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BACKGROUNDOF THE INVENTION Field of the Invention
[0001] The present invention relates to glycosides,
the salts thereof and pharmaceutical compositions
containing these glycosides as active ingredients.
Furthermore the invention provides a method of
preventing, treating or alleviating the symptoms of
acute and chronic inflammatory disorders of the
airways of mammals - including asthma and
asthma-related pathologies. Summary of Related Art
[0002] Inflammation is a multi-step cascade process,
any part of which may be the subject of potential
therapeutic intervention. Briefly, inflammation
entails the infiltration of immunologically competent
cells (for example eosinophils, mast cells, activated
T-lymphocytes) into the injury site where they,
together with resident cells, release bioactive
mediator substances (e.g., histamine, proteases, a
host of cytokines and chemokines), which increase the
permeability of nearby blood vessels, attract and
stimulate bystander cells. The altered permeability of
vessels results in a fluid exudate forming at the
injury site followed by a further influx of reactive
leukocytes and their eventual efflux into the damaged
area. (For an overview see, Trowbridge and Emling,
Inflammation: A Review of the Process Quintessence
Pub. Co., 1997). Secretion of collagen and mucus by,
and proliferation of, resident cells (smooth muscle
and epithelial cells or fibroblasts stimulated by the
released mediators) establish the extension of
pathological alterations (e.g., airway obstruction)
and contribute to their development. [0003]
Inflammation is associated with a variety of pulmonary
conditions including e.g., intrinsic or extrinsic
asthma bronchiale, any inflammatory lung disease,
acute or chronic bronchitis, pulmonary inflammatory
reactions secondary to chronic bronchitis, chronic
obstructive lung disease, pulmonary fibrosis, as well
as any pulmonary condition in which white blood cells
may play a role including, but not limited to,
idiopathic pulmonary fibrosis and any other autoimmune
lung disease. Asthma is one of the most common forms
of pulmonary inflammation affecting the large and
small airways of the lung. It impacts on 5% to 10% of
the human population, resulting in an estimated 27
million patient visits, 6 million lost workdays, and
90.5 million days of restricted activity per year. The
morbidity and mortality rates for asthma are growing
worldwide (Plaut and Zimmerman, "Allergy andMechanisms
of Hypersensitivity" in Fundamental Immunology, 3rd
Ed., Paul (ed.), Raven Press, New York, NY, at 1399
(1993)). Conventional anti-asthma treatments have been
predicated on the strict avoidance of all triggering
allergens, which is inherently difficult to achieve,
and on therapeutic regimens based on pharmacological
agents having unfortunate side effects and suboptimal
pharmacokinetic properties. b2- adrenergic agonists
used to treat bronchospasm have no effect on airway
inflammation or bronchial hyperreactivity (Palmer et
ah, New Engl. J. Med. 331:1314 (1994)). Also, regular
or prolonged use of b2- adrenergic agonists is
associated with poor control of asthma, increase in
airway hyperresponsiveness to allergen, and reduced
bronchoconstriction protection (Bhagat et ah, Chest
108:1235 (1995)). Moreover, chronic use of
b2-adrenergic agents alone, by causing down regulation
of b2-adrenergic receptors, is suspected to worsen
bronchial hyperreactivity. Theophylline (an
anti-asthma methylxanthine) is characterized by
substantial variability in its absorbance and
clearance. Corticosteroids, while relatively safe in
adult patients, are toxic for children, resulting in
adrenal suppression and reduced bone density 



and growth (Woolock et al, am. Respir. Crit. Care Med.
153:1481 (1996)). Cromolyn, used to prevent asthmatic
episodes, is effective in preventing an asthmatic
reaction only if given prior to an attack (Volcheck et
ah, Postgrad Med. 104(3): 127 (1998)). Antihistamines
occasionally prevent or abort allergic asthmatic
episodes, particularly in children, but often are only
partially effective because histamines are only one of
many inflammation associated mediators (Cuss, "The
Pharmacology of Antiasthma Medications", in Asthma as
an Inflammatory Disease. O'Byrne, Ed., Dekker, Inc.,
New York, at 199 (1990)) and O'Byrne, "Airway
Inflammation and Asthma", in Asthma as an Inflammatory
Disease , O'Byrne, Ed., Dekker, Inc., New York, NY,
143 (1990)). [0005] Thus, current drug modalities
suffer from a number of drawbacks. In general,
conventional agents have a relatively short duration
of action and may be partially or wholly ineffective
when administered after antigen challenge occurs.
Moreover, because of serious adverse effects
associated with the use of agents such as
b2-adrenergic agonists and corticosteroids,
therapeutic margins of safety with such agents are
relatively narrow and patients using such agents must
be carefully monitored (see e.g., WO 94/06783, WO
99/06025, U.S. Patent Nos. 5,690,910 and 5,980,865).
In a recent clinical study, of inhaled
corticosteroids, only transient improvement occurred
in the airways function of 5-1 1-year-old asthmatic
children after the first year of therapy, with
regression to that observed with placebo over the next
3 years (The Childhood Asthma Management Program
Research Group, N. Engl. J. Med., 343:1054 (2000)).
This regression can best be explained by remodeling
changes (characteristic feature of asthma) occurring
in the airways that are refractory to corticosteroids
(Davies, Curr. Opin. Allergy Clin. Immunol., 1:67
(2001)). [0006] It is known from relevant literature,
that certain mixtures of polysulfated disaccharides
having structures closely related to those of the
present invention and which were synthesized bynitrous
acid treatment of such natural products as for example
heparin or heparin sulfate, followed by reduction with
borohydride and subsequent sulfation of the partially
purified samples (US 5,690,910; US 5,980,865 and WO
02/083700) - displayed remarkable anti-inflammatory
effect in different asthma models. SUMMARYOF THE
INVENTION [0007] The present invention relates to
novel glycosides and processes to make such compounds
and pharmaceutical compositions containing such
compounds, with well-defined chemical structures,
which have more favourable pharmacological properties
and less undesirable side-effects, than the known
anti-asthmatics. The invention further relates to
methods of treating patients in need of treatment
comprising administering the novel glycosides and
compositions of said glycosides to said patients.
DETAILED DESCRIPTION OF THE INVENTION [0008] According
to the facts mentioned above the invention relates to
novel polysulfated glycosides of formula (I), (I)
wherein R1, R2, R3, R4, R5 and R6 independently of
each other, stand for - H C1-4 alkyl, -SO3H, sulfated
or unsulfated glycosyl or sulfated or unsulfated or
unsulfated diglycosyl group - with the proviso, that
at least one of R - R6 is a sulfated or unsulfated
glycosyl or sulfated or unsulfated diglycosyl group -
as well as the possible isomers and pharmaceutically
acceptable salts thereof. The term "pharmaceutically
acceptable salts" includes, for example, alkali salts
and alkaline earth metal salts and any other
pharmaceutically acceptable counterion or counterions
associated with one or more of the sulfate groups 



on the modecule. [0009] As all of the four secondary
carbon atoms of the sugaralcohol represent chiral
centers, obviously all possible stereoisomers
(allitol, galactitol, iditol, mannitol, glucitol and
talitol) as well as theD- and L-enantiomers thereof
are covered by formula (I). The term "isomer" herein
includes all such compounds and variants thereof in
the compound of formula (1) [0010] The meaning of
sulfated glycosyl group can be any pentopyranose or
hexopyranose molecule with optional configuration, one
or more of the hydroxyl groups of which are present as
an Osulfate ester and the sugar moiety is attached to
the aglycon with its anomeric carbon atom via an a- or
b- linkage. The unsulfated glycosyl group contains all
hydroxyl groups or protected versions thereof. The
unsulfated compounds are useful as intermediates to
produce the sulfated compounds receited herein. [0011]
The meaning of polysulfated diglycosyl group can be
any pentopyranose or hexopyranose molecule with
optional configuration, one of the hydroxyl group of
which is glycosylated with a further pentopyranose or
hexopyranose molecule with optional configuration, and
all of the hydroxyl groups of the so formed diglycosyl
unit are present as O-sulfate esters and the sugar
moiety is attached to the aglycon with its anomeric
carbon via a- or b-linkage. [0012] All possible
stereoisomers (arabino-, lyxo-, ribo- and xylo-) are
included in the structure of pentoses, as well as D-
and L-enantiomers thereof. Similarly all posible
stereoisomers (allo-, altro-, galacto-, gluco-, gulo-,
ido-, manno- and tallo-) are included in the structure
of hexoses, as well as Dand L-enantiomers thereof. The
term "isomer" includes all such compounds and
variations thereof in the compound at fomula (1).
[0013] The meaning of Ci-4 alkyl group, is a methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl group, preferably methyl group.
[0014] Alkali metal salts of the compounds of the
invention mean Na, K or Li salts, while alkaline-earth
metal salts preferably are Mg and Ca salts. [0015]
Those compounds of formula (I), as well as alkali
metal and alkaline-earth metal salts thereof, wherein
the meaning of R1 is a polysulfated glycosyl or
diglycosyl group and the meaning of R2- R6 is -SO3H,
represent a preferred group of the compounds of the
invention. [0016] Those compounds of formula (I), as
well as alkali metal and alkaline-earth metal salts
thereof, wherein the meaning of R1, R2, R4,R5 and R6
is -SO3H and the meaning of R3 is a polysulfated
glycosyl or diglycosyl group, represent a further
preferred group of the compounds of the invention.
[0017] Those compounds of formula (I), as well as
alkali metal and alkaline-earth metal salts thereof,
wherein the meaning of R1, R2, R3, R5 and R6 is -SO3H
and the meaning of R4 is a polysulfated glycosyl or
diglycosyl group, represent a further preferred group
of the compounds of the invention.[0018] Those
compounds of formula (I), as well as alkali metal and
alkaline-earth metal salts thereof, wherein the
meaning of R1 and R3 is a polysulfated glycosyl group
and the meaning of R2, R4, R5 and R2 is
-SO3H5represent a further preferred group of the
compounds of the invention. [0019] Those compounds of
formula (I), as well as alkali metal and
alkaline-earth metal salts thereof, wherein the
meaning of R1 and R6 is a polysulfated glycosyl or
diglycosyl group and the meaning of R2, R3, R4 and R5
is -SO3H, represent a further preferred group of the
compounds of the invention. [0020] Those compounds of
formula (I), as well as alkali metal and
alkaline-earth metal salts thereof, wherein the
meaning of R1 is a polysulfated glycosyl or diglycosyl
group, the meaning of R3 and R4 is a Ci-4 alkyl group,
while the meaning of R2,R5 and R6 is -SO3H, represent
a further preferred group of the compounds of the
invention. 



[0021] Those compounds of formula (I), as well as
alkali metal and alkaline-earth metal salts thereof,
wherein the meaning of R1 and R6 is a polysulfated
glycosyl or diglycosyl group, the meaning of R3 and R4
is a C1-4 alkyl group, while the meaning of R2 and R5
is -SO3H, represent a further preferred group of the
compounds of the invention. [0022] Especially
preferred representatives of the compounds of formula
(I) of the present invention are - without limitation
- the following:
2,3,4,5,6-penta-O-sulfato-l-O-(2,3,4,6-tetra-O-sulfato
- b-D-glucopyranosyl)-D-mannitol nona potassium salt,
l,2,3,4,5-penta-O-sulfato-6-O-(2,3,4,6-tetra-O-sulfato
- b-D-glucopyranosyl)-D-glucitol nona potassium salt,
2,3,4,5,6-penta-O-sulfato-l-O-(2,3,4,6-tetra-O-sulfato
- b-D-glucopyranosyl)-D-glucitol nona potassium salt,
l,2,4,5,6-penta-O-sulfato-3-O-(2,3,4,6-tetra-O-sulfato
- b-D-glucopyranosyl)-D-glucitol nona potassium salt,
1,2,3,5,6-penta-O-sulfato-4-O-(2,3,4,6-tetra-O-sulfato
- a-D-glucopyranosyl)-D-glucitol nona potassium salt,
l,2,3,5,6-penta-0-sulfato-4-0-(2,3,4,6-tetra-0-sulfato
- b-D-glucopyranosyl)-D-glucitol nona potassium
salt,l,2,3,5,6-penta-0-sulfato-4-0-(2,3,4,6-tetra-0-su
lfato- b-D-galactopyranosyl)-D-glucitol nona potassium
salt,
2,4,5,6-tetra-0-sulfato-l,3-bis-0-(2,3,4,6-tetra-0-sul
fato- b-D-glucopyranosyl)-D-glucitol dodeca potassium
salt,
2,4,5,6-tetra-O-sulfato-l,6-bis-O-(2,3,4,6-tetra-O-sul
fato- b-D-glucopyranosyl)-D-mannitol dodeca potassium
salt,
2,4,5,6-tetra-O-sulfato-l,6-bis-O-(2,3,4,2',3',4',6'-h
epta-O-sulfato- b-gentiobiopyranosyl)-Dmannitol
octadeca potassium salt,
2,3,455,6-penta-0-sulfato-l-0-(2,3,4,2',3',4',6
3-hepta-0-sulfato- b-gentiobiopyranosyl)-Dmannitol
dodeca potassium salt,
3,4-di-O-methyl-2,5,6-tri-O-sulfato-l-O-(2,3,4,6-tetra
-O-sulfato- b-D-glucopyranosyl)-Dmannitol hepta
potassium salt,
3,4-di-O-methyl-2,5-di-O-sulfato-l,6-bis-O-(2,3,4,6-te
tra-O-sulfato- b-D-glucopyranosyl)-Dmannitol deca
potassium salt, 3,4-di-O-methyl-2,
5,6-tri-O-sulfato-1-O-(2,3 ,4,2 ' ,3 ' ,4'
,6'-hepta-O-sulfato-b- gentiobiopyranosyl)-D-mannitol
deca potassium salt,
3,4-di-0-methyl-2,5-di-0-sulfato-l,6-bis-0-(2,3,6,2',3
',4',6'-hepta-0-sulfato- b-lactosyl)-Dmannitol
hexadeca potassium salt,
2,3,4,5,6-penta-0-sulfato-l-0-(2,3,4-tri-0-sulfato-
a-D-arabinopyranosyl)-D-mannitol octa potassium salt,
2,3,4,5,6-penta-O-sulfato-l-O-(2,3,4-tri-O-sulfato-
b-D-xylopyranosyl)-D-mannitol octa potassium salt,
2,4,5,6-tetra-O-sulfato-l,6-bis-O-(2,3,4,6-tetra-O-sul
fato- b-D-glucopyranosyl)-galactitol dodeca potassium
salt,
l,2,4,5,6-penta-0-sulfato-3-0-(2,3,4,6-tetra-0-sulfato
- b-D-glucopyranosyl)-D-glucitol nona 



sodium salt. [0023] Compounds of formula (I) of the
present invention can be synthesized from compounds of
formula (II)(H) - wherein R7, R,8 R9, R10 R11 and R12
independently of each other, stand for hydrogen atom,
Ci-4 alkyl, glycosyl or diglycosyl group, and at least
one of R7- R12 is a glycosyl or diglycosyl group - by
transforming its free hydroxyl groups into sulfate
esters using known methods. [0024] Sulfur trioxide or
an adduct thereof formed with an organic base (for
example triethylamine or pyridine) or with
dimethylformamide can be used as reagent for the
preparation of Osulfate esters. [0025] Optionally
monofunctional acidic esters obtained by the above
methods can be transformed into salts for example with
alkali metal or alkali earth-metal acetates. After
purification, salts can be obtained by freeze drying,
precipitation or crystallization. [0026] Some of the
compounds of formula (II), used as starting materials
in the above process for the synthesis of compounds of
formula (I) of the present invention can be
synthesized for example by the following, known
methods: [0027] Those compounds of formula (II),
wherein one from among R7 and R8 represents a glycosyl
group and the other represents hydrogen atom, as well
as the meaning of R9- R12 is hydrogen atom, can be
synthesized for example by using a compound of formula
(III) or (FV) (III) (IV)- wherein X stands for a
halogen atom, trichloroacetimidate or phenylthio group
and R13- R19 represent an aliphatic or aromatic ester
or an ether group - as donor molecule and a compound
of formula (V)5 (V) - wherein R20 and R2 1 stand for
hydrogen atom, R22-R25 represent ether type protective
groups, as acceptor and the glycosylation is carried
out in the presence of appropriate activators. Then
the protective groups are cleaved from the so obtained
compound of formula (V) -wherein R22-R25 stand for an
ether type protective group, while one of R20 and R2 1
represents a protected glycosyl group and the other is
hydrogen atom. [0028] According to another process a
compound of formula (V) is used as acceptor in the
above reaction, in which R20 and R22 stand for
hydrogen atom, while R2 1, R23, R24 and R25 represent
ether type protective groups, then the protective
groups are cleaved from the so obtained compound of
formula (V) - wherein R2 1, R23, R24 and R25 are ether
type protective groups, R20 represents a protected
glycosyl group and R22 is hydrogen atom. [0029] Those
compounds of formula (II), wherein R7 and R9 stand for
a glycosyl group, while R8, R10, R11 and R12 represent
hydrogen atom, can be synthesized for example by
carrying out the glycosylation according to process b)
but using the donor molecule in excess and the
protective groups are cleaved from the so obtained
compound of the general formula (V) - wherein R20 and
R22 represent protected glycosyl groups and R2 1, R23,
R24 and R25 are ether type protective groups. [0030]
Those compounds of formula (II), wherein one from
among R7 and R8 represents a diglycosyl group, the
other is hydrogen atom, and R9- R12 stand for hydrogen
atom, can be synthesized for example by using a
compound of formula (VI) or (VII)- wherein X stand for
a halogen atom, trichloroacetimidate or phenylthio
group and R26- R32 represent an aliphatic or aromatic
ester or ether group - as donor molecule and a
compound of formula (V), wherein R20 and R21 stand for
hydrogen atom, R22-R25 represent ether type protective
groups, as acceptor and the glycosylation is carried
out in the presence of appropriate activators. Then
the protective groups are 



