
GUANIDINE-CONTAINING COMPOUNDS USEFUL AS MUSCARINIC
RECEPTOR ANTAGONISTS BACKGROUND OF THE INVENTION FIELD
OF THE INVENTION The present invention relates to
guanidine-containing compounds having muscarinic
receptor antagonist or anticholinergic activity. The
invention also relates to pharmaceutical compositions
comprising these compounds, processes for preparing
them and methods of use to treat pulmonary disorders.
STATEOF THE ART Pulmonary or respiratory disorders,
such as chronic obstructive pulmonary disease (COPD)
and asthma, afflict many millions of people worldwide
and such disorders are a leading cause of morbidity
and mortality. Muscarinic receptor antagonists are
known to provide bronchoprotective effects and
therefore, such compounds are useful for treating
respiratory disorders, such as COPD and asthma. When
used to treat such disorders, muscarinic receptor
antagonists are typically administered by inhalation.
However, even when administered by inhalation, a
significant amount of the muscarinic receptor
antagonist is often absorbed into the systemic
circulation resulting in systemic side effects, such
as dry mouth, mydriasis and cardiovascular side
effects. Additionally, many inhaled muscarinic
receptor antagonists have a relatively short duration
of action requiring that they be administered several
times per day. Such a multiple-daily dosing regime is
not only inconvenient but also creates a significant
risk of inadequate treatment due to patient
non-compliance with the required frequent dosing
schedule. Accordingly, a need exists for new
muscarinic receptor antagonists. In particular, a need
exists for muscarinic receptor antagonists having high
potency, reduced systemic side effects when
administered by inhalation, and a long duration of
action thereby allowing for once-daily or even
once-weekly dosing. In addition, a need exists for
muscarinic receptor antagonists having high affinity
for the receptor and a long receptor half life.
Suchcompounds are expected to be particularly
effective for treating pulmonary disorders, such as
COPD and asthma, while reducing or eliminating side
effects, such as dry-mouth and constipation. SUMMARY
OF THE INVENTION The present invention provides novel
guanidine-containing compounds which have muscarinic
receptor antagonist or anticholinergic activity. Among
other properties, compounds of this invention have
been found to possess improved binding affinity for
hM2 and hM3 muscarinic receptor subtypes, have longer
receptor half-lives, have a larger therapeutic window,
or have greater potency compared to related compounds.
Accordingly, compounds of the invention are expected
to be useful and advantageous as therapeutic agents
for treating pulmonary disorders. One aspect of the
invention relates to compounds having formula I :
wherein: R1 is selected from -Ci -6alkyl,
-C2-6alkenyl, -C^gcycloalkyl, and heteroaryl; R2 is
selected from aryl and heteroaryl; R3 is selected from
H and -Co-ialkylene-OH, or R3 forms a double bond with
R1; or -CR 1R2R3 together form a group of formula:
where A is selected from a bond, -O-, -S-, -CH 2-,
-CH=CH-, -CH 2CH2-, -NH-, and -N(CH 3)-; and R4 is
selected from H, halo, -OH, -C1-8alkyl, and
-C1-8alkoxy; X is selected from a bond, -O-, and -0-CH
2-; when X is a bond, Y is -CH 2-, Y' is -N-, and Y"
is -CH 2-; and when X is -O- or -0-CH 2-, Y1 is -CH-,
Y is a bond and Y" is -CH2- or -(CH 2)2-, or Y is -CH
2- and Y" is -CH2-; R5 is selected from fluoro and
-C^alkyl; and a is 0 or an integer of from 1 to 3; R6
and R7 are independently selected from H and
-C1-4alkyl, and further wherein 



one of R6 or R7 may be -NH 2; Z is selected from H,
-Ci -6alkyl, -C 1-3alkylene-Q, and -NH-Co-ialkylene-Q;
Q is selected from -C3-7CyClOaUCyI, aryl, and
heteroaryl; and Q is optionally substituted with 1-5R8
groups independently selected from halo, -C1-4alkyl,
-C0-4alkylene-OH, cyano, -C0-2alkylene-COOH, -C(O)O-C
i^alkyl, -O-CM alkyl, -S-CM alkyl, -CONR8aR8b,
-NH-C(O)-Ci ^alkyl, -N-di-C alkyl, and -N+(O)O; R8a
and R8b are independently selected from H and -C
alky!; wherein R1 and R2 are optionally substituted
with 1 to 5 Ra groups independently selected from
-Ci^alkyl, -C2-4alkenyl, -C2-4alkynyl, -C cycloalkyl,
cyano, halo, -ORb, -C(O)ORb, -SRb, -S(O)Rb, -S(O)2Rb,
-C(O)NR cRd, and -NRcRd; each Rb is independently
selected from H, each Rc and Rd is independently
selected from H, -C1-4alkyl, -C2.4aUcenyl,
-C2-4alkynyl, and -C3-6cycloalkyl; wherein each alkyl,
alkenyl, alkynyl, alkylene, and cycloalkyl group in R
1, R4 8, and Z, is optionally substituted with 1 to 5
fluoro atoms; wherein each cycloalkyl in Ra is
optionally substituted with 1 to 3 substituents
independently selected from -Ci^alkyl, -C2-4alkenyl,
-C2-4alkynyl, cyano, halo, -O(C M alkyl), -S(C
1-4alkyl), -S(O)(C 1-4alkyl), -S(O)2(C1-4alkyl), -NH2,
-NH(C 1-4alkyl), and -N(Ci-4alkyl)2, wherein each
alkyl, alkenyl and alkynyl group is optionally
substituted with 1 to 5 fluoro substituents; and the
alkylene group in Z is optionally substituted with 1
or 2 substituents independently selected from -Ci
-2alkyl and -OH; or a pharmaceutically acceptable salt
thereof. Among the compounds of formula I, compounds
of particular interest are those having an inhibition
dissociation constant (K,) for binding to the M3
receptor subtype of less than or equal to 100 nM; in
particular having a K, less than or equal to 50 nM;
more particularly having a K, less than or equal to 10
nM; and even more particularly having a K, less than
or equal to 1.0 nM. Another aspect of the invention
relates to pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and a compound of
the invention. Such compositions may optionally
contain other therapeutic agents such as steroidal
anti inflammatory agents (e.g., corticosteroids), b2
adrenergic receptor agonists, phosphodiesterase-4
inhibitors, and combinations thereof. Accordingly, in
yet another aspect of the invention, a pharmaceutical
composition comprises a compound of the invention, a
second active agent, and a pharmaceutically acceptable
carrier. Another aspect of the invention relates to a
combination of active agents, comprising a compound of
the invention and a second active agent. The compound
of the invention can be formulated together or
separately from the additional agent(s). When
formulatedseparately, a pharmaceutically acceptable
carrier may be included with the additional agent(s).
Thus, yet another aspect of the invention relates to a
combination of pharmaceutical compositions, the
combination comprising: a first pharmaceutical
composition comprising a compound of the invention and
a first pharmaceutically acceptable carrier; and a
second pharmaceutical composition comprising a second
active agent and a second pharmaceutically acceptable
carrier. This invention also relates to a kit
containing such pharmaceutical compositions, for
example where the first and second pharmaceutical
compositions are separate pharmaceutical compositions.
Compounds of the invention possess muscarinic receptor
antagonist activity, and are therefore expected to be
useful as therapeutic agents for treating patients
suffering from a disease or disorder that is treated
by blocking the muscarinic receptor. Thus, one aspect
of the invention relates to a method of producing
bronchodilation in a patient, comprising administering
to the patient a bronchodilation-producing amount of a
compound of the invention. The invention is also
directed to method of treating a pulmonary disorder
such as chronic obstructive pulmonary disease or
asthma, comprising administering to a patient a
therapeutically effective amount of a compound of the
invention. Another aspect of the invention relates to
a method for antagonizing a muscarinic receptor in a
mammal 



comprising administering to the mammal, a muscarinic
receptor-antagonizing amount of a compound of the
invention. Since compounds of the invention possess
muscarinic receptor antagonist activity, such
compounds are also useful as research tools.
Accordingly, one aspect of the invention relates to a
method of using a compound of the invention as a
research tool, the method comprising conducting a
biological assay using a compound of the invention.
Compounds of the invention can also be used to
evaluate new chemical compounds. Thus another aspect
of the invention relates to a method of evaluating a
test compound in a biological assay, comprising: (a)
conducting a biological assay with a test compound to
provide a first assay value; (b) conducting the
biological assay with a compound of the invention to
provide a second assay value; wherein step (a) is
conducted either before, after or concurrently with
step (b); and (c) comparing the first assay value from
step (a) with the second assay value from step (b).
Exemplary biological assays include a muscarinic
receptor binding assay and a bronchoprotection assay
in a mammal. Still another aspect of the invention
relates to a method of studying a biological system or
sample comprising a muscarinic receptor, the method
comprising: (a) contacting the biological system or
samplewith a compound of the invention; and (b)
determining the effects caused by the compound on the
biological system or sample. The invention is also
directed to processes and intermediates useful for
preparing compounds of the invention. Accordingly,
another aspect of the invention relates to a process
of preparing compounds of the invention, comprising:
(a) coupling compound (1) and compound (2) under amide
bond-forming conditions and deprotecting the product
to form compound (3), or Mitsunobu coupling or
transesterification of compound (1) and compound (4)
and deprotecting the product to form compound (5); (b)
reacting compound (3) or compound (5) with compound
(6) to form compound (7); and (c) reacting compound
(7) and compound (8) to provide a compound of formula
I; wherein compounds (1) through (9) are as defined
herein. In other aspects, the invention relates to
products prepared by any of the processes described
herein. Yet another aspect of the invention relates to
the use of a compound of the invention for the
manufacture of a medicament, especially for the
manufacture of a medicament useful for treating a
pulmonary disorder or for antagonizing a muscarinic
receptor in a mammal. Still another aspect of the
invention relates to the use of a compound of the
invention as a research tool. Other aspects and
embodiments of the invention are disclosed herein.
DETAILED DESCRIPTION OF THE INVENTION In one aspect,
this invention relates to compounds having formula I :
or a pharmaceutically acceptable salt thereof. This
formula may also be depicted as: As used herein, the
term "compound of the invention" includes all
compounds encompassed by formula I such as the species
embodied in formulas II-VIII. In addition, when the
compound of the invention contain a basic or acidic
group (e.g., amino or carboxyl groups), the compound
can exist as a free base, free acid, or in various
salt forms.All such salt forms are included within the
scope of the invention. Accordingly, those skilled in
the art will recognize that reference to a compound
herein, for example, reference to a "compound of the
invention" or a "compound of formula I" includes a
compound of formula I as well as pharmaceutically
acceptable salts of that compound unless otherwise
indicated. Furthermore, solvates of compounds of
formula I are included within the scope of the
invention. The compounds of the invention may contain
one or more chiral centers and so may exist in a
number of stereoisomeric forms. When such chiral
centers are present, this invention relates to racemic
mixtures, pure stereoisomers (i.e., enantiomers or
diastereomers), stereoisomer-enriched mixtures, and
the like unless otherwise indicated. When a chemical
structure is depicted without any stereochemistry, it
is understood that all possible stereoisomers are
encompassed by such structure. Thus, for example, the
term 



"compound of formula I" is intended to include all
possible stereoisomers of the compound. Similarly,
when a particular stereoisomer is shown or named
herein, it will be understood by those skilled in the
art that minor amounts of other stereoisomers may be
present in the compositions of this invention unless
otherwise indicated, provided that the utility of the
composition as a whole is not eliminated by the
presence of such other isomers. Individual enantiomers
may be obtained by numerous methods that are well
known in the art, including chiral chromatography
using a suitable chiral stationary phase or support,
or by chemically converting them into diastereomers,
separating the diastereomers by conventional means
such as chromatography or recrystallization, then
regenerating the original enantiomers. Additionally,
where applicable, all cis-trans or E/Z isomers
(geometric isomers), tautomeric forms and topoisomeric
forms of the compounds of this invention are included
within the scope of this invention unless otherwise
specified. In particular, the compounds of formula I
contain a chiral center at the carbon atom indicated
by the symbol * in the following partial formula
(shown without optional substituents for clarity),
illustrated with the R1 C5-9cycloalkyl moiety being
cyclopentyl, the R2 aryl moiety being phenyl, and R3
being -OH:In one embodiment of this invention, the
carbon atom identified by the symbol * has the (R)
configuration. In this embodiment, compounds of
formula I have the (R) configuration at the carbon
atom identified by the symbol * or are enriched in a
stereoisomeric form having the (R) configuration at
this carbon atom. In another embodiment, the carbon
atom identified by the symbol * has the (S)
configuration. In this embodiment, compounds of
formula I have the (S) configuration at the carbon
atom identified by the symbol * or are enriched in a
stereoisomeric form having the (S) configuration at
this carbon atom. The compounds of the invention, as
well as those compounds used in their synthesis, may
also include isotopically-labeled compounds, i.e.,
where one or more atoms have been enriched with atoms
having an atomic mass different from the atomic mass
predominately found in nature. Examples of isotopes
that may be incorporated into the compounds of formula
I, for example, include, but are not limited to, 2H,
3H, 13C, 14C, 15N, 18O and 17O. The compounds of the
invention have been found to possess muscarinic
receptor antagonist activity. Among other properties,
compounds of the invention have been found to possess
improved binding affinity for hM2 and hM3 muscarinic
receptor subtypes, have longer receptor half-lives,
and have greater potency compared to related
compounds, and are expected to be useful as
therapeutic agents for treating pulmonary disorders.
The nomenclature used herein to name the compounds of
the invention is illustrated in the Examples herein.
This nomenclature has been derived using the
commerciallyavailable AutoNom software (MDL, San
Leandro, California). REPRESENTATIVEEMBODIMENTS The
following substituents and values are intended to
provide representative examples of various aspects and
embodiments of the invention. These representative
values are intended to further define and illustrate
such aspects and embodiments and are not intended to
exclude other embodiments or to limit the scope of the
invention. In this regard, the representation that a
particular value or substituent is preferred is not
intended in any way to exclude other values or
substituents from the invention unless specifically
indicated. R1 may be a -Ci -6alkyl, -C2-6alkenyl,
-C^cycloalkyl or heteroaryl group that is
unsubstituted or substituted with 1 to 5 Ra groups. Ra
is independently selected from -C1-4alkyl,
-C2-4alkenyl, -C2-4alkynyl, -C--ecycloalkyl, cyano,
halo, -ORb, -C(O)ORb, -SRb, -S(O)Rb, -S(O)2R\ -C(0)NR
cRd, and -NRcRd. Each Rb is independently selected
from H,-Ci^alkyl, -C2^alkenyl, -C2-4alkynyl, and
-C3-6CyClOaIlCyI. Each Rc and Rd group is
independently selected from H, -C2-4alkenyl,
-C2-4alkynyl, and -C3-6CyClOaIlCyI. In one embodiment,
R1 is -C^cycloalkyl; in another embodiment
-C3-6cycloalkyl, i.e., cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl; and in yet another
embodiment R 1 is 



-C5cycloalkyl, i.e., cyclopentyl. In one embodiment,
R1 is a -Q-^alkyl group such as -CH2CH(CH 3)2. m
another embodiment, R1 is a -C2-6alkenyl group such as
-CH 2CHCH 2. i one embodiment, R1 is unsubstituted. hi
another embodiment, R1 is a heteroaryl, such as
thiophenyl (including thiophen-2-yl and
thiophen-3-yl). Each alkyl, alkenyl, alkynyl,
alkylene, and cycloalkyl group in Ra, Rb, Rc, and Rd,
may be substituted with 1 to 5 fluoro atoms hi
addition, each cycloalkyl in Ra d may be substituted
with 1 to 3 substituents independently selected from
-C1-4alkyl, -C2-4alkenyl, -C2-4alkynyl, cyano, halo,
-O(C M alkyl), -S(C M alkyl), -S(O)(C M alkyl), -NH2,
-NH(Ci -4alkyl) and -N(C alkyl) 2, wherein each alkyl,
alkenyl and alkynyl group is optionally substituted
with 1 to 5 fluoro substituents. R2 may be an aryl
group that is unsubstituted or substituted with 1 to 5
Ra groups, which are defined above hi one embodiment,
R is phenyl hi another embodiment, R is unsubstituted
phenyl hi another embodiment, R2 is a heteroaryl, such
as thiophenyl (including thiophen-2-yl and
thiophen-3-yl). R3 may be H or -Co-ialkylene-OH, or
may form a double bond with R 1, which can be depicted
as: hi one particular embodiment, R3 is -OH. hi
addition, -CR 1R2R3 together may form a group of
formula: where A is a bond, -O-, -S-, -CH 2-, -CH=CH-,
-CH 2CH2-, -NH-, or -N(CH 3)-, and R4 is selected from
H, halo, -OH, -Ci.galkyl, and -C1-8alkoxy. The alkyl
group in R4 may be substituted with 1 to 5 fluoro
atoms. In one particular embodiment, -CR 1R2R3
together form:In this embodiment, A is -O- and R4 is
H, as shown. In one embodiment, X is a bond, Y is
-CH2-, Y' is -N-, and Y" is -CH2-, which can be
depicted as: In another embodiment, when X is -O- or
-0-CH 2-, Y1is -CH-, Y is a bond and Y" is -CH2- or
-(CH2)2-, which can be depicted as: respectively. In
another embodiment, when X is -O- or -0-CH 2-, Y' is
-CH-, and both Y and Y" are -CH2-, which can be
depicted as: R5 is selected from fluoro and
-C1-4alkyl. The value for a is 0 or an integer of from
1 to 3. In one particular embodiment, a is 0. The
alkyl group in R5 may be substituted with 1 to 5
fluoro atoms. R6 and R7 are independently selected
from H and -C1-4alkyl. In addition, one of R6 or R7
may be -NH2. In one particular embodiment, R6 is
hydrogen or -d^alkyl. In another embodiment, R7 is
hydrogen. In yet another particular embodiment, both
R6 and R7 are hydrogen. The alkyl group in R6 and R7
may be substituted with fluoro atoms. For example, R6
and/or R7 can be -CH3 as well as -CFH2, -CF2H or -CF3.
Z is selected from hydrogen, -C1-6alkyl, -Ci
-3alkylene-Q, and -NH-C0-I alkylene-Q. hi one
embodiment, Z is -CH2-Q. hi another embodiment, Z is
-(CH2)2-Q. In still another embodiment, Z is
-(CH2)3-Q. hi still another embodiment, Z is -NH-Q. In
yet another embodiment, Z is -NH-CH -Q. hi another
embodiment, Z is hydrogen or -C1-6alkyl. Exemplary
-C1-6alkyl groups include methyl, propyl, butyl, and
pentyl. The alkyl andalkylene groups in Z may be
substituted with 1 to 5 fluoro atoms. Further, the
alkylene group in Z may be substituted with 1 or 2
substituents independently selected from -C] -2alkyl
and -OH. For example, in one embodiment, Z is -CH(CH
3)-. Q is a -C3-7cycloalkyl, aryl, or heteroaryl
group. Exemplary -C3-7CyClOaUCyI groups include
cyclopropyl, cyclohexyl, and cycloheptyl. Exemplary
aryl groups include phenyl and naphthyl. hi one
embodiment, Q is phenyl. Exemplary heteroaryl groups
include pyrrolyl, imidazolyl, thiazolyl, oxazolyl,
furanyl, thiophenyl, triazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, pyridinyl, pyrazinyl, pyridazinyl,
pyrimidinyl, triazinyl, indolyl, benzofuranyl,
benzopyranyl, benzothiophenyl, benzoimidazolyl,
benzothiazolyl, benzodioxolyl, quinolyl, isoquinolyl,
quinazolinyl, and quinoxalinyl groups. Of particular
interest are thiazolyl (e.g., thiazol-2-yl and
thiazol-4-yl), furanyl (e.g., furan-2-yl and furan- 



