Prior to analysis, the protein
concentration in all samples was normalized by dilution to 0.25 mg/ml in an
otherwise identical formulation. Percent HMW was determined by SEC-HPLC.
As shown in Table 6, the GP1b-Ig is stable over a broad range of concentrations

in this formulation.

Table 6: Effect of Protein Concentration on % HMW in GP1b-lg Formulations

[GP1b- Number of Freeze/Thaw Cycles
Ig], in 0 2 4 6 8 10
mg/ml
19 0.62 0.67 0.42 0.54 0.56 0.59
10 0.58 0.51 0.40 0.55 0.32
0.25 0.42 0.40 0.36 0.35 0.46
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[ 0062]

In sone enbodi nents,
at a certain tenperature (e.g.,

the conposition is stable
-800C to 400C -400C to

wdanzoemto about 200C) for a specified tinme perPOLIUS2006/045059

e g.,
°6n ?erﬁ@éﬂaﬁﬁty HGPY

osition is sta

1, 4, 7, 12 or 24 weeks;

b ford

or

r a sp

1, 2, 3, 4, 6, 7.5,
Qﬁﬁ, In sone enbodl ment s,

eci fi ed nunber of

f r e[e)z)ésl haRurifiet &P {2 lgwasktored &, 84)°Ca4nt|6’;hawe08tor915e

ProjpiCoRceNRial WhS psORAv ot pe 15 ABRE by ALd0, GRibslamas

forrﬁﬁ)éé@é t(a};]b gﬂé/rr}g e U‘HWI

i nclu

gﬂﬁ‘i

dm@ I-ﬁ@'&SPﬁ"S")leﬁmb hengi NGCI,

ratlon of

0.9¢espo®ist| amd Ofm&epolygprtmtwﬂﬂgby dildicsnge, the ﬁppmm@te stock

recon

solﬁ%@
disehsei b

itution,

b

fr e zel/ t haw
Eéﬁ%'t'@%quﬁw AP Yge

|alsRGAS.S VIERY

I onicC stren t

’ré ‘S}ﬁ{c

t enper

& rfibrectiBraui 0 umy Bissapnitand
RF &4 8l 8hePhhd Iyop

ature, freeze/mzlsna

Lycimﬁllimlonsmﬂzape rlfcormmjsacchrdmgi toghe @yglemgram@ite ratsummaamﬂ in

reconstitution.

TablgyGi cal

OX

Protein instability may be caused by

degradation (e.qg.,
or precipitati¢gh|eor. gpem

deani dati on,

I dat i on,

Fgﬁydr ol

ysi

denaturati on,

aggr egati on,

rz%@i@hlcmlde g.,

s). EXAMPLES

Exanple 1: PSG.-1g FOHTLH ation A. PSGE.-1qg bacquound

L 00 Torf FEYc [ i Xhes) phamp (g piesehseim) |
humg® | eukocyt es13BSGL- 1 g| 1 a fusion protein

-50 4 1.2

-15 6 0.8

-40. 1.5 0.5 50 (last hour only)

-25 35.3 4.6 50

30 6 50

Total Hours ;5.2

[0076]  Upon completion of the cycle, the lyophilization chamber was

back-filled with dry nitrogen, after which the stoppers were depressed and the
remaining vacuum released. The vials were immediately crimped, labeled, and
stored at 2-8°C, 25°C, or 40°C. '

[0077] At each time point (0, 1, 2, 3, 4, 6, 9, and 12 months), one or
more lyophilization vials were opened. The product cakes were assessed for
appearance and residual moisture was determined by Karl-Fisher titration. Cakes
were then reconstituted with 1 ml water for injection (WFI), monitoring for
appearance and reconstitution time. After reconstitution, pH was measured by
dipping the electrode into a 2 ml cryo vial containing 400 pl of the formulation.
The remaining solution was divided into 3 x 200 w aliquots, two of which were

frozen at —80°C, and one of which was designated for analysis and kept at 2-8°C. -
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conprising soluble PSG& linked to a nutated human | gQ
Fc domain, as described in U S Patent 5,827, 817.

wo s@eloewto i ¢ focusing (I EF) of PSG.-1g shows PCT/US2006/045059
predoni nant bands within a pH range from2.8 to 3.3,

clu d r . . . .
Pos 0T ¥ns Y BicPoRuch] oRERIG oMyBltag were plttpd 40 tmes in
~ thessdrhatsotuticandghgoresigalt yiekl. a Gmg/ml;doﬁltiom Mtuﬁ’l&ﬁoidlg

i ncl udes O I|inke N-1i nked cans
CORUEAIO NS VSRS TP S I SEPar s oara gLy Sparent 96-well

plafté’é:OPYdt@ Scfbn?{ehﬂ‘éﬁb‘ﬁ cFa‘PcfuléteEiaﬁ/ tggégfnaﬁlg ??]récl;erntratlon in

ost-translation rmdl I catlons .
mgzﬁmdjlzogllmadnmcg)TN(AZS@a@s%;é(e Viu et al., Journal of