cleaved from the so obtained compound of the general
formula (V) - wherein R22- R25 are ether type
protective groups, while one from among R20 and R2 1
represents a protected glycosyl group and the other is
hydrogen atom. [0031] Those compounds of formula (II),
wherein R7 stands for a diglycosyl group, can be
synthesized for example by using a compound of formula
(V), wherein R20 and R25 are hydrogen atom, R2 1 and
R24 represent ester type protective groups, while R22
and R23 are ether type protective groups, as acceptor
in the above reaction, then the protective groups are
cleaved from the so obtained compound of formula
(V)-wherein R2 1 and R24 represent ester type
protective groups, while R22 and R23 are ether type
protective groups, R20 represents a protected
diglycosyl group and the meaning of R25 is hydrogen
atom. [0032] Those compounds of formula (II), wherein
R7 and R12 stand for a diglycosyl group, and R8-R1 1
represent hydrogen atom, can be synthesized for
example by using a compound of formula (VI) or (VII),
- wherein X stands for a halogen atom,
trichloroacetimidate or phenylthio group and R26- R32
represent aliphatic or aromatic ester or ether groups
- as donor molecule in excess and a compound of
formula (V), wherein R20 and R25 stand for hydrogen
atom, R2 1 and R24 represent ester type protective
groups, while R22 and R23 are ether type protective
groups, as acceptor and the glycosylation is carried
out in the presence of appropriate activators. Then
the protective groups are cleaved from the so obtained
compound of formula (V) - wherein R2 1 and R24 are
ester type protective groups, R22 and R23 represent
ether type protective groups, while R20 and R25 are
protected diglycosyl groups. [0033] In the above
glycosylation reactions mercury or silver salts, boron
trifluoride diethyl etherate, N-iodosuccinimide and
trifluorometlianesulfonic acid or the mixture of the
latter two can be used as activator.[0034] The
cleavage of the protective groups can be carried out
by acid hydrolysis or reduction in the presence of a
catalyst in the case of ethers and acetals, while in
the case of esters Zemplen's method (base catalysed
trans-esterification) or hydrolysis in the presence of
a base can be used. Abbreviations and expressions used
in the description: Ac = acetyl Bz = benzoyl Me =
methyl Ph = phenyl NIS = N-iodosuccinimide TfOH =
trifluoromethanesulfonic acid [0035] As used in this
specification, the singular forms "a", "an" and "the"
specifically also encompass the plural forms of the
terms to which they refer, unless the content clearly
dictates otherwise. For example, reference to "a
modulator" includes mixtures of modulators. [0036] As
used in this specification, whether in a transitional
phrase or in the body of the claim, the terms
"comprise(s)" and "comprising" are to be interpreted
as having an open-ended meaning. That is, the terms
are to be interpreted synonymously with the phrases
"having at least" or "including at least". When used
in the context of a process, the term "comprising"
means that the process includes at least the recited
steps, but may include additional steps. When used in
the context of a compound or composition, the term
"comprising" means that the compound or composition
includes at least the recited features or components,
but may also include additional features or
components. [0037] The term "about" is used herein to
mean approximately, in the region of, roughly, or
around. When the term "about" is used in conjunction
with a numerical range, it modifies that range by 



extending the boundaries above and below the numerical
values set forth. In general, the term "about" is used
herein to modify a numerical value above and below the
stated value by a variance of 20%. [0038] As used
herein, unless specifically indicated otherwise, the
word "or" is used in the "inclusive" sense of "and/or"
and not the "exclusive" sense of "either/or." [0039]
As used herein, the terms "treating" or "treatment"
are used to indicate reducing, alleviating,
preventing, inhibiting the develpment of and/or
reversing the symptoms of a condition. Conditions to
be treated by the methods and compositions of the
invention include any conditioncharacterized by, or
including, acute and chronic inflammatory disorders of
the airways. Hence, the terms "inflammatory disorder"
or "inflammatory disorders of the airways" encompass
any inflammatory lung disease, including asthma,
intrinsic or extrinsic asthma bronchiale, acute
chronic bronchitis, allergic rhinitis, pulmonary
inflammatory and structural reactions secondary to
chronic bronchitis, chronic obstructive lung disease,
pulmonary fibrosis. The invention is also useful for
pulmonary condition in which white blood cells and
airway remodeling may play a role including but not
limited to idiopathic pulmonary fibrosis and any other
autoimmune lung disease. [0040] By "asthma" is meant a
condition of allergic origins, the symptoms of which
include continuous or paroxysmal labored breathing
accompanied by wheezing, a sense of constriction in
the chest, and often attacks of coughing or gasping.
By "asthma-related pathology" is meant a condition
whose symptoms are predominantly inflammatory in
nature with associated bronchospasm. Hence, both
asthma and asthma-related pathologies are
characterized by symptoms that include narrowing of
airways, due in varying degrees to contraction (spasm)
of smooth muscle, edema of the mucosa, including that
of the upper airways and mucus in the lumen of the
bronchi and bronchioles. Non-limiting representative
examples of "asthma-related pathologies" include
non-asthmatic conditions characterized by airway
hyperresponsiveness (e.g., chronic bronchitis,
emphysema, cystic fibrosis and respiratory distress).
[0041] Compositions and methods taught herein are
exemplified, for asthma. However, the invention should
not be construed as limited to this particular
pulmonary disease. Asthma offers the advantage of
having been studied extensively and provides several
accepted models to evaluate the invention. It is known
that sensitization and allergen challenge leads to
airway hyperresponsiveness to various agonists. Hence,
acetylcholine, known as a spasmogenic agent, is
capable of inducing larger contractions of the muscle
cells in tissues obtained from the trachea of
sacrificed animals (which had been sensitized to
provoke airway hyper-responsiveness) than from control
animals following allergen challenge (see, e.g.
Tokuoka et al, Br. J. Pharmacol 134:1580 (2001);
Nakata et al, Int. Immunol. 13:329 (2001); Emala and
Hirshman, Monogr. Allergy 33:35 (1996)). [0042] The
most prominent characteristic of asthma is
bronchospasm, or narrowing of the airways. Asthmatic
patients have prominent contraction of the smooth
muscles of large and small airways, increased mucus
production, and increased inflammation (Plaut and
Zimmerman, supra). The inflammatory response in asthma
is typical for tissues covered by a mucosa and is
characterized by vasodilation, plasma exudation,
recruitment of inflammatory cells such as neutrophils,
monocytes, macrophages, lymphocytes, and eosinophils
to the sites of inflammation, and the release of
inflammatory mediators by resident tissue cells (e.g.,
mast cells or airways epithelial cells) or by
migrating inflammatory cells (Hogg, "Pathology of
Asthma", in Asthma as an Inflammatory Disease. O'Byrne
(ed.), Marcel Dekker, Inc., New York, NY, at 1
(1990)). Asthma may be triggered by a variety of
causes such as allergic reactions, a secondary
response to infections, industrial or occupational
exposures,ingestion of certain chemicals or drugs,
exercise (Hargreave et al, J. Allergy Clin. Immunol.
83:1013 (1986)). 



[0043] The compounds of formula (I) according to the
invention have also been found effective to decrease
mucus production of bronchial epithelial cells and to
inhibit growth factor mediated proliferation of smooth
muscle cells. [0044] An increase in bronchial
hyperreactivity (AHR), the hallmark of a more severe
form of asthma, can be induced by both airway
antigenic and non-antigenic stimuli. Late phase
response and persistent hyperresponsiveness in
allergen-induced asthma have been associated with the
recruitment of leukocytes, and particularly
eosinophils, to inflamed lung tissue (Abraham et al,
Am. Rev. Respir. Dis. 138:1565 (1988)). Eosinophils
release several inflammatory mediators including
15-HETE, leukotriene C4, PAF, cationic proteins,
eosinophil peroxidase. [0045] The terms "antigen" and
"allergen" are used interchangeably to describe those
molecules, such as dust or pollen that can induce an
allergic reaction and/or induce asthmatic symptoms in
an individual suffering from asthma. Thus, an
asthmatic individual "challenged" with an allergen or
an antigen is exposed to a sufficient amount of the
allergen or antigen to induce an asthmatic response.
The compounds of formula (I) according to the
invention have been found effective to treat AHR
subsequent to ovalbumin sensitization and antigen
challenge. [0046] The biological activity of the
compounds of formula (I) of the present invention in
different animal models is demonstrated below: Model 1
Examination of the effect of locally administered
polysulfated glycosides on airways' hyper
responsiveness ex vivo [0047] Inflammation of the
airways may lead to bronchial hyper-responsiveness,
which is a characteristic feature of asthma. [0048]
Brown Norway (BN) rats were actively sensitized to
ovalbumin (OA) by a subcutaneous injection of 0.5 ml
of OA/A1(OH)3 gel mixture (2 mg OA + 10 g Al(OH)3AOO
ml saline) on day 1 with subsequent subcutaneous
injections (10 mg OA + 1O g Al(OH)3AOO ml saline)
given on days 14 and 21. On day 28, animals received
the compound described in example 4 intratracheally
(0.01; 0.1 or 1.0 mg/kg dose) 2 hours before antigen
challenge. Antigen challenge was performed by
inhalation of nebulised ovalbumin (1% antigen solution
administered in a TSE inhalation system for 1 hour).
Animals were sacrificed 48 hours post antigen
challenge wherein the tracheas were removed to an
organ bath.Dissected tracheas were allowed to
equilibrate for 30 minutes before measuring tracheal
spasmogenic response curves to acetylcholine (Ach).
[0049] As shown in Table 1 ovalbumin challenge of
sensitized animals in this model caused a significant
tracheal hyper-reactivity to acetylcholine, when the
response to the spasmogenic agent was determined 48 h
after antigen challenge. The compound described in
example 4 in a dose of 0.01 mg/kg, brought this
elevation back almost to control level. TABLE l Effect
of antigen challenge and intratracheal pretreatment
with compound of Example 4 on the tracheal contraction
to acetylcholine in BN-rate * -log M acetylcholine
(Ach), causing 50% contraction relative to control
(mean + SEM) ** Contraction at maximal Ach
concentration relative to control (mean + SEM) Model
2. Examination of the effect of polysulfated
glycosides on the allergen stimulated mucus production
of airways epithelial cells. 



[0050] In a sensitized animal antigenic challenge
results in mucus production of airways epithelial
cells, which is a characteristic feature of allergic
asthma. [0051] Sensitized BN rats were treated
intratracheally with varying (0.01-1.0 mg/kg) dose of
compound described in example 4, two hours before
antigenic challenge, using a similar protocoldescribed
in Model 1. Lungs were collected 48 hours after
challenge and were fixed in 8% phosphate buffered
formaldehyde. Samples were then processed for
histochemistry routinely. 5 mm thick sections were
stained with periodic-acid-Schiff (PAS) reagents and
were counterstained with haematoxylineosine. On the
sections each epithelial cells of the airways were
counted in the whole preparation at a magnification of
40Ox. The number of PAS(+) [mucus producing]
epithelial cells was expressed as the ratio of the
total number of epithelial cells. [0052] As it is
shown in Table 2 allergen challenge stimulates the
mucus production of airways epithelial cells (control
vs. challenge). The compound significantly decreased
the number of PAS(+), mucus producing cells at the
applied higher dose. TABLE 2 Effect of antigen
challenge and intratracheal treatment with compound of
Example 4, on the allergen induced mucus production of
airways epithelial cells in BN rats * - number of
PAS(+) cells as percent of total number of cells
(average  SEM) Model 3. Examination of the effect of
polysulfated glycosides on the extent of perivascular
oedema developed in asthmatic lung tissue. [0053] In a
sensitized animal antigen challenge, as a result of
the developing inflammatory processes, increases the
permeability of the blood vessels resulting in plasma
excudation around the periphery of the vasculature.
[0054] Sensitized BN rats were treated intratracheally
with varying (0.01-1.0 mg/kg) dose of compound
described in example 4, two hours before antigenic
challenge, using a similar protocol described in Model
1. Lungs were collected 48 hours after challenge and
were fixed in 8% phosphatebuffered formaldehyde.
Samples were then processed for histochemistry
routinely. 5 mm thick sections were stained with
periodic-acid-Schiff (PAS) reagents and were
counterstained with haematoxylineosine. On the 5 mm
sections, the area of the connective tissue around the
vasculare was determined and expresssed as a ratio of
the area of the corresponding blood vessel itself.
[0055] As it is shown in Table 3 allergen challenge
causes aedema around the vasculature, the extent of
which was significantly decreased even at the smallest
dose of the examined compound. TABLE 3 Effect of
antigenic challenge and intratracheal treatment with
compound of Example 4, on the extent of developing
oedema in BN rats * -area of oedema relative to area
of vasculature (average  SEM) Model 4. IP-3 receptor
antagonistic effect of polysulfated glycosides [0056]
Glycosides of the present invention, depending on
their chemical structure, inhibit the binding of
inositol-l,4,5-trisphosphate (IP3) to its receptor in
microsomal membrane preparations. As IP3 is a
messenger molecule playing distinguished role in the
activation of different cells, interfering with this
function can explain the anti-asthmatic effect of
these polysulfated glycosides. [0057] The IP3
antagonist effect of the polysulfated glycosides were
determined using rat cerebellum membrane preparations
according to Worley et al. (JBC 262, 12132, 1987). As
is shown in 