3-yl), thiophenyl (e.g., thiophen-2-yl and
thiophen-3-yl), pyrazolyl (e.g., lH-pyrazol-3-yl),
pyridinyl (e.g., pyridin-2-yl), indolyl (e.g.,
lH-indol-2-yl, lH-indol-4-yl and lH-indol-5- yl),
benzofuranyl (e.g., benzofuran-5-yl), benzothiophenyl
(e.g., benzo[b]thiophen-2-yl and
benzo[b]thiophen-5-yl), and benzodioxolyl (e.g.,
benzo[l,3]dioxol-5-yl) groups. Q may be substituted
with 1 to 5 R8 groups independently selected from halo
(e.g., Cl and F), -C alkyl (e.g., -CH 3),
-C0-4alkylene-OH (e.g., -OH and -CH 2OH), cyano,
-C0-2alkylene-COOH, -C(O)O-C M alkyl (e.g., -C(O)O-CH
3), -O-C 1-4alkyl (e.g., -OCH 3), -S-C M alkyl (e.g.,
-S-CH 3), -CONR 8aR8\ -NH-C(O)-C 1-4alkyl, -N-di-C
1-4alkyl, and -N+(O)O, where R8a and R8b are
independently selected from H and -C1-4alkyl. Each
alkyl and alkylene group in R may be substituted with
1 to 5 fluoro atoms. For example, R can be a fluoro
substituted group such as -OCF 3. In one embodiment, Q
is substituted with one R8 group selected from halo,
-C1-4alkyl, -C0-4alkylene-OH, cyano, -C(O)O-C alkyl,
-O-C 1-4alkyl, -S-C 1-4alkyl, and -CONR 8aR8b , where
each alkyl group is optionally substituted with 1 to 3
fluoro atoms. In another embodiment, Q is substituted
with two R8 groups that are halo groups (which may be
the same or different). In one embodiment, Q is an
unsubstituted -C^cycloalkyl group. In one embodiment,
Q is an unsubstituted aryl group. In another
embodiment, Q is an aryl group having one R8 group
selected from halo, -C1-4alkyl, cyano,
-C0-2alkylene-COOH, -C(O)O-C 1-4alkyl, -O-C l-4alkyl,
-S-C alkyl, -CONR 8aR8b , where each alkyl group is
optionally substituted with 1 to 3 fluoro atoms. In
yet another embodiment, Q is an aryl group having two
R8 groups that are halo groups hi one embodiment, Q is
anunsubstituted heteroaryl group. In another
embodiment, Q is a heteroaryl group having one R8
group that is a -C^alkyl group. In one embodiment, the
invention relates to compounds having formula I, where
R is isobutyl, cyclopentyl, or thiophenyl; R2 is
phenyl or thiophenyl; R3 is -OH; or -CR1R2R3 together
form a group of formula: a is 0; R6 is H or -C^aUcyl;
R7 is H; Z is H, -Ci -6alkyl, -C1-3alkylene-Q, or
-NH-C0-1alkylene-Q; Q is cyclohexyl, cycloheptyl,
phenyl, benzodioxolyl, benzofuranyl, benzothiophenyl,
furanyl, indolyl, pyrazolyl, pyridinyl, thiazolyl, or
thiophenyl; Q is optionally substituted with 1-2 R8
groups independently selected from halo, -C^alkyl,
-C0-4alkylene-OH, cyano, -C(O)O-C1-4alkyl,
-O-C1-4alkyl, -S-C alkyl, and -CONH2; and the alkyl
groups in R8 are optionally substituted with 1 to 5
fluoro atoms. In another embodiment, the invention
relates to a compound having formula II: or a
pharmaceutically acceptable salt thereof, where R1 3 ,
R6 7, and Z are as defined for formula I. In one
particular embodiment, the invention relates to
compounds of formula II, where: R1 is cyclopentyl or
thiophenyl; R2 is phenyl or thiophenyl; R3 is -OH; R6
is H or -Ci -2alkyl; R7 is H; Z is -C1-6alkyl,
-C1-3alkylene-Q, or -NH-C0-1alkylene-Q; Q is
cyclohexyl, cycloheptyl, phenyl, benzodioxolyl,
benzofuranyl, benzothiophenyl, furanyl, indolyl,
pyrazolyl, pyridinyl, thiazolyl, or thiophenyl; Q is
optionally substituted with 1-2 R groups independently
selected from halo, -C1-4alkyl, -Co^alkylene-OH,
cyano, -C(O)O-CMalkyl, -O-C1-4alkyl, -S-Ci^alkyl, and
-CONH2; and the alkyl groups in R8 are optionally
substituted with 1 to 5 fluoro atoms. Yet another
aspect of the invention relates to compounds having
formula Ha:or a pharmaceutically acceptable salt
thereof, where R6 and Z are as defined for formula I .
In one particular embodiment, the invention relates to
compounds of formula Ila, where: R6 is H or -Ci
-2alkyl; Z is -C1-6alkyl, -Ci-3alkylene-Q, or
-NH-C0-ialkylene-Q; Q is cyclohexyl, cycloheptyl,
phenyl, benzodioxolyl, benzofuranyl, benzothiophenyl,
furanyl, indolyl, pyrazolyl, pyridinyl, thiazolyl, or
thiophenyl; Q is optionally substituted with 1-2 R8
groups independently selected from halo, cyano,
-C(O)O-CM alkyl, -S-C1-4alkyl, and -CONH2; and the
alkyl groups in R8 are optionally substituted with 1
to 5 fluoro atoms. Still another aspect of the
invention relates to compounds having formula lib: 



or a pharmaceutically acceptable salt thereof, where Q
is as defined for formula I. In one particular
embodiment, the invention relates to compounds of
formula lib, where: Q is cyclohexyl, cycloheptyl,
phenyl, benzodioxolyl, benzofuranyl, benzothiophenyl,
furanyl, indolyl, pyrazolyl, pyridinyl, thiazolyl, or
thiophenyl; Q is optionally substituted with 1-2 R8
groups independently selected from halo, -C a yl,
-Co-4alkylene-OH, cyano, -C(O)O-C -S-Ci -4alkyl, and
-CONH2; and the alkyl groups in R8 are optionally
substituted with 1 to 5 fluoro atoms. In another
embodiment, the invention relates to compounds of
formula lib, where Q is furanyl or thiophenyl. Still
another aspect of the invention relates to compounds
having formula Hc: or a pharmaceutically acceptable
salt thereof, where Z is as defined for formula I. In
one particular embodiment, the invention relates to
compounds of formula Hc, where: Q is phenyl, furanyl,
or thiophenyl; and the phenyl in Q is optionally
substituted with 1-2 R groups independently selected
from halo and -Co-4alkylene-OH. In yet another
embodiment, the invention relates to a compound having
formula III:or a pharmaceutically acceptable salt
thereof, where R1 3, R6 7, and Z are as defined for
formula I. In one particular embodiment, the invention
relates to compounds of formula III where: R1 is
cyclopentyl; R2 is phenyl; R3 is -OH; R6 and R7 are H;
Z is -Ci -3alkylene-Q; Q is phenyl, benzofuranyl,
furanyl, pyridinyl, or thiophenyl; and the phenyl in Q
is optionally substituted with 1-2 R8 groups
independently selected from halo and -C0-4alkylene-OH.
hi still another embodiment, the invention relates to
a compound having formula IV: or a pharmaceutically
acceptable salt thereof, where R1 3 , R6 7, and Z are
as defined for formula I . In one particular
embodiment, the invention relates to compounds of
formula IV where: R1 is isobutyl or cyclopentyl; R2 is
phenyl; R3 is -OH; R6 and R7 are H; Z is -C1-6alkyl or
-C1-3alkylene-Q; Q is phenyl, furanyl, pyridinyl, or
thiophenyl; Q is optionally substituted with 1-2 R8
groups independently selected from halo, -C1-4alkyl,
-Co^alkylene-OH, and -O-Ci-4alkyl; and the alkyl
groups in R8 are optionally substituted with 1 to 5
fluoro atoms. A particular group of compounds of
formula I are those disclosed in U.S. Provisional
Application No. 60/967,914, filed on September 7,
2007. This group includes compounds of formula (Y):
wherein: R is selected from -Ci-6alkyl, -C2-6alkenyl,
and -Cs.gcycloalkyl; R is aryl; R is selected from H
and -Co- alkylene-OH; or forms a double bond with R ;
or -CR R R together form a group of formula:where A is
a bond, -O-, -S-, -CH 2-, -CH=CH-, -CH 2CH2-, -NH-, or
-N(CH 3)-; and where R4 is selected from H, halo, -OH,
-Ci -8alkyl, and -C1-8alkoxy; X is a bond, -O- or
-0-CH 2-; when X is a bond, Y is -CH 2-, Y1is -N-, and
Y" is -CH 2-; when X is -O- or -0-CH 2-, Y1is -CH-,
and Y is a bond and Y" is -CH2- or -(CH 2)2-, or Y is
-CH 2- and Y" is -CH 2-; R5 is selected from fluoro
and -Ci -4alkyl; and a is 0 or an integer of from 1 to
3; R6 and R7 are independently selected from H and
-Ci-4alkyl, and further wherein one of R6 or R7 may be
-NH2; Z is selected from H, -d-galkyl,
-C1-3alkylene-Q, and -NH-Co - alkylene-Q, where Q is
selected from -C3-7CyClOaUCyI, aryl, or heteroaryl,
optionally substituted with 1-5 R groups independently
selected from halo, -C1-4alkyl, -C0-4alkylene-OH,
cyano, -C0-2alkylene-COOH, -C(O)O-C, -S-C M alkyl,
-CONR 8aR8b, -NH-C(O)-C 1-4alkyl, -N-di-C M alkyl, and
-N+(O)O, where R8a and R8b are independently selected
from H and -C1-4alkyl; wherein R1 and R2 are
optionally substituted with 1 to 5 Ra groups selected
from -C1-4alkyl, -C2-4alkenyl, -C2-4alkynyl,
-C3-6cycloalkyl, cyano, halo, -0R b, -C(O)OR b, -SR b,
-S(O)R b, -S(O) 2Rb, -C(0)NR cRd and -NR cRd; where
each Rb is independently selected from H, -C alky!,
-C2-4alkenyl, -C2-4alkynyl, and -C3-6cycloalkyl; and
each Rc and Rd is independently selected from H,
-d^alkyl, -C2-4alkenyl, -C2-4alkynyl, and
-C3-6cycloalkyl; wherein each alkyl, alkenyl, alkynyl,
alkylene, and cycloalkyl group in R , R4 8, and Z, is
optionally substituted with 1 to 5 fluoro atoms;
wherein each cycloalkyl in Ra d is optionally
substituted with 1 to 3 substituents independently
selected from 



-Ci -4alkyl, -C2-4alkenyl, -C2-4alkynyl, cyano, halo,
-O(C 1-4alkyl), -S(C 1-4alkyl), -S(O)(C 1-4alkyl),
-S(O) 2(C1-4alkyl), -NH 2, -NH(Ci -4alkyl) and -N(C
1-4alkyl) 2, wherein each alkyl, alkenyl and alkynyl
group is optionally substituted with 1 to 5 fluoro
substituents; and the alkylene group in Z is
optionally substituted with 1 or 2 substituents
independently selected from -C1-2alkyl and -OH; or a
pharmaceutically acceptable salt thereof. In addition,
particular compounds of the invention that are of
interest include those set forth in the Examples
below, as well as the pharmaceutically acceptable
salts thereof. DEFINITIONS When describing the
compounds, compositions, methods and processes of the
invention, the following terms have the following
meanings unless otherwise indicated. Additionally, as
used herein, the singular forms "a," "an" and "the"
include thecorresponding plural forms unless the
context of use clearly dictates otherwise. The terms
"comprising", "including," and "having" are intended
to be inclusive and mean that there may be additional
elements other than the listed elements. All numbers
expressing quantities of ingredients, properties such
as molecular weight, reaction conditions, and so forth
used herein are to be understood as being modified in
all instances by the term "about," unless otherwise
indicated. Accordingly, the numbers set forth herein
are approximations that may vary depending upon the
desired properties sought to be obtained by the
present invention. At least, and not as an attempt to
limit the application of the doctrine of equivalents
to the scope of the claims, each number should at
least be construed in light of the reported
significant digits and by applying ordinary rounding
techniques. The term "alkyl" means a monovalent
saturated hydrocarbon group which may be linear or
branched. Unless otherwise defined, such alkyl groups
typically contain from 1 to 10 carbon atoms and
include, for example -Ci -2alkyl, -C1-4alkyl, and
-C1-6aUcyl. Representative alkyl groups include, by
way of example, methyl, ethyl, w-propyl, isopropyl,
"-butyl, sec-butyl, isobutyl, r t-butyl, "-pentyl,
n-hexyl, /i-heptyl, "-octyl, rt-nonyl, n-decyl and the
like. When a specific number of carbon atoms is
intended for a particular term used herein, the number
of carbon atoms is shown preceding the term as
subscript. For example, the term "-C 1-4alkyl" means
an alkyl group having from 1 to 4 carbon atoms, and
the term "-Cs-gcycloalkyl" means a cycloalkyl group
having from 5 to 9 carbon atoms, where the carbon
atoms are in any acceptable configuration. The term
"alkylene" means a divalent saturated hydrocarbon
group that may be linear or branched. Unless otherwise
defined, such alkylene groups typically contain from 0
to 10 carbon atoms and include, for example,
-Co-1alkylene-, -Co-2alkylene-, -Co^alkylene-,
-Co-salkylene-, -C1^alkylene-, -C1-2alkylene-,
-C2-4alkylene-, -C2-5alkylene-, and -C3.6alkylene-.
Representative alkylene groups include, by way of
example, methylene, ethane- 1,2-diyl ("ethylene"),
propane- 1,2-diyl, propane- 1,3-diyl, butane- 1,4-
diyl, pentane- 1,5 -diyl and the like. It is
understood that when the alkylene term includes zero
carbons such as -Co-Ialkylene- or -Co-salkylene-, such
terms are intended to include the absence of carbon
atoms, that is, the alkylene group is not present
except for a covalent bond attaching the groups
separated by the alkylene term. The term "alkenyl"
means a monovalent unsaturated hydrocarbon group which
may be linear or branched and which has at least one,
and typically 1, 2 or 3, carbon-carbondouble bonds.
Unless otherwise defined, such alkenyl groups
typically contain from 2 to 10 carbon atoms and
include, for example, -C2-4alkenyl and -C2-6alkenyl.
Representative alkenyl groups include, by way of
example, ethenyl, n-propenyl, isopropenyl,
"-but-2-enyl, n-hex-3-enyl and the like. The term
"alkenylene" means a divalent alkenyl group, and
exemplary alkenylene groups include -C2-3alkenylene-.
The term "alkoxy" means a monovalent group of the
formula -O-alkyl, where alkyl is as defined herein.
Unless otherwise defined, such alkylene groups
typically contain from 1 to 10 carbon atoms and
include, for example, -Ci -4alkoxy and -C1-8alkoxy.
Representative alkoxy groups include, by way of
example, methoxy, ethoxy, n-propoxy, 



isopropoxy, "-butoxy, sec-butoxy, isobutoxy,
tert-butoxy and the like. The term "alkynyl" means a
monovalent unsaturated hydrocarbon group which may be
linear or branched and which has at least one, and
typically 1, 2 or 3, carbon-carbon triple bonds.
Unless otherwise defined, such akynyl groups typically
contain from 2 to 10 carbon atoms and include, for
example, -C2-4alkynyl and -C2.6alkynyl. Representative
alkynyl groups include, by way of example, ethynyl,
w-propynyl, w-but-2-ynyl, M-hex-3- ynyl and the like.
The term "aryl" means a monovalent aromatic
hydrocarbon having a single ring (i.e., phenyl) or
fused rings (i.e., naphthalene). Unless otherwise
defined, such aryl groups typically contain from 6 to
10 carbon ring atoms and include, for example,
-C6-10aryl. Representative aryl groups include, by way
of example, phenyl and naphthalene- 1-yl,
naphthalene-2-yl, and the like. The term "cycloalkyl"
means a monovalent saturated carbocyclic hydrocarbon
group. Unless otherwise defined, such cycloalkyl
groups typically contain from 3 to 10 carbon atoms and
include, for example, -Ca- cycloalkyl,
-C3-7cycloalkyl, and -Cs.gcycloalkyl. Representative
cycloalkyl groups include, by way of example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
the like. The term "divalent hydrocarbon group" means
a divalent hydrocarbon group which is composed
primarily of carbon and hydrogen atoms and which
optionally contains one or more heteroatoms. Such
divalent hydrocarbon groups may be branched or
unbranched, saturated or unsaturated, acyclic or
cyclic, aliphatic or aromatic, or combinations
thereof. The divalent hydrocarbon group can optionally
contain heteroatoms incorporated into the hydrocarbon
chain or as substituents attached to the hydrocarbon
chain. The term "halo" means fluoro, chloro, bromo and
iodo.As used herein, the phrase "having the formula"
or "having the structure" is not intended to be
limiting and is used in the same way that the term
"comprising" is commonly used. The term "heteroaryl"
means a monovalent aromatic group having a single ring
or two fused rings and containing in the ring at least
one heteroatom (typically 1 to 3 heteroatoms) selected
from nitrogen, oxygen or sulfur. Unless otherwise
defined, such heteroaryl groups typically contain from
5 to 10 total ring atoms and include, for example,
-C2-9heteroaryl. Representative heteroaryl groups
include, by way of example, pyrrolyl, imidazolyl,
thiazolyl, oxazolyl, furanyl, thiophenyl, triazolyl,
pyrazolyl, isoxazolyl, isothiazolyl, pyridinyl,
pyrazinyl, pyridazinyl, pyrimidinyl, triazinyl,
indolyl, benzofuranyl, benzopyranyl, benzothiophenyl,
benzoimidazolyl, benzothiazolyl, benzodioxolyl,
quinolyl, isoquinolyl, quinazolinyl, quinoxalinyl and
the like, where the point of attachment is at any
available carbon or nitrogen ring atom. The term
"optionally substituted" means that group in question
may be unsubstituted or it may be substituted one or
several times, such as 1 to 3 times or 1 to 5 times.
For example, an alkyl group that is "optionally
substituted" with 1 to 5 fluoro atoms, may be
unsubstituted, or it may contain 1, 2, 3, 4, or 5
fluoro atoms. The term "pharmaceutically acceptable"
refers to a material that is not biologically or
otherwise unacceptable when used in the invention. For
example, the term "pharmaceutically acceptable
carrier" refers to a material that can be incorporated
into a composition and administered to a patient
without causing unacceptable biological effects or
interacting in an unacceptable with other components
of the composition. Such pharmaceutically acceptable
materials typically have met the required standards of
toxicological and manufacturing testing, and include
those materials identified as suitable inactive
ingredients by the U.S. Food and Drug Administration.
The term "pharmaceutically acceptable salt" means a
salt prepared from a base or an acid which is
acceptable for administration to a patient, such as a
mammal (e.g., salts having acceptable mammalian safety
for a given dosage regime). However, it is 



understood that the salts covered by the invention are
not required to be pharmaceutically acceptable salts,
such as salts of intermediate compounds that are not
intended for administration to a patient.
Pharmaceutically acceptable salts can be derived from
pharmaceutically acceptable inorganic or organic bases
and from pharmaceutically acceptable inorganic or
organic acids. In addition, when a compound of formula
I containsboth a basic moiety and an acidic moiety,
zwitterions may be formed and are included within the
term "salt" as used herein. Salts derived from
pharmaceutically acceptable inorganic bases include
ammonium, calcium, copper, ferric, ferrous, lithium,
magnesium, manganic, manganous, potassium, sodium, and
zinc salts, and the like. Salts derived from
pharmaceutically acceptable organic bases include
salts of primary, secondary and tertiary amines,
including substituted amines, cyclic amines,
naturally-occurring amines and the like, such as
arginine, betaine, caffeine, choline,
,7V-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, -ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperadine, polyamine resins,
procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the
like. Salts derived from pharmaceutically acceptable
inorganic acids include salts of boric, carbonic,
hydrohalic (hydrobromic, hydrochloric, hydrofluoric or
hydroiodic), nitric, phosphoric, sulfamic and sulfuric
acids. Salts derived from pharmaceutically acceptable
organic acids include salts of aliphatic hydroxyl
acids (e.g., citric, gluconic, glycolic, lactic,
lactobionic, malic, and tartaric acids), aliphatic
monocarboxylic acids (e.g., acetic, butyric, formic,
propionic and trifluoroacetic acids), amino acids
(e.g., aspartic and glutamic acids), aromatic
carboxylic acids (e.g., benzoic, p-chlorobenzoic,
diphenylacetic, gentisic, hippuric, and
triphenylacetic acids), aromatic hydroxyl acids (e.g.,
o-hydroxybenzoic, p-hydroxybenzoic,
1-hydroxynaphthalene- 2-carboxylic and
3-hydroxynaphthalene-2-carboxylic acids), ascorbic,
dicarboxylic acids (e.g., fumaric, maleic, oxalic and
succinic acids), glucuronic, mandelic, mucic,
nicotinic, orotic, pamoic, pantothenic, sulfonic acids
(e.g., benzenesulfonic, camphosulfonic, edisylic,
ethanesulfonic, isethionic, methanesulfonic,
naphthalenesulfonic, naphthalene-l,5-disulfonic,
naphthalene-2,6-disulfonic and p-toluenesulfonic
acids), xinafoic acid, and the like. The term
"therapeutically effective amount" means an amount
sufficient to effect treatment when administered to a
patient in need of treatment, i.e., the amount of drug
needed to obtain the desired therapeutic effect. For
example, a therapeutically effective amount for
treating chronic obstructive pulmonary disease (COPD)
is an amount of compound needed to, for example,
reduce, suppress, eliminate or prevent, the symptoms
of (COPD), or to treat the underlying cause of (COPD).
On the other hand, an "effective" amount is that
amount needed to obtain a desired result, which may
not necessarily be atherapeutically effective amount.
For example, when studying a system comprising for
antagonizing a muscarinic receptor, an "effective
amount" may be the amount needed to antagonize the
receptor. The term "treating" or "treatment" as used
herein means the treating or treatment of a disease or
medical condition (such as COPD) in a patient, such as
a mammal (particularly a human) that includes: (a)
preventing the disease or medical condition from
occurring, i.e., prophylactic treatment of a patient;
(b) ameliorating the disease or medical condition,
i.e., eliminating or causing regression of the disease
or medical condition in a patient; (c) suppressing the
disease or medical condition, i.e., slowing or
arresting the development of the disease or medical
condition in a patient; or (d) alleviating the
symptoms of the disease or medical condition in a
patient. For example, the term "treating COPD" would
include preventing COPD from occurring, ameliorating
COPD, suppressing COPD, and alleviating the symptoms
of COPD. The term "patient" is intended to include
those animals, such as humans, that are in need of
treatment or disease prevention, that are presently
being treated for disease prevention or treatment of a
specific disease or medical 



condition, as well as test subjects in which compounds
of the invention are being evaluated or being used in
a assay, for example an animal model. All other terms
used herein are intended to have their ordinary
meaning as understood by those of ordinary skill in
the art to which they pertain. GENERAL SYNTHETIC
PROCEDURES Compounds of the invention can be prepared
from readily available starting materials using the
following general methods, the procedures set forth in
the Examples, or by using other methods, reagents, and
starting materials that are known to those of ordinary
skill in the art. Although the following procedures
may illustrate a particular embodiment of the
invention, it is understood that other embodiments of
the invention can be similarly prepared using the same
or similar methods or by using other methods, reagents
and starting materials known to those of ordinary
skill in the art. It will also be appreciated that
where typical or preferred process conditions (i.e.,
reaction temperatures, times, mole ratios of
reactants, solvents, pressures, etc.) are given, other
process conditions can also be used unless otherwise
stated. While optimum reaction conditions will
typically vary depending on various reaction
parameters such as the particular reactants, solvents
and quantities used, those of ordinary skill in the
art can readily determine suitable reaction conditions
using routine optimization procedures.Additionally, as
will be apparent to those skilled in the art,
conventional protecting groups may be necessary or
desired to prevent certain functional groups from
undergoing undesired reactions. The choice of a
suitable protecting group for a particular functional
group as well as suitable conditions and reagents for
protection and deprotection of such functional groups
are well-known in the art. Functional groups that may
be protected so as to prevent undesired reactions
include, by way of example, carboxy groups, amino
groups, hydroxyl groups, thiol groups, carbonyl groups
and the like. Representative carboxyprotecting groups
include, but are not limited to, esters, such as
methyl, ethyl, -butyl, benzyl (Bn), -methoxybenzyl
(PMB), 9-fluroenylmethyl (Fm), trimethylsilyl (TMS),
-butyldimethylsilyl (TBS), diphenylmethyl (benzhydryl,
DPM) and the like; amides and hydrazides.
Representative hydroxyl-protecting groups include, but
are not limited to, silyl groups including triCi
-6alkylsilyl groups, such as trimethylsilyl (TMS),
triethylsilyl (TES), r -butyldimethylsilyl (TBS) and
the like; esters (acyl groups) including C1-6alkanoyl
groups, such as formyl, acetyl and the like;
arylmethyl groups, such as benzyl (Bn),
/7-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm),
diphenylmethyl (benzhydryl, DPM) and the like; and
ethers. Representative protecting groups for thiol
groups include thioethers and thioesters.
Representative protecting groups for carbonyl groups
include acetals and ketals. Protecting groups other
than those described herein may be used, if desired.
For example, numerous protecting groups, and their
introduction and removal, are described in T.W. Greene
and G.M. Wuts, Protecting Groups in Organic Synthesis,
Third Edition, Wiley, New York, 1999, and references
cited therein. More specifically, the following
abbreviations and reagents are used in the schemes
presented below: P represents an "amino-protecting
group," a term that is used herein to mean a
protecting group suitable for preventing undesired
reactions at an amino group. Representative
amino-protecting groups include, but are not limited
to, t-butoxycarbonyl (BOC), trityl (Tr),
benzyloxycarbonyl (Cbz), 9-fluorenylmethoxycarbonyl
(Fmoc), formyl, trimethylsilyl (TMS),
t-butyldimethylsilyl (TBDMS), and the like. Standard
deprotection techniques are used to remove the P1
group. For example, deprotection of the N-BOC group
can use a reagent such as HCl or 4M HCl in
1,4-dioxane. Suitable bases for use in these schemes
include, by way of illustration and not limitation,
potassium carbonate, calcium carbonate, sodium
carbonate, triethylamine, pyridine,
l,8-diazabicyclo-[5.4.0]undec-7-ene (DBU),
iV-diisopropylethylamine (DIPEA), sodium hydroxide,
potassium hydroxide, potassium -butoxide, and
metalhydrides. Suitable inert diluents or solvents for
use in these schemes include, by way of 



