
WO 01/05355 PCT/US00/19347  FORMULATIONS FOR IL-11. 5 FIELD OF INVENTION
The present invention relates generally to novel formulations comprising
interleukin-11(iL-i 1"). BACKGROUND OF THE INVENTION 10 Interleukin 11
("ILr11") is a pleiotropic cytokine that stimulates a variety of
hematopoietic and immune functions, such as primitive Iymphohematopoietic
progenitor cells and other hematopoietic growth factors which stimulate the
proliferation and maturation of megakaryocytes. IL-11 is described in
detail in  International Application PCT/US90/06803, published May 30,1991,
as well as in U.S. 15 Patent No. 5,215,895; issued June 1, 1993. A cloned
human IL-11 was previously  deposited with the American Type Culture
Collection (ATCC), 10801 University Blvd.,  Manassas, Virginia, on March
30, 1990 under ATCC No. 68284. Moreover, as  described in U.S. Patent No.
5,270,181, issued December 14,1993, and U.S. Patent No.  5,292,646, issued
Much 8,1994, H. -I l may also be produced recombinantly as a fusion  20
protein with another protein. It is desirable to have concentrated forms of
bulk protein, e.g., IL, 11, which, in  turn, may be stored and which are
suitable for further manufacture of finished dosage  forms of protein.
Typically, a purification process for a protein results in purified,
concentrated protein. This concentrated protein, also known as bulk
protein, may be 25 in a formulation buffer. Bulk protein, typically at a
concentration of about 0.1 to at least  20 mg/ml, can then be shipped
frozen to a fill/finish facility where it is diluted to an  appropriate
concentration and filled into. vials. These diluted samples can be
lyophilized, i.e.,.. freeze-dried. The lyophilized samples may be kept in
long-term  storage and reconstituted at a later time by adding a suitable
administration diluent just  30 prior to patient use. Protein stability can
be affected inter alia by such factors as ionic strength, pH,  



temperature, repeated cycles of freeze/thaw and exposures to shear forces.
Active  protein may be lost as a result of physical instabilities,
including denaturation and WO 01/05355 PCT/US00/19347 5 aggregation (both
soluble and insoluble aggregate formation), as well as chemical
instabilities, including, for example, hydrolysis, deamidation and
oxidation, to name  just a few. For a general review of stability of
protein pharmaceuticals, see, for  example, Manning, et al., Pharmaceutical
Research 6:903-918 (1989). While the possible occurrence of protein
instabilities is widely appreciated, it  10 is impossible to predict
particular instability problems of a particular protein. Any of  these
instabilities can result in the formation of a protein, protein by-product,
or  derivative having lowered activity, increased toxicity, and/or
increased immunogenicity.  Also, IL-11 has a tendency to form soluble high
molecular weight aggregates which can  interfere with product quality and
effectiveness in use. Thus, the safety and efficacy of  15 any
pharmaceutical formulation of a protein is dependent upon its stability. In
addition to stability considerations, one generally selects excipients
which are  or will meet with the approval of various world-wide medical
regulatory agencies. The  solution should be isotonic and the pH in a
physiologically suitable range. The choice  and amount of buffer used is
important to achieve and maintain the desired pH range. 20 Ideally,
formulations should also be stable for IL-11 bulk storage in high
concentration (Z20 mg/ml, for example) which allows for relatively small
volumes for  fill/finish at the appropriate dose and also allows for
alternate methods of administration  which may require high protein
concentration, e.g., sub cutaneous administration.  Accordingly, there
continues to exist a need in the art for methods for monitoring IL-11 25
protein stability (and maintaining activity levels) during the
concentration process and  the lyophilization process, as well as providing
stable formulations during prolonged  storage. BRIEF SUMMARY OF THE
INVENTION One aspect of the present invention provides novel compositions
and methods  30 for providing concentrated preparations of IL-1l, useful as
drug product. These  