Table 4, all the compounds described in Examples 1-16
possess varying EP3 antagonist activity.TABLE 4 EP-3
receptor antagonistic effect of polysulfated
glycosides [0058] The pharmaceutical compositions of
the present invention are intended for use with any
mammal that may experience the benefits of the methods
of the invention. Foremost among such mammals are
humans, although the invention is not intended to be
so limited, and is applicable to veterinary uses.
Thus, in accordance with the invention, "mammal" or
"mammal in need" include humans as well as non-human
mammals, particularly domesticated animals including,
without limitation, cats, dogs, and horses.[0059] The
term "therapeutically effective amount 5 is used to
denote treatments at dosages effective to achieve the
therapeutic result sought. Furthermore, one of skill
will appreciate that the therapeutically effective
amount of the compound of the invention may be lowered
or increased by finetuning and/or by administering
more than one compound of the invention, or by
administering a compound of the invention with another
anti-asthmatic compound (e.g., corticosteroid). The
invention therefore provides a method to tailor the
administration/treatment to the particular exigencies
specific to a given mammal. As illustrated in the
following examples, therapeutically effective amounts
may be easily determined for example empirically by
starting at relatively low amounts and by step-wise
increments with concurrent evaluation of beneficial
effect. Clinical changes relevant to assess the
therapeutic effect of treatment according to the
invention include reduction in the characteristic
symptoms and signs of asthma and related pathologies
(e.g., dyspnea, wheezing, cough, bronchial
hypersensitivity airway remodeling) and improvement of
pulmonary function tests. These are based upon
patient's symptoms and physician's observations.
[0060] As used herein, the recitation of a numerical
range for a variable is intended to convey that the
invention may be practiced with the variable equal to
any of the values within that range. Thus, for a
variable which is inherently discrete, the variable
can be equal to any integer value of the numerical
range, including the end-points of the range.
Similarly, for a variable which is inherently
continuous, the variable can be equal to any real
value of the numerical range, including the end-points
of the range. As an example, a variable which is
described as having values between 0 and 2, can be 0,
1 or 2 for variables which are inherently discrete,
and can be 0.0, 0.1, 0.01, 0.001, or any other real
value for variables which are inherently continuous.
[0061] For local administration by inhalation for
example, contemplated therapeutically effective
amounts are from about 0.1 mg/kg/day to about 1000
mg/kg/day when administered systemically (e.g., orally
administered). In an embodiment of the invention, when
systemically administered, therapeutically effective
amounts are from about 0.5 mg/kg/day to about 200
mg/kg/day. [0062] Dosage forms and frequency of
administration of the same, will depend on
conventional factors routinely considered by one of
skill in the field to obtain therapeutically effective
amounts as discussed above in a given mammal. Hence, a
practitioner will consider the condition being
treated, the particular compound of the invention
being administered, route of administration, and other
clinical factors such as age, weight and condition of
the mammal as well as convenience and patient
compliance. [0063] It will be appreciated by those of
skill in the art that the number of administrations of
the compounds according to the invention will vary
from patient to patient based on the particular
medical status of that patient at any given
time.[0064] When applicable (such as for the treatment
of asthma, for example) the compound according to this
aspect of the invention, may be administered prior to,
at the same time, or after the mammal has been exposed
to an antigen. In addition, the timing of the
administration of the compound 



of the invention with relation to the exposure to an
antigen will vary from mammal to mammal depending on
the particular situation. A skilled practitioner will
optimize administration by careful monitoring the
patient while altering the timing and/or the order of
administration of the compound of the invention.
Hence, it will be understood that the mammal need not
suffer from a pulmonary inflammation to benefit from
the invention. The compounds of the invention may be
administered prophylactically to individuals
predisposed to develop asthma and/or an asthma-related
pathology. For example, an individual allergic to
pollen may be administered a compound of the invention
(e.g., by oral administration) on a daily basis and/or
prior to going to a pollen-rich area (e.g., a garden).
Likewise, an individual with only a family history of
asthmatic attacks may be administered the compounds of
the invention prophylactically - to prevent or inhibit
possible onset of such an asthmatic attack. [0065]
Based on the above facts, the present invention also
provides a method of treating acute and chronic
inflammatory disorders of the airways of mammals
-including asthma and asthma-related pathologies. This
method comprises administering to a mammal in need of
such treatment a therapeutically effective amount of a
compound of formula (I) [0066] The compounds according
to the invention are optimally formulated in a
pharmaceutically acceptable vehicle with any of the
well-known pharmaceutically acceptable carriers,
including diluents and excipients (see Remington's
Phannaceutical Sciences, 18th Ed., Gennaro, Mack
Publishing Co., Easton, PA 1990 and Remington: The
Science and Practice of Pharmacy, Lippincott, Williams
& Wilkins, 1995). While the type of pharmaceutically
acceptable carrier/vehicle employed in generating the
compositions of the invention will vary depending upon
the mode of administration of the composition to a
mammal, generally pharmaceutically acceptable carriers
are physiologically inert and non-toxic. Formulations
of compositions according to the invention may contain
more than one type of compound of the invention, as
well as any other pharmacologically active ingredient
useful for the treatment of the particular pulmonary
inflammation being treated. Such compounds may include
without limitation, b-andrenoceptor antagonists:
albuterol, metaproteranol, levalbuterol, pirbuterol,
salmeterol, bitolterol; glucocorticoids:
beclomethasone, triamcinolone, flunisolide,
budesonide, fluticasone; leukotriene-receptor
antagonists and leukotriene-synthesis inhibitors:
zafirlukast, montelukast, zileutin; other
anti-asthmatics: cromolyn, nedocromil, theophylline;
anti-cholinergic agents: ipatropium, oxitropium,
tiotropium; Hi receptor antagonist anti-histamines:
diphenydramine, pyrilamine, promethazine, loratidine,
chlorocyclizine, chlorophemiramine, fexofenadine and
adrenocorticosteroids. [0067] The compositions of the
invention can be administered by standard routes (e.g.
oral, inhalation, rectal, nasal, topical, including
buccal and sublingual, or parenteral, including
subcutaneous,intramuscular, intravenous, intradermal,
transdermal, and intratracheal). In addition, polymers
may be added according to standard methodologies in
the art for sustained release of a given compound.
[0068] Formulations suitable for administration by
inhalation include formulations that can be dispensed
by inhalation devices known to those in the art. Such
formulations may include carriers such as powder and
aerosols. The present invention encompasses liquid and
powdered compositions suitable for nebulization and
intrabronchial use, or aerosol compositions
administered via an aerosol unit dispensing metered
doses ("MDI"). Particularly preferred devices
contemplated are described in U.S. Patent No.:
5,447,150. [0069] The active ingredient may be
formulated in an aqueous pharmaceutically acceptable
inhalant vehicle, such as, for example, isotonic
saline or bacterostatic water and other types of
vehicles that are well known in the art. The solutions
are administered by means of a pump or
squeeze-actuated 



nebulized spray dispenser, or by any other
conventional means for causing or enabling the
requisite dosage amount of the liquid composition to
be inhaled into the patient's lungs. [0070] Powder
compositions containing the anti-inflammatory
compounds of the present invention include, by way of
illustration, pharmaceutically acceptable powdered
preparations of the active ingredient thoroughly
intermixed with lactose or other inert powders
acceptable for intrabronchial administration. The
powder compositions can be administered via a
dispenser, including, but not limited to, an aerosol
dispenser or encased in a breakable capsule, which may
be inserted by the patient into a device that
punctures the capsule and blows the powder out in a
steady stream. [0071] Aerosol formulations for use in
the subject method typically include propellants,
surfactants, and co-solvents and may be filled into
conventional aerosol containers that are closed by a
suitable metering valve. [0072] For oral
administration, the anti-inflammatory compositions of
the invention may be presented as discrete units such
as capsules, caplets, gelcaps, cachets, pills, or
tablets each containing a predetermined amount of the
active ingredient as a powder or granules; as a
solution or a suspension in an aqueous liquid or a
non-aqueous liquid; or as an oil-in-water liquid
emulsion or a water-in-oil emulsion and as a bolus,
etc. Alternately, administration of a composition of
all of the aspects of the present invention may be
effected by liquid solutions, suspensions or elixirs,
powders, lozenges, micronized particles and osmotic
delivery systems. [0073] Formulations of compositions
of the present invention suitable for nasal
administration, wherein the carrier is a solid,
include a coarse powder having a particle size, for
example, in the range of 20 to 500 microns which is
administered in the manner in which snuff is
administered, i.e. by rapid inhalation through the
nasal passage from a container of the powder held
close up to the nose. Suitableformulations, wherein
the carrier is a liquid, for administration, for
example via a nasal spray, aerosol, or as nasal drops,
include aqueous or oily solutions of the compound of
the invention. Semi-liquid formulations, such as a
nasal gel, are also suitable. Formulations of
compositions suitable for parenteral administration
include aqueous and non-aqueous sterile injection
solutions which may contain antioxidants, stabilizers,
buffers, bacteriostats and solutes which render the
formulation isotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and
thickening agents. [0075] The process for the
synthesis of compounds of the general formula (IA),
(IB) and (IC), which are stereochemically defined
representatives of compounds of the general formula
(I) of the present invention, is illustrated by the
following examples. (IA) (IB) (IC) Compounds. of
fopnula VIII, EK, XIV, XVIII, XIX, XX, XXI, XXIV,
XXIX, XXXIII, XXXVII, XLIII, XLV, XLVp, IL, LIII, LVII
and LXI used as starting compounds in the examples,
are concrete, stereochemically defined, isomerically
pure representatives of formula (II). Chemical
structures thereof are demonstrated below: (VIII)(IX)
(XIV) (XVIII) (XIX) (XX)79 (XXI) (XXIV)
(XXXIII)(XXXVII) (XLVII)(IL) 



(LIII)(LXI) Compounds of formula XI, XII, XIII5 XV,
XVI, XVII, XXII, XXIII, XXV, XXVI, XXVII, XXVIII,
XXXI, XXXII XXXIV5 XXXV, XXXVI, XXXVm, XLI, XLII,
XLIV5 XLVI, XLVIII, LI, LII, LV, LVI, LVIII, LIX and
LX, which are used in the synthesis of the new
starting materials of formula (II), are concrete,
stereochemically defined, isomerically pure
representatives of formula (V). Chemical structures
thereof are demonstrated below: (Xl) (XII)(XIII) (XV)
(XVI) (XVII)(XXII) (XXIII) (XXVII)(XXXI) (XXXII)
(XXXIV)(XLII)STABILIZING FORMULATIONS TECHNICAL HELD
[001] This application relates to the field of
formulation of proteins, and more particularly to the
formulation of antibodies. CMOSS-MEEEMENCE TO MELATED
APPLICATIONS [0002] This application claims priority
to provisional U.S. Application Serial No. 60/601311,
filed on August 13, 2004, which is herein incorporated
by reference in its entirety. BACKGMOUND [0003]
Proteins, such as antibodies, are often generated and
stored for later use. It is important that such
proteins be stored under conditions that preserve the
stability of the protein under various conditions
including temperature and protein concentration. Thus,
formulations used for storage of proteins generally
contain a variety of stabilizing substances. However,
such substances can adversely affect downstream uses
of the stored protein, either by reducing the
efficiency of a downstream process or by necessitating
the removal of one or more stabilizing substances
before the protein can be used in a downstream
process. [0004] There is a need for formulations of
proteins, such as antibodies, that are stable over a
variety of temperatures and do not contain substances
that can interfere with downstream processes using the
proteins. SUMMARY [0005] The invention relates to the
finding that certain formulations can be used for
storing polypeptides such as proteins (e.g.,
antibodies and fragments thereof) to form a
preparation that is relatively stable and simple. Such
formulations reduce the likelihood that downstream
processing or activity of the protein will be
adversely affected by a component of the formulation
and simplify the preparation of protein samples for
shortterm or long-term storage. [0006] Accordingly,
the invention includes a formulation that contains an
isolated protein and an aqueous solution having pH
4.0-8.0, such that the formulation does not contain a
cryoprotectant or surfactant, and the protein is
stable for at least 3 weeks at -80to 8C. In some cases
the formulation contains less that 150 ml salt, e.g.,
75 mM 



salt. The protein can be an antibody (a polyclonal
antibody or a monoclonal antibody). For example, the
protein can be an anti-CD22 antibody, an anti-Lewis Y
antibody or an anti-5T4 antibody. The protein can be a
recombinant protein (e.g., a humanized monoclonal
antibody). In some cases, the protein is a therapeutic
protein. [0007] The aqueous solution of the
formulation can be water (e.g., filtered or sterile)
or can include a buffer such as an acetate buffer,
succinate buffer, phosphate buffer, or citrate buffer.
In general, the buffer concentration is about 0 mM to
about 150 mM, e.g., about 50 mM, about 100 mM, or
about 1mM to about 50 mM. [0008] The protein component
of the formulation is generally stable for at least 1
year at 5C, e.g., the protein is stable for at least 3
years at 5C. In some embodiments, the protein is
present at a concentration of from about 1 mg/ml to
about 200 mg/ml, about 1 mg/ml to about 100 mg/ml,
about 20 mg/ml to about 200 mg/ml, about 20 mg/ml to
about 100 mg/ml, about 10 mg/ml to about 30 mg/ml, 25
mg/ml to about 30 mg/ml, about 10 mg/ml to about 50
mg/ml, or about 20 mg/ml to about 50 mg/ml. The
protein can have a pi of at least 6.0, e.g., at least
7.0, or at least 8.0. The protein can be purified,
e.g., to at least 90% or at least 95%. [0009] In some
cases, the formulation is stored at about 0C to about
8C or from about 0C to about 5C. The pH of the
formulation can be about 5.0 to about 6.0, and in some
cases, the pH of the formulation is about 5.0 to about
6.0 and the formulation is stored at from about -80C
to about 5C. Generally, the formulation is sterile.
[0010] In an example of the invention, the protein of
the formulation can also be, e.g., a humanized
anti-CD22 antibody and aqueous solution about 2OmM
succinate, pH 6.0. In another example of the
invention, the protein is an anti-Lewis Y antibody and
the aqueous solution is about 10 mM Na citrate, pH 5.5
and about 75 mM NaCl. In a third example of the
invention, the protein is an anti-5T4 antibody and the
aqueous solution is about 10 mM Na acetate, pH about
5.5. [0011] Stability of the formulation can be
determined, e.g., by assaying at least one of, the
percentage of high molecular weight species, the
percentage of low molecular weight species, or the
percentage of acidic species, e.g., compared to a
control. [0012] In another aspect, the invention
relates to a method of storing a protein. The method
includes providing a formulation as described supra,
placing the formulationat a selected temperature, and
maintaining the formulation at the temperature (e.g.,
frozen), such that the protein in the formulation is
stable for at least one week, e.g., for at least one
month, three months, one year, five years, seven
years, or ten years. In some cases, the protein is
stored and stable at a temperature of about 2C to 8C.
In certain embodiments, the protein is stored at a
temperature of about -800C and the protein is stable
for at least five years, seven years, or ten years.
When the protein is frozen, the method can include a
step in which the protein is rapidly thawed. When the
protein is to be frozen, e.g., for storage, the
protein can be frozen using fast freezing. In some
cases, slow freezing is used. The protein can be an
antibody (a monoclonal antibody or a polyclonal
antibody). In one example, the protein is a humanized
anti-CD22 antibody, an anti-Lewis Y antibody, or an
anti-5T4 antibody. In certain embodiments, the
antibody is an intermediate substance. In general, the
protein is present in a concentration of at least 1 



mg/ml, at least 10 mg/ml, at least 15 mg/ml, at least
20 mg/ml, or at least 30 mg/ml. Upon recovery from
storage, the protein can have, e.g., at least 70% of
the activity of a reference. In some cases, upon
recovery from storage, the formulation contains less
than or equal to 5% high molecular weight products
compared to a control or upon recovery from storage,
the formulation contains less than or equal to 10%
high molecular weight products and aggregates, e.g.,
compared to a control. In some embodiments, the
formulation contains less than or equal to 10% high
molecular weight products, e.g., less than or equal to
5% high molecular weight products. [0013] In another
aspect, the invention relates to a method of
determining a favorable formulation for storing a
selected isolated protein. The method includes
providing a selected isolated protein, storing the
selected isolated protein in a series of formulations
comprising an aqueous solution between pH 4.0 and pH
8.0 and comprising between about 0 mM to about 150
mMbuffer, determining at least one parameter of
stability, and identifying a formulation in which the
protein is stable, such that a formulation in which
the protein is stable is a favorable formulation for
storing the isolated selected protein. In some
embodiments of the method, a decrease in stability is
indicated by at least one of an increase in the amount
of high molecular weight protein in the sample, e.g.,
compared to a control, an increase in the amount of
low molecular weight species in the sample, e.g.,
compared to a control, or an increase in the percent
of acidic species compared to a control. In some
cases, a condition is selected in which not more than
0.5%, 0.2%, or 0.1% of the protein is an high
molecular weight species. Theparameter of stability
can be activity assayed by enzyme-linked immunoassay
(ELISA) and in a stable formulation, the activity is
at least 50% of a control or is at least 80% of a
control. In an example of the method, the parameter of
stability is the presence of high molecular weight
species and a stable formulation contains not more
than 5% high molecular weight species. In another
example, the parameter of stability is the presence of
high molecular weight species and protein aggregates,
and a stable formulation includes not more than 10%
high molecular weight species and protein aggregates
or not more than 15% high molecular weight species and
protein aggregates combined. In some cases, the
percentage of high molecular weight species is
compared to the amount present in a control sample
(e.g., a sample before storage. In yet another
embodiment of the method, the parameter of stability
is the ratio of acidic and basic proteins, and the
ratio in a stable formulation is not more than 15%
different from a control. [0014] The invention also
relates to a polypeptide (a protein or a peptide)
produced by a method that includes storage of the
polypeptide in a formulation that includes an aqueous
solution having a pH of 4.0 to pH 8.0, such that the
formulation does not contain a cryoprotectant of
surfactant, and the protein is stable for at least
three weeks at -80C to 8C. In some embodiments, the
polypeptide is an antibody or a fragment thereof
(e.g., an anti-CD22, and anti-Lewis Y, or an
anti-5T4). The antibody or fragment thereof can be
conjugated to a molecule or can be used for
conjugation to a molecule, for example, conjugation to
a toxin such as ricin or calicheamicin. [0015] In some
embodiments, the invention relates to a polypeptide (a
protein or a peptide) for use in manufacturing a
modified protein, such that the polypeptide is stored 