illustration and not limitation, tetrahydrofuran
(THF), acetonitrile (MeCN), toluene,
iV-dimethylformamide (DMF), dimethyl sulfoxide (DMSO),
dichloromethane (DCM), chloroform, carbon
tetrachloride (CHCl ), 1,4-dioxane, methanol, ethanol,
water, and the like. Suitable carboxylic acid/amine
coupling reagents include 1-hydroxybenzotriazole
hydrate (HOBt),
benzotriazol-l-yloxytris(dimethylamino)phosphoniurn
hexafluorophosphate (PyBOP),
O-(7-azabenzotriazol-l-yl- , , ' ' tetramethyluronium
hexafluorophosphate (HATU), dicyclohexylcarbodiimide
(DCC), ;V-(3- dimethylaminopropyl)-
'-ethylcarbodiimide (EDCI), carbonyldiimidazole (CDI),
and the like. Coupling reactions are conducted in an
inert diluent in the presence of a base, and are
performed under conventional amide bond-forming
conditions. All reactions are typically conducted at a
temperature within the range of about -78 C to 100 0C,
for example at room temperature. Typically, reactions
are monitored by use of thin layer chromatography
(TLC), high performance liquid chromatography (HPLC),
and/or LCMS until completion. Reactions may be
complete in minutes, or may take hours, typically from
1-2 hours and up to 48 hours. Upon completion, the
mixture may be further treated in order to obtain the
desired product. For example, the mixture may be
subjected to one or more of the following procedures:
stripping or partitioning (e.g., between ethyl acetate
and water or between 5% THF in ethyl acetate and IM
phosphoric acid); extraction (e.g., with ethyl
acetate, CHCl3, DCM, KOH/chloroform); washing (e.g.,
with saturated aqueous NaCl, saturated NaHCO3, Na2CO3
(5%), CHCl3,HCl or NaOH); drying (e.g., over MgSO4 or
Na SO4); solvent removal (e.g., in vacuo); filtering;
being concentrated (e.g., in vacuo); and/or
purification (e.g., silica gel chromatography, flash
chromatography, or reverse phase-HPLC). By way of
illustration, compounds of formula I can be prepared
by one or more of the following exemplary processes.
The reactants are all commercially available and/or
can be readily synthesized by techniques that are well
known in the art.Formation of the Head Group where X
is a Bond Compound (3) is formed by coupling compounds
(1) and (2) under conventional amide bond-forming
conditions, followed by a deprotection step. Examples
of compound (1) include f^-cyclopentylhydroxyphenyl
acetic acid (R1 is cyclopentyl, R2 is phenyl and R3 is
hydroxy). Examples of compound (2) include -butyl
1-piperazinecarboxylate (a is 0, P1 is BOC). Formation
of the Head Group where X is -OCompound (5) is formed
by a Mitsunobu coupling reaction (Mitsunobu and Yamada
(1967) M. Bull. Chem. Soc. JPN. 40:2380-2382).
Compound (1) and compound (4) are reacted in the
presence of a phosphine catalyst such as
triphenylphospine and an azodicarboxylate such as
diethyl azodicarboxylate or diisopropyl
azodicarboxylate, followed by a deprotection step to
yield compound (5). Compound (5) can also be prepared
by transesterification. Examples of compound (1)
include (7?,)-cyclopentylhydroxyphenyl acetic acid (R1
is cyclopentyl, R2 is phenyl and R3 is hydroxy).
Examples of compound (4) include (R)-3-
hydroxypyrrolidine-1-carboxylic acid -butyl ester (a
is 0, P1 is BOC, Y is a bond, Y' is -CH- and Y" is -CH
-), 4-hydroxypiperidine-l-carboxylic acid -butyl ester
(a is 0, P1 is BOC, Y is -CH2-, Y' is -CH-, and Y" is
-CH2-) or (2?>3-hydroxypiperidine- 1-carboxylic acid
r-butyl ester (a is 0, P1 is BOC, Y is a bond, Y' is
-CH- and Y" is -(CH2)2- . Addition of the Guanidine
Moiety to the Head Group - Displacement of 1st
Benzotriazole MoietyDIPEA is added to compound (3) or
compound (5) in an appropriate solvent. Compound (6),
the guanidinylating agent, is then added and the
reaction stirred at room temperature until completion,
typically from 30 minutes to several hours, to yield
compound (7), which is used directly in the next step.
Compound (6) is readily prepared by the method
described in Katritzky et al. (2000) J. Org. Chem.
65(23):8080-8082. An 



example of compound (6) is
C-(fos-benzotriazol-l-yl)methylene amine (R6 is H).
Substituted Guanidine Formation (Formation ofTri- or
Tetra-substituted Guanidine) Compound (7) is added to
compound (8) and the mixture is maintained at room
temperature or heated (~60 C) until completion,
typically about 14-24 hours. The reaction is then
cooled to room temperature, if needed, and the solvent
removed. The crude material is then purified to afford
a compound of formula I . Examples of compound (8)
include 2-thiophenemethyl amine, 4-hydroxybenzyl
amine, and benzylamine. Further details regarding
specific reaction conditions and other procedures for
preparing representative compounds of the invention or
intermediates thereof are described in the Examples
set forth below. UTILITY Compounds of the invention
possess muscarinic receptor antagonist activity, and
in one embodiment, at nanomolar potencies. In one
embodiment, compounds of the invention are selective
for inhibition of M3 muscarinic receptor subtype
activity over M2 muscarinic receptor subtype activity.
In another embodiment, compounds of the invention are
selective for inhibition of M and M2 muscarinic
receptor subtype activity over M1,M4, and M5
muscarinic receptor subtype activity. Additionally,
compounds of the invention are expected to possess a
desirable duration of action. Accordingly, in another
specific embodiment, the invention relates to
compounds having a duration of action greater than
about 24 hours. Moreover, compounds of the invention
are also expected to possess reduced side effects,
such as dry mouth, at efficacious doses when
administered by inhalation compared to other known
muscarinic receptor antagonists administered by
inhalation (such as tiotropium).One measure of the
affinity of a compound for the M3 receptor subtype is
the inhibition dissociation constant (K,) for binding
to the receptor. Compounds of the invention are
expected to have a K, for the M3 receptor subtype of
less than or equal to 100 nM, as determined, for
example, by an in vitro radioligand displacement
assay. Compounds of particular interest include those
having a K1less than or equal to 50 nM, and in another
embodiment, the compounds have a K, less than or equal
to 10 nM, and in yet another embodiment, the compounds
have a K, less than or equal to 1.0 nM. Compounds of
even more particular interest include those having a
K, less than or equal to 500 pM, and in another
embodiment, the compounds have a K, less than or equal
to 200 pM. It is noted that in some cases, compounds
of the invention may possess weak muscarinic receptor
antagonist activity hi such cases, those of skill in
the art will recognize that these compounds still have
utility as research tools. Also of particular interest
are those compounds having an ID50 of less than or
equal to 100 mg/mL at 24 hours post dosing, more
particularly those compounds having an ID5O of less
than or equal to 30 mg/mL at 24 hours post dosing.
Exemplary assays to determine properties of compounds
of the invention, such as the muscarinic receptor
antagonizing activity, are described in the Examples
and include by way of illustration and not limitation,
assays that measure IiM1, hM , hM3, hM4, and hM
muscarinic receptor binding (for example, as described
in Assay 1). Useful functional assays to determine the
muscarinic receptor antagonizing activity of compounds
of the invention include by way of illustration and
not limitation, assays that measure ligandmediated
changes in intracellular cyclic adenosine
monophosphate (cAMP), ligandmediated changes in
activity of the enzyme adenylyl cyclase (which
synthesizes cAMP), ligand-mediated changes in
incorporation of guanosine 5'-O-(g-thio)triphosphate
([35S]GTPgS) into isolated membranes via receptor
catalyzed exchange of [35S]GTPyS for GDP,
ligand-mediated changes in free intracellular calcium
ions (measured, for example, with a
fluorescence-linked imaging plate reader or FLIPR(r)
from Molecular Devices, Inc.), and the like. Exemplary
assays are described in Assay 2. Compounds of this
invention are 



expected to antagonize or decrease the activation of
muscarinic receptors in any of the assays listed
above, or assays of a similar nature, and will
typically be used in these studies at a concentration
ranging from about 0.1-100 nanomolar. Thus, the
aforementioned assays are useful in determining the
therapeutic utility, for example, the bronchodilating
activity, of compounds of the invention.Other
properties and utilities of compounds of the invention
can be demonstrated using various in vitro and in vivo
assays well-known to those skilled in the art. For
example, the in vivo potency of compounds of the
invention can be measured in an animal model such as
the Einthoven model. Briefly, the bronchodilator
activity of a compound is evaluated in an anesthetized
animal (the Einthoven model), which uses ventilation
pressure as a surrogate measure of airway resistance.
See, for example, Einthoven (1892) Pfugers Arch.
51:367-445; and Mohammed et al. (2000) PuIm Pharmacol
77 r.l3(6):287-92, as well as Assay 3 which describes
a rat Einthoven model. In one embodiment, a compound
of the invention administered at a dose of 100 mg/ml
in the rat Einthoven model exhibits greater than or
equal to 35% inhibition of the bronchoconstrictor
response at 24 hours, and in another embodiment
exhibits greater than or equal to 70 % inhibition at
24 hours. Another useful in vivo assay is the rat
antisialagogue assay (for example, as described in
Assay 4). Compounds of the invention are expected to
be useful as therapeutic agents for treating medical
conditions mediated by muscarinic receptors. Thus it
is expected that patients suffering from a disease or
disorder that is treated by blocking the muscarinic
receptor can be treated by administering a
therapeutically effective amount of a muscarinic
receptor antagonist of the invention. Such medical
conditions include, by way of example, pulmonary
disorders or diseases including those associated with
reversible airway obstruction, such as chronic
obstructive pulmonary disease (e.g., chronic and
wheezy bronchitis and emphysema), asthma, pulmonary
fibrosis, allergic rhinitis, rhinorrhea, and the like.
Other medical conditions that can be treated with
muscarinic receptor antagonists are genitourinary
tract disorders, such as overactive bladder or
detrusor hyperactivity and their symptoms;
gastrointestinal tract disorders, such as irritable
bowel syndrome, diverticular disease, achalasia,
gastrointestinal hypermotility disorders and diarrhea;
cardiac arrhythmias, such as sinus bradycardia;
Parkinson's disease; cognitive disorders, such as
Alzheimer's disease; dismenorrhea; and the like. The
amount of active agent administered per dose or the
total amount administered per day may be predetermined
or it may be determined on an individual patient basis
by taking into consideration numerous factors,
including the nature and severity of the patient's
condition, the condition being treated, the age,
weight, and general health of the patient, the
tolerance of the patient to the active agent, the
route of administration, pharmacological
considerations such as the activity, efficacy,
pharmacokinetics andtoxicology profiles of the active
agent and any secondary agents being administered, and
the like. Treatment of a patient suffering from a
disease or medical condition (such as COPD) can begin
with a predetermined dosage or a dosage determined by
the treating physician, and will continue for a period
of time necessary to prevent, ameliorate, suppress, or
alleviate the symptoms of the disease or medical
condition. Patients undergoing such treatment will
typically be monitored on a routine basis to determine
the effectiveness of therapy. For example, in treating
COPD, significant improvement in forced expiratory
volume (measured in one second) may be used to
determine the effectiveness of treatment. Similar
indicators for the other diseases and conditions
described herein, are well-known to those skilled in
the art, and are readily available to the treating
physician. Continuous monitoring by the physician will
insure that the optimal amount of active agent will be
administered at any given time, as well as
facilitating the determination of the duration of
treatment. This is of particular value when secondary
agents are also being administered, as their
selection, dosage, and duration of therapy may also
require adjustment hi this way, the treatment regimen
and dosing schedule can be adjusted over the course of
therapy 



so that the lowest amount of active agent that
exhibits the desired effectiveness is administered
and, further, that administration is continued only so
long as is necessary to successfully treat the disease
or medical condition. Accordingly, in one embodiment,
compounds of the invention are useful for treating
smooth muscle disorders in mammals, including humans
and their companion animals (e.g., dogs, cats etc.).
Such smooth muscle disorders include, by way of
illustration, overactive bladder, chronic obstructive
pulmonary disease and irritable bowel syndrome.
Typically, suitable doses for treating smooth muscle
disorders or other disorders mediated by muscarinic
receptors will range from about 0.14 mg/kg/day to
about 7 mg/kg/day of active agent; including from
about 0.15 mg/kg/day to about 5 mg/kg/day. For an
average 70 kg human, this would amount to about 10 mg
per day to about 500 mg per day of active agent. hi a
specific embodiment, compounds of the invention are
useful for treating pulmonary or respiratory
disorders, such as COPD or asthma, in mammals
including humans, by administering to a patient a
therapeutically effective amount of the compound.
Generally, the dose for treating a pulmonary disorder
will range from about 10-1500 mg/day. The term "COPD"
is understood by those of ordinary skill in the art to
include a variety of respiratory conditions, including
chronic obstructive bronchitis and emphysema,as
exemplified by the teachings of Barnes (2000) N. Engl.
J. Med. 343:269-78, and references cited therein. When
used to treat a pulmonary disorder, compounds of the
invention are optionally administered in combination
with other therapeutic agents such as a
b2-adrenoreceptor agonist; a corticosteroid, a
non-steroidal anti-inflammatory agent, or combinations
thereof. When administered by inhalation, compounds of
the invention typically have the effect of producing
bronchodilation. Accordingly, in another of its method
aspects, the invention relates to a method of
producing bronchodilation in a patient, comprising
administering to a patient a bronchodilation-producing
amount of a compound of the invention. Generally, the
therapeutically effective dose for producing
bronchodilation will range from about 10-1500 mg/day.
In another embodiment, compounds of the invention are
used to treat overactive bladder. When used to treat
overactive bladder, a typical dose will range from
about 1.0- 500 mg/day. In yet another embodiment,
compounds of the invention are used to treat irritable
bowel syndrome. When used to treat irritable bowel
syndrome, compounds of the invention will typically be
administered orally or rectally, and a typical dose
will range from about 1.0-500 mg/day. Since compounds
of this invention possess muscarinic receptor
antagonist activity, such compounds are also useful as
research tools for investigating or studying
biological systems or samples having muscarinic
receptors. Any suitable biological system or sample
having M1, M2, M3, M4 and/or M5 muscarinic receptors
may be employed in such studies which may be conducted
either in vitro or in vivo. Representative biological
systems or samples suitable for such studies include,
but are not limited to, cells, cellular extracts,
plasma membranes, tissue samples, isolated organs,
mammals (such as mice, rats, guinea pigs, rabbits,
dogs, pigs, humans, and so forth), and the like, with
mammals being of particular interest. In one
particular embodiment of the invention a muscarinic
receptor in a mammal is antagonized by administering a
muscarinic receptor-antagonizing amount of a compound
of the invention. Compounds of the invention can also
be used as research tools by conducting biological
assays using such compounds. When used as a research
tool, a biological system or sample comprising a
muscarinic receptor is typically contacted with a
muscarinic receptor-antagonizing amount of a compound
of the invention. After the biological system or
sample is exposed to the compound, the effects of
antagonizing the muscarinic receptor are determined
usingconventional procedures and equipment, such as by
measuring binding in a radioligand binding assays or
ligand-mediated changes in a functional assay or by
determining the 



amount of bronchoprotection provided by the compound
in a bronchoprotection assay in a mammal. Exposure
encompasses contacting cells or tissue with the
compound, administering the compound to a mammal, for
example by i.p. or i.v. administration, and so forth.
This determining step may comprise measuring a
response, i.e., a quantitative analysis or may
comprise an observation, i.e., a qualitative analysis.
Measuring a response involves, for example,
determining the effects of the compound on the
biological system or sample using conventional
procedures and equipment, such as radioligand binding
assays and measuring ligand-mediated changes in
functional assays. The assay results can be used to
determine the activity level as well as the amount of
compound necessary to achieve the desired result,
i.e., a muscarinic-antagonizing amount. Typically, the
determining step will involve determining the
muscarinic receptor ligand-mediated effects.
Additionally, compounds of the invention can be used
as research tools for evaluating other chemical
compounds, and thus are also useful in screening
assays to discover, for example, new compounds having
muscarinic receptor binding activity. In this manner,
a compound of the invention is used as a standard in
an assay to allow comparison of the results obtained
with a test compound and with compounds of the
invention to identify those test compounds that have
about equal or superior binding, if any. For example,
muscarinic receptor binding data (as determined, for
example, by in vitro radioligand displacement assays)
for a test compound or a group of test compounds is
compared to the muscarinic receptor binding data for a
compound of the invention to identify those test
compounds that have the desired properties, e.g., test
compounds having binding about equal or superior to a
compound of the invention, if any. Alternatively, for
example, bronchoprotective effects can be determined
for test compounds and a compound of the invention in
a bronchoprotection assay in a mammal and this data
compared to identify test compounds providing about
equal or superior bronchoprotective effects. This
aspect of the invention includes, as separate
embodiments, both the generation of comparison data
(using the appropriate assays) and the analysis of the
test data to identify test compounds of interest.
Thus, a test compound can be evaluating in a
biological assay, by a method comprising the steps of:
(a) conducting a biological assay with a test compound
to provide a first assay value; (b) conducting the
biological assay with a compound of the invention to
provide a second assay value; wherein step (a) is
conductedeither before, after or concurrently with
step (b); and (c) comparing the first assay value from
step (a) with the second assay value from step (b).
Exemplary biological assays include muscarinic
receptor binding assays. PHARMACEUTICAL COMPOSITIONS
AND FORMULATIONS Compounds of the invention are
typically administered to a patient in the form of a
pharmaceutical composition or formulation. Such
pharmaceutical compositions may be administered to the
patient by any acceptable route of administration
including, but not limited to, inhaled, oral, nasal,
topical (including transdermal) and parenteral modes
of administration. Further, the compounds of the
invention may be administered, for example orally, in
multiple doses per day, in a single daily dose or a
single weekly dose. It will be understood that any
form of the compounds of the invention, (i.e., free
base, pharmaceutically acceptable salt, solvate, etc.)
that is suitable for the particular mode of
administration can be used in the pharmaceutical
compositions discussed herein. Accordingly, in one
embodiment, the invention relates to a pharmaceutical
composition comprising a pharmaceutically acceptable
carrier and a compound of the invention. The
compositions may contain other therapeutic and/or
formulating agents if desired. A "compound of the
invention" may also be referred to herein as the
"active agent." The pharmaceutical compositions of
this invention typically contain a therapeutically
effective amount of a compound of the invention. Those
skilled in the art will recognize, however, that a
pharmaceutical composition may contain more than a 



therapeutically effective amount, i.e., bulk
compositions, or less than a therapeutically effective
amount, i.e., individual unit doses designed for
multiple administration to achieve a therapeutically
effective amount. In one embodiment, the composition
will contain from about 0.01-95 wt% of active agent,
including, from about 0.01-30 wt%, such as from about
0.01- 10 wt%, with the actual amount depending upon
the formulation itself, the route of administration,
the frequency of dosing, and so forth. In another
embodiment, a composition suitable for inhalation, for
example, comprises from about 0.01-30 wt% or active
agent with yet another embodiment comprises from about
0.01-10 wt% active agent. Any conventional carrier or
excipient may be used in the pharmaceutical
compositions of the invention. The choice of a
particular carrier or excipient, or combinations of
carriers or excipients, will depend on the mode of
administration being used to treat a particular
patient or type of medical condition or disease state.
In thisregard, the preparation of a suitable
composition for a particular mode of administration is
well within the scope of those skilled in the
pharmaceutical arts. Additionally, carriers or
excipients used in such compositions are commercially
available. By way of further illustration,
conventional formulation techniques are described in
Remington: The Science and Practice of Pharmacy, 20th
Edition, Lippincott Williams & White, Baltimore,
Maryland (2000); and H. C. Ansel et al.,
Pharmaceutical Dosage Forms and Drug Delivery Systems,
7th Edition, Lippincott Williams & White, Baltimore,
Maryland (1999). Representative examples of materials
which can serve as pharmaceutically acceptable
carriers include, but are not limited to, the
following: sugars, such as lactose, glucose and
sucrose; starches, such as corn starch and potato
starch; cellulose, such as microcrystalline cellulose,
and its derivatives, such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients,
such as cocoa butter and suppository waxes; oils, such
as peanut oil, cottonseed oil, safflower oil, sesame
oil, olive oil, com oil and soybean oil; glycols, such
as propylene glycol; polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; esters,
such as ethyl oleate and ethyl laurate; agar;
buffering agents, such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer's solution; ethyl alcohol;
phosphate buffer solutions; compressed propellant
gases, such as chlorofluorocarbons and
hydrofluorocarbons; and other non-toxic compatible
substances employed in pharmaceutical compositions.
Pharmaceutical compositions are typically prepared by
thoroughly and intimately mixing or blending the
active agent with a pharmaceutically acceptable
carrier and one or more optional ingredients. The
resulting uniformly blended mixture may then be shaped
or loaded into tablets, capsules, pills, canisters,
cartridges, dispensers and the like using conventional
procedures and equipment. hi one embodiment, the
pharmaceutical compositions are suitable for inhaled
administration. Suitable compositions for inhaled
administration will typically be in the form of an
aerosol or a powder. Such compositions are generally
administered using wellknown delivery devices, such as
a nebulizer inhaler, a dry powder inhaler, or a
metereddose inhaler, examples of which are described
below. In a specific embodiment of the invention, a
composition comprising the active agent is
administered by inhalation using a nebulizer inhaler.
Such nebulizer devices typically produce a stream of
high velocity air that causes the composition to spray
as amist that is carried into a patient's respiratory
tract. Accordingly, when formulated for use in a
nebulizer inhaler, the active agent is typically
dissolved in a suitable carrier to form a solution.
Alternatively, the active agent can be micronized and
combined with a suitable carrier to form a suspension
of micronized particles of respirable size, where
micronized is typically defined as having particles in
which at least about 90 percent of the particles have
a mass median diameter of less than about 10 mm. The
term "mass median diameter" means the diameter such
that half the mass of the particles is contained in
particles with larger diameter and half is contained
in particles with smaller diameter. 