compositions, either frozen, liquid, or lyophilized (preferably
lyophilized), comprise  IL, 11, a bulking agent, and a cryoprotectant, and
optionally include a polysorbate,  methionine, and a buffering agent which
maintains the pH of said composition in the  range of from about 6.0 to
about 8.0. 2 WO 01/05355 PCT/US00/19347 5 Another aspect of the present
invention provides compositions comprising  formulations ofIL -11 of a
concentration useful for administration in final dosage forms.  Preferably
the bulking agent is selected from the group consisting of glycine,
mannitol, and NaCl, and combinations thereof, most preferably glycine. When
glycine  is used, the glycine is present at a concentration of about 1 mM
to about 1 M, preferably  10 at a concentration of about 100 to about 400
mM, and most preferably at a  concentration of about 300 mM. Preferably,
the cryoprotectant is selected from the group consisting of sucrose,
trehalose, hydroxyethyl starch and combinations thereof, most preferably
sucrose.  Preferably, the cryoprotectant comprises about 0.5 to about 5% of
the composition. 15 When sucrose is used, a preferred concentration is from
about 0.5 to about 2%, most  preferably about 1%0. Preferably, the
polysorbate is selected from the group consisting of Tween-20(r)  and
Tween-80(r), most preferably Tween-20(r). In certain embodiments, the
polysorbate  is present at a concentration of about 0.001 to 0.1%,
preferably at a concentration of 20 about 0.005 to about 0.1%, most
preferably at a concentration of about 0.02%. A  plurality of polysorbates
may also be used. In certain embodiments, the composition comprises
methionine, preferably at  a concentration of about 0.001 mM to about 1 M,
more preferably at a concentration of  about 1 to about 100 mM, and most
preferably at a concentration of about 10 mM. 25 In preferred embodiments,
the buffering agent maintains the pH of said  composition in the range of
from about 6.0 to about 8.0, most preferably at about 7.0.  Preferred
buffering agents are selected from the group consisting of phosphate,  



histidine, succinate, Tris, and diethanolamine, with phosphate
(particularly the sodium  and potassium salts thereof) and histidine being
most preferred. The buffering agent 30 may range in concentration from
about 1 mM to about 100 mM, preferably from about  5 mM to about 40 mM,
with 10 mM most preferred for sodium phosphate and 20 mM  most preferred
for histidine. 3 WO 01/05355 PCT/US00/19347 5 Preferably the protein is
present at a concentration of about 1 g/ml to about 20  mg/ml, more
preferably at about 1 to about 10 mg/ml, most preferably at a
concentration of about 1 to about 5 mg/ml. Particularly preferred
embodiments of the invention comprise about 1 to about  5 mg/ml ILr 11,
about 300 mM glycine, about 1 % sucrose, and have a pH of about 7.0.  10
Particularly preferred embodiments also optionally comprise about 0.02%
polysorbate  and about 10 mM methionine. BRIEF DESCRIPTION OF THE FIGURES
Figures 1 a and lb show the stability of 1 mg and 5 mg, respectively,
lyophilized  15 dosage forms of IL -I l after 26 weeks at 40 C in
formulations with and without 1%  sucrose. Figure 2 shows the stability of
lyophilized IL-I1 after 34 weeks in formulations  with and without 1 %
sucrose. Figures 3a and 3b show the stability of liquid IL-11 after shaking
for 16 hours  20 in formulations with and without polysorbate-20. Figures
4a and 4b show the stability of ILr 11, at 0.2 mg/mL and 1.0 mg/mL
respectively, liquid dosage forms at 40 C in formulations with and without
10 mM  methionine. Figures 5a and 5b show the stability of IL-11, at 0.2
mg/vial and 1.0 mg/vial  25 respectively, lyophilized dosage forms at 40 C
in formulations with and without 10  mM methionine. Figure 6 shows the
stability of IL, I I tablets incubated at 40 C in formulations  