oot [T i Plolsigal Bty Was aesassdbos aparsec! indipg.of

r d
GF’?‘%’; lrgt'o%rﬁé(@ %ﬁ%e@&}egm GITf18 rr?yés”ﬂrééi pﬁ(?tg{%f’%tlbﬁ]cg%%anon

wag GG eatbglajmilate, spb%fmwccrtmsye)n urStamg £s vver e pr ocessed :

e o, by PSR GHIAlgn o es nerohiRd By SECTGT Lo AU das

exﬁr‘éjsféég%*éaé ?erc%ﬂta@%d&qofa@sﬁe@i@@% after f reeze/ t haw

rior asurenent (for PBS-CMF
onI f,()081$anp4\mmmmor$ ub]omctrmeaud:ammlgyts;w:les (LMW) was

free t haw. Per cent i | ecul ar wei ght species
SRR bk S8VErse PheRB R AR 2Rl xPlesteddi o BRRRTFoe of tota
spécyggl ng by size exclusion chromat ography ( SEC)- HPLC.
As shown in Table 1, polysorbate-80 significantly

r ed[QQ82]t heThe dishibuion & soffataciisoiormstwasasieaninesiey anion-

xR Bl BRI 2o Ton o "PSAL-1 g For it at on

[ 00fR}83To d&s ehoivnén Thbles@throbgts i ONtheketdseapsitiériongfrate that
thlg1 ePn1t b- ?gngor%ﬂlatlon is stable under the conditions tested for at least ©
months. Table 8 shows results obtained following storage at 2-8°C. Table 9
shows results' obtained following storage at 25°C. Table 10 shows results

obtained following storage at 40°C.
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Then
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4.88

6 Months

Meets
Specification

9.93 .| 0.83

1.01x10°

0.37
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4.42

9 Months

Meets
Specification

9.64 0.84
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ligand for GP1 b-al pha is von WIIlebrand Factor (VW).
GP1 b-1g is a fusion protein conprising the soluble

woRdaonedomal 290-am no aci d |igand-bi ndi ng donaPer/v820067145059
b-al pha |inked to 225 am no acids of an inactivated

human | g4 S P [ Nunber
W0 02/ 08303301 S%(?e@ﬁ% 1bn oot %%
conpri-ses two gain-of - functl on mut at i ons, I\/239V and
GZ35V] Apdadrante @ pRaeeteinl § %V DI NWFNg df%1 i Ly.
I soel gctric focus| Bghe(! ERpsidb Glngibg | 9 ahgwa Sultation

predofri nant bands| gl N wRiskid 1 ABGRY f rqm 4.4 g 5.6,

r\| ||cf rad ar r\||nr~| ni ofl e n_nrnf nl \
“Bé‘f&e AT U.\ A A PI .\ll . MPP: J7 0] . ]
Post - tfiransl| atitonal nodi fli cati ons of GFI b- I g include

N-1i nk&FE"cosyl ation. [N-1inked glycans ijn GPI| b-1g
i ncl ugd@ ¥ yllat ed and/ or fucosyl ated |structures. B.
Opt i mi| #&€i on ¢f GPI b-1g fornullation /| [0071 ] [The
ef f ect| esentighp| ysor pat e- 80 on GP1 941? stabillity jwas
val uatredt i n 2 adl | pol ypropy! ene vi 5s [b-1g was
gﬁerc%l aineds at | 2ty Acrhgnii 1 %’wg v Tr s Cépz,sﬁ@ mv
NP, |amg var ying| concent &t ons ”‘Eﬂ“gﬁ $%&adr bat - 80
(0% O.00%%m 0.01% or 0.02% . |VEEIY were (frozen by
subm&*rg;l NGudom || 1 Api d nitirogen flor 1 mijnute and {t hawed

by ingubation|in a 200C|water bath untjil no ice
remain d:of%bé Dl es|were gubjected to 14| freezel/ thaw
cycleg, W th aliqglots wilthdrawg for an@alysjis affter

every (BT’W@? cycl el Percent HWWwas detler milned by

P HPLYE Prot éin) ggcovery, was |gyakiat|eghstysas | 400
I nt egr| &bdcifirigtion heé ar ea of |protein peaks jon an absjor bance

SI nall mags 280 rp\lm /-\§ shcvmg1| n Ki %eréi‘ 1, d2|6t2| on %f
'i"éc rsbaatication ( 4 Jﬁ'l%i cantly r eduiced HI\fWacCurrul 4t on.
Meets "
N/A | 8.85 0.89 7.44x10 0.46 | 2.43 4.89
Months ' | Specification )
3 Meets 4
N/A | 9.67 1.24 8.36x10 0.56 | 2.22 4.86
Months ‘| Specification
4 Meets 6.3 5
. 9.62 N/A 1.21x10 0.47 |.242 | 4.86
Months Specification | 8
6 Meets 6.6 ) ’ 5
9.49 1.77 1.03x10 059 | 2.41 4.89
Months Specification | &
9 Meets 6.6 5
9.50 1.90 1.16x10 0.69 | 2.42 4.89
Months Specification | 4
12 Meets 6.6

10.09 1.40 9.82x10" 0.67 | 245 4.88
Months Specification | 0
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[0072] The effect of glycine on GP1 b-l1g stability was
evaluated in a simlar
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Example 3: IL-13R-lg Formulation

A.