Suitable nebulizer devices include the Respimat(r)
Soft Mist(tm) Inhaler (Boehringer Ingelheim), the
AERx(r) Pulmonary Delivery System (Aradigm Corp.), and
the PARI LC Plus Reusable Nebulizer (Pari GmbH). An
exemplary composition for use in a nebulizer inhaler
comprises an isotonic aqueous solution comprising from
about 0.05 mg/mL to about 10 mg/mL of a compound of
the invention. In one embodiment, such a solution has
a pH of about 4-6. In another specific embodiment of
the invention, a composition comprising the active
agent is administered by inhalation using a dry powder
inhaler (DPI). Such DPIs typically administer the
active agent as a free-flowing powder that is
dispersed in a patient's air-stream during
inspiration. In order to achieve a free flowing
powder, the active agent is typically formulated with
a suitable excipient such as lactose, starch,
mannitol, dextrose, polylactic acid,
polylactide-co-glycolide, and combinations thereof.
Typically, the active agent is micronized and combined
with an excipient to form a blend suitable for
inhalation. Accordingly, in one embodiment of the
invention, the active agent is in micronized form. For
example, a representative composition for use in a DPI
comprises dry lactose having a particle size between
about 1 mm and about 100 mm (e.g., dry milled lactose)
and micronized particles of the active agent. Such a
dry powder formulation can be made, for example, by
combining lactose with the active agent and then dry
blending the components. Alternatively, if desired,
the active agent can be formulated without an
excipient. The composition is then typically loaded
into a DPI, or into inhalation cartridges or capsules
for use with a DPI. DPIs are well known to those of
ordinary skill in the art, and many such devices are
commercially available, with representative devices
including Aerolizer(r) (Novartis), airmax(tm) (IVAX),
ClickHaler(r) (Innovata Biomed), Diskhaler(r)
(GlaxoSmithKline), Diskus(r) or Accuhaler
(GlaxoSmithKline), Easyhaler(r) (Orion Pharma),
Eclipse(tm) (Aventis), FlowCaps(r)(Hovione),
Handihaler (r) (Boehringer Ingelheim), Pulvinal (r)
(Chiesi), Rotahaler (r) (GlaxoSmithKline),
SkyeHaler(tm) or Certihaler(tm) (SkyePharma),
Twisthaler (Schering- Plough), Turbuhaler (r)
(AstraZeneca), Ultrahaler (r) (Aventis), and the like.
In yet another specific embodiment of the invention,
the composition comprising the active agent is
administered by inhalation using a metered-dose
inhaler (MDI). Such MDIs typically discharge a
measured amount of the active agent using compressed
propellant gas. Metered-dose formulations thus
typically comprise a solution or suspension of the
active agent in a liquefied propellant, such as a
chlorofluorocarbon such as CCl3F or a hydro
fluoroalkane (HFA) such as 1,1,1,2-tetrafluoroethane
(HFA 134a) and 1,1,1 ,2,3,3,3-heptafluoro-"-propane
(HFA 227), although HFAs are generally preferred due
to concerns about chlorofluorocarbons affecting the
ozone layer. Additional optional components of HFA
formulations include co-solvents, such as ethanol or
pentane, and surfactants, such as sorbitan trioleate,
oleic acid, lecithin, and glycerin. See, for example,
U.S. Patent No. 5,225,183 to Purewal et al., EP
0717987 A2 (Minnesota Mining and Manufacturing
Company), and WO 92/22286 (Minnesota Mining and
Manufacturing Company). A representative composition
for use in an MDI comprises from about 0.01-5 wt% of
active agent; from about 0-20 wt% ethanol; and from
about 0-5 wt% surfactant; with the remainder being an
HFA propellant. Such compositions are typically
prepared by adding a chilled or pressurized
hydrofiuoroalkane to a suitable container containing
the active agent, ethanol (if present) and the
surfactant (if present). To prepare a suspension, the
active agent is micronized and then combined with the
propellant. The formulation is then loaded into an
aerosol canister, which forms a portion of the MDI.
MDIs are well known to those of ordinary skill in the
art, and many such devices are commercially available,
with representative devices including AeroBid Inhaler
System (Forest Pharmaceuticals), Atrovent Inhalation
Aerosol (Boehringer Ingelheim), Flovent(r)
(GlaxoSmithKline), Maxair Inhaler (3M), Proventil (r)
Inhaler (Schering), Serevent(r) Inhalation Aerosol
(GlaxoSmithKline), and the like. Alternatively, a
suspension 



formulation can be prepared by spray drying a coating
of surfactant on micronized particles of the active
agent. See, for example, WO 99/53901 (Glaxo Group
Ltd.) and WO 00/61 108 (Glaxo Group Ltd.). Additional
examples of processes of preparing respirable
particles, and formulations and devices suitable for
inhalation dosing are described in U.S. Patent Nos.
5,874,063 to Briggner et al.; 5,983,956 to Trofast;
6,221,398 to Jakupovic et al.; 6,268,533to Gao et al.;
6,475,524 to Bisrat et al.; and 6,613,307 to Cooper.
In another embodiment, the pharmaceutical compositions
are suitable for oral administration. Suitable
compositions for oral administration may be in the
form of capsules, tablets, pills, lozenges, cachets,
dragees, powders, granules; solutions or suspensions
in an aqueous or non-aqueous liquid; oil-in-water or
water-in-oil liquid emulsions; elixirs or syrups; and
the like; each containing a predetermined amount of
the active agent. When intended for oral
administration in a solid dosage form (i.e., as
capsules, tablets, pills and the like), the
composition will typically comprise the active agent
and one or more pharmaceutically acceptable carriers,
such as sodium citrate or dicalcium phosphate. Solid
dosage forms may also comprise: fillers or extenders,
such as starches, microcrystalline cellulose, lactose,
sucrose, glucose, mannitol, and/or silicic acid;
binders, such as carboxymethylcellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
humectants, such as glycerol; disintegrating agents,
such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates,
and/or sodium carbonate; solution retarding agents,
such as paraffin; absorption accelerators, such as
quaternary ammonium compounds; wetting agents, such as
cetyl alcohol and/or glycerol monostearate;
absorbents, such as kaolin and/or bentonite clay;
lubricants, such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl
sulfate, and/or mixtures thereof; coloring agents; and
buffering agents. Release agents, wetting agents,
coating agents, sweetening, flavoring and perfuming
agents, preservatives and antioxidants may also be
present in the pharmaceutical compositions. Exemplary
coating agents for tablets, capsules, pills and like,
include those used for enteric coatings, such as
cellulose acetate phthalate, polyvinyl acetate
phthalate, hydroxypropyl methylcellulose phthalate,
methacrylic acid-methacrylic acid ester copolymers,
cellulose acetate trimellitate, carboxymethyl ethyl
cellulose, hydroxypropyl methyl cellulose acetate
succinate, and the like. Examples of pharmaceutically
acceptable antioxidants include: water-soluble
antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfate
sodium sulfite and the like; oilsoluble antioxidants,
such as ascorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluene, lecithin, propyl gallate,
alpha-tocopherol, and the like; and metalchelating
agents, such as citric acid, ethylenediamine
tetraacetic acid, sorbitol, tartaric acid, phosphoric
acid, and the like.Compositions may also be formulated
to provide slow or controlled release of the active
agent using, by way of example, hydroxypropyl methyl
cellulose in varying proportions or other polymer
matrices, liposomes and/or microspheres. In addition,
the pharmaceutical compositions of the invention may
contain opacifying agents and may be formulated so
that they release the active agent only, or
preferentially, in a certain portion of the
gastrointestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can
be used include polymeric substances and waxes. The
active agent can also be in micro-encapsulated form,
if appropriate, with one or more of the
above-described excipients. Suitable liquid dosage
forms for oral administration include, by way of
illustration, pharmaceutically acceptable emulsions,
microemulsions, solutions, suspensions, syrups and
elixirs. Liquid dosage forms typically comprise the
active agent and an inert diluent, such as, for
example, water or other solvents, solubilizing agents
and emulsif ers, such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl 



benzoate, propylene glycol, 1,3-butylene glycol, oils
(e.g., cottonseed, groundnut, corn, germ, olive,
castor and sesame oils), glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of
sorbitan, and mixtures thereof. Suspensions may
contain suspending agents such as, for example,
ethoxylated isostearyl alcohols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline
cellulose, aluminium metahydroxide, bentonite,
agar-agar and tragacanth, and mixtures thereof. When
intended for oral administration, the pharmaceutical
compositions of the invention may be packaged in a
unit dosage form. The term "unit dosage form" refers
to a physically discrete unit suitable for dosing a
patient, i.e., each unit containing a predetermined
quantity of the active agent calculated to produce the
desired therapeutic effect either alone or in
combination with one or more additional units. For
example, such unit dosage forms may be capsules,
tablets, pills, and the like. Compounds of the
invention can also be administered parenterally (e.g.,
by subcutaneous, intravenous, intramuscular, or
intraperitoneal injection). For such administration,
the active agent is provided in a sterile solution,
suspension, or emulsion. Exemplary solvents for
preparing such formulations include water, saline, low
molecular weight alcohols such as propylene glycol,
polyethylene glycol, oils, gelatin, fatty acid esters
such as ethyl oleate, and the like. A typical
parenteral formulation is a sterile pH 4-7 aqueous
solution of the active agent. Parenteral formulations
may also contain one or moresolubilizers, stabilizers,
preservatives, wetting agents, emulsifiers, and
dispersing agents. These formulations may be rendered
sterile by use of a sterile injectable medium, a
sterilizing agent, filtration, irradiation, or heat.
Compounds of the invention can also be administered
transdermally using known transdermal delivery systems
and excipients. For example, the compound can be
admixed with permeation enhancers, such as propylene
glycol, polyethylene glycol monolaurate,
azacycloalkan-2-ones and the like, and incorporated
into a patch or similar delivery system. Additional
excipients including gelling agents, emulsifiers and
buffers, may be used in such transdermal compositions
if desired. If desired, the compounds of this
invention may be administered in combination with one
or more other therapeutic agents. Thus, in one
embodiment, compositions of the invention may
optionally contain other drugs that are
co-administered with a compound of the invention. For
example, the composition may further comprise one or
more drugs (also referred to as "secondary agents(s)")
selected from the group of other bronchodilators
(e.g., PDE3 inhibitors, adenosine 2b modulators and b2
adrenergic receptor agonists); anti inflammatory
agents (e.g., steroidal anti-inflammatory agents such
as corticosteroids and glucocorticoids; non-steroidal
anti-inflammatory agents (NSAIDs); and PDE4
inhibitors); other muscarinic receptor antagonists
(i.e., antichlolinergic agents); antiinfective agents
(e.g., Gram positive and Gram negative antibiotics,
and antiviral agents); antihistamines; protease
inhibitors; afferent blockers (e.g., D2 agonists and
neurokinin modulators); and combinations thereof.
Numerous examples of such therapeutic agents are well
known in the art, and examples are described below. By
combining a compound of the invention with a secondary
agent, double therapy can be achieved, i.e.,
muscarinic receptor antagonist activity and activity
associated with the secondary agent (e.g., bi
adrenergic receptor agonist), in some cases by
administering two compositions and in some cases by
administering a single composition containing the
active agent and the secondary agent. Accordingly, in
yet another aspect of the invention, a pharmaceutical
composition comprises a compound of the invention, a
second active agent, and a pharmaceutically acceptable
carrier. Third, fourth etc. active agents may also be
included in the composition. For example, a
composition may comprise a compound of the invention;
a secondary agent selected from corticosteroids, b
adrenergic receptor agonists; phosphodiesterase-4
inhibitors, and combinations thereof; and a
pharmaceutically acceptable carrier. In a specific
embodiment, the composition comprises a compound ofthe
invention, a b2 adrenergic receptor agonist, and a
steroidal anti-inflammatory agent. In 



combination therapy, the amount of compound of the
invention that is administered, as well as the amount
of secondary agents, may be less than the amount
typically administered in monotherapy. A compound of
the invention may be either physically mixed with the
second active agent to form a composition containing
both agents; or each agent may be present in separate
and distinct compositions which are administered to
the patient simultaneously or sequentially. For
example, a compound of the invention can be combined
with a second active agent using conventional
procedures and equipment to form a combination of
active agents comprising a compound of the invention
and a second active agent. Additionally, the active
agents may be combined with a pharmaceutically
acceptable carrier to form a pharmaceutical
composition comprising a compound of the invention, a
second active agent and a pharmaceutically acceptable
carrier. In this embodiment, the components of the
composition are typically mixed or blended to create a
physical mixture. The physical mixture is then
administered in a therapeutically effective amount
using any of the routes described herein.
Alternatively, the active agents may remain separate
and distinct before administration to the patient. In
this embodiment, the agents are not physically mixed
together before administration but are administered
simultaneously or at separate times as separate
compositions. Such compositions can be packaged
separately or may be packaged together in a kit. When
administered at separate times, the secondary agent
will typically be administered less than 24 hours
after administration of the compound of the invention
hi other embodiments this timed relationship is less
than 12 hours, less than 8 hours, less than 6 hours,
less than 4 hours, less than 3 hours, less than 1
hour, less than thirty minutes, less than ten minutes,
less than one minute, or immediately after
administration of the compound of the invention. This
is also referred to as sequential administration.
Thus, a compound of the invention can be administered
by inhalation simultaneously or sequentially with
another active agent using an inhalation delivery
device that employs separate compartments (e.g.
blister packs) for each active agent, where sequential
may mean being administered immediately after
administration of the compound of the invention or at
some predetermined time later (e.g., one hour later or
three hours later). Alternatively, the combination may
be administered using separate delivery devices, i.e.,
one delivery device for each agent. Additionally, the
agents can be delivered by differentroutes of
administration, i.e., one by inhalation and the other
by oral administration. In one embodiment, the kit
comprises a first dosage form comprising a compound of
the invention and at least one additional dosage form
comprising one or more of the secondary agents set
forth herein, in quantities sufficient to carry out
the methods of the invention. The first dosage form
and the second (or third, etc,) dosage form together
comprise a therapeutically effective amount of active
agents for the treatment or prevention of a disease or
medical condition in a patient. Secondary agent(s),
when included, are present in a therapeutically
effective amount i.e., are typically administered in
an amount that produces a therapeutically beneficial
effect when co-administered with a compound of the
invention. The secondary agent can be in the form of a
pharmaceutically acceptable salt, solvate, optically
pure stereoisomer, and so forth. Thus, secondary
agents listed below are intended to include all such
forms, and are commercially available or can be
prepared using conventional procedures and reagents.
Suitable doses for a secondary agent are typically in
the range of about 0.05 mg/day to about 500 mg/day. hi
a particular embodiment, a compound of the invention
is administered in combination with a b2 adrenergic
receptor agonist. Representative b2 adrenergic
receptor agonists include, but are not limited to,
albuterol, bitolterol, fenoterol, formoterol,
indacaterol, isoetharine, levalbuterol,
metaproterenol, pirbuterol, salbutamol, salmefamol,
salmeterol, terbutaline, and the like. Other b2
adrenergic receptor agonists that can be used 



in combination with compounds of the invention
include, but are not limited to, 3-(4-{[6- ( {(2i?
)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)-phenyl]ethy
l} amino)-hexyl]oxy} - butyl)benzenesulfonamide and
3-(-3- {[7-(
{(2i?j-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)
phenyl]ethyl} -amino)heptyl]oxy}
-propyl)benzenesulfonamide and related compounds
disclosed in WO 02/066422 (Glaxo Group Ltd.);
3-[3-(4-{[6-([(2R)-2-
hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]ethyl}
amino)hexyl]oxy}butyl)phenyl] imidazolidine-2,4-dione
and related compounds disclosed in WO 02/070490 (Glaxo
Group Ltd.);
3-(4-{[6-({(7/?i-2-[3-(fopnylamino)-4-hydroxyphenyl]-2
-hydroxyethyl}amino)-
hexyl]oxy}butyl)benzenesulfonamide, 3-(4-{[6-({f2
-2-[3-(formylamino)-4-hydroxyphenyl]- 2-hydroxyethyl}
amino)hexyl]oxy}butyl)benzenesulfonamide, 3-(4-
{[6-({f2K/$-
2-[3-(formylamino)-4-hydroxyphenyl]-2-hydroxyethyl}ami
no)hexyl]oxy}butyl)benzenesulfonamide, -(
-butyl)-3-(4-{[6-({f2i?>2-[3-(formylamino)-4-hydroxyph
enyl]-2- hydroxyethyl} amino)hexyl]oxy}
butyi)benzenesulfonamide, -( -butyl)-3-(4-
{[6-({(2S)-I[3-(formylamino)-4-hydroxyphenyl]-2-hydrox
yethyl}amino)hexyl]oxy}butyl)benzenesulfonamide,
N-(t-butyl)-3-(4- {[6-( {(2ir;
-2-[3-(formylamino)-4-hydroxvphenyl]-2- hydroxyethyl}
amino) hexyl]oxy}butyl)benzenesulfonamide and related
compounds disclosed in WO 02/076933 (Glaxo Group
Ltd.); 4-{(7i?>2-[(6-{2-[(2,6-dichlorobenzyl)-
oxy]ethoxy}hexyl)amino]-l-hydroxyethyl}-2-(hydroxymeth
yl)phenol and related compounds disclosed in WO
03/024439 (Glaxo Group Ltd.); -{2-[4-((7?>2-hydroxy-2-
phenylethylamino)phenyl]ethyl}-fi?
)-2-hydroxy-2-(3-formamido-4-hydroxyphenyl)-
ethylamine and related compounds disclosed in U.S.
Patent No. 6,576,793 to Moran et al.;
iV-{2-[4-(3-phenyl-4-methoxyphenyl)aminophenyl]ethyl}-
^? )-2-hydroxy-2-(8-hydroxy-
2(lH)-quinolinon-5-yl)ethylamine and related compounds
disclosed in U.S. Patent No. 6,653,323 to Moran et al.
In a particular embodiment, the b2-adrenoreceptor
agonist is a crystalline monohydrochloride salt of
N-{2-[4-((i?)-2-hydroxy-2-phenylethylamino)-
phenyljethyl}
-(/?)-2-hydroxy-2-(3-formamido-4-hydroxyphenyl)
ethylamine. Typically, the b2-adrenoreceptor agonist
will be administered in an amount sufficient to
provide from about 0.05-500 mg per dose. In a
particular embodiment, a compound of the invention is
administered in combination with a steroidal
anti-inflammatory agent. Representative steroidal anti
inflammatory agents include, but are not limited to,
beclomethasone dipropionate; budesonide; butixocort
propionate; 20i?-16a,17a-[butylidenebis(oxy)]-6
a,9a-difluoro-ll b- hydroxy-
17b-(methylthio)androsta-4-en-3 -one (RPR-106541);
ciclesonide; dexamethasone; 6a,9a-difluoro-17 a
-[(2-furanylcarbonyl)oxy]-l l b-hydroxy-16 a-methyl-
3-oxoandrosta-l,4-diene-17 b-carbothioic acid
S'-fluoromethyl ester; 6a,9a-difluoro-l l b- hydroxy-
16a-methyl- 17a -[(4-methyl-
1,3-thiazole-5-carbonyl)oxy]-3-oxoandrosta-l ,4-
diene-17 b-carbothioic acid S-fluoromethyl ester;
6a,9a-difluoro-l l b-hydroxy-16 a-methyl-
3-oxo-17a-propionyloxyandrosta-l,4-diene-17
b-carbothioic acid (<S)-(2- oxotetrahydrofuran-3
S'-yl) ester; flunisolide; fluticasone propionate;
methyl prednisolone; mometasone furoate; prednisolone;
prednisone; rofleponide; ST- 126; triamcinolone
acetonide; and the like. Typically, the steroidal
anti-inflammatory agent will be administered in an
amount sufficient to provide from about 0.05-500 mg
per dose. An exemplary combination is a compound of
the invention co-administered with salmeterol as the
b2 adrenergic receptor agonist, and fluticasone
propionate as the steroidal anti-inflammatory agent.
Another exemplary combination is a compound of the
invention co-administered with a crystalline
monohydrochloride salt of
7V-{2-[4-((7?)-2-hydroxy-2-phenylethylamino)phenyl]eth
yl}-(i?)-2-hydroxy-2-(3-formamido-4-hydroxyphenyl)-
ethylamine as the b2-adrenoreceptor agonist, and
6a,9a-difluoro-17a-[(2-furanylcarbonyl)- oxyj-l l
b-hydroxy-l a-methyl-S-oxoandrosta-l^-diene-
b-carbothioic acid -fluoromethyl ester as the
steroidal anti-inflammatory agent. Other suitable
combinations include, for example, other
anti-inflammatory agents, e.g., NSAIDs (such as sodium
cromoglycate; nedocromil sodium; phosphodiesterase
(PDE) inhibitors (e.g., theophylline, PDE4 inhibitors
or mixed PDE3/PDE4 inhibitors); 