with and without methionine. Figure 7 shows the stability of IL-i l
multiparticulates incubated at 40 C in  30 formulations with or without
methionine and Tween. DETAILED DESCRIPTION OF THE INVENTION As used herein,
the terms lyophilization, lyophilized, and freeze-dried include  but are
not limited to processes including "freezing" a solution followed by
"drying,"  4 r WO Oi/05355 PCT/USOO/19347 5 optionally in vacuo. As used
herein, the term "bulking agent" comprises agents which  provide good
lyophilized cake properties, which help the protein overcome various
stresses (shear/freezing for example) associated with the lyophilization
process, and  which help to maintain protein activity levels. Exemplary
bulking agents include, but  are not limited to, glycine, mannitol, NaC1,
and the like. These agents contribute to the 10 tonicity of the
formulations. Cryoprotectants also contribute to the tonicity. The term
"cryoprotectants" generally includes agents which provide stability to the
protein from  freezing-induced stresses; however, the term also includes
agents that provide stability,  e.g., to bulk drag formulations during
storage from non-freezing-induced stresses.  Exemplary cryoprotectants
include saccharides such as sucrose and mannitol, as well 15 as including
surfactants such as polysorbates, polyols and polyethyleneglycol, and the
like. The term "cryoprotectant" includes agents that provide stability to
the protein  during water removal from the system during the drying
process, presumably by  maintaining the proper conformation of the protein
through hydrogen bonding.  Cryoprotectants can also have lyoprotectant
effects; therefore, the terms 20 "cryoprotectant" and "lyoprotectant" are
used interchangeably herein. The present  inventors have discovered that
stabilization of proteins by cryoprotectants can be further  increased by
using a combination of cryoprotectants, such as sucrose and a polysorbate.
As used herein, the term "antioxidant" comprises agents which inhibit
oxidation  of Mets$ within IL-l i, thereby preventing protein degradation
and helping to maintain  



25 protein activity levels. Exemplary antioxidants include, but are not
limited to, thioethers such as methionine and methylthioethane. These
agents contribute to the  stability of the protein, presumably by providing
an alternative substrate for oxidative  reactions in solution. The term
"buffering agent" encompasses those agents which maintain the  30 solution
pH in an acceptable range prior to lyophilization and may include phosphate
(sodium or potassium), histidine, succinate, Tris (tris (hydroxymethyl)
aminomethane),  diethanolamine, and the like. The upper concentration
limits are generally higher for  "bulk" protein than for "dosage" protein
forms as is readily appreciated by one skilled  in the art. For example,
while buffer concentrations can range from several millimolar  5 WO
01105355 PCT/US00/19347 5 up to the upper limit of their solubility, e.g.,
succinate could be as high as 200 mM, one  skilled in the art would also
take into consideration achieving/maintaining an  appropriate
physiologicallysuitableconcentration. Percentages are weight/weight when
referring to solids and weight/volume when referring to liquids. The term
"isotonic,"  300 t 50 mOsM, is meant to be a measure of osmolality of the
protein solution after 10 reconstitution; reconstitution is typically with
water for injection (WFI). Maintaining  physiological osmolality is
important for the dosage formulations. However, for bulk  formulations,
much higher concentrations can be effectively utilized as long as the
solution is made isotonic prior to use. The term "excipients" includes
pharmaceutically  acceptable reagents to provide good lyophilized cake
properties (bulking agents) as well 15 as provide lyoprotection and
cryoprotection of the protein, maintenance of pH, and  proper conformation
of the protein during storage so that substantial retention of  biological
activity (protein stability) is maintained. Preferably, the combined
concentration of the excipients provides a combined osmolality of about 250
to about  350 milliosmol (mOsm) per kg, more preferably about 300 mOsm/kg.
20 Applicants find that some of the chemical instability of IL-1 i is a
result of  hydrolysis between Asp133 and Pro!34. Also, deamidation of Asn49
to Asp49 is detected.  