in a formulation that includes an aqueous solution
having a pH of 4.0 to pH 8.0, the formulation does not
contain a cryoprotectant of surfactant, and the
protein is stable for at least three weeks at -8O C to
8C. In some cases, the polypeptide is an antibody,
e.g., an anti-CD22, an anti-Lewis Y, or an anti-5T4.
The polypeptide can be used for manufacturing a
conjugated protein, e.g., for conjugation to a toxin
such as ricin or calicheamicin. Such conjugated
proteins can also be stored in a formulation described
herein. [0016] Unless otherwise defined, all technical
and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although methods
and materials similar or equivalent to those described
herein can be used in the practice or testing of the
present invention,suitable methods and materials are
described below. All publications, patent
applications, patents, and other references mentioned
herein are incorporated by reference in their
entirety. In addition, the materials, methods, and
examples are illustrative only and not intended to be
limiting. [17] Other features and advantages of the
invention will be apparent from the detailed
description, drawings, and from the claims.
DESCMIPTIOM OF TBE DRAWINGS [OOld] Fig. IA is a bar
graph depicting the results of size exclusion
chromatography-high performance liquid chromatography
(SEC-HPLC) analysis of 1 mg/ml anti-Lewis Y at various
pHs and various temperatures. Results are expressed as
percent high molecular weight (HMW) species. [0019]
Fig. IB is a bar graph depicting the results of
SEC-HPLC analysis of 1 mg/ml anti-Lewis Y at various
pHs and various temperatures. Results are expressed as
percent low molecular weight (LMW) species. [0020]
Fig. 2 is a bar graph depicting the results of
CEX-HPLC analysis of 1 mg/ml anti-Lewis Y at various
pHs and various temperatures. Results are expressed as
percent acidic species. [0021] Fig. 3 is a depiction
of an SDS-PAGE of anti-Lewis Y samples stored at 40C
for four weeks at various pHs. The left image is of a
gel run under non-reducing conditions and the right
image is of a gel run under reducing conditions.
[0022] Fig. 4 is a depiction of an isoelectric
focusing (IEF) gel of samples as described for Fig. 3.
[0023] Fig. 5 is a bar graph depicting the results of
SEC-HPLC analysis of 0.5 mg/ml anti-CD22 incubated for
two weeks at various pHs and various temperatures.
Results are expressed as percent HMW species. [0024]
Fig. 6 is a bar graph depicting the results of
SEC-HPLC analysis of 25 mg/ml anti-CD22 incubated for
two weeks at various pHs, various temperatures, in the
presence or absence of 75 mM NaCl. Results are
expressed as percent HMW species. [0025] Fig. 7A is a
bar graph depicting the results of SEC-HPLC analysis
of 1 mg/ml anti-Lewis Y, incubated for four weeks at
various pHs at 40C, in various buffers, and in the
presence or absence of 75 mM NaCl. Results are
expressed as percent HMW species.Fig. 7B is a bar
graph depicting the results of SEC-HPLC analysis of 1 



mg/ml anti-Lewis Y, incubated for four weeks at
various pHs at 400C5 in various buffers, and in the
presence or absence of 75 ml NaCl. Results are
expressed as percent LMW species. [0027] Fig. 8 is a
bar graph depicting the results of CEX-HPLC analysis
of 1 mg/ml anti-Lewis Y incubated for four weeks at
various pHs at 40C in various buffers, and in the
presence or absence of 75 mM NaCl. Results are
expressed as percent acidic species. [002] Fig. 9A is
a bar graph depicting the results of CEX-HPLC analysis
of 30 mg/ml anti-Lewis Y incubated for four weeks in
1OmM Na citrate, pH 5.5 at various temperatures and
various NaCl concentrations. Results are expressed as
percent acidic species. [0029] Fig. 9B is a bar graph
depicting the results of SEC-HPLC analysis of the
samples described for 9A. Results are expressed as
percent HMW species. [0030] Fig. 9C is a bar graph
depicting the results of SEC-HPLC analysis of the
samples described for 9A. Results are expressed as
percent LMW species. [0031] Fig. 10 is a bar graph
depicting the results of SEC-HPLC of anti-Lewis Y at 1
mg/ml or 30 mg/ml in various salt concentrations and
subjected to shaking. Results are expressed as percent
monomer recovery. [0032] Fig. 1IA is a bar graph
depicting the results of SEC-HPLC of anti-Lewis Y at 1
mg/ml in 10 mM Na citrate, pH 5.5 in the presence or
absence of 150 mM NaCl following ten freeze-thaw
cycles as indicated in Fig. HB. Results are expressed
as percent monomer recovery. [0033] Fig. 1IB is a bar
graph depicting the results of SEC-HPLC analysis of
anti-Lewis Y at 30 mg/ml in 10 mM Na citrate, pH 5.5
in the presence or absence of 150 mM NaCl following
ten freeze thaw cycles as indicated. Results are
expressed as percent monomer recovery. [0034] Fig. 12
is a bar graph depicting the results of SEC-HPLC
analysis of 25 mg/ml anti-CD22 in 50 mM succinate, pH
6.0, incubated for one month at various temperatures
in the presence or absence of 75 mM NaCl. [0035] Fig.
13 is a bar graph depicting the results of SEC-HPLC
analysis of 15 mg/ml anti-CD22 in 20 mM succinate, pH
6.0, succinate plus 75 mM NaCl, succinate plus 0.01%
polysorbate 80, or succinate plus 75 mM NaCl and
polysorbate 80 (Tween).Samples were shaken for 24
hours before analysis. A non-shaken control of protein
in succinate buffer is included. Results are expressed
as percent HMW species. [0036] Fig. 14A is a bar graph
depicting the results of SEC-HPLC analysis of
anti-Lewis Y at 1 mg/ml or 30 mg/ml in 10 ml Na
citrate, pH 5.5 incubated in the presence or absence
of 75 mM NaCl for four weeks at 40C. Results are
expressed as a change in the percent HMW species.
[0037] Fig. 14B is a bar graph depicting the results
of SEC-HPLC analysis of anti-Lewis Y at 1 mg/ml or 30
mg/ml in 10 mM Na citrate, pH 5.5 incubated in the
presence or absence of 75 mM NaCl for four weeks at
400C. Results are expressed as a change in the percent
LMW species. [003] Fig. 14C is a bar graph depicting
the results of CEX-HPLC analysis of 



anti-Lewis Y at 1 mg/ml or 30 mg/ml in 10 mM Na
citrate, pH 5.5 incubated in the presence or absence
of 75 mM NaCl for four weeks at 40C. Results are
expressed as a change in the percent acidic species.
[0039] Fig. 15A is a bar graph depicting the results
of SEC-HPLC analysis of anti-Lewis Y at 30 mg/ml in 10
mM Na citrate, pH 5.5 and 75 mM NaCl incubated at
various temperatures for various times. Results are
expressed as percent HMW species. [0040] Fig. 15B is a
bar graph depicting the results of SEC-HPLC analysis
of anti-Lewis Y at 30 mg/ml in 10 mM Na citrate, pH
5.5 and 75 mM NaCl incubated at various temperatures
for various times. Results are expressed as percent
LMW species. [0041] Fig. 15C is a bar graph depicting
the results of CEX-HPLC analysis of anti-Lewis Y at 30
mg/ml in 10 mM Na citrate, pH 5.5 and 75 mM NaCl
incubated at various temperatures for various times.
Results are expressed as percent acidic species.
[0042] Fig. 16A is a bar graph depicting the results
of SEC-HPLC analysis of anti-CD22 at 1 mg/ml in 20 mM
succinate, pH 6.0 and treated under various
freeze-thaw regimens for various cycles. FF is fast
freeze, FT is fast thaw, SF is slow freeze, and ST is
slow thaw. Results are expressed as percent HMW
species. [0043] Fig. 16B is a bar graph depicting the
results of SEC-HPLC analysis of anti-CD22 at 25 mg/ml
in 20 mM succinate, pH 6.0 and treated under various
freeze-thaw regimens for various cycles. FF is fast
freeze, FT is fast thaw, SF is slow freeze, and ST is
slow thaw. Results are expressed as percent HMW
species.[0044] Fig. 16C is a bar graph depicting the
results of SEC-HPLC analysis of anti-CD22 at 1 mg/ml
in 20 mM succinate, pH 6.0 containing polysorbate 80
and treated under various frebze-thaw regimens for
various cycles. FF is fast freeze, FT is fast thaw, SF
is slow freeze, and ST is slow thaw. Results are
expressed as percent HMW species. [0045] Fig. 16D is a
bar graph depicting the results of SEC-HPLC analysis
of anti-CD22 at 25 mg/ml in 20 mM succinate, pH 6.0
containing polysorbate 80 and treated under various
freeze-thaw regimens for various cycles. FF is fast
freeze, FT is fast thaw, SF is slow freeze, and ST is
slow thaw. Results are expressed as percent HMW
species. [0046] Fig. 17A is a bar graph depicting the
results of shaking studies, analyzed using SEC-HPLC,
in which 1 mg/ml or 30 mg/ml anti-Lewis Y in 10 mM Na
citrate, pH 5.5 in the presence or absence of
polysorbate 80 were shaken at 360 rpm for 24 hours at
room temperature. Results are expressed as percent
monomer recovery. [0047] Fig. 17B is a bar graph
depicting the results of shaking studies, analyzed
using SEC-HPLC, in which 30 mg/ml anti-Lewis Y in 10
mM sodium citrate, pH 5.5 in various concentrations of
polysorbate 80 were shaken at 360 rpm for 24 hours at
room temperature. Results are expressed as percent
monomer recovery. [0048] Fig. 18A is a bar graph
depicting the results of SEC-HPLC analysis of
anti-Lewis Y at 1 mg/ml in 10 mM Na citrate, pH 5.5 in
the presence or absence of 0.01% polysorbate 80
following ten freeze thaw cycles as indicated in Fig.
18B. Results are expressed as percent monomer
recovery. [0049] Fig. 18B is a bar graph depicting the
results of SEC-HPLC analysis of anti-Lewis Y at 30
mg/ml in 10 mM Na citrate, pH 5.5 in the presence or
absence of 0.01% polysorbate 80 following ten freeze
thaw cycles as indicated. Results are 



expressed as percent monomer recovery. [0050] Fig. 19A
is a bar graph depicting the results of SEC-HPLC
analysis of 30 mg/ml anti-Lewis Y in 10 mM Na citrate,
pH 5.5 and 75 mM NaCl in the presence or absence of
polysorbate 80 after incubation at various
temperatures and for various times. Results are
expressed as percent HMW species. [0051] Fig. 19B is a
bar graph depicting the results of SEC-HPLC analysis
of 30 mg/ml anti-Lewis Y in 10 mM Na citrate, pH 5.5
and 75 mM NaCl in the presence or absence of
polysorbate 80 after incubation at various
temperatures and for various times. Results are
expressed as percent LMW species.[052] Fig. 19C is a
bar graph depicting the results of CEX-HPLC analysis
of 30 mg/ml anti-Lewis Y in 10 niM Na citrate, 75 mM
NaCl, pH 5.5 in the presence or absence of polysorbate
80 after incubation at various temperatures and for
various times. Results are expressed as percent acidic
species. [0053] Fig. 2OA is a bar graph depicting the
results of SEC-HPLC analysis of storage stability of
anti-CD22 for six months. Solutions contain 20 mM
succinate, pH 6.0 (S); 20 mM succinate, 10 mM
methionine, pH 6.0 (SM); 20 mM succinate, 0.01
polysorbate 80, pH 6.0 (ST); or 20 mM succinate, 10 mM
methionine, 0.01 polysorbate 80, pH 6.0 (SMT). Results
are expressed as percent HMW species. [0054] Fig. 2OB
is a bar graph depicting the results of SEC-HPLC
analysis of storage stability of anti-CD22 for six
months. Solutions contain 20 mM succinate, pH 6.0 (S);
20 mM succinate, 10 mM methionine, pH 6.0 (SM); 20 mM
succinate, 0.01 polysorbate 80, pH 6.0 (ST); or 20 mM
succinate, 10 mM methionine, 0.01 polysorbate 80, pH
6.0 (SMT). Results are expressed as percent total peak
area. [0055] Fig. 20C is a bar graph depicting the
results of CEX-HPLC analysis of storage stability of
anti-CD22. Conditions are as described in Fig. 2OA and
2OB. Results are expressed as percent fully active
species (% peak 5). [0056] Fig. 2 1 is a bar graph
depicting the results of SEC-HPLC analysis of the high
molecular weight products (HMW) of anti-5T4 stored at
various pHs and temperatures for two weeks. Results
are expressed as average percent high molecular weight
products. [0057] Fig. 22 is a bar graph depicting the
results of SEC-HPLC analysis of the percentage of high
molecular weight products (HMW) or low molecular
weight products (LMW) in anti-5T4 samples initially or
after four weeks at 4O0C in acetate buffer (Ace),
citrate buffer (Cit), phosphate buffer (Phos), or
succinate buffer (Sue), with or without salt (NaCl),
at various pHs. [0058] Fig. 23A is a thermogram
depicting the results of differential scanning
calorimetry (DSC) of anti-5T4 in citrate buffer (pH
5.5). [0059] Fig. 23B is a thermogram depicting the
results of differential scanning calorimetry (DSC) of
anti-5T4 in succinate buffer (pH 6.0). [0060] Fig. 24A
is a bar graph depicting the results of DSC of
anti-5T4 in various formulations, without NaCl, and at
various pHs.Fig. 24B is a bar graph depicting the
results of DSC of anti-5T4 in various formulations
containing 150 mM NaCl at various pHs. [0062] Fig. 25
is a bar graph depicting the results of CEX-HPLC of
anti-5T4 in 



formulations containing various buffers, with or
without 150 mM NaCl, at various pHs after four weeks
at 40 C. [0063] Fig. 26A is a bar graph depicting the
results of SEC-HPLC of anti-5T4 (2 mg/ml) in various
buffers at various pHs after six weeks at -80C or 40C.
[0064] Fig. 26B is a bar graph depicting the results
of SEC-HPLC of anti-5T4 (30 mg/ml) in citrate or
succinate buffer at pH 6 after six weeks at -80C or
40C. [0065] Fig. 27A is a bar graph depicting the
results of CEX-HPLC of anti-5T4 (2 mg/ml) in various
buffer formulations at various pHs after six weeks at
4O C. [0066] Fig. 27B is a bar graph depicting the
results of CEX-HPLC of anti-5T4 (30 mg/ml) in citrate
or succinate buffer at pH 6 after six weeks at 40C.
[0067] Fig. 28 is a reproduction of a set of overlaid
electropherograms depicting the results of capillary
electrophoresis in SDS gels of anti-5T4 in various
buffer formulations at various pHs after six weeks at
40C. [0068] Fig. 29A is a bar graph depicting the A40O
of anti-5T4 at 1 mg/ml in formulations containing
various buffers (pH 5.5) and with or without
polysorbate 80 (P80), and with or without sucrose
under different freezing and thawing regimens. FF is
fast freeze, SF is slow freeze, FT is fast thaw, and
ST is slow thaw. [0069] Fig. 29B is a bar graph
depicting the percentage of high molecular weight
(HMW) species of anti-5T4 at 1 mg/ml in formulations
containing various buffers (pH 5.5) and with or
without polysorbate 80 (P80), and with or without
sucrose under different freezing and thawing regimens.
FF is fast freeze, SF is slow freeze, FT is fast thaw,
and ST is slow thaw. [0070] Fig. 30A is a bar graph
depicting the A400 of anti-5T4 at 25 mg/ml in
formulations containing various buffers (pH 5.5) and
with or without polysorbate 80 (P80), and with or
without sucrose under different freezing and thawing
regimens. FF is fast freeze, SF is slow freeze, FT is
fast thaw, and ST is slow thaw. [0071] Fig. 3OB is a
bar graph depicting the percentage of high molecular
weight (HMW) species of anti-5T4 at 25 mg/ml in
formulations containing various buffers (pH 5.5) and
with or without polysorbate 80 (P80), and with or
without sucrose underdifferent freezing and thawing
regimens. EF is fast freeze, SF is slow freeze, FT is
fast thaw, and ST is slow thaw. [72] Fig. 3IA is a bar
graph depicting the A40Oof anti-5T4 at 1 mg/ ml or 25
mg/ml in various formulations with or without
polysorbate 80 (P80) and with or without sucrose.
Samples were shaken or unshaken. "*" Indicates that
turbidity exceeds the upper limit of the instrument.
[73] Fig. 3IB is a bar graph depicting the percentage
of high molecular weight species (HDMW) of anti-5T4 at
1 mg/ ml or 25 mg/ml in various formulations with or
without polysorbate80 (P80) and with or without
sucrose. Samples were shaken or unshaken. DETAILED
DESCRIPTION [0074] A relatively simple formulation is
provided for storage of a protein such as a monoclonal
antibody, a monoclonal antibody-containing drug, or an
intermediate substance in production of a protein
product such as an antibody-containing drug. The 