leukotriene antagonists (e.g., monteleukast);
inhibitors of leukotriene synthesis; iNOS inhibitors;
protease inhibitors, such as tryptase and elastase
inhibitors; beta-2 integrin antagonists and adenosine
receptor agonists or antagonists (e.g., adenosine 2a
agonists); cytokine antagonists (e.g., chemokine
antagonists such as, an interleukin antibody (alL
antibody), specifically, an aIL-4 therapy, an aIL-13
therapy, or a combination thereof); or inhibitors of
cytokine synthesis. In a particular embodiment, a
compound of the invention is administered in
combination with a phosphodiesterase-4 (PDE4)
inhibitors or mixed PDE3/PDE4 inhibitors.
Representative PDE4 or mixed PDE3/PDE4 inhibitors
include, but are not limited to, cis
4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan
-l-carboxylic acid,
2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-diflu
oromethoxyphenyl) cyclohexan- 1-one; c
s-[4-cyano-4-(3-cyclopropylmethoxy-4-difiuorornethoxyp
henyl) cyclohexan-l-ol]; c
zs-4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]-
cyclohexane-1-carboxylic acid and the like, or
pharmaceutically acceptable salts thereof. Other
representative PDE4 or mixed PDE4/PDE3 inhibitors
include AWD- 12-281 (elbion); NCS-613 (INSERM); D-4418
(Chiroscience and Schering-Plough); CI- 101 8 or PD-
168787 (Pfizer); benzodioxole compounds disclosed in
WO99/16766 (Kyowa Hakko); K-34 (Kyowa Hakko); V-11294A
(Napp); roflumilast (Byk-Gulden); pthalazinone
compounds disclosed in WO99/47505 (Byk-Gulden);
Pumafentrine (Byk-Gulden, now Altana); arofylline
(Almirall-Prodesfarma); VM554/UM565 (Vernalis); T-440
(Tanabe Seiyaku); and T2585 (Tanabe Seiyaku). In a
particular embodiment, a compound of the invention is
administered in combination with a muscarinic
antagonist (i.e., anticholinergic agent).
Representative muscarinic antagonists include, but are
not limited to, atropine, atropine sulfate, atropine
oxide, methylatropine nitrate, homatropine
hydrobromide, hyoscyamine (d, /) hydrobromide,
scopolamine hydrobromide, ipratropium bromide,
oxitropium bromide,tiotropium bromide, methantheline,
propantheline bromide, anisotropine methyl bromide,
clidinium bromide, copyrrolate (Robinul), isopropamide
iodide, mepenzolate bromide, tridihexethyl chloride
(Pathilone), hexocyclium methylsulfate, cyclopentolate
hydrochloride, tropicamide, trihexyphenidyl
hydrochloride, pirenzepine, telenzepine, AFDX 116 and
methoctramine and the like. In a particular
embodiment, a compound of the invention is
administered in combination with an antihistamine
(i.e., H -receptor antagonist). Representative
antihistamines include, but are not limited to,
ethanolamines, such as carbinoxamine maleate,
clemastine fumarate, diphenylhydramine hydrochloride
and dimenhydrinate; ethylenediamines, such as
pyrilamine amleate, tripelennamine hydrochloride and
tripelennamine citrate; alkylamines, such as
chlorpheniramine and acrivastine; piperazines, such as
hydroxyzine hydrochloride, hydroxyzine pamoate,
cyclizine hydrochloride, cyclizine lactate, meclizine
hydrochloride and cetirizine hydrochloride;
piperidines, such as astemizole, levocabastine
hydrochloride, loratadine or its descarboethoxy
analogue, terfenadine and fexofenadine hydrochloride;
azelastine hydrochloride; and the like. The following
formulations illustrate representative pharmaceutical
compositions of the invention. Exemplary Compositions
For Administration By a DPI A compound of the
invention (0.2 mg) is micronized and then blended with
lactose (25 mg). This blended mixture is then loaded
into a gelatin inhalation cartridge. The contents of
the cartridge are administered using a DPI, for
example. A micronized compound of the invention (100
mg) is blended with milled lactose (25 g) (e.g.,
lactose in which not greater than about 85% of the
particles have a MMD of about 60 mm to about 90 mm and
not less than 15% of the particles have a MMD of less
then 15 mm). This blended mixture is then loaded into
individual blisters of a peelable blister pack in an
amount sufficient to provide about 10 mg to about 500
mg of the 



compound of the invention per dose. The contents of
the blisters are administered using a DPI.
Alternately, a micronized compound of the invention (
1 g) is blended with milled lactose (200 g) to form a
bulk composition having a weight ratio of compound to
milled lactose of 1:200. The blended composition is
packed into a DPI capable of delivering between about
10 mg to about 500 mg of the compound of the invention
per dose. Alternately, a micronized compound of the
invention (100 mg) and a micronized b2adrenergic
receptor agonist (500 mg) are blended with milled
lactose (30 g). The blended mixture is then loaded
into individual blisters of a peelable blister pack in
an amount sufficient to provide about 10 mg to about
500 mg of the compound of the invention per dose. The
contents of the blisters are administered using a DPI.
Exemplary Compositions For Use In An MDI A micronized
compound of the invention (10 g) is dispersed in a
solution prepared by dissolving lecithin (0.2 g) in
demineralized water (200 mL). The resulting suspension
is spray dried and then micronized to form a
micronized composition comprising particles having a
mean diameter less than about 1.5 mm. The micronized
composition is then loaded into MDI cartridges
containing pressurized 1,1,1,2-tetrafluoroethane in an
amount sufficient to provide about 10 mg to about 500
mg of the compound of the invention per dose when
administered by the MDI. Alternately, a suspension
containing 5 wt% compound of the invention, 0.5 wt%
lecithin, and 0.5 wt% trehalose is prepared by
dispersing 5 g of a compound of the invention as
micronized particles with mean size less than 10 mm in
a colloidal solution formed from 0.5 g of trehalose
and 0.5 g of lecithin dissolved in 100 mL of
demineralized water. The suspension is spray dried and
the resulting material is micronized to particles
having a mean diameter less than 1.5 mm. The particles
are loaded into canisters with pressurized 1,1,1
,2-tetrafluoroethane. Exemplary Composition For Use In
A Nebulizer Inhaler A compound of the invention (25
mg) is dissolved in citrate buffered (pH 5) isotonic
saline (125 mL). The mixture is stirred and sonicated
until the compound is dissolved. The pH of the
solution is checked and adjusted, if necessary, to pH
5 by slowly adding aqueous IN sodium hydroxide. The
solution is administered using a nebulizer device that
provides about 10 mg to about 500 mg of the compound
of the invention per dose. Exemplary Hard Gelatin
Capsules For Oral Administration A compound of the
invention (50 g), spray-dried lactose (440 g) and
magnesium stearate (10 g) are thoroughly blended. The
resulting composition is then loaded into hard gelatin
capsules (500 mg of composition per capsule).
Exemplary Suspension For Oral Administration The
following ingredients are mixed to form a suspension
containing 100 mg of compound per 10 mL of
suspension:Ingredients Amount Compound of the
invention 1.0 g Fumaric acid 0.5 g Sodium chloride 2.0
g Methyl paraben 0.15 g Propyl paraben 0.05 g
Granulated sugar 25.5 g Sorbitol (70% solution) 12.85
g Veegum(r) K (magnesium aluminum silicate) 1.0 g
Flavoring 0.035 mL Colorings 0.5 mg Distilled water
q.s. to 100 mL Exemplary Injectable Formulation For
Administration By Injection 



A compound of the invention (0.2 g) is blended with
0.4 M sodium acetate buffer solution (2.0 mL). The pH
of the resulting solution is adjusted to pH 4 using
0.5 N aqueous hydrochloric acid or 0.5 N aqueous
sodium hydroxide, as necessary, and then sufficient
water for injection is added to provide a total volume
of 20 mL. The mixture is then filtered through a
sterile filter (0.22 micron) to provide a sterile
solution suitable for administration by injection.
EXAMPLES The following Preparations and Examples are
provided to illustrate specific embodiments of the
invention. These specific embodiments, however, are
not intended to limit the scope of the invention in
any way unless specifically indicated. The following
abbreviations have the following meanings unless
otherwise indicated and any other abbreviations used
herein and not defined have their standard meaning: AC
adenylyl cyclase BSA bovine serum albumin cAMP 3'-5'
cyclic adenosine monophosphate CHO Chinese hamster
ovary cM5 cloned chimpanzee M receptor DCM
dichloromethane (i.e., methylene chloride) DIPEA
,JV-diisopropylethylamine dPBS Dulbecco's phosphate
buffered saline DMF LfiV-dimethylformamide EDCI
-(3-dimethylaminopropyl)- N'-ethylcarbodiimideEDTA
ethylenediamine tetraacetic acid EtOAc ethyl acetate
FBS fetal bovine serum FLEPR fluorometric imaging
plate reader HBSS Hank's Buffered Salt Solution HEPES
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid
ILM1 cloned human M1 receptor hM2 cloned human M2
receptor hM3 cloned human M3 receptor hM4 cloned human
M4 receptor I1M5 cloned human M5 receptor HOBt
1-hydroxybenzotriazole hydrate MCh methylcholine MeOH
methanol TFA trifluoroacetic acid THF tetrahydrofuran
Any other abbreviations used herein but not defined
have their standard, generally accepted meaning.
Unless noted otherwise, all materials, such as
reagents, starting materials and solvents, were
purchased from commercial suppliers (such as
Sigma-Aldrich, Fluka Riedel-de Haen, and the like) and
were used without further purification. Reactions were
run under nitrogen atmosphere, unless noted otherwise.
Progress of reaction mixtures was monitored by thin
layer chromatography (TLC), analytical high
performance liquid chromatography (anal. HPLC), and
mass spectrometry, the details of which are given
below and separately in specific examples of
reactions. Reaction mixtures were worked up as
described specifically in each reaction; commonly they
were purified by extraction and other purification
methods such as temperature-, and solvent-dependent
crystallization, and precipitation hi addition,
reaction mixtures were routinely purified by
preparative HPLC.Preparation 1 ^-cyclopentylhydr
oxyphenyl Acetic Acid (2i?,Ji?)-2-
-Butyl-5-phenyl-l,3-dioxolan-4-one (Ia): (i?)-Mandelic
acid (20 g, 



130 mmol) was dissolved in anhydrous pentane (200 mL,
1.7 mol). Pivaldehyde (13.6 g, 153 mmol) was added
followed by trifluoromethanesulfonic acid (488 mL, 5.4
mmol). The reaction was allowed to reflux at 36 C
under nitrogen. After 5.5 hours, the mixture was
allowed to cool to room temperature before stirring
with 200 mL of an 8 wt% NaHCO3 solution for 10
minutes. Excess pentane was removed by rotary
evaporation. The solids were collected by filtration
and rinsed (100 mL water) while under vacuum
filtration. The solids were dried overnight under high
vacuum to yield intermediate (Ia) as a white solid
(23.8 g, 88% purity). (2i?,55)-2-
-Butyl-5-(l-hydroxycyclopentyl)-5-phenyl-l,3-dioxolan-
4-one (lb): Lithium hexamethyldisilazide (0.8 g, 4.7
mmol; 4.7 mL of 1.0 M in hexanes) was added to
anhydrous THF (5.3 mL, 65 mmol) at -78 C. Intermediate
(Ia) (800 mg, 3.6 mmol) in 5.3 mL anhydrous THF was
added to the solution dropwise over 15 minutes. After
30 minutes cyclopentanone (451 mL, 5.1 mmol) was added
dropwise over less than 1 minute. After 2 hours, 0.8
mL of saturated aqueous Na2HPO4 was added, and the
mixture stirred at room temperature for 5 minutes. The
mixture was added to 8 mL saturated aqueous ammonium
chloride. The aqueous layer was washed (2x80 mL
EtOAc), and the organic layers were combined, dried
over Na2SO , filtered and concentrated. The crude
product (780 mg) was purified by flash chromatography
(5-15% EtOAc gradient over 30 minutes with hexanes) to
yield intermediate (Ib). (2/?,J5)-2-
-Butyl-5-cyclopent-l-enyl-5-phenyl-l,3-dioxolan-4-one
(lc): Intermediate (Ib) (650 mg, 2.1 mmol) was
dissolved in 6.8 mL anhydrous THF and the solution was
cooled to 0 C. Thionyl chloride (436 mL, 6 mmol) was
added dropwise, followed by the addition of pyridine
(777 mL, 9.6 mmol). The mixture was stirred at 0 0C
for 1 hour. Saturated aqueous ammonium chloride (14
mL) was added and the mixture was stirred for 5
minutes while warming to room temperature. The layers
were separated, and the aqueous layer was washed
(2x100 mL EtOAc). The organic layers werecombined,
dried over Na2SO4, filtered and concentrated to yield
intermediate (Ic) as a light yellow oil (540 mg),
which was used in the next step without further
purification. (5)-Cyclopent-l-enyl-hydroxyphenylacetic
acid (Id): Intermediate (Ic) (540 mg, 1.9 mmol) was
dissolved in MeOH (927 mL, 22.9 mmol). Water (1.84 mL,
102 mmol) was added, followed by the addition of KOH (
1.1 g, 18.8 mmol). The reaction was refluxed at 130 C
for 3 hours. The mixture was diluted to 250 mL with
saturated ammonium chloride, then washed (2x 10OmL
hexane). The remaining aqueous emulsion was washed
(2x250mL EtOAc). The EtOAc layers were combined,
washed with 5OmL saturated aqueous NaCl, dried over
Na2SO , filtered and concentrated to yield
intermediate (Id) as a brownish- yellow solid (290
mg). Intermediate (Id) (280 mg, 1.3 mmol) was
dissolved in MeOH (2.50 mL, 6 1.7 mmol) and the
reaction flask was flushed with nitrogen before 28 mg
of 10% Pd/C was added to the mixture. The mixture was
stirred at room temperature under 1 ami hydrogen and
the reaction was monitored by HPLC until the starting
material was consumed (~24 hours). The reaction vessel
was flushed with nitrogen, then the mixture was
filtered through celite and rinsed with MeOH. The
filtrate was concentrated under vacuum to obtain the
title compound as a slightly yellow solid (284 mg).
Preparation 2
^?)-2-Cvclopentyl-2-hvdroxv-2-phenvl-l-piperazin-l-vle
thanone To a stirred solution of
fi^-cyclopentylhydroxyphenyl acetic acid (10.0 g, 45.4
mmol) in DCM (200 mL) was added -butyl
1-piperazinecarboxylate (8.5 g, 45.4 mmol). Into the
reaction was added DIPEA (23.7 mL, 13.6 mmol), HOBt
(10.4 g, 68.1 mmol), and then EDCI (10.4 g, 54.5
mmol). The mixture was stirred at room temperature for
12 hours. The mixture was then washed with IN NaOH
(300 mL), IN HCl (300 mL) then saturated aqueous NaCl
(300 mL). The organic layer was then removed, dried
over MgSO4 and then filtered. The solvent was removed
under reduced pressure. A 



solution of 20% TFA/DCM was added to the crude
material, and the resulting mixture was stirred for 2
hours at room temperature. The solvent was removed
under reduced pressure. DCM (300 mL) was added and the
mixture was washed with saturated sodium
bicarbonate(300 mL). The organic layer was then
removed, dried over MgSO4 and filtered. The crude
material was purified via silica gel chromatography
(10% MeOH/DCM w/ 1% NH3 (aq)) to afford the title
compound as a white powder (9.0 g, 31.2 mmol). EXAMPLE
1 4-(fl?)-2-Cvclopentyl-2-hvdroxy-2-phenylacetyl) -
-thiophen-2-ylmethylpiperazi ne-1-carboxamidine To a
stirred solution of
?)-2-cyclopentyl-2-hydroxy-2-phenyl-l-piperazin-lyleth
anone (3.9 g 13.7 mmol) in DMF (200 mL) was added
DIPEA (4.8 mL, 27.3 mmol), and then
C-(t-benzotriazol-l-yl)methylene amine (3.6 g, 13.7
mmol). This was stirred at room temperature for 30
minutes, followed by the addition of
C-thiophen-2-ylmethylamine (2.8 mL, 27.3 mmol). The
mixture was heated at 60 C for ~ 14 hours. The
reaction was cooled to room temperature and the
solvent removed by reduced pressure. The crude
material was purified by reverse phase-HPLC to afford
the title compound as a TFA salt (0.7 g, 1.3 mmol). MS
m/z: [M+H]+calcd for C23H30N4O2S, 427.21; found 427.2.
Alternate Synthesis DIPEA (7.3 mL, 41.6 mmol) was
added to (7?>2-cyclopentyl-2-hydroxy-2-phenyl-
1-piperazin-l-ylethanone (6.0 g, 20.8 mmol) dissolved
in ethanol (90 mL, 2 mol). C-(bisbenzotriazol-
l-yl)-methyleneamine (6.0 g, 22.9 mmol) was added and
the mixture stirred at room temperature for 30
minutes. C-Thiophen-2-yl-methylamine (4.9 g, 4 1.6
mmol) was added and the mixture was stirred overnight
at 55 0C. The mixture was condensed and the product
purified by HPLC to afford the title compound as a TFA
salt (7.3 g, 98% purity). MS m/z: [M+H]+calcd for
C23H30N4O2S, 427.21; found 427.4. EXAMPLE 2
4-(/i?)-2-Cvclopentyl-2-hvdroxy-2-phenylacetylV
-(4-hvdroxybenzyl)p iperazine- 1-carboxamidineTo a
stirred solution of
?)-2-cyclopentyl-2-hydroxy-2-phenyl-l-piperazin-lyleth
anone (5.00 g 17.3 mmol; prepared as described in
Preparation 1) in DMF (200 mL) was added DIPEA (10.6
mL, 60.7 mmol) and then
C-(to-benzotriazol-l-yl)-methylene amine (5.48 g, 20.8
mmol). This was stirred at room temperature for 30
minutes, followed by the addition of 4-hydroxybenzyl
amine (12.0 g mL, 97 mmol). The mixture was heated at
60 C for ~ 14 hours. The reaction was cooled to room
temperature and the solvent removed by reduced
pressure. The crude material was purified by reverse
phase-HPLC to afford the title compound as a TFA salt
(1.7 g, 3.1 mmol). MS m/z: [M+H]+calcd for C25H32N4O3,
437.25; found 437.2. EXAMPLE 3
4-"R)-2-Cyclopentyl-2-hvdroxy-2-phenylacetv
p-N-furan-2-vhnethylpiperazine-lcarboxamidine
(7?)-2-Cyclopentyl-2-hydroxy-2-phenyl-l-piperazin-l-yl
ethanone (2.0 g, 6.9 mmol) and C-(
*s-benzotriazol-l-yl)methyleneamine (2.0 g, 7.6 mmol)
were added to ethanol (40.0 mL, 685 mmol), followed by
the addition of DIPEA (2.4 mL, 13.9 mmol). The
resulting mixture was stirred at room temperature for
about 1 hour until all solids were dissolved, to form
the intermediate. Furfurylamine (1.2 mL, 13.9 mmol)
was added and the reaction mixture was stirred at 35
0C until the reaction was complete (about 22 hours).
Purification by preparative HPLC yielded the title
compound as a TFA salt (329 mg, 6.9 mmol, 97.5%
purity). MS m/z\ [M+H]+calcd for C23H30N4O3, 4 11.23;
found 4 11.2. EXAMPLE 4 Following the procedures
described in the previous examples, and substituting
the appropriate starting materials and reagents,
compounds 4-1 to 4-52, having the following, were also
prepared as TFA salts:ANTIGEN BINDING PROTEINS CAPABLE
OF BINDING THYMIC STROMAL LYMPHOPOIETIN CROSS
REFERENCE TO RELATED APPLICATIONS 



This application claims the benefit under 35 U.S.C.
119 of U.S. Provisional Application Serial Number
61/091,676, filed August 25, 2008 and U.S. Provisional
Application Serial Number 60/971,178 filed September
10, 2007, which are hereby incorporated by reference.
FIELD OF THE INVENTION The field of this invention
relates to compositions of antigen binding proteins
including antibodies capable of binding human thymic
stromal lymphopoietin, as well as related methods.
BACKGROUND OF THE INVENTION The prevalence of allergic
diseases such as asthma, allergic rhinitis, atopic
dermatitis, and food allergies appears to be
increasing in recent years, particularly in developed
countries, affecting an increasing percentage of the
population (Kay, N Engl. J. Med. 344:30-37(2001)).
Thymic stromal lymphopoietin (TSLP) is an epithelial
cell derived cytokine produced in response to
pro-inflammatory stimuli. TSLP has been discovered to
promote allergic inflammatory responses primarily
through its activity on dendritic and mast cells
(Soumelis et al., Nat Immun 3(7): 673-680 (2002),
Allakhverdi et al., J . Exp. Med. 204(2):253-258
(2007)). Human TSLP expression has been reported to be
increased in asthmatic airways correlating to disease
severity (Ying et al., J. Immunol. 174: 8183-8190
(2005)). In addition, TSLP protein levels are
detectable in the concentrated bronchoalveoloar lavage
(BAL) fluid of asthma patients, and other patients
suffering from allergic disorders. Also, increased
levels of TSLP protein and mRNA are found in the
lesional skin of atopic dermatitis (AD) patients.
Therefore, TSLP antagonists would be useful in
treating inflammatory disorders. In addition, TSLP has
also been found to promote fibrosis, as reported in
U.S. application serial no. 11/344,379. Fibrotic
disease results during the tissue repair process if
the fibrosis phase continues unchecked, leading to
extensive tissue remodeling and the formation of
permanent scar tissue (Wynn, Nature Rev. Immunol. 4,
583 (2004)). It has been estimated that up to 45% of
deaths in the United States can be attributed to
fibroproliferative diseases, which can affect many
tissues and organ systems (Wynn, supra, at 595
(2004)). Currently, anti-inflammatory treatments are
used to treat fibrotic disorders, since fibrosis is
common to many persistent inflammatory diseases such
as idopathic pulmonary fibrosis, progressive kidney
disease, and liver cirrhosis. However, the mechanisms
involved in regulation of fibrosis appear to be
distinctive from those of inflammation, and
anti-inflammatory therapies are not always effective
in reducing or preventing fibrosis (Wynn, supra).
Therefore, a need remains for developing treatments to
reduce and prevent fibrosis.Therefore, antagonists to
TSLP would be expected to be useful for treating these
inflammatory and fibrotic disorders. The present
disclosure provides such treatments and methods of
treating. SUMMARY QF THE INVENTION In one aspect, the
present disclosure provides an isolated antigen
binding protein comprising a. a light chain CDR3
sequence selected from i. a light chain CDR3 sequence
that differs by no more than a total of two amino acid
additions, substitutions, and/or deletions from a CDR3
sequence selected from the group consisting of the
light chain CDR3 sequences of Al to A27; ii.
QQAX8SFPLT (SEQ ID NO: 251); and b. a heavy chain CDR3
sequence selected from i. a heavy chain CDR3 sequence
that differs by no more than a total of three amino
acid additions, substitutions, and/or deletions from a
CDR3 sequence selected from the group consisting of
the heavy chain CDR3 sequences of Al to A27; ii.GGGIX
12VADYYX 13YGMDV (SEQ ID NO: 255); iii.
DX2IGX22SGWPLFX 23Y (SEQ ID NO: 259); wherein X8 is an
N residue or a D residue;X, 2 is a P residue or an A
residue; Xi3 is a Y residue or an F residue; X2 1 is a
G residue or an R residue;X 22 is an S residue or a T
residue; X23 is an A residue or a D residue, and
wherein said antigen binding protein specifically
binds to TSLP. In another aspect, the isolated antigen
binding protein of the present disclosure further
comprises at least one of the following: a. a light
chain CDRl sequence selected from i. a light chain
CDRl sequence that differs by no more than three amino
acids additions, substitutions, and/or deletions from
a light chain CDRl sequence of A1-A27; ii. RSSQSLX
1YSDGX 2TYLN (SEQ ID NO: 246); 