[0084]

IL-13R-Ig background
IL-13R is the major receptor for interleukin-13 (IL-13). IL-13R-Ig

is a fusion protein comprising soluble extracellular domain of IL-13Ra2 linked to a

spacer sequence and the hinge CH2 CH3 regions of human IgG1 as described in
U.S. Patent 6,268,480. Isoelectric focusing (IEF) of IL-13R-lg shows predominant
bands within a pH range from 3.8 to 4.7, clustered around a pl of approximately

4.3. Post-translational modifications of IL-13R-Ig include N-linked glycosylation.
N-linked glycans in IL-13R-Ig include sialylated structures.
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evaluated in 20 m bottles, half filled with 0.25, 10,

or 19 nmg/m CGPlb-1g in 10 MM histidine pH 6.5, 1.8%
wa@baociosa®s0 25 nM NaCl, 0. 9% sucrose, and 0. 01% PCT/US2006/045059

pol ysor bat e-80. The bottles were frozen by subnerging

B.i n I0ptimhidation bPUETBRAG fdthutatian es and t hawed by
i ncubation in a 250C water bath for 15-20 m nutes.

SamP@@blner b-E3f3il@ wesdotpulated gl %gngiml n fows gifterans

f o,
forﬁﬁdlgt’c?ﬁééngﬁorhﬁll NﬁF@éeﬁier OPBB’gbﬁdg 8?? gy Qem%? o%neq %/°
maramio s &t4; mM NhPOi;’imm% pmﬁsorbmma 2o Byicrose, and 1.8%

dllutlonto in an otherw se identical

glmcww?i%ﬁ 0 mM E@ﬁato kv Relsaibate-8Pnkte sgrasecandid3e
.@hoaww okap rﬁwﬁrm§ ?@ﬁpayé&phﬁa §§>36>be/ QQ!&bsé‘, and 1.8%
roa ra 1 O I S 1 on.

ngeé of ‘concen ‘or'mu
gly‘t‘:até epl-67 4. Biyoptiilizet! Vilswaire steddot uyaito 08 vrek¥atMICi, R5°C,
te[ abi | it

ang405: oAtk Y8R pogyae BUATET AL ogen loudtianand
ter\'?l\\geraglgreo&diﬁﬁw'a'hoﬁ %‘P@%édﬁsﬂﬂﬁgd a Aggatos%bggf Wg%{;\ggét%bery (by -

dto be 19
AZB@rarLﬂSE!(Jgg-il’te}IW agcwrgmaitlonrﬁbySEﬁMHﬁlﬂ)l, dr holqgic® . &&tivity 89 1IC50
. gl i 25 Na 9%
in Bpies0 et BBl &f A KGHeBRroeR el gk Table 11

sh§@/lslihé %fce-ﬂl%rét@ﬁﬂiécbv@ryf a5 HskaksNbya2shi tdreaeH formulatlon
t hr ough I'ter "unit and di spensed into gl ass

anditamperatuse sftart 2 weeks dtsiorage.c &pbler 12/8hewg the percent protein

hi | ] : A hzAat r ' t
roqBPGyRS A5 s oy b el A R R PO 3ete? 12
wedRk iR starabgofaible rashows tye b@rdéi@mV\L@@mnwaﬁd)retasJ@ssessed

of the cycle, the lygphilization chanbe
by SEC-HPLC, for 'each combination of formulation (of the four listed above),
temperature (at 4°C, 25°C, or 40°C), and storage time (0, 1 month, 7 weeks, or 12
weeks), as well as the post-lyophilization starting material. Table 14 shows IC50
data for each formulation after 4 weeks (at 2-8°C or 25°C), 7 weeks (at 2-8°C or
25°C), or 12 weeks (at 2-8°C, 25°C, or 40°C), as well as the post-lyophilization

starting material.
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back-filled with dry nitrogen, after which the
st oppers were depressed and the renai ni ng vacuum

w0 edogaemwdo The vials were i medi ately crinped, PCEDBS1086/045059
and stored at 2-80C, 250C, or 400C. [0077] At each

Tab'lé“ﬁ PEﬁ@ét cifQL 1BR-fy Férmdiatién off. %aBtels HERBYBR) ( ngcmam at 12

nore |yophilization vials were opened. Thep ct

cakes were assessed for apyeaksaince and residual
noi sture was determned by Karl-Fisher titration.