formulation generally contains low to no surfactant,
no to relatively low salt concentrations, and requires
a relatively low buffer concentration. The formulation
is effective for stable storage of certain proteins,
such as antibodies, over a relatively broad range of
protein concentrations, pH, and buffer types. Such
formulations provide great flexibility for further
processing, e.g., making the protein readily
adjustable to a desired pH, excipient addition,
chemical modification, or lyophilization. The
formulations can also be used for storage of peptides
and processed proteins, e.g., proteins such as
antibodies that are conjugated to other peptide or
non-peptide moieties. [0075] Specific non-limiting
examples are also provided illustrating methods of
identifying a favorable formulation for storage of
three different antibodies, an anti- CD22, an
anti-Lewis Y, and an anti-5T4, which can be used,
e.g., as intermediate substances for the manufacture
of drugs made by conjugating the antibodies to a
compound such as a cytotoxin. An intermediate
substance is a substance, generally a protein (e.g.,
an antibody) that is used in the manufacture of a
compound such as a drug. Formulations [0076] The
formulations described herein generally include an
isolated protein in an aqueous solution of about pH
3.0-9.0, e.g., about pH 4.0-8.0, about pH 5.0-6.5,
orabout pH 5.5-6.0. The formulations do not contain
cryoprotectants or surfactants. In general, the
formulations do not contain a preservative. [0077] A
formulation as described herein does not contain
cryoprotectant. Cryoprotectants are known to those in
the art, and include, for example, monosaccharides
(e.g., glucose, fructose, maltose, ribose, mannose,
and xylose); disaccharides (e.g., trehalose, sucrose,
cellobiose, and lactose); trisaccharides (e.g.,
raffinose); sugar alcohols (e.g., mannitol, sorbitol,
myo-inositol, phosphorylated inositols, and glycerol);
polysaccharides (e.g., hydroxyethyl starch (HES),
dextran, phosphorylated dextran, heparin, heparin
sulphate, hyaluronic acid, dermatan sulphate,
chondroitin sulphate, and agarose); carboxylic acids
(e.g., pyruvate and 2,3,-diphosphoglycerate); and
proteins or protein mixtures used for a protectant
effect (e.g., blood, animal serum, plasma, human
albumin, bovine albumin, bovine gelatin, and fish
gelatin). [0078] The new formulations do not contain a
surfactant (a reagent that can reduce the surface
tension of water when used in very low
concentrations). Surfactants are known in the art and
include, e.g., polysorbate 80, polysorbate 20, and
Pluronic(r) surfactants. [0079] In general, the new
formulations do not contain a preservative.
Preservatives are known to those in the art and
include antibacterial and antifungal agents such as
for example, sodium azide, mercury-containing
compounds such as thimerosal, xylenols, antibiotics,
isothiazolones, and amphotericin.Buffers [0080]
Formulations can be in a buffer, meaning an agent that
maintains the pH of a solution in an acceptable range.
A buffer can include, for example, citrate, acetate,
histidine, gluconate, succinate, phosphate, Tris (tris
(hydroxmethylaminomethane)), diethanolamine, HEPES, or
other organic acid buffers. Other buffers suitable for
use with a protein are known to those in the art.
Certain formulations exclude the use of amine buffers.
In formulations containing a buffer, the buffer is
generally present in a 



concentration ranging from greater than 0 mM to 150
ml. In some cases the buffer concentration is from
about 50 mM to about 100 mM or from about 1mM to about
50 mM. For example the buffer concentration can be
from about 10 mM to 20 mM. In some cases, a
combination of buffers can be used, for example, HEPES
and Tris buffers can be used in combination. [0081]
Other considerations can be applied to selecting a
buffer. For example, amine buffers such as Tris or
histidine buffers are not suitable for certain
conjugation procedures and so are not suitable for a
formulation containing a protein that will be used in
such a conjugation procedure. [0082] In general, the
concentration of salt used in a formulation is
expressed as added salt and do not take into account,
e.g., sodium contributed by buffer or salt that was
present in the protein sample prior to dilution into
the formulation. [0083] Formulations can be prepared
using methods known in the art. For example, dialysis
can be used to introduce a buffer of the desired pH
and, optionally, a salt to a formulation containing
the protein of interest. Generally, an initial sample
is provided that contains an isolated protein of
interest. In some cases, such as when the initial
sample is at a high protein concentration prior to
dilution into the formulation, it is not necessary to
take into account the pH or amount of salt of the
initial sample. When preparing a formulation using an
initial sample containing very high salt
concentrations or high buffer concentrations, a method
of preparing the protein is generally used that
removes or reduces non-protein components of the
initial sample (e.g., dialysis).Stability [0084] It is
a feature of the formulations described herein that
the protein (e.g., antibody) component of the
formulation is stable for at least a specified period
of time that is not less than three weeks when the
formulation is stored at from -80C to 80C. In general,
a protein component in a formulation is stable for at
least one year at 5C. Stability generally refers to a
protein's conformational stability and/or stability of
activity. With respect to a formulation, a protein is
stable if it meets at least one of the parameters for
stability that are provided herein. In general, it is
desirable to minimize the formation of high molecular
weight species that accumulate during storage of a
protein. Thus, one parameter for stability is that the
increase, if any, in the amount of high molecular
weight species in a formulation subjected to storage
is less than in a control. For example, the percentage
of high molecular weight species in a sample after
storage in a formulation does not increase
significantly compared to a control. In general, a
control is a replica of the formulation that has not
been subjected to storage under the experimental
conditions (e.g., for three weeks at -80 to 80C). In
some cases, the percentage of the protein component of
a formulation in high molecular weight species after
storage is 10% or less of the total protein, 5% or
less of the total protein, is 3% or less of the total
protein, or is 2% or less of the total protein.
Methods of assaying high molecular weight species are
known in the art and include SEC-HPLC, SDS-PAGE,
capillary electrophoresis, and size exclusion
chromatography [0085] Another parameter that can be
assayed is the increase, if any, in the amount of low
molecular weight species in a formulation subjected to
storage. In general, 



it is desirable to minimize the accumulation of low
molecular weight species during storage. For example,
the percentage of low molecular weight species in a
sample after storage in a formulation does not
increase significantly compared to a control. In some
cases, the percentage of the protein component of a
formulation in high molecular weight species after
storage is 10% or less of the total protein, 5% or
less of the total protein, is 3% or less of the total
protein, or is 2% or less of the total protein. Low
molecular weight species can be assayed using methods
known in the art, e.g., SEC-HPLC. [0086] The ratio of
acidic and basic species in a formulation after
storage under various conditions can be compared to
the ratio in a control. In general, the percentage of
acidic species, indicative of deamidation, is
determined. An increase in the percentage ofacidic
species is indicative of decreased stability. For
example, a stable formulation generally displays not
more than a 10% increase in the percentage of acidic
species compared to a control under a selected
condition. Methods of determining the percentage of
acidic species in a sample are known in the art, e.g.,
CEX-HPLC. In some cases, the presence of basic species
is assayed using methods known in the art. A change in
the percentage or type of basic species present in a
protein stored in a formulation is indicative of the
degree of stability of the protein species in the
formulation. [07] Another parameter for stability can
be an increase in aggregates and HMW species, if any,
that is less than or equal to 10% of the amount of
aggregates and high molecular weight species in a
control. Aggregates are generally those materials in a
sample that do not enter a gel, column, or other
separation medium that can be used to separate protein
components of a formulation. Methods of determining
high molecular weight species plus aggregates in a
formulation are known in the art and include
poryacrylamide gel electrophoresis, size exclusion
chromatography, capillary electrophoresis, and light
scattering. [0088] The potency or activity of a
protein can be determined and used as a parameter for
establishing the stability of a formulation. In the
case of an antibody, an immunoassay can be used (e.g.,
an enzyme-linked immunosorbent assay (ELISA)). When an
immunoassay or other assay of activity is used, an
antibody in a formulation is stable if it retains at
least 50% of its activity in the immunoassay compared
to the activity of a control. In some cases, the
formulation is stable if the protein retains at least
20% of its activity. [0089] Other parameters of
stability can also be measured and used to evaluate a
formulation. For example, the stability of a protein
in a formulation after agitation (shaking) can be
assayed. This can be an important parameter since it
is desirable that samples remain stable during
transport. Stability of a formulation with respect to
agitation is generally assayed by subjecting the
sample to shaking (e.g., 360 rpm) for a period of time
(e.g., 12 hours, 24 hours, 48 hours, or longer) then
determining whether there is an increase in products
indicative of instability (e.g., high molecular weight
species, low molecular weight species, or acidic
species) relative to a control. [0090] Other methods
known in the art can be used to assess the stability
of a protein in a formulation. Examples of such
methods include circular dichroism, which provides
both secondary and tertiary structural information,
fluorescence spectroscopy(e.g., in the presence of
Bis-ANS, which binds to hydrophobic patches as an
indication of 



unfolding), differential scanning calorimetry (DSC,
which monitors overall thermal unfolding), and
ultrafiltration/diafiltration. More than one parameter
can be used to assess the stability of a protein.
Temperature It is an advantage of certain formulations
described herein that they provide a method of storing
a protein in a minimal solution such that the protein
does not display significant degradation or
aggregation over time and over a range of
temperatures. In general, a protein or peptide in the
formulation is stable for at least three days (e.g.,
two weeks or four weeks) at temperatures ranging from
about -80C to about 40C or from about -800C to about
8C (e.g., to about 5C). In some cases, it is desirable
that a formulation be stable for extended periods of
time, e.g., for at least 2 months, three months, six
months, nine months, one year, three years, five
years, seven years, or ten years. [0093] In addition,
a protein included in a formulation can display
significant stability over repeated freeze-thaw
cycles, and following such treatment can remain stable
after being thawed. In general, a formulation to be
frozen is quick frozen, for example, frozen in liquid
nitrogen. Thawing can be at a range of temperatures,
e.g., from about from about O0C to about 250C, which
is slow thawing; or from about 260C to 400C, which is
fast thawing. An example of rapid thawing is thawing
the formulation in a 37C water bath. A protein in a
formulation may be stable for at least one freeze-thaw
cycle, at least five freeze-thaw cycles, or at least
ten freeze-thaw cycles. [0094] It may be desirable to
determine an optimal regime for freeze-thawing a
formulation to preserve stability, or it may be
desirable to identify a formulation that provides the
greatest stability for a protein that will be
subjected to a particular freezethaw cycle.
Accordingly, in some embodiments, this parameter is
assessed. For example, a test formulation can be
assayed for stability under a variety of freeze-thaw
conditions such as rapid freezing, slow freezing,
rapid thawing, slow thawing in various combinations to
determine the procedure that produces the fewest
degradation products (e.g., that has the greatest
stability).Polypeptides [009S] Polypeptides used in
the formulations described herein are generally
isolated proteins. An "isolated" protein is
substantially free of cellular material or other
contaminating proteins from the cell or tissue source
from which the protein is derived, or substantially
free from chemical precursors or other chemicals when
chemically synthesized. The language "substantially
free" means a preparation of isolated protein having
less than about 30%, 20%, 10% or 5% (by dry weight),
of other proteins (also referred to herein as a
"contaminating protein"), or of chemical precursors.
When the isolated protein is recombinantly produced,
it is also generally substantially free of culture
medium, i.e., culture medium represents less than
about 20%, less than about 10%, or less than about 5%
of the volume of the protein preparation. [0096] In
some cases, combinations of proteins are used in a
formulation. For example, two different antibodies
that are to be prepared as a medicament can be stored
together in the same formulation. An antibody can also
be used with a formulation in 



combination with other types or proteins or peptides,
including toxic peptides. Peptides or protein
fragments can be used with the formulations, e.g., an
antibody fragment such as a Fab fragment can be used.
[0097] In general, "protein" refers to a full-length
protein or a fragment thereof. A protein can
correspond to a naturally occurring protein or
fragment thereof, or a genetically engineered protein
originating from e.g., mutagenesis or recombinant
techniques, or a fragment thereof. A protein can, in
some cases include a nonproteinacious moiety such as a
detectable molecule (e.g., a fluorescent molecule or a
radioisotope), a toxin, a drug, or a small molecule.
Proteins can contain, e.g., nonnaturally occurring
amino acids. The protein can be a hybrid protein. The
protein can include more than one type of separate
protein as in an antibody (e.g., containing both heavy
and light chains) or a mature insulin protein. An
example of a protein fragment that can be used
includes a Fab fragment or an Fc fragment. In some
cases, a peptide is used with a formulation, or, as
described above, a combination of at least one protein
and at least one peptide or protein fragment.
Proteinaceous toxins can also be stored in
formulations, e.g., alone, conjugated to another
protein or peptide, or as a separate entity with
another protein or peptide. In general, the
formulations provided herein are useful for any
polypeptide (protein or peptide) as described herein
for proteins.[0098] A peptide is a compound having two
or more covalently linked amino acids (e.g., 5, 10,
15, 20, 30, or 50 amino acids). In general, a protein
is a polypeptide or multiple polypeptides (e.g., an
antibody molecule containing heavy and light chains,
or portions thereof) that are at least 50 amino acids
in length. [0099] The formulations can also be used to
store polypeptides that are conjugated to a peptide or
non-peptide moiety. Examples of such moieties include,
without limitation, a fluorescent molecule (for
example, fluorescein, rhodamine, green fluorescent
protein (GFP), red fluorescent protein (RFP), Cy3,
Cy3.5, Cy5, or Cy5.5), an elemental moiety (e.g., gold
particles), a drug, or a toxin. Methods of conjugating
such molecules to a polypeptide are known in the art.
Examples of molecules include, without limitation,
ricin (Mansfield et al., 1997, Blood 90:2020-2026;
Ghetie et al., 1991, Cancer Res. 51:5876; Conry et
al., 1995, J. Immunother. Emphas. Tumor Immunol.
18:231-241), Pseudomonas exotoxin A (PE) (Smith, 2001,
Seattle Genetics Curr. Opin. Investig. Drugs 2(9): 13
14-13 19; Mansfield et al., 1996, Bioconjug. Chem.
7:557), taxane (i.e., Paclitaxel) (Guillemard et al.,
2001, Cancer Res. 61: 694-699), doxorubicin (Shouval
et al., 1988, Proc. Nat. Acad. Sci. USA. 85:8276-8280;
Takahashi et al., 1996, Anticancer Drugs 7(6):687-696;
Shih et al., 1991, Cancer Res. 51(16):4192-4198; Shih
et al., 1994, Cancer Immunol. Immunother. 38(2):92-98;
Alexandra et al., 1999, Cancer Res. 59:115-121; Trail
et al., 1993, Science 261:212-215), anthracenes (Dias
et al., 2005, Bioconjugate Chem. 16:949-958),
maytansinoid (Tassone et al., 2004, Cancer Res.
64:4629-4636; Tolcher et al., 2003, J. Clin. Oncol. 2
1(2):21 1-222), adriamycin (Hurwitz et al., 1983, Ann.
N.Y. Acad. Sci. 417:125-36; Takahashi et al., 1988,
Gan No Rinsho 34:847-50; Deguchi et al., 1987, J.
Urol. 137(2):353-358), radioisotopes (Karube et al.,
1996, Nuclear Med. Biol. 23:753-759; Mishra et al.,
2004, J. Drug Target. 12(9-10):559-567; Lee et al.,
2001, Cancer Res. 61:4474-4482), methotrexate (Ryser
et al., 1988 J. Cell 