In addition, oxidation of MetS8 is observed. All of these chemical
reactions are evidence  of IL-11 protein chemical instability. IL-11 is
also subject to certain physical  instabilities including a dimerization
process, as well as aggregate formation. The 25 chemical instability of IL,
11, as well as the use of glycine and a buffering agent to  improve the
stability, is disclosed in copending application U.S. Serial No.
08/230,982,  filed April 21, 1994, which is hereby incorporated by
reference in its entirety herein. According to the present invention, the
addition of a bulking agent such as  glycine, a cryoprotectant such as
sucrose and/or a polysorbate such as Tween-20(r) acts  30 to prevent
aggregation of IL-i 1 and protects IL-11 from the harmful effects of
shearing and freezing. This in turn increases the ability to handle the
protein and provides  enhanced shelf-life for IL-11 products. Moreover,
according to the present invention,  the addition of an antioxidant such as
a thioether (e.g., methionine) reduces the  oxidation rate of Met58,
presumably through a competitive redox mechanism. 6 WO 01/05355
PCT/USOO/19347 .5 Interleukin 11 is a pleiotropic cytokine that stimulates
primitive  lymphohematopoietic progenitor cells and synergizes with other
hematopoietic growth  factors to stimulate the proliferation and maturation
of, megakaryocytes. IL-l l is  described in detail in International
Application PCT/US90/06803, published May 30,  1991, as well as in U.S.
Patent No. 5,215,895; issued June 1, 1993. A cloned human 10 IL-i l was
previously deposited with the American Type Culture Collection (ATCC),
10801 University Blvd., Manassas, Virginia, on March 30, 1990 under ATCC
No.  68284. Moreover, as described in U.S. Patent No. 5,270,181, issued
December 14,  1993, and U.S. Patent No. 5,292,646, issued March 8, 1994,
IL-11 may also be  produced recombinantly as a fusion protein with another
protein. IL-11 can be 15 produced in a variety of host cells by resort to
now conventional genetic engineering  techniques. In addition, IL- I I can
be obtained from various cell lines, for example, the  human lung
fibroblast cell line, MRC-5 (ATCC Accession No. CCL 171), and Paul et  aL,
the human trophoblastic cell line, TPA30-1 (ATCC Accession No. CRL 1583). A



cDNA encoding human ILrl 1, as well as the deduced amino acid sequence
(amino acids 20. 1 to 199), is described. in Proc. Natl. Acad. Sci. USA
87:7512 (1990). U.S. Patent No.  5,292,646, supra, describes a des-Pro form
of IL, 11 in which the N-terminal proline of  the mature form ofIL-1I
(amino acids 22-199) has been removed (amino acids 23-199).  As is
appreciated by one skilled in the art,. any form of IL-I I which retains
IL-11  activity, such as variants through the substitution or deletion of
amino acids, analogs 25 and derivatives of IL-i 1, is useful according to
the present invention. The disclosure  of each of the above publications is
hereby incorporated. by reference for the contents  thereof. In addition to
recombinant techniques, IL-11 may also be produced by known  conventional
chemical synthesis. Methods for constructing the polypeptides useful in  30
the present invention by synthetic means are known to those of skill in the
art. The synthetically constructed cytokine polypeptide sequences, by
virtue of sharing primary,  secondary, or tertiary structural and
conformational characteristics with the natural  cytokine polypeptides are
anticipated to possess biological activities in common  therewith. Such
synthetically constructed cytokine polypeptide sequences or fragments  7 WO
01/05355 PCT/USOO/19347 5 thereof, which duplicate or partially duplicate
the functionality thereof may also be used  in the compositions of this
invention. Thus, they may be employed as biologically  active or
immunological substitutes for the natural, purified cytokines useful in the
present invention. Modifications in the protein, peptide or DNA sequences
of these cytokines or  10 active fragments thereof may also produce
proteins which may be employed in the  compositions of this invention. Such
modified cytokines can be made by one skilled  in the art using known
techniques. Modifications of interest in the cytokine sequences,  e.g., the
IL-11 sequence, may include the replacement, insertion or deletion of one
or  more selected amino acid residues in the coding sequences. Mutagenic
techniques for 15 such replacement, insertion or deletion are well known to
one skilled in the art. (See,  