r—for
i njection (V\FI ), rmnl toring for api{ear ancEempgrature

reconstituty Fter—Treconstitul@ o, T PhEawEs 5,
measur ed by d|6|5'p| ng ?ﬁ\e el ectrode ||nt%c,a 2 n?scgy) 40°C

e mm%gp&i%brﬁbteoéotf% for n}M ation.[The
remai ni ng sol ution was divided intd 8621200 94.30 90.18
sucipset Sndﬁ%niﬁnnﬂﬁlﬂlﬁﬁére frozen|at - 8Q0C, and gne

P e R LN L WA e
WRERsE! hHE g% Mhﬁrht@iPSpH n.4 he same s olbgt'ifsgnmg@'aép 95.37

theaoreticall y vield a my/ M. solutlian ual protein

36mONNT 1%,(0.01% W@JV@OW@&&G&Q% w :@@C@O GoPYea'T 4.0

i/ B01Eh e Condomtvacrbn (1o |

Y/ AV NaPd,! 0i01em pf)%bﬂjaté—SOA@@/oA' 20)7(1 11). [0Q79]
The biol ogi cal activity was assessed1@&38egr1@é.26 108.06
ISHAISAg 2D &t QiYCF'QeI@HﬁLﬁran pl asife-derived WF. |The
eastt cu }J‘IU‘L CI LIl bUIIbCI"IL Fa( I Ul Wwas UDUU l U CaTCUI tC
specific activity in units/ng. [0080] HMWN accunul ation
was neasured by SEC-HPLC and was expressed as a

per cent age of total st cies. [0081 ] Accunul ation of
Tahiw o IES t ef ILnéBgHe Fopmpiadionanidy Pirigin Recovery (by SEC) at 12

weeks
Temperature
Formulation 4°C 25°C 40°C

10 mM Tris, 0.01% polysorbate-80, 1%

94 95 89
sucrose, and 2% mannitol, pH 7.4
10 mM NaPQ4, 0.01% polysorbate-80, 1%

93 104 9

sucrose, and 2% mannitol, pH 7.4

10 mM Tris, ‘0.01% polysorbate-80, 0.9%
sucrose, and 1.8% glycine, pH 7.4

10 mM NaPQy, 0.01% polysorbate-80, 0.9%
sucrose, and 1.8% glycine, pH 7.4

100 105 104

104 100 102
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nonitored by reverse phase (RP)-HPLC and expressed as

a percentage of total species. [0082] The distribution
w@boogobfoat ed i sof ornms was det erm ned by ani onerRCharme6/045059

chr omat ogr aphy (AEX). I [0083] As shown in Tables 8

b1 o TaPRAG R cE RSB TR R oA T KW B FRE) o

for at least 9 m)nt hs. Tabl e 8 shows results obtained
TOlI T oW ngistoronge at Z-80C. Tabl'e 9 shows rédsults

obt ai ned flol | owi ng st giage at {250C. 25°gbl e -1Q shows°C
results obtained foll ow ng starage at 4Q0C. Table 8:
Stability fstGPI b-1ig Forimybatii on at_2-80¢Tabl e B: 12
Stcgupiilatiory gﬁlo(}>l4\bklg7Wbr cat/i ok at7 @6QCaklevkd 07wk | o
Stabilitylof GPl_b-lig Forlmu a ion at 4Q0C Exanple 3:
H0"B8Rid, g |Formul atian A .} IL-1 3R—Ig bagkgrdund [ 0084
IOL(I“YGE“ s|the rmajor {recedtor flor interleukin-13 (IL-1
ysqrpaler 3R is alfusian prateinic rison 0 el 2.8
fiace J56P dohaf | B85 L1 Boies, o e 280’ %
n@;g and the hi nge CH2 CH3 regijons af huyman ad
.ﬂ% Red in U S.| Patgnt 6,268, 480. l{soellectric
11%WT1rg1|EF) of =1 3R-Tg shows [predgm nant bands
Wdre, N a QH range frjom 3.8 to (4.7, |cl ustiered around a
w.o1ef apprjoxi ngtely |4. 3. |Post-itrangl ati gnal
rpysdrbaiat ijo aof -11 -1l @Ak 1C g inked 4.5
gﬂogtfxasyl ati%raf I\EM_ k%‘éRgI g'8é’énsb'?ﬂ I%% 3F2—I93'|57n(:I503<§1e 7
Suersd, arced stryctures. B. {Optinizatijon of] I L-i13R-|g
def%*P;?'P"élPlrcn [0085] I|L-1 3R-Ig jwas flornullated at 10
ant__f

dlat i Ane: 1 A NN

our iffar
A=A Al L D A~ §

\va Irlr‘u‘r TT OIS~ N TTTVITNCT 94,

gﬁg’l}%ﬁ%l y sorbate- 80, 1%|sucrdse, and 2% mannitol, pH
&sgri';% myl NaP@4, 0.101% pol ysar bat g- 80, |0. 9% sucr ose,
%@) 5