iii. RASQX 4X5SSWLA (SEQ ID NO: 249); b. a light chain
CDR2 sequence selected from i. a light chain CDR2
sequence that differs by no more than two amino acid
additions, substitutions, and/or deletions from a CDR2
sequence of A1-A27; ii. KVSX3 (residues 1-4 of SEQ ID
NO: 247); iii. X6X7SSLQS (SEQ ID NO: 250); or iv.
QDX9KRPS (SEQ ID NO: 252); and c. a heavy chain CDRl
sequence selected from i. a heavy chain CDRl sequence
that differs by no more than two amino acid additions,
substitutions, and/or deletions from a CDRl sequence
of A1-A27; ii. X10YGMH (SEQ ID NO: 253); and iii.
X15Xi6YMX17 (SEQ ID NO: 257); and d. a heavy chain
CDR2 sequence selected from i. a heavy chain CDR2
sequence that differs by no more than three amino acid
additions, substitutions, and /or deletions from a
CDR2 sequence of A1-A27; ii. VIWX n DGSNKYYADSVKG (SEQ
ID NO: 254); iii. VISYDGSX MKYYADSVKG (SEQ ID NO:
256); and iv. WINPNSGGTNX 18X,9X20KFQG (SEQ ID NO:
258); wherein X1 is a V residue or an I residue; X2 is
an N residue or a D residue; X3 is a Y residue or an N
residue; X is a G residue or a S residue; X 5 is a L
residue or an I residue; X6 is an N residue or a T
residue; X7 is a T residue or an A residue; X9 is a K
residue or an N residue; X10 is an S residue or an N
residue; Xn is a Y residue or an F residue; X14 is a Y
residue or a N residue; X15 is a D residue or G
residue; X16 is a Y residue or a D residue; X17 is a Y
residue or an H residue; X18 is a Y residue or an H
residue; Xi9 is a V residue or an A residue; X20 is a
Q residue or an R residue,and wherein said antigen
binding protein specifically binds to TSLP.In another
aspect of the present disclosure, the isolated antigen
binding protein of claim 1 comprises either: a. a
light chain variable domain comprising: i. a light
chain CDRl sequence selected from A1-A27; ii a light
chain CDR2 sequence selected from A1-A27; iii. a light
chain CDR3 sequence selected from A1-A27; or b. a
heavy chain variable domain comprising i. a heavy
chain CDRl sequence selected from A1-A27; ii. a heavy
chain CDR2 sequence selected from Al- A27, and iii. a
heavy chain CDR3 sequence selected from A1-A27; or c.
the light chain variable domain of (a) and the heavy
chain variable domain of (b). In a further aspect, the
isolated antigen binding protein comprises either a. a
light chain variable domain sequence selected from i.
amino acids having a sequence at least 80% identical
to a light chain variable domain sequence selected
from L1-L27; ii. a sequence of amino acids encoded by
a polynucleotide sequence that is at least 80%
identical to a polynucleotide sequence encoding the
light chain variable domain sequence of L1-L27; iii. a
sequence of amino acids encoded by a polynucleotide
sequence that hybridizes under moderately stringent
conditions to the complement of a polynucleotide
consisting of a light chain variable domain sequence
of L1-L27; b. a heavy chain variable domain sequence
selected from i. a sequence of amino acids that is at
least 80% identical to a heavy chain variable domain
sequence of H1-H27; ii. a sequence of amino acids
encoded by a polynucleotide sequence that is at least
80% identical to a polynucleotide sequence encoding
the heavy chain variable domain sequence of H1-H27;
iii. a sequence of amino acids encoded by a
polynucleotide sequence that hybridizes under
moderately stringent conditions to the complement of a
polynucleotide consisting of a heavy chain variable
domain sequence of H1-H27; or c . the light chain
variable domain of (a) and the heavy chain variable
domain of (b), wherein said antigen binding protein
specifically binds to TSLP. In a further aspect, an
isolated antigen binding protein of the present
disclosure comprises either: a. a light chain variable
domain sequence selected from : L1-L27; b. a heavy
chain variable domain sequence selected from H1-H27;
or, c. the light chain variable domain of (a) and the
heavy chain variable domain of (b), wherein the
antigen binding protein specifically binds to TSLP. In
a futher aspect, the isolated binding protein
comprises a light chain variable domain sequence and a
heavy chain variable domain sequence selected from
LlHl, L2H2, L3H3, L4H4, L5H5, L6H6, L7H7, L8H8, L9H9,
LlOHlO, LI lHl 1, L12H12, L13.1H13, L13.2H13,
L14.1H14, L14.2H14, L15.1H15, L15.2H15, L16.1H16,
L16.2H16, L17H17, L18.1H18, L18.2H18, L19.1H19,
L19.2H19, L20.1H20, L20.2H20, L21H21, L22H22, L23H23,
L24H24, L25H25, L26H26, and L27H27. In a further
aspect, the isolated antigen binding protein comprises
a binding protein that binds to TSLP with
substantially the same Kd as a reference antibody
selected from A2, A3, A4, and A5. In another aspect,
the isolated antigen binding protein comprises a
binding protein that inhibits TSLP 



activity according to the primary cell OPG assay with
the same IC50 as a reference antibody selected from
A2, A3, A4 or A5.In a still further aspect, the
isolated antigen binding protein cross-competes for
binding of TSLP with a reference antibody. In another
aspect, the isolated antigen binding protein binds the
same epitope as a reference antibody, e.g., A2, A4,
A5, A6, A7, AlO, A21, A23, or A26. In one aspect, the
isolated antigen binding protein is selected from a
human antibody, a humanized antibody, chimeric
antibody, a monoclonal antibody, a polyclonal
antibody, a recombinant antibody, an antigen-binding
antibody fragment, a single chain antibody, a diabody,
a triabody, a tetrabody, a Fab fragment, an F(fa')x
fragment, a domain antibody, an IgD antibody, an IgE
antibody, and IgM antibody, and IgGl antibody, and
IgG2 antibody, and IgG3 antibody, and IgG4 antibody,
and IgG4 antibody having at least one mutation in the
hinge region that alleviates a tendency to for intra
H-chain disulfide bonds. In one aspect, the isolated
antigen binding protein is a human antibody. Also
provided is an isolated nucleic acid molecule
comprising a polynucleotide sequence encoding the
light chain variable domain, the heavy chain variable
domain, or both, of the antigen binding agent of the
present disclosure. In one embodiment, the
polynucleotide comprises a light chain variable
sequence L1-L27, and/or a heavy chain variable
sequence H1-H27, or both. Also provided are vectors
comprising the polynucleotides of the present
disclosure. In one embodiment the vector is an
expression vector. Also provided is a host cell
comprising the vector. Also provided is a hybridoma
capable of producing the antigen binding protein of
the present invention. Also provided is a method of
making the antigen binding protein comprising
culturing the host cell under conditions that allow it
to express the antigen binding protein. Also provided
is a pharmaceutical composition comprising the antigen
binding proteins of the present invention. In one
embodiment the pharmaceutical composition comprises a
human antibody. Also provided is a method of treating
a TSLP-related inflammatory condition in a subject in
need of such treatment comprising administering a
therapeutically effective amount of the composition to
the subject. In one embodiment, the inflammatory
condition is allergic asthma, allergic rhinosinusitis,
allergic conjunctivitis, or atopic dermatitis. Also
provided is a method of treating a TSLP-related
fibrotic disorder in a subject in need of such
treatment comprising administering a therapeutically
effective amount of the composition to the subject. In
one embodiment, the fibrotic disorder is scleroderma,
interstitial lung disease, idiopathic pulmonary
fibrosis, fibrosis arising from chronic hepatitis B or
C, radiation-induced fibrosis, and fibrosis arising
from wound healing. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. IA-FIG. IF. The figure provides the amino acid
sequence of the light chain CDRl, CDR2, and CDR3
regions of A1-A27. Further provided is an exemplary
nucleotide sequence encoding each CDR. FIG. 2A-FIG.
2F. The figure provides the amino acid sequence of the
heavy chain CDRl, CDR2, and CDR3 regions of A1-A27.
Further provided is an exemplary nucleotide sequence
encoding each CDR.DETAILED DESCRIPTION OF THE
INVENTION The present invention relates to antigen
binding agents, including antigen binding proteins,
that specifically bind to the cytokine human thymic
stromal lymphopoietin (TSLP), including antigen
binding proteins that inhibit TSLP binding and
signaling such as antagonistic TSLP antibodies,
antibody fragments, and antibody derivatives. The
antigen binding agents are useful for inhibiting or
blocking binding of TSLP to its receptor, and for
treating inflammatory diseases, fibrotic diseases, and
other related conditions. The present invention
further provides compositions, kits, and methods
relating to antigen binding proteins that bind to
TSLP. Also provided are nucleic acid molecules, and
derivatives and fragments thereof, comprising a
sequence of polynucleotides that encode all or a
portion of a polypeptide that binds to TSLP, such as a
nucleic acid encoding all or part of an anti-TSLP
antibody, antibody fragment, or antibody derivative.
The present invention further provides vectors and
plasmids comprising such nucleic acids, and cells or
cell lines comprising such nucleic acids and/or
vectors and plasmids. The provided methods include,
for example, methods of making, identifying, or
isolating antigen binding proteins that bind to human
TSLP such as anti-TSLP antibodies, methods 



of determining whether an antigen binding protein
binds to TSLP, methods of making compositions, such as
pharmaceutical compositions, comprising an antigen
binding protein that binds to TSLP, and methods for
administering an antigen binding protein that binds to
TSLP in a subject, for example, methods for treating a
condition mediated by TSLP, and for modulating a
biological activity associated with TSLP signalling in
vivo or in vitro. TSLP Thymic stromal lymphopoietin
(TSLP) refers to a four a-helical bundle type I
cytokine which is a member of the IL-2 family but most
closely related to IL-7. Cytokines are low molecular
weight regulatory proteins secreted in response to
certain stimuli, which act on receptors on the
membrane of target cells. Cytokines regulate a variety
of cellular responses. Cytokines are generally
described in references such as Cytokines. A.
Mire-Sluis and R. Thorne, ed., Academic Press, New
York, (1998). TSLP was originally cloned from a murine
thymic stromal cell line (Sims et al J. Exp. Med 192
(5), 671-680 (2000)), and found to support early B and
T cell development. Human TSLP was later cloned and
found to have a 43 percent identity in amino acid
sequence to the murine homolog (Quentmeier et al.
Leukemia 15, 1286-1292 (2001), and U.S. Patent No:
6,555,520, which is herein incorporated by reference).
The polynucleotide and amino acid sequence of human
TSLP are presented in SEQ ID NO: 1 and 2 respectively.
TSLP was found to bind with low affinity to a receptor
chain from the hematopoietin receptor family called
TSLP receptor (TSLPR), which is described in U.S.
Patent application No: 09/895,945 (publication No:
2002/0068323) (SEQ ID NO: 3 and 4). The polynucleotide
sequence encoding human TSLPR is presented as SEQ ID
NO: 3 of the present application, and the amino acid
sequence is presented as SEQ ID NO: 4 of the present
application respectively. The soluble domain of the
TSLPR is approximately amino acids 25 through 23 1of
SEQ ID NO: 4. TSLP binds with high affinity to a
heterodimeric complex of TSLPR and theinterleukin 7
receptor alpha IL-7Ra(Park et al., J . Exp. Med 192:5
(2000), U.S. Patent application No. 09/895,945,
publication number U.S. 2002/0068323). The sequence of
IL-7 receptor a is shown in Figure 2 of U.S. Patent
No. 5,264,416, which is herein incorporated by
reference. The sequence of the soluble domain of the
IL-7 receptor a is amino acid 1 to 219 of Figure 2 in
U.S. Patent No: 5,264,416. As used herein the term
"TSLP polypeptides" refers to various forms of TSLP
useful as immunogens. These include TSLP expressed in
modified form, in which a furin cleavage site has been
removed through modification of the amino acid
sequence, as described in PCT patent application
publication WO 03/032898. Modified TSLP retains
activity but the full length sequence is more easily
expressed in mammalian cells such as CHO cells.
Examples of TSLP polypeptides include SEQ ID NO: 2,
SEQ ID NO: 373, and SEQ ID NO: 375. In addition,
cynomolgus TSLP has been identified and is shown in
Example 1 below and is set forth in SEQ ID NO: 380,
for example. TSLP is produced in human epithelial
cells including skin, bronchial, tracheal, and airway
epithelial cells, keratinocytes, stromal and mast
cells, smooth muscle cells, and lung and dermal
fibroblasts, as determined by quantitative mRNA
analysis (Soumelis et al, Nature Immunol. 3 (7) 673-
680 (2002)). Both murine and human TSLP are involved
in promoting allergic inflammation. TABLE 1TSLP
Activity TSLP activities include the proliferation of
BAF cells expressing human TSLPR (BAF/HTR), as
described in PCT patent application publication WO
03/032898. The BAF/HTR bioassay utilizes a murine pro
B lymphocyte cell line, which has been transfected
with the human TSLP receptor. The BAF/HTR cells are
dependent upon huTSLP for growth, and proliferate in
response to active huTSLP added in test samples.
Following an incubation period, cell proliferation is
measured by the addition of Alamar Blue dye I or
tritiated thymidine. Proliferation may also be
measured using a commercially available kit such as
the CYQUANT cell proliferation assay kit (Invitrogen).
Additional assays for huTSLP activity include, for
example, an assay measuring induction of T cell growth
from human bone marrow by TSLP as described in U.S.
Patent 6,555,520. Another TSLP activity is the ability
to activate STAT5 as described in the reference to
Levin et al., J . Immunol. 162:677-683 (1999) and PCT
patent application WO 03/032898. 



Additional assays include TSLP induced CCLl 7/TARC
production from primary human monocytes and dendritic
cells as described in US application publication no.
2006/0039910 (serial no. 11/205,909). Cell based
assays useful for measuring TSLP activity are
described in the examples below. These include the BAF
cell proliferation assay described above, as well as
the primary cell assay described below measuring TSLP
induced osteoprotegerin (OPG) production from primary
human dendritic cells, as well cynomolgus peripheral
blood mononuclear cell assay, also described below.
TSLP activities further include in vivo activities.
These can be measured in mouse models, for example,
such as those described in Zhou et al., Nat Immunol
6(10), 1047-1053 (2005), and Yoo et al., J Exp Med.
202 (4), 541-549 (2005). For example, an anti-murine
TSLP antibody was shown to decrease BALF cellularity
and BALF levels of IL-5 and 11-13 in an Ova-asthma
model (Zhou et al). Definitions Polynucleotide and
polypeptide sequences are indicated using standard
one- or three-letter abbreviations. Unless otherwise
indicated, polypeptide sequences have their amino
termini at the left and their carboxy termini at the
right, and single-stranded nucleic acid sequences, and
the top strand of double-stranded nucleic acid
sequences, have their 5' termini at the left and their
3' termini at the right. A particular polypeptide or
polynucleotide sequence also can be described by
explaining how it differs from a reference sequence.
Polynucleotide and polypeptide sequences of particular
light and heavy chain variable domains., L l ("light
chain variable domain 1"), H l ("heavy chain variable
domain 1"), etc. Antibodies comprising a light chain
and heavy chain are indicated by combining the name of
the light chain and the name of the heavy chain
variable domains. For example, "L4H7," indicates an
antibody comprising the light chain variable domain of
L4 and the heavy chain variable domain of H7. Unless
otherwise defined herein, scientific and technical
terms used in connection with the present invention
shall have the meanings that are commonly understood
by those of ordinary skill in the art. Further, unless
otherwise required by context, singular terms shall
include pluralities andplural terms shall include the
singular. Generally, nomenclatures used in connection
with, and techniques of, cell and tissue culture,
molecular biology, immunology, microbiology, genetics
and protein and nucleic acid chemistry and
hybridization described herein are those well known
and commonly used in the art. The methods and
techniques of the present invention are generally
performed according to conventional methods well known
in the art and as described in various general and
more specific references that are cited and discussed
throughout the present specification unless otherwise
indicated. See, e.g., Sambrook et al. Molecular
Cloning: A Laboratory Manual, 2d ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(1989) and Ausubel et al., Current Protocols in
Molecular Biology, Greene Publishing Associates
(1992), and Harlow and Lane Antibodies: A Laboratory
Manual Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1990), which are incorporated
herein by reference. Enzymatic reactions and
purification techniques are performed according to
manufacturer's specifications, as commonly
accomplished in the art or as described herein. The
terminology used in connection with, and the
laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are
those well known and commonly used in the art.
Standard techniques can be used for chemical
syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment
of patients. The following terms, unless otherwise
indicated, shall be understood to have the following
meanings: The term "isolated molecule" (where the
molecule is, for example, a polypeptide, a
polynucleotide, or an antibody) is a molecule that by
virtue of its origin or source of derivation (1) is
not associated with naturally associated components
that accompany it in its native state, (2) is
substantially free of other molecules from the same
species (3) is expressed by a cell from a different
species, or (4) does not occur in nature. Thus, a
molecule that is chemically synthesized, or expressed
in a cellular system different from the cell from
which it naturally originates, will be "isolated" from
its naturally associated components. A molecule also
may be rendered substantially free of naturally
associated components by isolation, using purification
techniques well known in the art. Molecule 



purity or homogeneity may be assayed by a number of
means well known in the art. For example, the purity
of a polypeptide sample may be assayed using
polyacrylamide gel electrophoresis and staining of the
gel to visualize the polypeptide using techniques well
known in the art. For certain purposes, higher
resolution may be provided by using HPLC or other
means well known in the art for purification. The
terms "TSLP inhibitor" and "TSLP antagonist" are used
interchangeably. Each is a molecule that detectably
inhibits TSLP signalling. The inhibition caused by a
TSLP inhibitor need not be complete so long as it is
detectable using an assay. For example, the cell-based
assay described in Example 4 below, demonstrates an
assay useful for determining TSLP signaling
inhibition. The terms "peptide" "polypeptide" and
"protein" each refers to a molecule comprising two or
more amino acid residues joined to each other by
peptide bonds. These terms encompass, e.g., native and
artificial proteins, protein fragments and polypeptide
analogs (such as muteins, variants, andfusion
proteins) of a protein sequence as well as post-trans
lational Iy, or otherwise covalently or noncovalently,
modified proteins. A peptide, polypeptide, or protein
may be monomeric or polymeric. The term "polypeptide
fragment" as used herein refers to a polypeptide that
has an aminoterminal and/or carboxy-terminal deletion
as compared to a corresponding full-length protein.
Fragments can be, for example, at least 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 20, 50, 70, 80, 90, 100, 150
or 200 amino acids in length. Fragments can also be,
for example, at most 1,000, 750, 500, 250, 200, 175,
150, 125, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 14,
13, 12, 11, or 10 amino acids in length. A fragment
can further comprise, at either or both of its ends,
one or more additional amino acids, for example, a
sequence of amino acids from a different
naturally-occurring protein (e.g., an Fc or leucine
zipper domain) or an artificial amino acid sequence
(e.g., an artificial linker sequence). Polypeptides of
the invention include polypeptides that have been
modified in any way and for any reason, for example,
to: (1) reduce susceptibility to proteolysis, (2)
reduce susceptibility to oxidation, (3) alter binding
affinity for forming protein complexes, (4) alter
binding affinities, and (4) confer or modify other
physicochemical or functional properties. Analogs
include muteins of a polypeptide. For example, single
or multiple amino acid substitutions (e.g.,
conservative amino acid substitutions) may be made in
the naturally occurring sequence (e.g., in the portion
of the polypeptide outside the domain(s) forming
intermolecular contacts). A "conservative amino acid
substitution" is one that does not substantially
change the structural characteristics of the parent
sequence (e.g., a replacement amino acid should not
tend to break a helix that occurs in the parent
sequence, or disrupt other types of secondary
structure that characterize the parent sequence or are
necessary for its functionality). Examples of
art-recognized polypeptide secondary and tertiary
structures are described in Proteins, Structures and
Molecular Principles (Creighton, Ed., W. H. Freeman
and Company, New York (1984)); Introduction to Protein
Structure (C. Branden and J . Tooze, eds., Garland
Publishing, New York, N.Y. (1991)); and Thornton et
al. Nature 354:105 (1991), which are each incorporated
herein by reference. A "variant" of a polypeptide
comprises an amino acid sequence wherein one or more
amino acid residues are inserted into, deleted from
and/or substituted into the amino acid sequence
relative to another polypeptide sequence. Variants of
the invention include fusion proteins. Variants of
antibodies described herein also include those that
result from processing. Such variants include those
having one, two, three, four, five, six, seven, eight,
nine ten or more additional amino acids at the
Nterminus of a light or heavy chain, e.g., as a result
of inefficient signal sequence cleavage. Such variants
also include those missing one or more amino acids
from the N- or C- termini of a light or heavy chain. A
"derivative" of a polypeptide is a polypeptide (e.g.,
an antibody) that has been chemically modified, e.g.,
via conjugation to another chemical moiety such as,
for example, polyethylene glycol, albumin (e.g., human
serum albumin), phosphorylation, and glycosylation.
Unless otherwise indicated, the term "antibody"
includes, in addition to antibodies comprising two
full-length heavychains and two full-length light
chains, derivatives, variants, fragments, and muteins
thereof, examples of which are described below. An
"antigen binding protein" according to the present
disclosure is a protein capable of binding to an
antigen and, optionally, a scaffold or framework
portion that allows the antigen binding 