Physiol. 135(2):277-284; Mandel et al., 1991, J. Cell
Physiol. 149(l):60-65), 1,4,7,10- tetazacyclododecane-
, ',JV",iV'"-tetraacetic acid (DOTA), e.g., conjugated
to another moiety such as 90-yttrium (Lu et al., 2005,
J. Pharm. Sci. 94(4):788-797), streptavidin (Ngai et
al., 1995, Nucl. Med. Biol. 22(1), 77-86),
radioisotope conjugate products (e.g., listed in
Biopharmaceutical Products in the U.S. Market, 4th
Edition , Rader, ed., Biotechnology Information
Institute, Rockville, MD, 2005), including technetium
(Tc) 99m, yttrium, and InI 11 radioconjugates.In
general, the protein component of a formulation is a
protein having a relatively high pi, for example, a pi
of at least 6.0, 7.0, 8.0, or 8.5. The protein can
have more than one peptide chain as in an antibody.
When the protein component of a formulation is an
antibody, the antibody can be polyclonal or
monoclonal, or a fragment thereof (e.g., a Fab
fragment). A protein can be present in a formulation
at a concentration of from about 1 mg/ml to about 300
mg/ml, about 1 mg/ml to about 200 mg/ml, about 1 mg/ml
to about 100 mg/ml, about 1 mg/ml to about 50 mg/ml,
about 10 mg/ml to about 300 mg/ml, about 10 mg/ml to
about 200 mg/ml, about 10 mg/ml to about 50 mg/ml,
about 10 mg/ml to about 30 mg/ml, or about 20 mg/ml to
about 50 mg/ml. Specific antibodies used in the
formulations described herein are a humanized
monoclonal anti-CD22 antibody, a monoclonal anti-Lewis
Y antibody, and an anti-5T4 antibody. [00101] An
isolated protein used in a formulation is generally a
protein that has potential as a therapeutic or
potential to be part of a therapeutic. Such proteins
are referred to herein as a therapeutic protein and
include antibodies. [00102] Examples of specific
proteins that can be used as described herein include
antibodies such as anti-CD-22 (see US20040082764A1 and
US20040192900A1), anti- Lewis Y (WO 05/019271A1), and
anti-5T4 (see U.S. serial no. 60/608494). [00103]
Favorable pH conditions for a formulation are between
about pH 4.0 to pH 8.0. In general, the pH is about
5.5-6.0. At a pH of about 5.5-6.0, a formulation
containing a monoclonal antibody can be stored and
retain stability for at least three months, e.g., six
months, one year, or two years at 0C to about 8C
(generally at about 1C to about 5C), and for long term
storage (for at least three years, five years, seven
years, or ten years) at, e.g., -80C. Identification of
favorable formulations [00104] In some methods
described herein, a favorable formulation is
identified for a specific protein of interest. In
these methods, an isolated protein, e.g., a
therapeutic protein such as an antibody, is identified
that is to be stored in a formulation such as those
described herein. The protein can be an antibody that
is to be stored until it can be usedfor downstream
processing such as to manufacture an antibody
conjugated to a cytotoxin (e.g., calicheamicin) for
use as a therapeutic. Other examples include storage
of an antibody that is to be conjugated to a
detectable label such as fluorescein, rhodamine, or
conjugation to polyethylene glycol followed by
lyophilization for longer storage of the antibody.
[00105] To identify a favorable formulation for
storage of the isolated protein, the protein is
generally suspended in a series of test solutions at a
pH ranging from about 4.0- 8.0 (e.g., pH 5.0-6.0) and
salt concentrations ranging from about 0 mM-150 mM.
These 



test solutions are stored at various temperatures for
a specified period of time or for several different
times (e.g., three days, two weeks, or four weeks).
The samples are then evaluated for at least one
parameter of stability such as high molecular weight
species, low molecular weight species, a change in the
percentage of acidic species, or a change in the
amount of aggregates and high molecular weight
species. Samples in which the protein component of the
formulation is stable are then selected as favorable
formulations for storage of the species. Additional
evaluations can be carried out to evaluate other
parameters of stability such as stability after
freeze-thaw cycling or after agitation (shaking). The
Examples provided supra provide additional guidance
for methods of identifying a favorable formulation for
storage of a specific isolated protein. Methods of
storing a protein [00106] Methods of storing proteins
or peptides (e.g., antibodies, antibody fragments, or
proteins conjugated to a peptide or non-peptide
moiety) are provided herein. The methods are
particularly useful for storing a protein such as an
antibody until it is needed for further manufacture,
e.g., to manufacture a drug conjugated to a cytotoxin
or to manufacture a detectably labeled reagent, or for
storage of a protein that has been modified, for
example, by conjugation to a peptide or non-peptide
moiety. [00107] Storage of a protein (e.g., antibody)
as part of a claimed formulation provides increased
flexibility for downstream processing compared to
formulations that contain stabilizing agents and/or
cryoprotectants. [00108] A formulation can also be
used to provide, e.g., stable monoclonal antibody drug
substance, or drug substance intermediate formulation
for further processing, such as for conjugation with
potent anti-cancer agents, lyophilization, or liquid
formulation for parental administration. In general,
the method includes storage ofa selected isolated
protein as part of an aqueous solution that does not
include a surfactant, does not include a
cryopreservative, and has a relatively low buffer
concentration (e.g., about 10 mM to about 20 rnM). In
general, the salt concentration of the formulation is
relatively low, generally less than about 100 mM,
e.g., about 0 mM to about 50 mM, about 1mM to about 20
mM, about 1mM to about 10 mM, or about 5 mM to about
10 mM. [001(19] In addition to the advantages
described supra and those apparent from the claims,
proteins stored as described herein have good
reproducibility between samples (e.g., protein samples
from a single preparation that are aliquoted and the
aliquots stored using a formulation described herein).
In addition, proteins stored as described herein are
generally efficiently processed subsequent to storage,
for example they are more efficiently conjugated than
proteins stored with cryoprotectant and/or surfactant.
EXAMPLES [00110] The invention is further illustrated
by the following examples. The examples are provided
for illustrative purposes only. They are not to be
construed as limiting the scope or content of the
invention in any way. Example 1: pH Anti-Lewis Y
[00111] To investigate the pH range in which an
antibody is stable, samples of 1 



mg/ml anti-Lewis Y were prepared in a pH range from 4
to 8, specifically at pH 4.0, 5.0, 5.5, 6.0, 6.5, 7.0,
and 8.0. In this Example and those described below,
samples were generally prepared in 5 ml Teflon(r) PFA
vials (Cole-Parmer, Vernon Hills, IL), e.g., with a
total sample volume of 2 ml. Protein concentrations
were determined using UV absorbance at 280 nm measured
with a Spectra Max(r) PLUS spectrophotometer
(Molecular Devices Corp., Sunnyvale, CA) to assay
samples in Costar(r) 96-well UV plates (Corning,
Corning, NY). Protein concentration was calculated
using specific absorbance coefficient of 1.36
(mg/rnl^cm 1. The samples were prepared by dialysis
into pH buffers containing 10 mM potassium phosphate
buffer of the selected pH. Each sample also contained
75 mM NaCl. The prepared samples were sterile filtered
and were placed in a -80C freezer, or in a stability
chamber maintained at 5C or 400C. After four weeks,
the samples were assayed for the presence of high
molecular weight species and low molecular weight
species using SEC-HPLC (size exclusion
chromatography-highperformance liquid chromatography).
SEC-HPLC analysis was performed using TosoHaas
(Montgomeryville, PA) BIOSEP GSOOOSWXL as the
separation column using methods known in the art.
[00112] Frozen samples were thawed in a water bath at
37C before analysis. [00113] The occurrence of high
molecular weight species increased with pH, but high
molecular weight species were not a major degradation
product as a function of pH (Fig. IA). The pH profile
of low molecular weight species for the samples stored
at 40C was V-shaped, with the minimum of low molecular
weight species at pH 5.5 (Fig. IB). Therefore, the
anti-Lewis Y antibody was stable at a temperature
range of -80C to 5C and over a pH range of from pH 4.0
to 8.0. [00114] CEX-HPLC (cation exchange
chromatography-HPLC) was used to further assess the
stability of the samples. These analyses were
performed employing Dionex (Sunnyvale, CA) ProPac
WCX-10 column. It was found that the concentration of
acidic species increased at high pH in samples stored
at 400C (Fig. 2). However, for samples stored at 5C
and -8O0C, the anti-Lewis Y was stable over the entire
pH range, confirming the conclusions drawn from the
SEC-HPLC data. [00115] As yet another method of
evaluating stability, SDS-PAGE was used to further
analyze samples stored at 400C using 4-20% gels run
under either reduced or nonreduced conditions. In
these experiments, it was demonstrated that the least
amount of change in molecular weight, and therefore
the most stability, was of those samples in the pH
range of 5.0 - 6.0 (Fig. 3). Therefore, samples (e.g.,
antibodies) that are to be stored at 400C are best
maintained at a pH of between about 5.0 and 6.0.
[00116] Isoelectric focusing (IEF) electrophoresis was
used to further evaluate the samples stored at 400C.
IEF electrophoresis was used to monitor the changes in
pi of the antibody samples due to production of acidic
species as a result of protein degradation. [00117]
Consistent with the results of SDS-PAGE analysis of
the antibody samples, those samples in the pH range of
5.0 - 5.5 showed the least amount of change in overall
protein charge (Fig. 4). [00118] One important aspect
of storage is the stability of the pH of a formulation
over time. Therefore, the pH of the samples was
assayed at the initiation of the 



experiment, after two weeks, and after four weeks of
storage at all three temperatures. There was no
significant deviation from the starting pH in any of
the samples (Table 1).[00120] Together, the data
presented supra demonstrate that the anti-Lewis Y is
stable over a temperature range of -80C to 5C and over
a pH range of 4-8. In general, a favorable pH for
storage of this antibody is about 5.5. This also
provides relatively favorable conditions for storage
of the antibody at 400C. [00121] In general, a pH is
selected for protein storage that results in stability
over a range of two or more temperatures, for example,
when the sample is stored below 00C, when the sample
is stored between about 00C and 15C, and when the
sample is stored between about 15C and 400C. In
another, non-limiting example, when the sample is
stored at about -800C, 5C, and 400C.Anti-CD22 [00122]
The effects of pH on storage of a second antibody
(anti-CD22), a humanized gG4 antibody that targets
CD22, which is expressed on the surface of normal and
malignant mature B-cells, were also tested. The
theoretical pi of anti-CD22 is approximately 8.5.
Whereas hydrolysis is likely to occur at pH 5.0 and
below, deamidation is likely at pH greater than 7.5.
Experiments were therefore designed to cover a pH
range of 4 to 8 to test the effect of pH on the
stability of the protein, to assess the
stability-indicating capability of the analytical
procedures, and to provide a rationale for the
selection of the appropriate pH for a protein storage
formulation. [00123] Samples containing anti-CD22 were
prepared containing 0.5 mg/ml anti- CD22 in various
buffers at the pH values to be tested. Samples were
stored for two weeks at 5C, 25C, or 400C at a pH of
4.0 (10 mM succinate), 5.0 (10 mM citrate), 5.5 (10 mM
succinate), 6.0 (10 mM histidine), 6.5 (10 mM
histidine), 7.0 (10 mM phosphate), or 8.0 (10 mM
Tris). The samples were analyzed for the percentage of
high molecular weight species present using SEC-HPLC.
In these samples (each containing 0.5 mg/ml
anti-CD22), there was no significant increase in the
percent of high molecular weight species in those
samples in the pH range of 5.0 to 8.0 compared to the
amount present under initial conditions after two
weeks (Fig. 5). [00124] When an antibody such as an
anti-CD22 is to be used for further (downstream)
processing, consideration must be given to
presentation of the intermediate substance in a buffer
appropriate for the further processing. For example,
conjugation of calicheamicin to an anti-CD22 can be
performed in a buffer that contains no primary amine
at pH 7 to 8.5. However, it may not be necessary for
the intermediate substance to be provided in the
conjugation buffer. In this example, the intermediate
substance formulation will be constrained in that
primary amines on buffer components would interfere
with the conjugation procedure. To investigate storage
of proteins in a solution that does not contain
primary amines, experiments were conducted in which
anti-CD22 was concentrated to 25 mg/ml and diafiltered
or dialyzed into either 50 mM HEPES (pH 7.6), 50 mM
succinate (pH 6.0), or 50 mM succinate + 50 mM HEPES
(pH 7.0). Each sample was tested for up to two weeks
for stability. Samples were prepared with or without
75 mM NaCl and stored at -80C, 4C, or 40C. Samples
were analyzed at time = 0, one week, and two weeks by
A28o/A32o, SEC-HPLC, SDS-PAGE, and IEF (at two
weeks).[00125] The data from these experiments
demonstrated that pH 6.0 (succinate 



buffer) provided greater stability than did pH 7.0
(HEPES) or a combination at pH 7.6 (HEPES and
succinate) (Fig. 6). [0126] SEC-HPLC was also used to
evaluate the percentage of high molecular weight
species in samples containing 25 mg/ml anli-CD22 at pH
6.0, 7.0, or 7.6 in succinate, HEPES, or a combination
(as described supra) that were stored for two weeks at
-800C, 5C, or 40C, in the presence or absence of 75 mM
NaCl. These data demonstrated that salt (NaCl) had no
significant effect on the formation of high molecular
weight species in these samples (Fig. 6). Therefore,
the presence of salt is not a crucial condition for
the storage of antibodies. Example 2: pH/ buffers
[00127] To determine whether different buffers provide
favorable storage conditions at different pHs, buffers
were tested at a pH 0.5 units above and below the
tentative "optimal" pH using the anti-Lewis Y antibody
as the stored sample. In these experiments, four
different buffer systems were tested in the pH range
from 5.0 to 6.0. The effect of various ionic strengths
on stability was also evaluated. The buffers used in
these experiments were 10 mM sodium acetate, pH 5.0,
5.5, and 6.0; 10 mM sodium acetate, 75 mM NaCl, pH
5.0, 5.5 and 6.0; 10 mM sodium citrate, pH 5.0, 5.5,
and 6.0; 10 mM sodium citrate, 75 mM NaCl, pH 5.0, 5.5
and 6.0; 10 mM sodium phosphate, pH 5.0, 5.5, and 6.0;
10 mM sodium phosphate, 75 mM NaCl, pH 5.0, 5.5, and
6.0; 10 mM sodium succinate, pH 5.0, 5.5, and 6.0; and
10 mM sodium succinate, 75 mM NaCl, pH 5.0, 5.5, and
6.0. In these experiments, anti-Lewis Y was dialyzed
into the above buffers and diluted to a final
concentration of 1 mg/ml. The samples were then stored
at -80C or 40C for up to 4 weeks, then analyzed for
the percentage of high molecular weight species and
the percentage of low molecular weight species using
SEC-HPLC. In these experiments, it was found that high
molecular weight species were not the major degradant,
and the difference in the level of high molecular
weight species between the different formulations was
negligible (Fig. 7A). At pH 5.5, the sodium citrate
sample demonstrated the lowest level of low molecular
weight species among all of the buffers (with or
without addition of NaCl) (Fig. 7B).[00128] The
samples were further analyzed using CEX-HPLC. These
data confirmed the overall observations from the
SEC-HPLC data in that there was an increased
percentage of acidic species present in the of higher
pH samples in all four buffers tested (Fig. 8), i.e.,
there is an upward trend of acidic species for all
buffers in the pH range of 5.0 to 6.0. [00129] These
data demonstrate that overall, the stability of
anti-Lewis Y was similar in all four tested buffers
(Na acetate, citrate, phosphate, and succinate) in a
pH range of 5.0 to 6.0. Furthermore, in the
accelerated stability study (examining stability at
40C; Fig. 7B), the lowest amount of low molecular
weight species formation was in the sample containing
Na citrate buffer. Therefore, a favorable buffer for
the anti-Lewis Y is 10 mM Na citrate, pH 5.5. These
data also demonstrate a method of identifying a
favorable formulation for storage of a protein such as
an antibody. Example 3: Salt concentration and protein
concentration [00130] Salt concentration was examined
as a parameter that may have an effect on 



stability of a protein in a storage formulation.
Storage stability at low protein concentration was
also evaluated in the accelerated degradation protocol
described in Example 2. In these experiments, it was
found that at a protein concentration of lmg/ml, the
addition of NaCl slightly promoted low molecular
weight species formation (Fig. 7B) while it suppressed
acidic species formation (Fig. 8) in all buffers
tested. [00131] CEX-HPLC and SEC-HPLC were used to
evaluate the stability of anti- Lewis Y in 1OmM Na
citrate pH 5.5 containing different molarities of
NaCl. These data demonstrated that the anti-Lewis Y
was stable at 5C and -80 0C in 10 mM Na citrate, pH
5.5 containing 0-150 mM NaCl (Fig. 9A). Accelerated
degradation shows, at 30 mg/ml protein concentration,
NaCl suppresses appearance of acidic species (Fig. 9A)
but elevated low molecular weight species formation
(Fig. 9C) and high molecular weight species formation
was relatively stable under the different conditions
(Fig. 9B), which confirms the observation from samples
containing 1 mg/ml protein (Figs. 7 and 8). Thus, a
salt concentration of 75 mM NaCl was found to be the
most favorable for minimizing overall
degradation.Stability with shaking [00132] Another
condition that can affect stability of a protein is
the amount of agitation undergone by the sample.
Therefore, it is desirable that a storage formulation
preserves a certain amount of stability when the
sample is agitated. Experiments were performed to test
the stability of anti-Lewis Y in a formulation under
various conditions and incubated with agitation. In
these experiments, formulations containing either 1
mg/ml or 30 mg/ml anti-Lewis Y in 10 mM Na citrate, pH
5.5 in the presence or absence of 150 mM NaCl was
tested by shaking at 360 rpm for 24 hours at room
temperature and the percent monomer recovery assayed
using SEC-HPLC. [00133] These experiments demonstrated
that the antibody was stable when present at a
concentration of 30 mg/ml when subjected to shaking
(Fig. 10). It was also found that at 1 mg/ml, NaCl
slightly reduced recovery of monomer. [00134]
Accordingly, the simple storage formulation can
provide sufficient protection from stress to the
sample induced by shaking. Stability under freeze/thaw
[00135] Proteins to be used for various manufacturing
methods may necessarily be subjected to freeze-thaw
cycles, indeed, sometimes to multiple freeze-thaw
cycles. It is, therefore, advantageous for a storage
formulation to provide conditions under which there is
minimal degradation caused by freeze-thaw cycles. In
addition, it is useful to determine what conditions
for freezing and thawing provide optimal preservation
of the protein. To test these parameters, samples were
prepared containing anti-Lewis Y at either 1 mg/ml or
30 mg/ml in 10 mM Na citrate, pH 5.5, in the presence
of absence of 150 mM NaCl. These samples were then
subjected to ten freeze-thaw cycles with fast
freeze/fast thaw, fast freeze/slow thaw, slow
freeze/fast thaw, or slow freeze/slow thaw conditions.
Fast freeze was performed by freezing the sample in
liquid nitrogen and slow freeze was performed by
placing the sample at -800C. Fast thaw was performed
by thawing the sample in a 37C water bath and slow
thaw was performed by placing the sample at room
temperature. The amount of monomer was then evaluated
in each sample 