218 | 1.86 | 2.33 | 1.62 | 224-| 280 | %0 | 257 | 8.79 3;10
sucrose, and
1.8% glycine,
pH7.4
10 mM
NaPQ,,
0.01% 36 »
polysorbate- 0. ’
80, 0.9% 2.91 256 | 322 | 2.31 2.88 | 4.10 3 3.90 | 5.87 7

sucrose, and
1.8% glycine,
pH 7.4

27



glycine, pH 7.4; 10 MM Tris, 0.01% pol ysorbate-80, 1%
sucrose, and 2% mannitol, pH 7.4; or 10 MM Tris, 0.01%
w@eloyseaobat e- 80, 0. 9% sucrose, and 1. 8% gl yci neCT/pE2006/045059

7.4. Lyophilized vials were stored for up to 12 weeks

at  4fHple 449 },O(I‘@

nore vi gl 351 ggfeggg#&%n&?xgé) ﬁgﬁﬁgm%eﬁngg?g\{n 50'in pM)
conbi nation were reconstituted and assayed for protein
recovery (by A280 or $ECQ), HWWaccumul ation (by
SEC-HPLC), or bipl ogi ¢al WeekGi t (veekSs0 i n ahl aesks
for inhibhition of prolliferation jof an |L-13-dependent
ceI% Ilng Tabl ppasgt- sh@xs |t he per2en Erot ein o o
r ecHOEPYIEtiON a5 slsed b%ocag%i G or, oéacﬂ ?Q)r%kgfti%C 40°C
and tenperature fY8r | 1 eks inSs o age. g 12
shepsniNgaPe, CeNf protern recovery, as assessed by
SEC, for each fofmul afi on and tenperature after |12
We@k® FPQiné,Irba\‘@ger Tablle 13 |shows| the percent HWW

i $ y .SEC- ac :
BT P07 o R ST Dh (BT h?B#C 1655 LTBB" dotRy | N
am@@chme(?H 40C, 250C, |or 4Q0 and storage ting

(0, 1 nonth weeks, |or 12 vveeks) "as well| as the
post - | )70"bh| li zat on starting matleriall Table 14 [shows

ng g él_%%ed h—f-ornutati-on—af ter—p—weeks—{at—2 soﬁc
or g,’ we t

eks (at|2-80C or 250C), or 12 weeks (a

olPthaRs8T;, 0.9% #O0C) | as wel | as the|
post - Ieyophl | i zatj 0d141{ 004 ng6d#at|eOtBal | BBl ¢ 629 ;| 865 | 674

ERUCERSS, NI 1.8%3R~1 g Formul dti on jon % Protein Redovery

( by&@@0bHat 412 weeks| Tabl ¢ 12: |[Effect of |L-13R-Ig

D?PT/U a Fon on % Protein Recoverly (by| SEQ |at 12

wetR sTdiNaPQ@3: Effect | of 1U-13R{ g Forrrul ation ﬁ n %
|

?Wé%’ Ci%értgbl e 14: | Effect of |[L-13R-! i—orrru ation

(1 LloRgat €rm,s [ it f
o0; ﬂ%%k& ol 728 | B fo1 LoBAD" PRt AR KP!| N
2% mannitol, pH 7.4
10 mM Tris, 0.01%