portion to adopt a conformation that promotes binding
of the antigen binding protein to the antigen. In one
embodiment an antigen binding protein of the present
invention comprises at least one CDR. Examples of
antigen binding proteins include antibodies, antibody
fragments (e.g., an antigen binding portion of an
antibody), antibody derivatives, and antibody analogs.
The antigen binding protein can comprise, for example,
an alternative protein scaffold or artificial scaffold
with grafted CDRs or CDR derivatives. Such scaffolds
include, but are not limited to, antibody-derived
scaffolds comprising mutations introduced to, for
example, stabilize the three-dimensional structure of
the antigen binding protein as well as wholly
synthetic scaffolds comprising, for example, a
biocompatible polymer. See, for example, Korndorfer et
al., 2003, Proteins: Structure, Function, and
Bioinformatics, Volume 53, Issue 1:121-129; Roque et
al., 2004, Biotechnol. Prog. 20:639-654. In addition,
peptide antibody mimetics ("PAMs") can be used, as
well as scaffolds based on antibody mimetics utilizing
fibronection components as a scaffold. An antigen
binding protein can have, for example, the structure
of a naturally occurring immunoglobulin. An
"immunoglobulin" is a tetrameric molecule. In a
naturally occurring immunoglobulin, each tetramer is
composed of two identical pairs of polypeptide chains,
each pair having one "light" (about 25 kDa) and one
"heavy" chain (about 50-70 kDa). The amino-terminal
portion of each chain includes a variable region of
about 100 to 110 or more amino acids primarily
responsible for antigen recognition. The
carboxy-terminal portion of each chain defines a
constant region primarily responsible for effector
function. Human light chains are classified as kappa
and lambda light chains. Heavy chains are classified
as mu, delta, gamma, alpha, or epsilon, and define the
antibody's isotype as IgM, IgD, IgG, IgA, and IgE,
respectively. Within light and heavy chains, the
variable and constant regions are joined by a "J"
region of about 12 or more amino acids, with the heavy
chain also including a "D" region of about 10 more
amino acids. See generally, Fundamental Immunology Ch.
7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989))
(incorporated by reference in its entirety for all
purposes). The variable regions of each light/heavy
chain pair form the antibody binding site such that an
intact immunoglobulin has two binding sites. Naturally
occurring immunoglobulin chains exhibit the same
general structure of relatively conserved framework
regions (FR) joined by three hypervariable regions,
also called complementarity determining regions or
CDRs. From N-terminus to C-terminus, both light and
heavy chains comprise the domains FRl, CDRl, FR2,
CDR2, FR3, CDR3 and FR4. The assignment of amino acids
to each domain is in accordance with the definitions
of Kabat et al. in Sequences of Proteins of
Immunological Interest, 5th Ed., US Dept. of Health
and Human Services, PHS, NIH, NIH Publication no.
91-3242, 1991. Intact antibodies include polyclonal,
monoclonal, chimeric, humanized or fully human having
full length heavy and light chains.An "antibody"
refers to an intact immunoglobulin or to an antigen
binding portion thereof that competes with the intact
antibody for specific binding, unless otherwise
specified. Antigen binding portions may be produced by
recombinant DNA techniques or by enzymatic or chemical
cleavage of intact antibodies. Antigen binding
portions include Fab, Fab', F(ab') 2, Fd, Fv, and
domain antibodies (dAbs), and complementarity
determining region (CDR) fragments, single-chain
antibodies (scFv), diabodies, triabodies, tetrabodies,
and polypeptides that contain at least a portion of an
immunoglobulin that is sufficient to confer specific
antigen binding to the polypeptide. A Fab fragment is
a monovalent fragment having the VL, VH, CL and CHI
domains; a F(ab') 2 fragment is a bivalent fragment
having two Fab fragments linked by a disulfide bridge
at the hinge region; a Fd fragment has the VH and CH1
domains; an Fv fragment has the VL and VH domains of a
single arm of an antibody; and a dAb fragment has a VH
domain, a VL domain, or an antigen-binding fragment of
a VH or VL domain (US Pat. No. 6,846,634, 6,696,245,
US App. Pub. No. 05/0202512, 04/0202995, 04/0038291,
04/0009507, 03/0039958, Ward et al., Nature 341
:544-546, 1989). A single-chain antibody (scFv) is an
antibody in which a V L and a V H region are joined
via a linker (e.g., a synthetic sequence of amino acid
residues) to form a continuous protein chain wherein
the linker is long enough to allow the protein chain
to fold back on itself and form a monovalent antigen
binding site (see, e.g., Bird et al., 1988, Science
242:423-26 and Huston et al., 1988, Proc. Natl. Acad.
Sci. USA 85:5879-83). Diabodies are bivalent
antibodies comprising two polypeptide 



chains, wherein each polypeptide chain comprises VH
and VL domains joined by a linker that is too short to
allow for pairing between two domains on the same
chain, thus allowing each domain to pair with a
complementary domain on another polypeptide chain
(see, e.g., Holliger et al., 1993, Proc. Natl. Acad.
Sci. USA 90:6444-48, and Poljak et al., 1994,
Structure 2:1 121-23). If the two polypeptide chains
of a diabody are identical, then a diabody resulting
from their pairing will have two identical antigen
binding sites. Polypeptide chains having different
sequences can be used to make a diabody with two
different antigen binding sites. Similarly, tribodies
and tetrabodies are antibodies comprising three and
four polypeptide chains, respectively, and forming
three and four antigen binding sites, respectively,
which can be the same or different. Complementarity
determining regions (CDRs) and framework regions (FR)
of a given antibody may be identified using the system
described by Kabat et al. in Sequences of Proteins of
Immunological Interest, 5th Ed., US Dept. of Health
and Human Services, PHS, NIH, NIH Publication no.
91-3242, 1991 . One or more CDRs may be incorporated
into a molecule either covalently or noncovalently to
make it an antigen binding protein. An antigen binding
protein may incorporate the CDR(s) as part of a larger
polypeptide chain, may covalently link the CDR(s) to
another polypeptide chain, or may incorporate the
CDR(s) noncovalently. The CDRs permit the antigen
binding protein to specifically bind to a particular
antigen of interest. An antigen binding protein may
have one or more binding sites. If there is more than
one binding site, the binding sites may be identical
to one another or may be different. For example,
anaturally occurring human immunoglobulin typically
has two identical binding sites, while a "bispecific"
or "bifunctional" antibody has two different binding
sites. The term "human antibody" includes all
antibodies that have one or more variable and constant
regions derived from human immunoglobulin sequences.
In one embodiment, all of the variable and constant
domains are derived from human immunoglobulin
sequences (a fully human antibody). These antibodies
may be prepared in a variety of ways, examples of
which are described below, including through the
immunization with an antigen of interest of a mouse
that is genetically modified to express antibodies
derived from human heavy and/or light chain-encoding
genes. A humanized antibody has a sequence that
differs from the sequence of an antibody derived from
a non-human species by one or more amino acid
substitutions, deletions, and/or additions, such that
the humanized antibody is less likely to induce an
immune response, and/or induces a less severe immune
response, as compared to the non-human species
antibody, when it is administered to a human subject.
In one embodiment, certain amino acids in the
framework and constant domains of the heavy and/or
light chains of the non-human species antibody are
mutated to produce the humanized antibody. In another
embodiment, the constant domain(s) from a human
antibody are fused to the variable domain(s) of a
non-human species. In another embodiment, one or more
amino acid residues in one or more CDR sequences of a
non-human antibody are changed to reduce the likely
immunogenicity of the non-human antibody when it is
administered to a human subject, wherein the changed
amino acid residues either are not critical for
immunospecific binding of the antibody to its antigen,
or the changes to the amino acid sequence that are
made are conservative changes, such that the binding
of the humanized antibody to the antigen is not
significantly worse than the binding of the non-human
antibody to the antigen. Examples of how to make
humanized antibodies may be found in U.S. Pat. Nos.
6,054,297, 5,886,152 and 5,877,293. The term "chimeric
antibody" refers to an antibody that contains one or
more regions from one antibody and one or more regions
from one or more other antibodies. In one embodiment,
one or more of the CDRs are derived from a human
anti-TSLP antibody. In another embodiment, all of the
CDRs are derived from a human anti-TSLP antibody. In
another embodiment, the CDRs from more than one human
anti-TSLP antibodies are mixed and matched in a
chimeric antibody. For instance, a chimeric antibody
may comprise a CDRl from the light chain of a first
human anti-TSLP antibody, a CDR2 and a CDR3 from the
light chain of a second human anti-TSLP antibody, and
the CDRs from the heavy chain from a third anti-TSLP
antibody. Further, the framework regions may be
derived from one of the same anti-TSLP antibodies,
from one or more different antibodies, such as a human
antibody, or from a humanized antibody. In one example
of a chimeric antibody, a portion of the 



heavy and/or light chain is identical with, homologous
to, or derived from an antibody from a particular
species or belonging to a particular antibody class or
subclass, while the remainder of the chain(s) is/are
identical with, homologous to, or derived from an
antibody (-ies) from another species or belonging to
another antibody class or subclass. Also included are
fragments of such antibodiesthat exhibit the desired
biological activity (i.e., the ability to specifically
bind the human TSLP receptor). Fragments or analogs of
antibodies can be readily prepared by those of
ordinary skill in the art following the teachings of
this specification and using techniques well-known in
the art. Preferred amino- and carboxy-termini of
fragments or analogs occur near boundaries of
functional domains. Structural and functional domains
can be identified by comparison of the nucleotide
and/or amino acid sequence data to public or
proprietary sequence databases. Computerized
comparison methods can be used to identify sequence
motifs or predicted protein conformation domains that
occur in other proteins of known structure and/or
function. Methods to identify protein sequences that
fold into a known three-dimensional structure are
known. See, e.g., Bowie et al., 1991, Science 253:164.
A "CDR grafted antibody" is an antibody comprising one
or more CDRs derived from an antibody of a particular
species or isotype and the framework of another
antibody of the same or different species or isotype.
A "multi-specific antibody" is an antibody that
recognizes more than one epitope on one or more
antigens. A subclass of this type of antibody is a
"bi-specific antibody" which recognizes two distinct
epitopes on the same or different antigens. An antigen
binding protein including an antibody "specifically
binds" to an antigen, such as TSLP if it binds to the
antigen with a high binding affinity as determined by
a Kd (or corresponding Kb, as defined below) value of
10 7M or less. An "antigen binding domain," "antigen
binding region," or "antigen binding site" is a
portion of an antigen binding protein that contains
amino acid residues (or other moieties) that interact
with an antigen and contribute to the antigen binding
protein's specificity and affinity for the antigen.
For an antibody that specifically binds to its
antigen, this will include at least part of at least
one of its CDR domains. The "percent identity" of two
polynucleotide or two polypeptide sequences is
determined by comparing the sequences using the GAP
computer program (a part of the GCG Wisconsin Package,
version 10.3 (Accelrys, San Diego, CA)) using its
default parameters. The terms "polynucleotide,"
"oligonucleotide" and "nucleic acid" are used
interchangeably throughout and include DNA molecules
(e.g., cDNA or genomic DNA), RNA molecules (e.g.,
mRNA), analogs of the DNA or RNA generated using
nucleotide analogs (e.g., peptide nucleic acids and
non-naturally occurring nucleotide analogs), and
hybrids thereof. The nucleic acid molecule can be
single-stranded or double-stranded. In one embodiment,
the nucleic acid molecules of the invention comprise a
contiguous open reading frame encoding an antibody, or
a fragment, derivative, mutein, or variant thereof, of
the invention. Two single-stranded polynucleotides are
"the complement" of each other if their sequences can
be aligned in an anti-parallel orientation such that
every nucleotide in one polynucleotide is opposite its
complementary nucleotide in the other polynucleotide,
without the introduction of gaps, and without unpaired
nucleotides at the 5' or the 3' end of either
sequence. A polynucleotide is"complementary" to
another polynucleotide if the two polynucleotides can
hybridize to one another under moderately stringent
conditions. Thus, a polynucleotide can be
complementary to another polynucleotide without being
its complement. A "vector" is a nucleic acid that can
be used to introduce another nucleic acid linked to it
into a cell. One type of vector is a "plasmid," which
refers to a linear or circular double stranded DNA
molecule into which additional nucleic acid segments
can be ligated. Another type of vector is a viral
vector (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), wherein
additional DNA segments can be introduced into the
viral genome. Certain vectors are capable of
autonomous replication in a host cell into which they
are introduced (e.g., bacterial vectors comprising a
bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian
vectors) are integrated into the genome of a host cell
upon introduction into 



the host cell, and thereby are replicated along with
the host genome. An "expression vector" is a type of
vector that can direct the expression of a chosen
polynucleotide. A nucleotide sequence is "operably
linked" to a regulatory sequence if the regulatory
sequence affects the expression (e.g., the level,
timing, or location of expression) of the nucleotide
sequence. A "regulatory sequence" is a nucleic acid
that affects the expression (e.g., the level, timing,
or location of expression) of a nucleic acid to which
it is operably linked. The regulatory sequence can,
for example, exert its effects directly on the
regulated nucleic acid, or through the action of one
or more other molecules (e.g., polypeptides that bind
to the regulatory sequence and/or the nucleic acid).
Examples of regulatory sequences include promoters,
enhancers and other expression control elements (e.g.,
polyadenylation signals). Further examples of
regulatory sequences are described in, for example,
Goeddel, 1990, Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Diego, CA and
Baron et al., 1995, Nucleic Acids Res. 23:3605-06. A
"host cell" is a cell that can be used to express a
nucleic acid, e.g., a nucleic acid of the invention. A
host cell can be a prokaryote, for example, E. coli,
or it can be a eukaryote, for example, a single-celled
eukaryote (e.g., a yeast or other fungus), a plant
cell (e.g., a tobacco or tomato plant cell), an animal
cell (e.g., a human cell, a monkey cell, a hamster
cell, a rat cell, a mouse cell, or an insect cell) or
a hybridoma. Exemplary host cells include Chinese
hamster ovary (CHO) cell lines or their derivatives
including CHO strain DXB-1 1, which is deficient in
DHFR (see Urlaub et al., 1980, Proc. Natl. Acad. Sci.
USA 77:4216-20), CHO cell lines which grow in
serum-free media (see Rasmussen et al., 1998,
Cytotechnology 28:31), CS-9 cells, a derivative of
DXB-1 1CHO cells, and AM-l/D cells (described in U.S.
patent No. 6,210,924). Other CHO cells lines include
CHO-Kl (ATCC# CCL-61), EM9 (ATCC# CRL- 1861), and
UV20( ATCC# CRL-1 862). Examples of other host cells
include COS-7 line of monkey kidney cells (ATCC CRL
1651) (see Gluzman et al., 1981, Cell 23:175), L
cells, C127 cells, 3T3 cells (ATCC CCL 163), HeLa
cells, BHK (ATCC CRL 10) cell lines, the CV1/EBNA cell
line derived from the African green monkey kidney cell
line CVl (ATCC CCL 70) (see McMahan et al., 1991, EMBO
J . 10:2821), human embryonic kidney cells such as
293, 293 EBNA or MSR 293, human epidermal A43 1 cells,
human Colo205 cells, other transformedprimate cell
lines, normal diploid cells, cell strains derived from
in vitro culture of primary tissue, primary explants,
HL-60, U937, HaK or Jurkat cells. Typically, a host
cell is a cultured cell that can be transformed or
transfected with a polypeptide-encoding nucleic acid,
which can then be expressed in the host cell. The
phrase "recombinant host cell" can be used to denote a
host cell that has been transformed or transfected
with a nucleic acid to be expressed. A host cell also
can be a cell that comprises the nucleic acid but does
not express it at a desired level unless a regulatory
sequence is introduced into the host cell such that it
becomes operably linked with the nucleic acid. It is
understood that the term host cell refers not only to
the particular subject cell but to the progeny or
potential progeny of such a cell. Because certain
modifications may occur in succeeding generations due
to, e.g., mutation or environmental influence, such
progeny may not, in fact, be identical to the parent
cell, but are still included within the scope of the
term as used herein. Antigen binding proteins In one
aspect, the present disclosure provides antigen
binding proteins such as antibodies, antibody
fragments, antibody derivatives, antibody muteins, and
antibody variants that bind to human TSLP. Antigen
binding proteins in accordance with the present
disclosure includes antigen binding proteins that bind
to human TSLP, and thereby reduce TSLP activity. For
example, antigen binding proteins may interfere with
the binding of TSLP to its receptor, and thus reduce
TSLP activity. In one embodiment, the present
invention provides an antigen binding protein that
comprises one or more CDR sequences that differ from a
CDR sequence shown in FIG. 1A-IF or FIG. 2A-2F by no
more than 5, 4, 3, 2, 1, or 0 amino acid residues. In
another embodiment, at least one of the antigen
binding protein CDR3 sequence is a sequence from FIG.
1A-IF or FIG. 2A-2F. In another embodiment, the
antigen binding protein's light chain CDR3 sequence is
a light chain sequence from Al through A27, and the
antigen binding protein heavy chain CDR3 sequence is a
heavy chain CDR3 sequence from Al through A27. In
another embodiment, the antigen binding protein
further comprises 1, 2, 3, 4, or 5 CDR 



sequences that each independently differs by 5, 4, 3,
2, 1, or 0 single amino acid additions, substitutions,
and/or deletions from a CDR sequence of A1-A27. The
light chain CDR's of exemplary antigen binding
proteins A1-A27 and the heavy chain CDR's of exemplary
binding proteins A1-A27 are shown in FIG. 1A-IF and
FIG. 2A-2F, respectively. Also shown are
polynucleotide sequences which encode the amino acid
sequences of the CDRs. In addition, consensus
sequences of the CDR sequences are provided below. CDR
CONSENSUS SEQUENCES VARIABLE LIGHT CHAIN CDRs Group Ia
LC CDRl Consensus Xi X2 A16.1 R S S Q S L V Y S D N T
N A18.1 V NA13.1 V D A19.1 V D A20.1 V D A14.1 V N
A15.1 I N R S SQ S LX 1YSDGX 2TYLN (SEQ ID NO : 246)
X] is a V (valine) residue or an I (isoleucine)
residue, X2 is an N (asparagine) residue or a D
(aspartic) acid residue; LC CDR2 Consensus X A16.1 K V
S Y W D S A18.1 Y A13.1 N A19.1 N A20.1 N A14.1 N
A15.1 N KVSX3WDS (SEQ ID NO: 247) X3 is a Y (tyrosine)
residue or an N (asparagine) residue; LC CDR3
consensus A16.1 M Q G T H W P P A A18.1 A13.1 A19.1
A20.1 A14.1 A15.1 MQGTHQPPA (SEQ ID NO: 248) Group Ib
LC CDRl consensus X X5 A13.2 R A S Q G L W L A14.2 G L
A19.2 G L A20.2 G L A16.2 S L A18.2 S L A15.2 G I
RASQX4X5SSWLA (SEQ ID NO: 249) 



X4 is a G (glycine) residue or an S (serine) residue;
X5 is a L (leucine) residue or an I (isoleucine)
residue; LC CDR2 consensus A13.2 N T S S L Q S A14.2 N
T A19.2 N TA20.2 N T A16.2 N A A18.2 N A A15.2 T T
X6X7SSLQS (SEQ ID NO: 250) X6 is an N (asparagine)
residue or a T (threonine) residue; X7 is a
T(theonine) residue or an A (alanine) residue; LC CDR3
consensus X8 A13.2 Q Q A N S A14.2 N A19.2 N A20.2 N
A16.2 N A18.2 N A15.2 D QQAX8SFPLT (SEQ ID NO: 251) X8
is a N (asparagine) residue or a D (aspartic acid)
residue; Group 2 LC CDRl consensus A6 S G D K L G D K
Y A A8 SGDKLGDKYAC (SEQ ID NO: 15) LC CDR2 consensus X
A6 Q D K K R P S A8 N QDX9KRPS (SEQ ID NO: 252) X is a
K (lysine) residue or an N (asparagine) residue; LC
CDR3 consensus A6 Q A W D S S T V V A8 QAWDSSTVV (SEQ
ID NO: 107) Group 3 LC CDRl consensus A3 T G S S S N I
G A G F D V H A4 TGSSSNIGAGFDVH (SEQ ID NO: 10) LC
CDR2 consensus A3 D N N N R P S A4DNNNRPS (SEQ ID NO:
57) LC CDR3 consensus A3 Q S Y D S N L S G S I V V A4
QSYDSNLSGSrVV (SEQ ID NO: 102) VARIABLE HEAVY CHAIN
CDRS 



Group 1 HC CDRl consensus A13 S Y G M H A14 S A19 S
A20 S A16 N A18 N A15 N X10YGMH (SEQ ID NO: 253) Xio
is a S (serine) or an N (asparagine) residue; HC CDR2
consensus Xn A13 V I W Y D G S N K Y Y A D V K G A14 Y
A19 Y A20 Y A16 Y A18 Y A15 F VIWX 11DGSNKYYADSVKG
(SEQ ID NO: 254) X11is a Y (tyrosine) residue or a F
(phenylalanine) residue. HC CDR3 consensus A13 G G G I
P V A D Y Y Y Y M D V A14 P Y A19 P Y A20 P Y A16 A Y
A18 A Y A15 A F GGGIX 12VADYYX 13YGMDV (SEQ IDNO: 255)
X 2 is a P (proline) residue or an A (alanine)
residue; X is a Y (tyrosine) residue or a F
(phenylalanine) residue.Group 2 HC CDRl consensus A6 Y
G I H A8 SYGIH (SEQ ID NO: 147) HC CDR2 consensus Xl4
A6 V I S Y D G S Y K D V K A8 N VISYDGSX KYYADSVKG
(SEQ ID NO: 256) Xi4 is a Y (tyrosine) or an N
(asparagine) residue. HC CDR3 consensus A6 G D S W N D
R L N Y D M D V A8 GDSWNDRLNYYFYDMDV (SEQ IDNO: 214)
Group 3 HC CDRl consensus A3 D Y Y M Y A4 G D H 



X15X16YMX17 (SEQ ID NO: 257) Xi5 is a D (aspartic
acid) or G (glycine) residue; X16 is a Y (tyrosine) or
D (aspartic acid) residue; X17 is a Y (tyrosine) or an
H (histidine) residue. HC CDR2 consensus A3 W I N P N
S G G T N Y V Q K Q G A4 H A R WINPNSGGTNX
18X19X20KFQG (SEQ ID NO: 258) X18 is a Y (tyrosine) or
H (histidine) residue; X19 is a V (valine) or A
(alanine) residue; X20 is a Q (glutamine) or R
(arginine) residue. HC CDR3 consensus A3 D G G S S G W
A A4 R T D (SEQ ID NO: 259) X 1 is a G (glycine) or R
(arginine) residue; X22 is a S (serine) or T
(threonine) residue; X23 is an A (alanine) or D
(aspartic acid) residue. Table 2 below provides
nucleic acid (DNA) sequences encoding the variable
heavy domains (H#) and variable light domains (L#),
and the amino acid sequences of the variable heavy and
variablelight domains for exemplary TSLP antigen
binding proteins A1-A27, respectively. CDRs 1, 2 & 3
for each variable domain are sequential from the
beginning to the end of each sequence. Framework (Fr)
regions are underlined. Frameworks 1, 2, 3 & 4 for
each variable domain are sequential from the beginning
to the end of each sequence (e.g., the first
underlined portion of the sequence is FrI, the second
is Fr2, the third is Fr3 & the last is Fr4 in each
sequence). TABLE 2 Hl DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGFCCAGCCTGGGAGGTCCCTG
AGACT
CTCCTGTGCAGCGTCTGGATTCACCTTCAGTAACTATGGCATGCACTGGGTCCG
CCAGGC
TCCAGGCAAGGGGCTGGAGTGGGTGGCA'GTTATATGGTATGATGGAAGTAATA
AATACT
ATGCAGACTCCGTGAAGGGCCGATTCACCATCFCCAGAGACAATTCCAAGAACA
CGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTATATTACTGTGCG
AGCTT
AGTGGGAGCTACCAACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGT
CACCG TCTCCTCA (SEQ ID NO: 260) Hl Protein
OVOLVESGGGVVOPGRSLRLSCAASGFTFSN YGMHWVRQAPGKGLEWVA
VIWYDGSNKY YADSVKG RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAS
LVGATNYYGMDV WGOGTTVTV SS (SEQ ID NO: 261) Ll DNA
TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTC
AGGATC ACATGC CAAGGAGACAGCCTCAGAAGCTATTATGCAAGC
TGGTACCAGCAGAAGCCAGG ACAGGCCCCTGTACTTGTCATCTCT
GGTAAAAACTACCGGCCCTCA GGGATCCCAGACCG
ATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCA
GGCGGA AGATGAGGCTGACTACTACTGT
AACTCCCGGGACAGAAGTGGTAACCATCTGGTGTTTTC
GGCGGAGGGACCAAGCTGACCGTCCTA (SEQ ID NO: 262) Ll
Protein SSELTODPAVSV ALGOTVRITC OGDSLRSYYAS
WYOOKPGOAPVLVIS GKNYRPS GIPDRFSG
SSSGNTASLTITGAOAEDEADYYCN SRDRSGNHLV FGGGTKLTVL (SEO
ID NO: 263) 