e.g., U. S. Patent No. 4,518,584.) Other specific mutations of the
sequences of the cytokine polypeptides which  maybe useful therapeutically
as described herein may involve, e.g., the insertion of one  or more
glycosylation sites. An asparagine-linked glycosylation recognition site
can be .20 inserted into the sequence by the deletion, substitution or
addition of amino acids into  the peptide sequence or nucleotides into the
DNA sequence. Such changes may be  made at any site of the molecule that is
modified by addition of O -linked carbohydrate.  Expression of such altered
nucleotide or peptide sequences produces variants which  may be
glycosylated at those sites. 25 Additional analogs and derivatives of the
sequence of the selected cytokine  which would be expected to retain or
prolong its activity in whole or in part, and which  are expected to be
useful in the present invention, may also be easily made by one of  skill
in the art. One such modification may be the attachment of polyethylene
glycol  (PEG) onto existing lysine residues in the cytokine sequence or the
insertion of one or 30 more lysine residues or other amino acid residues
that can react with PEG or PEG  derivatives into the sequence by
conventional techniques to enable the attachment of  PEG moieties.
Additional analogs of these selected cytokines may also be characterized by
allelic variations in the DNA sequences encoding them, or induced
variations in the  8 WO 01/05355 PCT/US00/19347 5 DNA sequences encoding
them. It is anticipated that all analogs disclosed in the above- referenced
publications, including those characterized by DNA sequences capable of
hybridizing to the disclosed cytokine sequences under
stringenthybridization conditions  or non-stringent conditions (Sambrook et
al., Molecular Cloning. A Laboratory  Manual, 2d edit., Cold Spring Harbor
Laboratory, New York (1989)) will be similarly  10 useful in this
invention. Also considered as derivatives useful in these methods are
fusion molecules,  prepared by fusing the sequence orabiologically active
fragment of the sequence of one  



cytokine to another cytokine or proteinaceous therapeutic agent, e.g.,
IL-11 fused to IL- 6 (see, e.g., methods for fusion described in
PCT/US91/06186 (WO92104455), 15 published March 19, 1992). Alternatively,
combinations of the cytokines may be  administered together according to
the method. Thus, where in the description of the compositions of this
invention IL-11 is  mentioned by name, it is understood by those of skill
in the: art that IL-11 encompasses  the protein produced by the sequences
presently disclosed in the art, as well as proteins 20 characterized by the
modifications described above yet which retain substantially  similar
activity. The following examples illustrate practice of the invention.
These examples are  for illustrative purposes only and are not intended in
any way to limit the scope of the  invention claimed. Example 1 shows the
benefits of adding sucrose to rhIL-11 25 formulations. Example 2 describes
the effects of polysorbate on shearing of IL-11.  Example 3 describes the
effects of L-methionine on the oxidation of IL-11 in liquid  formulations.
Example 4 describes the effects of L-methionine on the oxidation of IL- 11
in wet granulation tablets. Example 5 describes the effects of L-methionine
and  polysorbate on the stability of enteric coated rhIL-11
multiparticulate pellets. 30 EXAMPLES  EXAMPLE 1: Effect of Sucrose The
effects of sucrose on the stability of lyophilized recombinant human
interleukin-11(rhIL-11) were examined in two stability studies. First, a
26-week study  9 WO 01/05355 PCT/US00/19347 5 of rhIL-11 in a coihsosition
comprising 10mM sodium phosphate, 300mM glycine, pH  7.0 (referred to
herein as base formulation), was examined with and without 1 % sucrose  at
both 1mg and 5mg dosage forms. Samples were aseptically filled into vials
and  lyophilized, then incubated at 4C, 30C, and 40C. Second, an 34-week
study of rhiL- 11 in the base formulation (10mM sodium phosphate, 300mM
glycine, pH 7.0) was 