polysorbate-80, 1%

137

sucrose. and 2% 625 | 680 | 660 | 704 | 845 | 849 | 652 | 762

mannitol, pH 7.4

C. Long-term stability of IL-13R-Ig formulation

[0086]  Purified IL-13R was formulated at 10 mg/ml in 1% sucrose, 2%
mannitol, 40 mM NaCl, 0.01% polysorbate-80, and 10 mM Tris pH 7.4. 5 ml
tubing vials were filled with 1 ml each of the formulation and lyophilized in a Lyo-
Star™ development dryer. Lyophilized vials were stored at 2-8°C, 25°C, or 40°C
for up to 24 weeks, with samples analyzed at 0, 4, 7, 12, and 24 weeks. Samples
were assayed for appearance (before and after reconstitution), pH, protein
concentration (by A280), HMW (by SEC-HPLC), and bioactivity (IC50). As shown
in Tables 15-17, the IL-13R-lg formulation is stable under the conditions tested for
at least 24 weeks. Table 15 shows results obtained after storage at 2-8°C. Table
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[0086] Purified IL-1 3R was fornulated at 10 ng/m in
1% sucrose, 2% mannitol, 40 nM NaCl, 0.01%
w@oeloyseaobat e- 80, and 10 nM Tris pH 7. 4. 5 nml tPOI/N§2006/045059
vials were filled with 1 m each of the formulation
|OLHPR I
16%%41%? Rl obfified Bter H¥fage’ ?é@%ﬁggﬁ%oc réHtg Qbtained
aftefr@foragefa®40910\/\/eeks, Wit h sanrpl es analyzed at 0, 4 , 7, '
12, and 24 weeks. Sanples were assayed for appearance
(before and after reconstitution), pH, protein
concentration (by A280), HWV (by SEC-HPLC), and
bi oactivity (1C50). As shown in Tables 15-17, the IL-1
3R-1 g f ofTaklatbo8tadkilitg bhHl-#3BAddrormudatioomali 2- BYas
tested for at |east 24 weeks. Table 15 shows results
obtained after staorage at 2-80C. _TablolG shows +esuts
obt ai ned af tARPeaEHFge ARPSRERNCE [Tabl € P],Zteﬁlhow% results
obt ai ned 4ft erpgérer age at (#@PC. [Tadl ¢ abi | if t'ylasb
| L- 13RI g |For rru|,[§ ion %Cog tg@g Thbl e B‘?“"StaHMWty of
| L- 13R- | g |FOFRmia8n Babi e 17 Stapility of
I'L- 13R- | g |Wemitewehleet, i on [at 400C, [PO087]| The epnbodi ments
Wi thin the I iecat i vi de| an i|l ustriati on|of
enbodi nment se§g%§%l&;@€m§r?tk{agrg and| shoul Bepegt | be
const r ued |thPIRNYivisibiend esBFHRVOf 1 he i|nyentsi on. The
ski | | ed ar|tpagiamateeadi || \reeetggnly z$.% hat m%_nySUP/herqzoo M
Snreitiatent|s, afee RAGAITARARY Dy the d nvEeTon gy | ==1P
publ i cati gns H]ptérts Cited ip thijs dosc|osure are
i ncor por at e?@dby r ef er ¢EEICYIAet he| r entéﬂgﬁtl)y To the
ext ent t hg JeRtbREVRIsulenapdteer at ed| by rlef érence
cont r adi ct S, ﬁerctsi s incgnsistent WMth this
speci fi cat[iSm the specification/willl superkede an
such nat er|ildets The ci t|deetn of an ef nce eln
idtigot an asgg&,ﬁ%{,&,n t NagoeSiitalor €1 ZTS% 1s5%ar 5&? gr* 1 4PY
al

to the pres inventilon.Unl essl!othe stated—all
%ﬁﬁ% tagesM?sF er to weRf / wei ght 48 V8% [Si71 pM
NVED | S: specification specification
Meets Meets ‘
1 7 weeks o 7.38 | 9.48 4.18% | 429 pM
specification specification
Meets Meets : :
12 weeks . 7.38 | 9.96 3.19% | 467 pM
specification specification
890 +/-
Meets Meets 239 pM
24 weeks o 7.42 | 10.0 4.03% M
specification specification (10
replicates)
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W@ »ood/ogiog@cchari de,

1. A pharnmaceutical conposition conprising: a) an Ig
fusion protein having a pi of less than 6, b) glycine,
~d) a surfactant, and e) a bof//82006/045059
wherein the conposition contains 0.5 to 5% glycine,

0.5 to 59 Q% ﬂ éﬁ é) gg’ bact ant .
2. The cot%%%aﬁc ‘[’l% FV?@P% P Ulgt' @g?‘? ng NaCl
at a concentration of 1-200 nNINaCI 3 The
COMposTTron QTpp@ér@hé@ ?péé'reﬂ‘ic@ 4, Wnel eprotel 1€ _
concentratip ffthe Itg %%kpn int ¢onposilti%n | Ses0
D. 025 to 60 rrg 4o 4. | The osiltifh ¢f Bny |afuw!|ai' B
1- 3, wherei 1retcbnfsniugon‘) usnecnmstpmt@nbi n has |acqric. gf | egs
hbaown 4 L L R £ H 4 4
e MPoOSTtTo01T 01 ctarns—t4;
Wwher ein the Vﬁﬁ?cﬁéon protein conprises a non-1g
porti on whi ¢hssestiather i \%%Iu%nom a fneceptor. 6. [The
conposi tion| pfe @mai®f (Clarms 1-5, V\hereimeptghe lg
f usi on protein Fonprlcesﬁmﬂﬁwﬂe$q portilon Ht i
sul fated, ph 8§BﬁorylatQQMw9@ gl y¢osyl at €87 THE | <0000
C @ppdficdtionn | pérticlae m @, \g{]er ei n t19P-gPydlasgel:at €4 M
non-1g portiARui,s si allyis®ed or flucosyllateg. | pumw | P
’ particulate ‘ -
moisture, and mg/ml)
matter
container/clos
ure defects
Meets Meets 4,76
Initial o 7.37 10.58 411 pM
specification specification %
Meets Meets 5.81
4 weeks o 7.36 11.09 /| 445 pM
specification specification % ‘
Meets Meets > 4.43
7 weeks 7.40 9.26 336 pM
specification specification Y%
Meets Meets 3.37
12 weeks o 7.42 10.2 261 pM
specification specification %
966 +/-
314 pM
Meets Meets 4.21
24 weeks 7.37 10.09 (4
specification specification % .
replicat
es
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8. The conposition of any of clainms 1-7, wherein the

Ig fusion proteinis IL- 13R1g or

IL-21 R-1g. 9. The

wa@ eowpoeiotd on of any of clains 1-7 wherein the POI/USENEOMS059

protein is PSGLIg or GPlb Ig.