using SEC-HPLC. [00136] The results of these
experiments showed that the anti-Lewis Y was stable at
high protein concentration (30 mg/ml) regardless of
the freeze/thaw conditions or NaCl concentration (Fig.
1IA and Fig. 1IB). The anti-Lewis Y was stable under
slow freezingconditions regardless of protein
concentration, thaw conditions, or NaCl concentration.
However, at 1 mg/ml NaCl in the formulation slightly
reduced recovery under fast freezing conditions.
[00137] In view of the above, it can be concluded that
the anti-Lewis Y is stable at -80C and 5C in a NaCl
concentration ranging from 0 mM-150 ml. In addition,
an accelerated stability study (a study of
formulations at 40C) showed that NaCl slightly
decreased acidic species formation while promoting an
appearance of low molecular weight species. In view of
these results, 75 mM NaCl was found to be optimal for
minimizing overall degradation of the anti-Lewis Y.
[00138] These experiments also demonstrate methods for
identifying favorable conditions for a specific
protein to be stored in a formulation described
herein. Anti-CD22 [00139] To examine the variability
of storage conditions between different proteins and
further validate the methods of identifying storage
formulations for a specific protein, the storage
stability of an anti-CD22 was investigated. In these
experiments, formulations containing 25 mg/ml (Fig. 6)
anti-CD22 were prepared in various buffers to achieve
the desired pH; pH 6.0 (50 mM succinate); pH 7.0 (50
mM succinate and 50 mM HEPES); pH 7.6 (50 mM HEPES),
and stored for one month at -80C, 5C, 25C, or 40C,
then evaluated for the percentage of high molecular
weight species. [00140] It was found that NaCl had no
effect on anti-CD22 storage stability at high protein
concentrations (Fig. 6 and Fig. 12) at any of the
tested temperatures. Stability under shaking stress
[00141] A shaking study was performed to determine
surface/air interaction effects on anti-CD22 in the
presence of NaCl and polysorbate 80. This study was
also performed to assess the stability of anti-CD22 as
a liquid during shipment and manufacturing. In these
experiments, samples were prepared containing 15 mg/ml
anti-CD22 in 20 mM succinate buffer, pH 6.0, an
addition of 75 mM NaCl, 0.1% polysorbate 80, or 75 mM
NaCl plus 0.1% polysorbate 80 (Tween). Samples were
shaken at 300 rpm for 24 hours. A control was also
prepared that contained only the anti-CD22 in
succinate buffer. The percentage of high molecular
weight species was then assayed. These data
demonstratethat neither NaCl nor polysorbate 80 are
beneficial to the stability of anti-CD22 during
shaking (Fig. 13). [142] Overall, the data presented
above for anti-CD22 in a storage formulation
demonstrate that NaCl has no substantial effect on
anti-CB22 overall stability. Therefore, NaCl is not
necessary in anti-CD22 formulation. Example 4:
Antibody concentration [143] The effects of protein
concentration on storage stability in a formulation
were examined. Determination of a favorable protein
concentration is desirable when identifying a storage
formulation for a specific protein, as well as
discovering general principles related to the
importance of this parameter in a formulation. 



[00144] In these experiments, samples were prepared
containing anti-Lewis Y in 10 mM citrate, pH 5.5 at a
concentration of 1 mg/ml or 30 mg/ml and containing
either no NaCl or 75 mM NaCl. Samples were stored for
four weeks at 40C, then assayed for change in the
percentage of high molecular weight species (Fig 14A),
change in the percentage of low molecular weight
species (Fig. 14B), and change in the percentage of
acidic species (Fig. 14C). [00145] The results of
these experiments revealed comparable stability for
formulations containing 1 mg/ml and 30 mg/ml, with the
lower concentration (1 mg/ml) only slightly more
sensitive to the presence of NaCl. [00146] Sustained
stability is particularly desirable in a storage
formulation. Accordingly, a study was carried out to
determine the stability of 30 mg/ml anti-Lewis Y
formulations containing 30 mg/ml anti-Lewis Y in 10 mM
Na citrate, pH 5.5 and 75 mM NaCl at various
temperatures: -80C, -20C, 5C, 25C, and 40C. Samples
were tested at one month, two months, three months,
six months, and nine months for the percentage of high
molecular weight species (Fig. 15A), the percentage of
low molecular weight species (Fig. 15B), and the
percentage of acidic species (Fig. 15C). Analysis of
these data demonstrated that there was good protein
stability of anti-Lewis Y after 9 months of storage at
a temperature range from -80C to 5C in the formulation
10 mM Na citrate, 75 mM NaCl, pH5.5. -29- US1DOCS
5243236v1Freeze/thaw and shaking stability [00147] As
shown above, (Fig. 10 and Fig. 11)5 it appeared that
anti-Lewis Y is not sensitive to shaking and
freeze/thaw stress at a concentration of 30 mg/ml. In
addition, the anti-Lewis Y was not sensitive to slow
freezing at a concentration of 1 mg/ml regardless of
thawing rate, but loss of protein was found at a
concentration of 1 mg/ml anti-Lewis Y with agitation
as well as when placed under conditions of fast
freezing. Anti-CD22/Freeze/thaw [00148] To further
investigate the effects of freeze-thaw cycles,
anti-CD22 at a concentration of either 1 mg/ml or 25
mg/ml in 20 mM succinate, pH 6.0 and, optionally,
containing polysorbate 80 (0.001%), was subjected to
various freeze-thaw regimens and zero, one, five, or
10 cycles of the regimen. The regimens were fast
freeze/fast thaw (FF/FT), fast freeze/slow thaw
(FF/ST), slow freeze/fast thaw (SF/FT), and slow
freeze/slow thaw (SF/ST). The percentage of HMV
species was then assayed. [00149] These data
demonstrate that at 25 mg/ml, anti-CD22 is not
sensitive to freeze/thaw stress, regardless of the
presence of polysorbate 80 (Fig. 16B and Fig. 16D).
However, at a concentration of 1 mg/ml, anti-CD22 is
sensitive to fast freezing (Fig. 16A and Fig. 16C).
Thus, for this antibody, if the sample is to be
subjected to freeze-thaw cycles, a higher storage
concentration should be selected although it is not
necessary to include a surfactant. Storage stability
[00150] Figs. 5 and 6, show the results of experiments
demonstrating that anti- CD22 is stable at -80C to 5C
at 0.5 mg/ml and at 30 mg/ml. At 40C, the percentage
of 



high molecular weight species increased in sample
containing the higher protein concentration after two
weeks of storage (Fig. 6), while no change in the
percentage of high molecular weight species was
detected in samples containing low protein
concentrations (Fig. 5). Example 5: Surfactant effects
[00151] Many protocols for storing protein samples
call for the inclusion of a surfactant. The necessity
for including surfactant in a storage formulation was
therefore investigated. In these experiments,
anti-Lewis Y antibody at a concentration of 1 mg/ml
-30- US1DOCS 5243236V1or 30 mg/ml in a buffer of 10 mM
Na citrate and, optionally, containing 0%, 0.001%,
0.005%, or 0.01% polysorbate 80, were incubated with
shaking at 360 rpm at room temperature for 24 hours.
The percentage monomer recovery was then assayed using
SEC-HPLC. [00152] The data demonstrated that
polysorbate 80 is not required when the protein in the
formulation is present at a relatively high
concentration of 30 mg/ml. At 1 mg/ml, polysorbate 80
did provide some protection of the anti-Lewis Y
against agitation stress (Fig. 17A and Fig. 17B).
Freeze/thaw stability [00153] The effect of
polysorbate 80 on anti-Lewis Y stability during
various freeze/thaw conditions was examined. Ih these
experiments, samples were prepared containing either 1
mg/ml or 30 mg/ml anti-Lewis Y antibody in 10 mM Na
citrate, pH 5.5, and containing either no polysorbate
80 or 0.01% polysorbate 80. Samples were then
subjected to 10 cycles of freeze/thaw as described
above. [00154] At 30 mg/ml, anti-Lewis Y was not
sensitive to freeze/thaw stress regardless of the
presence of surfactant (Fig. 18B). Anti-Lewis Y was
also stable under slow freezing conditions regardless
of protein concentration or thaw conditions (Fig. 18A
and Fig. 18B). Polysorbate 80 did not affect the
results at 30 mg/ml protein concentration or if slow
freezing was used. In samples containing 1 mg/ml
antibody, polysorbate 80 protected anti-Lewis Y under
fast freezing conditions (Fig. 18A). Storage stability
[00155] The effect of surfactant on the storage
stability of anti-Lewis Y was investigated, hi these
experiments, samples were prepared containing 30 mg/ml
anti- Lewis Y in 10 mM Na citrate, pH 5.5 and 75 mM
NaCl. In addition, samples either had 0.001%
polysorbate 80 or no polysorbate 80. Samples were
incubated at -80C, -20C, 5C, 25C, or 40C for one
month, two months, three months, six months, or nine
months and the percentage high molecular weight
species, percentage low molecular weight species, and
percent acidic species were assayed as described
herein. -31- US1DOCS 5243236V1[00156] In general,
these experiments demonstrated that polysorbate 80 had
no significant effect on anti-Lewis Y stability under
the test conditions over the complete range of
temperatures, -80C to 400C (Figs. 19A, 19B, and 19C).
[00157] Overall, the results of experiments with
anti-Lewis Y demonstrate that at a 



concentration of 30 mg/ml, anti-Lewis Y is stable
under conditions of agitation and freeze/thaw stress
conditions. Surfactant is not needed to effect this
stability. At a concentration of 1 mg/ml, anti-Lewis
is stable under slow freezing conditions. Surfactant
is not necessary to effect this condition.
Furthermore, at an antibody concentration of 1 mg/ml,
polysorbate 80 protects anti-Lewis Y against both
agitation and fast freezing induced denaturation and,
in general, surfactant has no significant effect on
protein stability during storage. [00158] In contrast
to the results with anti-Lewis Y, polysorbate 80 is
not entirely protective to anti-CD22 against shaking
stress (Fig. 13). However, as indicated in the data of
Fig. 16, at 25 mg/ml, anti-CD22 is stable under
freeze/thaw stress and no surfactant is needed. At 1
mg/ml, anti-CD22 is stable under slow freeze
conditions and no surfactant is needed. Surfactant
provided additional protection to anti-CD22 only under
conditions of fast freezing. [00159] To further
investigate the effects of surfactant on anti-CD22, a
six month study of anti-CD22 stability was undertaken.
In these experiments, anti-CD22 at a concentration of
25 mg/ml was prepared in 20 mM succinate, pH 6.0 (S);
20 mM succinate, 10 mM methionine, pH 6.0 (SM); 20 mM
succinate, 0.01% polysorbate 80, pH 6.0 (ST); or 20 mM
succinate, 10 mM methionine, 0.01% polysorbate 80, pH
6.0 (SMT); and incubated for six months at -800C,
2-8C, 25C, or 400C. Samples were then assayed for the
percentage high molecular weight species, percentage
total peak area (which is an indication of recovery),
and percent fully active species. Note that peak 5 is
the fully active species. [00160] In general, none of
the parameters show any significant effect on
stability of anti-CD22 (Fig. 2OA, Fig. 2OB, and Fig.
20C). [00161] Overall, both the short-term storage
data and long-term storage data for two different
antibodies (an anti-Lewis Y and an anti-CD22)
demonstrate that surfactant (polysorbate 80) is not
necessary for stabilization of antibodies in a storage
formulation. -32- US1DOCS 524 3236v1Example 6:
Formulation for Storage of Anti-5T4 As another example
of determining a formulation for storage of a protein,
parameters of salt concentration, pH, protein
concentration and buffer type and concentration were
evaluated for storage of an antibody directed against
5T4. RH [00162] To identify an advantageous pH to be
used in a formulation for storage of an anti-5T4
antibody, samples containing Img/ml anti-5T4 were
tested at a pH range from pH 4.0 to pH 8.0. The
samples were prepared by dialysis into each pH buffer.
All formulations used in these experiments employed a
10 mM sodium phosphate buffer with or without 150 mM
NaCl. The protein in a formulation was sterile
filtered and placed in a -8O0C freezer, or in a
stability chamber maintained at 50C, 25C, or 4O0C.
Samples were then assayed for the presence of high
molecular weight species (HMW) (Fig. 21). [00163]
Anti-5T4 was found to have the lowest amount of high
molecular weight species in the absence of NaCl at
50C, 25C, and 4O0C over the entire pH range when in 



10 mM sodium phosphate buffer. The antibody was not
stable to a freeze/thaw cycle at pH 7 in a formulation
containing NaCl and at pH 8 with sodium phosphate as
the buffer. The protein was also observed to be
unstable at pH 4 with 150 mM NaCl at 40C. [00164]
Isoelectric focusing (IEF) was performed on samples
prepared and stored at the various pHs (as described
above) and stored at 40oC for two weeks. It was found
that samples stored in a formulation at pH 4 (without
NaCl) and at pH 5 and pH 6 (with or without NaCl)
displayed the least amount of change in overall
protein charge. [00165] SDS-PAGE analysis of anti-5T4
pH screen samples stored at 400C for two weeks was
also performed. Samples in the pH range of pH 5.0 to
pH 7.0 displayed least amount of high molecular weight
species in the non-reduced gel and the least amount of
change in protein molecular weight compared to
starting material in a reduced gel. [00166] These data
demonstrate that the anti-5T4 is stable in 10 mM
sodium phosphate in the presence or absence of NaCl at
-80 0C, 50C, and 25C over the pH range of pH 4.0 to pH
7.0. Based on accelerated results (i.e., results
obtained at higher temperatures) of the pH screen, pH
5 to pH 6 is selected as the advantageous pH range for
anti-5T4 stability. -33- US1DOCS 5243236v1Buffers
[00167] Four different buffer systems were tested for
stable storage of anti-5T4 in formulations in the pH
range from 5.0 to 7.0. The effect of ionic strength on
stability was also evaluated. These buffer systems
used were 10 mM sodium acetate, pH 5.0; 10 mM sodium
acetate 5.5; 10 mM sodium acetate, 150 mM NaCl, pH
5.0; 10 mM sodium acetate, 150 mM NaCl, pH 5.5; 10 mM
sodium citrate, pH 5.0; 10 mM sodium citrate pH 5.5,
10 mM sodium citrate, pH 6.0; 10 mM sodium citrate,
150 mM NaCl, pH 5.0; 10 mM sodium citrate, 150 mM
NaCl, pH 5.5; 10 mM sodium citrate, 150 mM NaCl, pH
6.0; 10 mM sodium phosphate, pH 6.0; 10 mM sodium
phosphate, pH 6.5; 10 mM sodium phosphate, pH 7.0; 10
mM sodium phosphate, 150 mM NaCl, pH 6.0; 10 mM sodium
phosphate, 150 mM NaCl, pH 6.5; 10 mM sodium
phosphate, 150 mM NaCl, pH 7.0; 10 mM sodium
succinate, pH 5.0; 10 mM sodium succinate, 5.5; 10 mM
sodium succinate, pH 6.0; 10 mM sodium succinate, pH
6.5; 10 mM sodium succinate, 150 mM NaCl, pH 5.0; 10
mM sodium succinate, 150 mM NaCl, pH 5.5; 10 mM sodium
succinate, 150 mM NaCl, pH 6.0; and 10 mM sodium
succinate, 150 mM NaCl, pH 6.5. [00168] Anti-5T4 was
dialyzed into the above buffers and diluted to a final
concentration of 2 mg/ml. Samples were stored at -8O0C
and 4O0C for up to four weeks, then analyzed using
SEC-HPLC of initial samples (before storage) and after
storage for four weeks. In these data (Fig. 22), it
was found that high molecular weight species were not
the major degradation products and the percentage of
high molecular weight species in each formulation
after four weeks of storage was comparable to, or less
than, the percentage of high molecular weight species
present in the initial samples. Low molecular weight
species were elevated in most of the NaCl-containing
formulations. [00169] Thermal melts (Tms) were
performed to assess the effect of storage in 