10 examined with no sucrose at 2 and 5mg/mL and with 1% sucrose at 0.5,
1.0, and 2.0  mg/mL. Samples were aseptically filled into vials and
lyophilized. They were then  incubated at 4C, 25 C, and 40C. Samples were
analyzed in both studies periodically  by acidic reversed-phase HPLC. Fig.
1A shows the results of acidic reversed-phase HPLC analysis of ling/vial
15 lyophilized rhlL-11 dosage form formulated with and without sucrose and
incubated for  26 weeks at 40C. The samples were reconstituted with water
and injected onto a poros  RI/H column (4.6 mm ID x 100 mm L) at ambient
temperature at a load of 64 jig. The  mobile phase was 0.1% TFA in water
with a linear gradient of acetonitrile. This  method was run on a Waters
Alliance HPLC system detecting at 214nm. 20 Fig. 1B shows the results of
acidic reversed-phase HPLC analysis of 5 mg/vial  lyophilized rhILA 1
dosage form formulated with and without sucrose and incubated for  26 weeks
at 40C. The text above for Fig. IA outlines the reversed-phase HPLC  method
used. Fig. 2 shows the results of acidic RP-HPLC analysis of lyophilized
rhlL-11 at  25 2 and 5mg/vial formulated without sucrose and 0.5,1.0, and
2.0mg/vial formulated with  1% sucrose and incubated for 34 weeks at 40C.
The text above for Fig. 1A outlines  the reversed-phase HPLC method used.
In summary, the 40C RP-HPLC data from both studies show that sucrose added
to the lyophilized rhlL-11 formulation (at 1, 2, and 5mg/vial) is
beneficial in reducing  30 the amount of aggregate generated on stability.
EXAMPLE 2: Effect of Polysorbate The effect of polysorbate-20 on the
stability of liquid rhIL-11 was examined in  a short-term shaking study.
rhIL -11 in the 10mM sodium phosphate, 300mM glycine,  10 WO 01/05355
PCT/US00/19347 5 pH 7.0 composition (base formulation) was examined with
and without polysorbate-20  by filling imL rhIL-11 solution (at 4.8 mg/mL)
into 2mL tubing vials with 0, 0.005,  0.01, and 0.02% polysorbate-20. The
vials were stoppered and crimped and secured  



horizontally on a flatbed gel shaker. Duplicate vials were shaken at
approximately 120  RPM for the following periods: 0, 1, 2, 4, 8, 16, and 24
hours. At the appropriate 10 timepoint, samples were removed for analysis
by light scattering and SEC-HPLC.  Fig. 3A shows light scattering results
of liquid rhIL-11 after shaking for 16  hours in formulations with and
without polysorbate-20. Light scattering was performed  using quartz
cuvettes in a Hitachi UV/Vis Spectrophotometer where 1=320nm. Fig. 3B shows
Size Exclusion Chromatography (SEC-HPLC) results of liquid  15 rhIL-1l
after shaking for 16 hours in formulations with and without polysorbate-20.
SEC-HPLC was performed using a Toso Haas TSK2000SW,L column (7.8mm ID x
300mm L) and was run isocratically at 1.0 mlimin. using a 50mM MES, 0.5M
NaCL,  0.1mM glycine, pH 6.0 mobile phase. The method was run on a Waters
HPLC system  detecting at 225nm using a 30 g column load. 20 In summary,
the 16 hour shaking data show that the addition of polysorbate-20  to the
rhIL-11 liquid formulation benefits the stability by significantly reducing
the light  scattering at 320 nm and % rh]L-11 multimer generated. EXAMPLE
3: Effect of L-Methionine on IL-11 Formulations 25 L-Methionine is believed
to protect the methionine residues of IL-11 from  oxidation by acting as a
scavenger for the oxidizing species. Several experiments were  performed
which determined that 10 mM methionine was an appropriate and adequate
concentration to minimize the oxidation of Met58 within IL-11 (data not
shown). To examine the benefit of L-methionine in the presence of
polysorbates, which  30 contain varied levels of oxidizing species such as
hydrogen peroxide, IL-l i was  aseptically prepared as liquid and
lyophilized dosage forms at two concentrations (0.2  mg/mL and 1.0 mg/mL)
in formulations with or without 10 mM methionine. Up to 10  different
sources of polysorbate, from a variety of vendors, were added to each  11
WO 01/05355 PCT/US00/19347 5 formulation at a concentration of 0.02% (v/v).
The I tnl, samples were incubated at 2 - 8 C (data not shown) and at 40 C. 