10. The conposition of

any of o\ Falhe 370SIAIRY O L BRI RARRMANHg Agrceucr ose
or trehal ose. e tonpositi an al'ns
1-10, wherein the surfactant is pollsorbate 12. The
conposi tijon Adpearipce! ¢l Appearahed 1, wherein the buffer
concentration he cabn’pogﬂg(i on ,g t| Frafgi %13, 150
The conpgsi ti (Sn 0 f ai s 1-5.[ ., |WesHcel NHinpe
buffer is aVQ‘PPQQ’“FLﬁPWe bugcoestiiutien)t i s byffer, or a
phosphat e \REtd &ke 14. T11E_CONMPOST U O of—arny THaiTTs
1-13, wherein he conpoSbitiicnn does not {cont aijn NaCl .
15. The co"r?ﬁ%g‘ﬁ'fy E?ﬁobf g&ﬁmﬁql gl me 141 12ePofihier ei n|t he
conposi t i jopeilitpsisibleen | /3{3@@ \é (f Eg% Whesume S_‘Solg/tl on
. BY n t hie ) on=1%e
t g.f ;fag hl g my : <
%eg@%'oa tg Q{%r%% C| Vieibleat | ealst7.4 v\ggal@e 17HMRhe =2200 pM
conposi t i |[gACIPErecdui m 15 b, ic rein the conpddi tji on has -
been r econshialndf/@sburel 8 ar naceut i collmg‘/m;pko& tion
conpri si ngdgfe%)s an lg f J@ia@?f proteji n haying a |pi of
| ess than ©,
Meets Meets
Initial - o 7.37 | 10.58 | 4.76% | 411 pM
specification specification
Meets Meets
4 weeks _ ) 7.37 110.81 |6.02% | ND
specification specification
Meeis Meets ‘
7 weeks o o 7.40 10.24 4.88% | ND
specification specification
Meets Meets
12 weeks o o 7.39 | 9.60 3.65% | 469 pM
specification specification
823 +/-
Meets Meets 299 pM
24 weeks o o 7.4 10.44 4.85%
specification “specification (10
replicates)
[0087]  The embodiments within the specification provide an illustration

of embodiments of the invention and should not be construed to limit the scope of
the invention. The skilled artisan readily recognizes that many other embodiments

are encompassed by the invention. All publications and patents cited in this

disclosure are incorporated by reference in their entirety. To the extent the

material incorporated by reference contradicis or is inconsistent with this

specification, the specification will supersede any such material. The citation of

any references herein is not an admission that such references are prior art o the
present invention. Unless otherwise stated, all percentages refer to weight/weight

amounts.
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b) mannitol, c) a disaccharide, d) a surfactant, e) a
buffer, and wherein the conposition contains 0.5 to 5%

woreowtiobwh) 0.5 to 5% di sacchari de, 0.001 to O.PO&/US2006/045059

surfactant, and less than 35 mMM NaCl. 19. The

WERTPISSCL AGWEDfISe! ai m 18, wherein the concentration of

.

the Ig fusion is 0.025 to 60 ng/nm . 20. The
conpoBiaingrestical ecampasition com@ngingd, wherein the Ig

fusion r tei 1. The
compost] e OdP 8 et ndring BB S0 e ¢ ne' 1 ¢

f usi onbprghpoine) conprises a non-1g portion which is
derived froma receptor. 22. The conposition of any of ‘
cl ai msCh @ @isacchapideei n the I g fusion protein congrl ses
a non t is sul fated, phosphoryl ate or

gl ycos{j/ gtogjdfd%t’ %ae conposition of claim22, wherein
t he gl graesiyfered non-1g portion is sialylated or

=fuco | ed. 24. The conposition_of any of clains 18-23,

feinBe cgmaasiton erreiasP.5 o pra dhvgiel g-%olo 5%- 21

L G S

The composition of claim 1, further comprising NaCl at a concentration of

1-200 mM NaCl.

The composition of claim 1 or claim 2, wherein the concentration of the Ig

fusion in the composition- is 0.025 to 60 mg/ml. _

The composition of any of claims 1-3, wherein the Ig fusion protein has a pl

of less than 4. t ;

The composition of any of claims 1-4, wherein the Ig fusion protein

comprises a non-lg portion which is derived from a receptor.

The composition of any of claims 1-5, wherein the Ig fusion protein

comprises a non-lg portion that is sulfated, phosphorylated, or

glycosylated.

The comp‘osition of claim 6, wherein the glycosylated non-lg portion is

sialylated or fucosylated.

The composition of any of claims 1-7, wherein the lg fusion protein is IL-

13R-Ig or IL-21R-Ig.

The composition of any of claims 1-7 wherein the Ig fusion protein is PSGL-

Ig or GP1b Ig.

10.  The composition of any of claims 1-9, wherein the disaccharide is sucrose

11.

or trehalose. .
The composition of any of claims 1-10, wherein the surfactant is
polysorbate.