various formulations on the thermal stability of a
protein (anti-5T4). Differential scanning calorimetry
(DSC) was used to generate thermograms. Examples of
such thermograms are shown in Fig. 23A). The
differential scanning calorimetry results are
illustrated in Fig. 23B. [00170] Protein in
formulations having a pH of 5.0 were the least
thermally stable when the formulation used citrate or
succinate as the buffer. NaCl was found to be
thermally destabilizing since the Tm values were lower
at each pH/buffer condition as compared to their
corresponding NaCl free formulations. All other
formulations in the -34- US1DOCS 5243236V1pH range of
5.5 to 7.0 in acetate, citrate, succinate, and
phosphate buffers exhibited the highest Tms and
therefore the highest thermal stability. [00171]
CEX-HPLC was also used to analyze the stability of
anti-5T4. In these studies, CEX-HPLC was performed on
samples after storage for four weeks at 4O0C. These
results are illustrated in Fig. 25 and demonstrate an
increase in the percentage of acidic species and a
decrease in the percentage of basic species at higher
pH for all four tested buffers. Some of the
formulations containing NaCl also had higher levels of
acidic species and lower levels of basic species than
the corresponding NaCl-free formulations. [00172] To
further analyze the stability of the various
formulations, reducing SDSPAGE was performed on the
samples after storage for four weeks at 400C. Analysis
of these samples demonstrated that samples stored in
formulations of pH 5.5 and pH 6.0 retained the least
amount of change in protein molecular weight as
compared to starting material in the reducing gel.
[00173] In general, these data demonstrate that the
anti-5T4 protein used in these experiments had similar
stability in all four tested buffers (sodium acetate,
citrate, phosphate, and succinate) when stored at a pH
of pH 5.5-6.5. An accelerated stability study showed
that the least amount of low molecular weight species
were formed the formulations that did not contain
NaCl. Effect of salt (NaCl) [00174] As illustrated
above, anti-5T4 is stable in 10 mM sodium phosphate in
formulations at pH 5-6 at -8O0C, 50C, and 25C in 150
mM NaCl. However, NaCl did not improve the stability
and therefore provides no stability benefit (Fig. 21).
[00175] The results of an accelerated stability study
at 400C demonstrated that NaCl promotes high molecular
weight and low molecular weight formation and lowers
the thermal stability of the antibody (Fig. 22, Fig.
24A, Fig. 24B, and Fig. 25). Antibody concentration
[00176] The effects of antibody (protein)
concentration on storage stability were examined. In
these experiments, the sodium acetate, sodium citrate,
and sodium succinate buffer systems were again tested
using a narrow pH range; from 5.5 to 6.5. Anti-5T4 was
dialyzed into the buffers and diluted to a final
concentration of 2 mg/ml. An additional set of samples
was prepared with a concentration of 30 mg/ml in
citrate or -35- US1DOCS 524 3236v1succinate. Samples
were stored at -8O0C and 4O0C for up to six weeks, and
then were 



analyzed. Fig. 26A and Fig. 26B illustrate the results
of SEC-HPLC analysis of these samples. In general,
these data demonstrate that comparable stability is
observed for the 2 mg/ml and 30 mg/ml formulations,
although the higher protein concentration accumulated
a slightly greater amount of high molecular weight
species after six weeks at 400C. [00177] CEX-HPLC was
also performed on these samples after 6 weeks of
storage at 40oC. Comparable stability was observed for
pH 5.5 formulations containing 2 mg/ml or 30 mg/ml,
although the pH 5.5 samples at 2 mg/ml had a slightly
lower percentage of acidic species after storage for
six weeks at 400C (Fig. 27A and 27B). [0017S]
Capillary electrophoresis SDS (ceSDS; an SDS-PAGE
equivalent method) was also used to analyze the 2
mg/ml samples that were stored for six weeks at 400C.
In these experiments, nearly comparable stability was
observed for the 2 mg/ml samples, with the pH 5.5
samples showing slightly less change in protein
molecular weight. Comparable stability is observed for
2 mg/ml samples with the pH 5.5 samples showing
slightly less change in protein MW by capillary
electrophoresis SDS method (SDS-PAGE equivalent
method) (Fig. 28). Freeze/thaw and shaking stability
[00179] The sodium acetate, sodium citrate, and sodium
succinate buffer systems were tested in a study of
protein stability under conditions of freeze/thaw and
shaking Study at pH 5.5 in the presence or absence of
0.005% vegetable-derived polysorbate 80 and 3%
sucrose. In these experiments, anti-5T4 was dialyzed
into the buffers and diluted to final concentrations
of 25 mg/ml and 1 mg/ml. Samples were frozen in liquid
nitrogen (about -196C or at -8O0C and then thawed at
37C or at ambient temperature. A separate set of
samples was shaken at 200 rpm for 24 hours, at 2O0C.
[00180] Turbidity was assayed after a cycle of
freeze/thaw by measuring absorbance at A40O, and the
percentage of high molecular weight species was
determined for the 1 mg/ml samples. After one
freeze/thaw cycle, anti-5T4 was slightly sensitive to
slow freezing (SF) conditions (-80) at 1 mg/ml and
very sensitive to faster freezing (FF) conditions
(liquid nitrogen). Polysorbate 80 minimized turbidity
and the percentage of high molecular weight species
was increased in 1 mg/ml samples. Sucrose improved
-36- US1DOCS 5243236V1(minimized) turbidity and in the
presence of sucrose, the percentage of high molecular
weight species increased only under fast freeze
conditions (Fig. 29A and Fig. 29B). [00101] Turbidity
and percentage of high molecular weight species were
also assayed after multiple (ten) freeze/thaw cycle
using samples with a protein (anti-5T4) concentration
of 25 mg/ml. (Fig. 30A and Fig. 30B). These data
demonstrated that the anti-5T4 is not sensitive to
freeze/thaw stress at a concentration of 25 mg/ml.
There was only a slight decrease in turbidity and the
percentage of high molecular weight species with the
addition of polysorbate 80 and/or sucrose after ten
freeze/thaw cycles. The turbidity results also
demonstrate that there was no benefit, and in some
cases it was detrimental, to anti-5T4 stability when
sucrose was added to a formulation. Use of acetate
buffer in a formulation resulted in slightly lower in
turbidity and a lower 



percentage of high molecular weight species under most
of freeze/thaw conditions. [001S2] Stability under
conditions of shaking were assayed by measuring
turbidity (A400) and percentage of high molecular
weight species using formulations containing 25 mg/ml
anti-5T4. Fig. 3 1A and Fig. 3IB illustrate the
results of turbidity measurements of samples in
various formulations. These data demonstrate that
anti-5T4 is very sensitive to shaking stress in when
in a formulation containing citrate buffer. There was
a decrease in turbidity and the percentage of high
molecular weight species some formulations with the
addition of polysorbate 80 with both 1 mg/ml and 25
mg/ml samples, but there is no benefit to adding
sucrose to formulations. Acetate buffer formulations
generally exhibited the lowest turbidity. Surfactant
and Cryoprotectant [00183] Some of the experiments
described supra (e.g., those illustrated in Fig. 29A,
Fig. 29B, Fig. 30A, Fig. 30B, Fig. 3IA, and Fig. 31B)
include data in which the formulation included a
surfactant (polysorbate 80) and/or a cryoprotectant
(sucrose). With respect to stability after freezing,
samples containing 25 mg/ml anti-5T4 were not
sensitive to freeze/thaw stress. Anti-5T4 was stable
under slow freezing conditions regardless of protein
concentration or thaw condition. Polysorbate 80 was
not necessary to improve stability of the 25 mg/ml
protein concentration samples when a fast thaw
protocol was applied. [00184] The addition of sucrose
to a formulation did not improve stability for those
samples containing at 25 mg/ml anti-5T4. For samples
containing 1 mg/ml, polysorbate -37- US1DOCS
5243236V180 and sucrose protected the anti-5T4 during
freeze/thaw, particularly under fast freezing
conditions (Fig. 29A and Fig. 29B and Fig. 3OA and
Fig. 30B). [00105] The stability of anti-5T4 in
various formulations under shaking conditions was also
examined. Polysorbate 80 contributed to the
minimization of turbidity and minimization of the
percentage high molecular weight species of anti-5T4
formulations at a protein concentration of 25 mg/ml
when the protein is shaken at extremely high rpm. In
formulations containing 1 mg/ml anti-5T4, polysorbate
80 protected the protein against agitation stress
(Fig. 3IA and Fig. 31B). [00186] These data
demonstrate that for higher protein concentrations
(e.g., 25 mg/ml), anti-5T4 is stable under freeze/thaw
stress. There was little or no benefit to adding
surfactant to a formulation under most freeze/thaw
conditions, particularly in formulations containing
acetate buffer. Furthermore, there is no need to use a
cryoprotectant (e.g., sucrose) in the formulations.
Polysorbate 80 was useful for stabilizing anti-5T4
under conditions of severe agitation. [00187] In
addition, it was found that samples containing low
protein concentrations (e.g., 1 mg/ml anti-5T4) were
stable under slow freezing conditions. In such low
protein samples, polysorbate 80 and sucrose protected
the protein (anti-5T4) against freeze/thaw-induced
denaturation. Also, in the low protein concentration
samples, polysorbate 80 protected the protein against
agitation-induced denaturation. Other Embodiments 



[00188] It is to be understood that while the
invention has been described in conjunction with the
detailed description thereof, the foregoing
description is intended to illustrate and not limit
the scope of the invention, which is defined by the
scope of the appended claims. Other aspects,
advantages, and modifications are within the scope of
the following claims. -38- US1DOCS 5243236V1Y HAT IS
CLAIMED IS: 1. A formulation comprising (a) an
isolated protein; and (b) an aqueous solution having
pH 4.0 to pH 8.0, wherein the formulation does not
contain a cryoprotectant or surfactant, and the
protein is stable for at least 3 weeks at -80C to 8C.
2. The formulation of claim 1, wherein the formulation
comprises less that 150 mM salt. 3. The formulation of
claim 1, wherein the protein is an antibody. 4. The
formulation of claim 1, wherein the protein is a
polyclonal antibody. 5. The formulation of claim 1,
wherein the protein is a monoclonal antibody. 6. The
formulation of claim 1, wherein the protein is an
anti-CD22 antibody, an anti- Lewis Y antibody or an
anti-5T4 antibody. 7. The formulation of claim 1,
wherein the protein is a recombinant protein. 8. The
formulation of claim 1, wherein the protein is a
therapeutic protein. 9. The formulation of claim 1,
wherein the aqueous solution is sterile water. 10. The
formulation of claim 1, wherein the aqueous solution
further comprises a buffer. 11. The formulation of
claim 10, wherein the buffer is an acetate buffer,
succinate buffer, phosphate buffer, or citrate buffer.
12. The formulation of claim 10, wherein the buffer
concentration is about 0 mM to 15O mM. 13. The
formulation of claim 10, wherein the buffer
concentration is about 50 mM to 10O mM. 14. The
formulation of claim 10, wherein the buffer
concentration is about 1mM to 5OmM. 15. The
formulation of claim 1, wherein the protein is stable
for at least 1 year at 5C or the protein is stable for
at least 3 years at 5C. 16. The formulation of claim
1, wherein the protein is present at a concentration
of from about 1 mg/ml to about 200 mg/ml, about 1
mg/ml to about 100 mg/ml, about 20 mg/ml to about 200
mg/ml, or about 20 mg/ml to about 100 mg/ml. 17. The
formulation of claim 1, wherein the protein is present
at a concentration of from about 10 mg/ml to about 30
mg/ml, 25 mg/ml to about 30 mg/ml, about 10 mg/ml to
about 50 mg/ml, or about 20 mg/ml to about 50 mg/ml.
-39- US1DOCS 5243236v118. The formulation of claim 1,
wherein the protein has a pi of at least 6.O 7.0, or
8.0. 19. The formulation of claim I wherein the
formulation is stored at about 00C to about 8C or from
about 0C to about 5C. 



20. The formulation of claim I wherein the pH of the
formulation is about pH 5.0 to about pH 6.0. 21. The
formulation of claim 1, wherein the pH of the
formulation is about pH 5.0 to about pH 6.0 and the
formulation is stored at from about -80C to 5C. 22.
The formulation of claim 1, wherein the protein is a
humanized anti-CD22 antibody and aqueous solution is
about 2OmM succinate, pH 6.0. 23. The formulation of
claim 1, wherein the protein is an anti-Lewis Y
antibody and the aqueous solution is about 10 mM Na
citrate, pH 5.5 and about 75 mM NaCl. 24. The
formulation of claim 1, wherein the protein is an
anti-5T4 antibody and the aqueous solution is about 10
mM Na acetate, pH 5.5. 25. The formulation of claim 1,
wherein stability is determined by assaying at least
one of the percentage of high molecular weight
species, the percentage of low molecular weight
species, or the percentage of acidic species compared
to a control. 26. The formulation of claim 1, wherein
the protein is purified at least 95%. 27. The
formulation of claim 1, wherein the formulation is
sterile. 28. A method of storing a protein, the method
comprising (a) providing a formulation of claim 1; (b)
placing the formulation at a selected temperature; and
(c) maintaining the formulation at the selected
temperature, wherein the protein in the formulation is
stable for at least one week. 29. The method of claim
28, wherein the protein is stable for at least one
month, three months, one year, five years, seven
years, or ten years. 30. The method of claim 29,
wherein the protein is stable at a temperature of
about -80C or about 2C to about 8C. 31. The method of
claim 28, wherein the protein is stored at a
temperature of about - 80C and the protein is stable
for at least five years, seven years, or ten years.
32. The method of claim 28, wherein the formulation is
frozen at the selected temperature and after step (c),
the protein is rapidly thawed.33. The method of claim
28, wherein the formulation is frozen in (b), and the
freezing is fast freezing. 34. The method of claim 28,
wherein the protein is an antibody. 35. The method of
claim 28, wherein the protein is a monoclonal
antibody. 36. The method of claim 28, wherein the
protein is an antibody an anti-CD22 antibody, an
anti-Lewis Y antibody or an anti-5T4 antibody. 37. The
method of claim 34, wherein the antibody is an
intermediate substance. 38. The method of claim 28,
wherein the protein concentration is at least 15
mg/ml, at least 20 mg/ml, or at least 30 mg/ml. 39.
The method of claim 28, wherein upon recovery from
storage, the protein has at least 70% of the activity
of a reference. 40. The method of claim 28, wherein
upon recovery from storage, the formulation comprises
less than or equal to 5% high molecular weight
products compared to a reference. 41. The method of
claim 28, wherein upon recovery from storage, the
formulation 



comprises less than or equal to 10% high molecular
weight products and aggregates compared to a
reference. 42. A method of determining a favorable
formulation for storing a selected isolated protein,
the method comprising (a) providing a selected
isolated protein; (b) storing the selected isolated
protein in a series of formulations comprising an
aqueous solution between about pH 5.0 and about pH 8.0
and comprising between about 0 mM to 150 mM buffer;
(c) determining at least one parameter of stability;
and (d) identifying a formulation in which the protein
is stable, wherein a formulation in which the protein
is stable is a favorable formulation for storing the
isolated selected protein. 43. The method of claim 42,
wherein a decrease in stability is indicated by an
increase in the amount of high molecular weight
protein in the sample compared to a control. 44. The
method of claim 43, wherein a condition is selected in
which not more than 0.5%, 0.2%, or 0.1% of the protein
is an high molecular weight species.45. The method of
claim 42, wherein the parameter of stability is
activity assayed by enzyme-linked immunoassay and the
activity is at least 50% of a control or is at least
80% of a control in a stable formulation. 46. The
method of claim 42, wherein the parameter of stability
is the presence of high molecular weight species and a
stable formulation comprises not more than 5% high
molecular weight species compared to a control. 47.
The method of claim 42, wherein the parameter of
stability is the presence of high molecular weight
species and protein aggregates, and a stable
formulation comprises not more than 10% high molecular
weight species and protein aggregates or not more than
15% high molecular weight species and protein
aggregates combined compared to a control. 48. The
method of claim 42, wherein the parameter of stability
is the ratio of acidic and basic proteins, and the
ratio in a stable formulation is not more than 15%
different from a control. 49. A polypeptide produced
by a method comprising storage in a formulation of
claim 1. 50. The method of claim 49, wherein the
polypeptide is a protein. 51. The method of claim 49,
wherein the protein is an antibody. 52. A polypeptide
for use in manufacturing a modified protein, wherein
the polypeptide is stored in a formulation of claim 1.
53. The polypeptide of claim 52, wherein the
polypeptide is an antibody. 54. The polypeptide of
claim 52, wherein the polypeptide is used for
manufacturing a conjugated protein. 55. The
polypeptide of claim 54, wherein the protein is
conjugated to a toxin. 