Figures 4a and 4b show the stability of liquid IL-11 after 8 weeks at 40 C
in  formulations with and without 10 mM methionine. Figures 5a and 5b show
the stability  of lyophilized IL-1 l after 8 weeks at 40 C in formulations
with and without 10 mM 10 methionine. Levels of Met58 oxidation were
monitored by reversed-phase high- performance liquid chromatography using a
Poros R1/H column and a mobile phase of  0.1% TFA in water with a gradient
of acetonitrile. Detection was at 214nm. The data presented in Figures 4a,
4b, 5a and 5b demonstrate that the addition  of 10 mM methionine reduces
the level of Met58 oxidation within IL- 11. Further, as  15 the protein
concentration is varied from 0.2 mg/mLto 1.0 mg/mL, the level of oxidation
within the protein decreases with increased protein concentration. This is
consistent  with concept that the degree of methionine oxidation is
dependent on the level of the  substrate (methionine) available to the
oxidizing species. The conclusion of this  experiment is that 10 mM
methionine dramatically reduces the level of Met58 oxidation  20 within
IL-i 1. EXAMPLE 4: Effect of L-Methionine on IL-11 Tablets The effect of
methionine in rhIL-i l tablet formulations was examined in this 4  week
stability study. rhIL -11 tablets were prepared (2.5 mg active/tablet) with
or  25 without 10 mM methionine and incubated at 4C, 25C, and 40C in HDPE
bottles for 0, 2, and 4 weeks. Samples were crushed and extracted overnight
using a 100 mM  sodium phosphate, 300mM glycine, 0.02% polysorbate-80, 10mM
methionine, pH 7.0  buffer at ambient temperature on a flatbed gel shaker
set at low speed. Samples were  analyzed at each timepoint by
reversed-phase HPLC. 30 Fig. 6 shows the stability results for rhIL-11
tablets incubated at 40C by RP- HPLC for detecting percent (%) oxidized
methionine58 species in formulations with and  without methionine. The
samples were injected onto aporos Ri/H column (4.6 mm ID  x 100 mm L) that
was incubated at 40C at a load of 8 g. The mobile phase was  12 WO 01/05355
PCT/US00/19347 5 0.1 %TFA in water with a. linear gradient of acetonitrile.
This method was run on a  



Waters Alliance HPLC system detecting at 214nm. In summary, the addition of
methionine to the rhlL-11 tablet formulation  reduces the amount of
methionine oxidation. This confirms that methionine benefits  the rhIL-1I
formulation as an antioxidant. 10 EXAMPLE 5: Effect of L-Methionine and
Polysorbate on IL-11  Multipa iculates The effect of methionine and
polysorbate-80 in rh]I l1 multiparticulate  formulations was examined in
this 2-month stability study. rhIL-11 multiparticulates  15 were prepared
(1 mg active/100mg multiparticulates) with or without 10 mM methionine and
0.02% polysorbate-80 and incubated at 4C, 25C, and 40C in HDPE  bottles for
2 months. Multiparticulates were crushed and extracted overnight using a
100 mM sodium phosphate, 300 mM glycine, 0.02% polysorbate-80, 10 mM
methionine, pH 7.0 buffer at ambient temperature on a flatbed gel shaker
set at low  20 speed. Samples were analyzed periodically by reversed-phase
HPLC. Fig. 7 shows the stability results for rhIL-11 multiparticulates
incubated at 40C  by RP-HPLC for detecting percent (%) oxidized
methionines$ species in formulations  with and without methionine and
polysorbate-80. The samples were injected onto a  poros Rl/H column (4.6 mm
ID x 100 mm L) that was incubated at 40C at a load of 25 8 g. The mobile
phase was 0.1% TFA in water with a linear gradient of acetonitrile.  This
method was run on a Waters Alliance HPLC system detecting at 214nm. In
summary, the addition of 10 mM methionine and 0.02% polysorbate-80 to  the
rhIL-11 multiparticulate formulation reduces the amount of methionine a
oxidation.  This confirms that methionine benefits the rhIL-l1 formulation
as an antioxidant. 30 While the present invention has been described in
terms of specific methods and  compositions, it is understood that
variations and modifications will occur to those  skilled in the art upon
consideration of the present invention. Numerous modifications and
variations in the invention as described in the  