12.  The composition of any of claims 1-11, wherein the buffer concentration in

the composition is 5 to 30 mM.

13.  The composition of any of claims 1-12, wherein the buffer is a histidine

buffer, a tris buffer, or a phosphate buffer.
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26. The conposition of any of clains 18-25, wherein

the di saccharide is sucrose or trehal ose.27. The
wa@eowpoe6iotd on of any of clains 18-26, wherein tPET/US2006/045059

surfactant is polysorbate. 28. The conposition of any

14. OF 14 SHipddtiar of éﬁ%bﬁblﬁirﬁé“?-iﬂ{fv&rﬁéremh@%ﬁ@siitﬁm d6es not
t he conposition is to 30 nM 29. The conposition of
anyoofaioNgCGls 18- 28, wherein the buffer is a histidine

15 U bl B S i PUESOIAH B fplfon Toer

ozgpmiﬁiem does not contain NaCl. 3 1. The
composition of any of clainms 18-30, wherein the

16.c ]QrﬂﬁIECQmpasiﬁae ohaay of glajns lr Hedvhergin theecasapgiiieon isgiable at
0 y,of ¢clains - erein the conpositi [
st égﬁelt%f‘lﬁég%qr@d%)%é W%%at | east 1 vven.gk.SI 3|3?nTlh:
17.COMIQRSESPBsiBbn o iaith 3 51 whalgihahe cohfositiopasad been has

been reconstituted. 34. A pharmaceutical conposition
correcenstifgtedlssential |y of from 0.025 to 60 ng/ m

aci di ' i .0 4% gl ycine, from
18.0° A phabBat Bl cGhBhSto cSRiishek®, 5”0 0k
sur f agy a Ig fusion grotein Aavimlyl dpf dieless drah 6pt i onal |y

from1-200 mM NaCl . 35. A pharnaceutical conposition
consi & iMgnekQlential Iy of fromo0.025 to 60 ng/n

?cLzl ?3 ) :%,dfsglr%g%é}i&;’gt ein other than PSG.-1g or-
d) asurfactant, (
e) a buffer, and
wherein the composition contains 0.5 to 5% mannitol, 0.5 to 5%
disaccharide, 0.001 to 0.5% surfactant, and less than 35 mM NaCl.

19.  The composition of claim 18, wherein the concentration of the Ig fusion is
0.025 to 60 mg/ml.

20. The composition of claim 18 or claim 19, wherein the Ig fusion protein has
a pl of less than 4.

21.  The composition of any of claims 18-20, wherein the g fusion protein
comprises a non-lg portion which is derived from a receptor.

22.  The composition of any of claims 18-21, wherein the Ig fusion protein
comprises a non-lg portion that is sulfated, phosphorylated, or
glycosylated.

23.  The composition of claim 22, wherein the glycosylated non-lg portion is
sialylated or fucosyled.

24. The composition of any of claims 18-23, wherein the Ig fusion protein is IL-
13R-Ig or IL-21-R-lg.

25.  The composition of any of claims 18-23, wherein the Ig fusion protein is
PSGL-ig or GP1b Ig.

26. The composition of any of claims 18-25, wherein the disaccharide is

sucrose or trehalose.
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33. The composition of claim 31, wherein the composition has been
reconstituted.

34. A pharméceutical composition consisting essentially of from 0.025 to 60
mg/ml acidic lg fusion protein, from 1 to-4% glycine, from 0.5 to 2%
disaccharide, from 0.005 to 0.02% surfactant, from 1 to 40 mM buffer, and
optionally from 1-200 mM NaCl.

35. A pharmaceutical composition consisting essentially of from 0.025 to 60
mg/ml acidic Ig fusion protein other than PSGL-Ig or IL-13R-Ig, from 1 to
4% mannitol, from 0.5 to 2% disaccharide, from 0.005 to 0.02% surfactant,
from 1 to 40 mM buffer, and optionally from 1-200 mM NacCl.

36. A pharmaceutical composition consisting essentially of from 0.025 to 60
mg/ml acidic Ig fusion protein, from 1 to 4% mannitol, from 0.5 to 2%
disaccharide, from 0.005 to 0.02% surfactant, and from 1 to 40 mM buffer.

37.  The composition of any of claims 1, 18, and 34-36, wherein the
composition has been lyophilized by a process that includes an annealing
step.

38. A method of making the composition of claim 37, in which the annealing
step promotes crystallization of the bulking agent by holding the
composition at a temperature above the final freezing temperature for a
defined period of time.

39. A method of making the composition of claim 38, comprising:

a) freezing the composition to below -40°C;
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b) raising the temperature of the composition to a temperature chosen
from the range from -5°C to -40°C for a period of time sufficient to
promote crystallization of glycine or mannitol in the composition;

c) lowering the temperature of the composition to below -35°C;

d) establishing a vacuum; and

e) drying the composition at a temperature chosen from the range from
-20°C to +30°C.
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