35 above illustrative examples are expected to occur to those skilled in
the art and,  13 WO 01/05355 PCT/US00/19347 5 consequently, only such
limitations as appear in the appended claims should be placed  thereon.
Accordingly, it is intended in the appended claims to cover all such
equivalent  variations which come within the scope of the invention as
claimed. 14 W00110355 I IIII'II 11111! 11111111111 IIII * C L 5 WHAT IS
CLAIMED IS: 1. A composition comprising IL-11, glycine and a
cryoprotectant. 2. The composition of claim 1, where said cryoprotectant is
sucrose. 3. The composition of claim 1, where said glycine is present at a
concentration of about 100 to about 400 mM. 10 4. The composition of claim
1, where said glycine is present at about 300  mM. 5. The composition of
claim 2, where said sucrose is present at a  concentration of about 0.5 to
about 2.0 %. 6. The composition of claim 2, where said sucrose is present
at a  15 concentration of about 1.0 %. 7. The composition of claim 1,
further comprising a polysorbate. 8. The composition of claim 7, wherein
said polysorbate is Tween-20.  9. The composition of claim 7, wherein said
polysorbate is present at a  concentration of about 0.005 to about 0.1 %.
20 10. The composition of claim 7, wherein said polysorbate is present at a
concentration of about 0.02 %. 11. The composition of claim 1, further
comprising an antioxidant. 12. The composition of claim 11, wherein said
antioxidant is L- methionine. 25 13. The composition of claim 12, wherein
said L -methionine is present at  a concentration of about 1 to about 100
mM. 



14. The composition of claim 12, wherein said L-methionine is present at  a
concentration of about 10 mM. 15. The composition of claim 1, further
comprising a buffering agent. 30 16. The composition of claim 15, wherein
said buffering agent maintains  the pH of said composition in the range of
from about 6.0 to about 8.0. 17. The composition of claim 15, wherein said
buffering agent maintains  the pH of said composition at about 7.0. 15 WO
01/05355 PCT/US00/19347 5 18. THE composition of claim 15, where n'said
buffering agent is sodium  phosphate. 19. The composition of claim 1, where
said IL-11 is present at a  concentration of about 1 g/ml to about 20
mg/mi. 10 20. The composition of claim 1, where said IL-11 is present at a
concentration of about 1 to about 5 mghnl. 21. The composition of claim 2,
comprising about 1 to about 5 mg/mi IL, 11,  about 300 mM glycine, and
about 1% sucrose. 22. The composition of claim 7, comprising about 1 to
about 5 mg/ml IL-11,  15 about 300 mM glycine, about 1% sucrose, and about
0.02 % polysorbate. 23. The composition of claim 12, comprising about 1 to
about 5 mg/ml IL- 11, about 300 mM glycine, about 1 % sucrose, about 0.02 %
polysorbate, and about 10  mM L-methionine. 24. The composition of claim
23, having a pH of about 7.0. 25. The composition of claim 1, wherein said
composition is lyophilized. I IIIIIII IIIIII "III IIIII II IIII L M S 16 