H2 DNA
GAAGTGCAGCTGGTGGAGTCTGGGGGAGTCGTGGTACAGCCTGGGGGGTCCCTG
AGACT CTCCTGTGCAGCCTCTGGATTCACCTTTGAT GATTTTACCATGCAC
TGGGTCCGTCAAGCT CCGGGG AAGGGTCTGGAGTGGGTCTCT
CTTATTAGTTGGGATGGTGGTAGCACATACTAT GCAGACTCTGTGAAGGGC
CGATTCACCATCf CCAGAGACAACAGCAAAAACTCCCTGTA
TATGCAAATGAACAGTCTGAGAACTGAGGACAGCGCCTTGTATTACTGTGCAAG
AGGT C CTTACTACTACTTCTACGGTATGGACGTC
TGGGGCCAAGGGACCACGGTCACCGTCTCCT CA (SEO ID NO: 264) H2
Protein EVOLVESGGWVOPGGSLRLSCAASGFfFD
DFTMHWVROAPGKGLEWVSL ISWDGGSTYY ADSVKG
RFTISRDNSKNSLYMOMNSLRTEDSALYYCARG PYYYFYGMDV
WGOGTTVTVSS (SEO ID NO: 265) L2 DNA
TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTC
AGGATC ACATGC CAAGGAGACAGCCTCAGAACCTATTATGCAAGC
TGGTACCAGCAGAAGCCAGG ACAGGCCCCTATACTTGTCATCTCT
GATAAAAACAACCGGCCCTCA
GGGATCCCAGACCGATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACC
ATCACTGGGGCTCAGGCGGA
AGATGAGGCTGACTATTACTGTAACTCCCGGGACAGCAGTGATAACCATCTAGT
GGTATT TCGGCGGAGGGACCAAGCTGACCGTCCTA (SEO ID NO: 266)
L2 Protein
SSELTODPAVSVALGOTVRITCQGDSLRTYYASWYOOKPGOAPILVISDKNNRP
SGIPDRFSG SSSGNTASLTITGAOAEDEADYYCNSRDSSDNHLW
FGGGTKLTVL (SEO ID NO: 267) H3 DNA
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGT
CTCCTGCAAGGCTTCTGGATACACCTTCACCGACTACTATATGTACTGGGTGCG
ACAGGC
CCCTGGACAAGGGCCTGAGTGGATGGGATGGATCAACCCTAACAGTGGTGGCAC
AAACT
ATGTACAGAAGTTTCAGGGCAGGGTCACCATGACCAGGGACACGTCCATCAGCA
CAGCC
TACATGGAGCTGAGCAGGATGAGATCCGACGACACGGCCGTGTATTACTGTGCG
AGAGA
TGGGGGTAGCAGTGGCTGGCCCCTCTTTGCCTACTGGGGCCTGGGAACCCTGGT
CACCGT CTCCTCA (SEO ID NO: 268) H3 Protein
OVOLVOSGAEVKKPGASVKVSCKASGYTFTDYYMYWVROAPGOGPEWMGWINPN
SGGTN
YVOKFOGRVTMTRDTSISTAYMELSRMRSDDTAVYYCARDGGSSGWPLFAYWGL
GTLVTV SS (SEO ID NO: 269) L3 DNA
CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTC
ACCAT
CTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTTTGATGTACACTGGTA
CCAGCA
GCTTCCAGGAACAGCCCCCAAACTCCTCATCTATGATAACAACAATCGGCCCTC
AGGGGT
CCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCAC
TGGGCT
CCAGGCTGAGGATGAGGCTGATTATTACTGCCAGTCCTATGACAGCAACCTGAG
TGGTTC GATTGTGGTTTTTCGGCGGAGGGACCAAGCTGACCGTCCTA (SEO
ID NO: 270) L3 Protein
OSVLTOPPSVSGAPGORVTISCTGSSSNIGAGFDVHWYOOLPGTAPKLLIYDNN
NRPSGVPDR
FSGSKSGTSASLAITGLOAEDEADYYCOSYDSNLSGSIVVFGGGTKLTVL
(SEO ID NO: 271) H4 DNA
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGT
CTCCTGCAAGGCTTCTGGATACATCTTCACCGGCGACTATATGCACTGGGTGCG
ACAGGC
CCCTGGACAAGGGCTGGAGTGGATGGGATGGATCAACCCTAACAGTGGTGGCAC
AAACC
ATGCACGGAAGTTTCAGGGCAGGGTCACCATGACCAGGGACACGTCCATCAGCA
CAGCC
TACATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGTGTG
AGAGA 



TAGGGGTACCAGTGGCTGGCCACTCTTTGACTATTGGGGCCAGGGAACACTGGT
CACCGT CTCCTCA (SEO ID NO: 272) H4 Protein
OVOLVOSGAEVKKPGASVKVSCKASGYIFTGDYMHWVROAPGOGLEWMGWINPN
SGGTN
HARKFOGRVTMTRDTSISTAYMELSRLRSDDTAVYYCVRDRGTSGWPLFDYWGO
GTLVTV SS (SEO ID NO: 273) L4 DNA
CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTC
ACCAT
CTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTTTGATGTGCACTGGTA
CCAGCT
GCTTCCAGGAACAGCCCCCAAACTCCTCATCTTTGATAACAACAATCGCCCCTC
AGGGGT
CCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCAC
TGGGCT
CCAGGCTGAGGATGAGGCTGATTATTACTGCCAGTCCTATGACAGCAACCTGAG
TGGTTC GATTGTGGTATTTCGGCGGAGGGACCAAGCTGACCGTCCTA (SEO
ID NO: 274)L4 Protein
OSVLTOPPSVSGAPGORVTISCTGSSSNIGAGFDVHWYOLLPGTAPKLLIFDNN
NRPSGVPDR FSGSKSGTSASLAITGLOAEDEADYYCQSYDSNLSGSWV
FGGGTKLTVL (SEO ID NO: 275) H5 DNA
CAGATGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT
CTCCTGTGCAGCGTCTGGATTCACCTTCAGAACCTATGGCATGCACTGGGTCCG
CCAGGC
TCCAGGCAAGGGACTGGAGTGGGTGGCAGTTATATGGTATGATGGAAGTAATAA
ACACT
ATGCAGACTCCGTGAAGGGCCGATTCACCATCACCAGAGACAATTCCAAGAACA
CTCTG
AATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGAGC
CCCTCAGTGGGAGCTAGTTCATGAAGCTTTTGATATCTGGGGCCAAGGGACAAT
GGTCAC CGTCTCTTCA (SEO ID NO: 360) H5 Protein
OMOLVESGGGVVOPGRSLRLSCAASGFTFRTYGMHWVROAPGKGLEWVAVIWYD
GSNKH
YADSVKGRFTITRDNSKNTLNLOMNSLRAEDTAVYYCARAPOWELVHEAFDIWG
OGTMVT VSS (SEO ID NO: 361) L5 DNA
TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCC
AGGATT
ACCTGTGGGGGAAACAACCTTGGAAGTAAAAGTGTGCACTGGTACCAGCAGAAG
CCAGG
CCAGGCCCCTGTGCTGGTCGTCTATGATGATAGCGACCGGCCCTCATGGATCCC
TGAGCG
ATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGGCGA
AGCCG
GGGATGAGGCCGACTATTACTGTCAGGTGTGGGATAGTAGTAGTGATCATGTGG
TATTTC GGCGGAGGGACCAAGCTGACCGTCCTA (SEO ID NO: 362) L5
Protein
SYVLTOPPSVSVAPGOTARITCGGNNLGSKSVHWYOOKPGOAPVLVVYDDSDRP
SWIPERFS
GSNSGNTATLTISRGEAGDEADYYCOVWDSSSDHVVFGGGTKLTVL (SEO ID
NO: 363) H6 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT
CTCCTGTGCAGCCTCTGGATTCATTTTCAGTAGCTATGGCATTCACTGGGTCCG
CCAGGCT
CCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATCATATGATGGAAGTTATAAA
TACTA
TGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACAC
GCTGT
ATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGA
GAGGG
GACTCCTGGAACGACAGATTAAACTACTACTTCTACGATATGGACGTCTGGGGC
CAAGG GACCACGGTCACCGTCTCCTCA (SEO ID NO: 276) H6
Protein OVOLVESGGGWOPGRSLRLSCAASGFIFS
SYGIHWVROAPGKGLEWVAVISYDGSYKYYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGDSWNDRLNYYFYDMDV
WGOGT TVTVSS (SEO ID NO: 277) 



L6 DNA
TCCTATGAGCTGACTCAGGCACCCTCAGTGTCCGTGTCCCCAGGACAGACAGCC
AGCATC
ACCTGCTCTGGAGATAAATTGGGGGATAAATATGCTTGCTGGTATCAGCAGAAG
CCAGG
CCAGTCCCCTGTGCTGGTCATCTATCAAGATAAGAAGCGGCCCTCAGGGATCCC
TGAGCG
ATTCTCTGGCTCCAACTCTGGGAACACAGCCACTCTGACCATCAGCGGGACCCA
GGCTAT
GGATGAGGCTGACTATTACTGTCAGGCGTGGGACAGCAGCACTGTGGTATTTCG
GCGGA GGGACCAAGCTGACCGTCCTA (SEO ID NO: 278)L6 Protein
SYELTOAPSVSVSPGOTASITCSGDKLGDKYACWYOOKPGOSPVLVIYODKKRP
SGIPERFSG SNSGNTATLTISGTOAMDEADYYCQAWDSSTW FGGGTKLTVL
(SEO ID NO: 279) H7 DNA
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTG
TCCCT
CACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTG
GATCCG
CCAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTTCATCCATTACAGTGGGAC
CACCT
ACTACAACCCGTCCCTCAAGAGTCGACTTACCCTATCAGTAGACACGTCTAAGA
GCCAGT
TCTCCCTGAAGCTGAACTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTG
CGAGAG
AAGTTGGCAGCTCGTCGGGTAACTGGTTCGACCCCTGGGGCCAGGGAACCCTGG
TCACC GTCTCCTCA (SEO ID NO: 280) H7 Protein
OVOLOESGPGLVKPSOTLSLTCTVSGGSISSGGYYWSWIROHPGKGLEWIGFIH
YSGTTYYNP
SLKSRLTLSVDTSKSOFSLKLNSVTAADTAVYYCAREVGSSSGNWFDPWGOGTL
VTVSS (SEO ID NO: 281) L7 DNA
TCCTATGAGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGACAGCC
AGCATC
ACCTGCTCTGGAGATAAATTGGGGGATAAATATGCTTGCTGGTATCAGCAGAAG
CCAGG
CCAGTCCCCTGTGGTGGTCATCTATCAAGATAACAAGCGGCCCTCAGGGATCCC
TGAGCG
ATTCTCTGGCTCCAACTCTGGGAACACAGCCACTTTGACCATCAGCGGGACCCA
GGCTAT
GGATGAGGCTGACTATTACTGTCAGGCGTGGGACAGCACCACTGCGATATTTCG
GCGGA GGGACCAAGCTGACCGTCCTA (SEO ID NO: 282) L7
Protein
SYELTOPPSVSVSPGOTASITCSGDKLGDKYACWYOOKPGOSPVWIY
ODNKRPSGIPERFSG
SNSGNTATLTISGTOAMDEADYYCOAWDSTTAIFGGGTKLTVL (SEO ID
NO: 283) H8 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT
CTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGGCATTCACTGGGTCCG
CCAGGC
TCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATCATATGATGGAAGTAATAA
ATACT
ATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACA
CGCTG
TATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCG
AGAGG
GGACTCCTGGAACGACAGATTAAACTACTACTTCTACGATATGGACGTCTGGGG
CCAAG GGACCACGGTCACCGTCTCCTCA (SEO ID NO: 284) H8
Protein OVOLVESGGGWOPGRSLRLSCAASGFTFS
SYGIHWVROAPGKGLEWVAVISYDGSNKYYA
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGDSWNDRLNYYFYDMDV
WGOGT TVTVSS (SEO ID NO: 285) L8 DNA
TCCTATGAGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGACAGCC
AGCATC
ACCTGCTCTGGAGATAAATTGGGGGATAAATATGCTTGCTGGTATCAGCAGAAG
CCAGG 



CCAGTCCCCTGTACTGGTCATCTATCAAGATAACAAGCGGCCCTCAGGGATCCC
TGAGCG
ATTCTCTGGCTCCAACTCTGGGAACACAGCCACTTTGACCATCAGCGGGACCCA
GGCTAT
GGATGAGGCTGACTATTACTGTCAGGCGTGGGACAGCAGCACTGTGGTATTTCG
GCGGA GGGACCAAGCTGACCGTCCTA (SEO ID NO: 286)L8 Protein
SYELTOPPSVSVSPGOTASITC SGPKLGDKY ACWYOOKPGOSPVLVIY
ODNKRPS GIPERFSG SNSGNTATLTISGTOAMPEADYYC OAWDSSTVV
FGGGTKLTVL (SEO ID NO: 287) H9 DNA
CAGGTGCAGTTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATATACCTTCAAT AGCTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATACATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACATTTCCAAGAACACTCTGT
ATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGA
GA GAG GTCCGGGCGTATAGCAGTGGCTGGTACGCCGCCTTTGACTAC
TGGGGCCAGGGAACCCT GGTCACCGTCTCCTCA (SEO ID NO: 288) H9
Protein OVOLVESGGGWOPGRSLRLSCAASGYTFN
SYGMHWVROAPGKGLEWVA VIWYDGSNTY YADSVKG
RFTISRDISKNTLYLOMNSLRAEDTAVYYCAR EVRAYSSGWYAAFDY
WGOGTL VTVSS (SEO ID NO: 289) L9 DNA
TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTC
AGGATC ACATGC CAAGGAGACAGCCTCAGAATCTTTTATGCAAAC
TGGTACCAGCAGAAGCCAGG ACAGGCCCCTGTAGTTGTCTTCTAT
GGTAAAAACAACCGGCCCTCA GGGATCCCAGACCG
ATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGCGGCTCA
GGCGGA AGATGAGGCTGACTATTATTGT
AACTCCCGGGACAGCAGTGGTAACCATGTGGTA TTTCG
GCGGAGGGACCACGCTGACCGTCCTA (SEO ID NO: 290) L9 Protein
SSELTODPAVSVALGOTVRITC OGDSLRIFYAN WYOOKPGOAPVWFY
GKNNRPS GIPDRFS GSSSGNTASLTITAAOAEDEADYYCN SRDSSGNHVV
FGGGTTLTVL (SEO ID NO: 291) HlO DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAACGTCTGGATTCACCTTCAGT AGTTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAGTAAATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTGTATTACTGTGCG
AGA GT AAGAAGTGGGAGCTACTACGAACAGTATTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCGCCGTCTCCTCA (SEO ID NO: 292)
HlO Protein OVOLVESGGGWOPGRSLRLSCATSGFTFS
SYGMHWVROAPGKGLEWVA VIWYDGSSKYY ADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR VRSGSYYEOYYYGMDV
WGOGTT VAVSS (SEO ID NO: 293) LlO DNA
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
GTCACC
ATCACTTGCCGGGCAAATCAGTACATTAGCACCTATTTAAATTGGTATCAGCAG
AAACCA
GGGAAAGCCCCTAAGGTCCTGATTTATGCTGCATCCAGTTTGCAAAGTGGGGTC
CCATCA
AGGTTCAGTGGCAGTGGATTTGAGACAGATTTCACTCTCACCATCAGCAGTCTG
CAACCT 



GAAGATTTTGCAACTTACTACTGTCAGCAGAGCTACACTACCCCGATCACCTTT
CGGCCA AGGGACACGACTGGAGATTAAA (SEO ID NO: 294)LlO
Protein
DIOMTOSPSSLSASVGDRVTITCRANOYISTYLNWYOOKPGKAPKVLIYAASSL
OSGVPSRFS GSGFETDFTLTISSLOPEDFATYYC OOSYTTPIT
FGOGTRLEIK (SEO ID NO: 295) HI l DNA
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTG
AGACT
CTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGTTATAGCATGAACTGGGTCCG
CCAGGC
TCCAGGGAAGGGGCTGGAGTGGGTTTCATACATTAGTGGTCGTACTAGTAGCGT
ATACTA
CGCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACAATGCCAAGAACTC
ACTGT
ATCTGCACATGAACAGCCTGAGAGACGAGGACACGGCTGTGTATTACTGTGCGA
GAAGT
GGGATCTACTACGACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTC
ACCGT CTCCTCA (SEO ID NO: 296) Hl 1 Protein
EVOLVESGGGLVOPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSYISGR
TSSVYYA
DSVKGRFTISRDNAKNSLYLHMNSLRDEDTAVYYCARSGIYYDYYGMDVWGOGT
TVTVSS (SEO ID NO: 297) LI l DNA
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGG
GCCCCC
ATCAACTGCAAGTCCAGCCAGAGTGTTTTAAACAGCTCCAACAATAAGAACTAC
TTAGCT
TGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGACATCC
ACCCGG
GAAGGCGGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACT
CTCAC
CATCAGCAGCCTGCAGGCTGAAGATGTGGCAGTTTATTACTGTCAGCAGTATTT
TACTAC TCCGTGGACGTTTCGGCCAAGGGACCAAGGTGGAGATCAAA (SEO
ID NO: 298 Ll 1 Protein
DIVMTOSPDSLAVSLGERAPINCKSSOSVLNSSNNKNYLAWYOOKPGOPPKLLI
YWTSTREG
GVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCOOYFTTPWTFGOGTKVEIK
(SEO ID NO: 299) H12 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT
CTCCTGTGCAGCGTCTGGATTCACCTTCAGTAGCTATGGCATGCACTGGGTCCG
CCAGGC
TCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGTATGATGGAAGTAATAA
ATACT
ATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACA
CGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGAGG
GGCAGCCACTGCTATAGATTACTACTACTCCTACGGTATGGACGTCTGGGGCCT
AGGGAC CACGGTCACCGTCTCCTCA (SEO ID NO: 300) Hl2
Protein
OVOLVESGGGVVOPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVIWYD
GSNKYY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGAATAIDYYYSYGMDV
WGLGTT VTVSS (SEO ID NO: 301) Ll2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTGGGAGACAGA
GTCACC
ATCACTTGTCGGGCGAGTCAGGGTATTAGTAGCTGGTTAGCCTGGTATCAGCGG
AAACCA
GGAAAAGCCCCTAAGTTCCTGATCTATACTGCATCCAGTTTGCAAAGTGGGGTC
CCATCA
CGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTG
CAGCCT
GAAGATTCTGCAACTTACTATTGTCAACAGGCTGACAGTTTCCCGCTCACTTTT
CGGCGG AGGGACCAAGGTGGAGATCAAA (SEO ID NO: 302)Ll2
Protein DIOMTOSPSSVSASVGDRVTITC RASQGISSWLA
WYORKPGKAPKFLIY TASSLOS GVPSRFS
GSGSGTDFTLTISSLOPEDSATYYC OOADSFPLTFGGGTKVEIK 



(SEO ID NO: 303 Hl 3 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AGCTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATACCAGTAGCTGACTACTACTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 3041 Hl
3 Protein OVOLVESGGGVVOPGRSLRLSCAASGFTFS
SYGMHWVROAPGKGLEWVA VIWYDGSNKYY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GGGIPVADYYYYGMDV WGOGTT VTVSS (SEO ID NO: 305) L13.1
DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC ATCTCCTGC
AGGTCTAGTCAAAGCCTCGTCTACAGTGATGGAGACACCTACTTGAATTGG
TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTAACTGGGAC
TCTGGGGTCCCATACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTG
CAAATC AGCAGGGTGGAGGCTGAGGATGTTGGGATTTACTACTGC
ATGCAAGGTACACACTGGCC
TCCGGCCTTTCGGCCAAGGGACACGACTGGAGATTAAA (SEO ID NO:
306) Ll 3.1 Protein DVVMTQSPLSLPVTLGOPASISC
RSSOSLVYSDGDTYLN WFOORPGOSPRRLIYK VSNWDSG
VPYRFSGSGSGTDFTLOISRVEAEDVGIYYC MOGTHWPPA FGOGTRLEIK
(SEO ID NO: 307) Ll 3.2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACC ATCACTTGT CGGGCGAGTCAGGGTCTTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCCAAGCTCCTGATGTAT
AACACATCCAGTTTGCAAAGT GGGGTCCCATC
AAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCAGTCTCACCATCAGCAGCCT
GCAGC CTGAAGATTTTGCAAGTTACTATTGT
CAACAGGCTAACAGTTTCCCTCTCACT TTTCGGCG
GAGGGACCAAGGTGGAGATCAAA (SEO ID NO: 308) L13.2 Protein
DIOMTOSPSSVSASVGDRVTITC RASOGLSSWLA WYOOKPGKAPKLLMY
NTSSLOS GVPSRF SGSGSGTDFSLTISSLOPEDFASYYC
OOANSFPLTFGGGTKVEIK (SEO ID NO: 309) H14 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AGCTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATACCAGTAGCTGACTACTACTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 304)H14
Protein OVOLVESGGGVVOPGRSLRLSCAASGFTFS
SYGMHWVROAPGKGLEWVA VIWYDGSNKYY ADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTA VYYCAR GGGIPV ADYYYYGMDV
WGOGTT VTVSS (SEO ID NO: 3051 L14.1 DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC ATCTCCTGC
AGGTCTAGTCAAAGCCTCGTCTACAGTGATGGAAACACCTACTTGAATTGG 



TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTAACTGGGAC
TCTGGGGTCCCAGACAGATTCAGCGGCATTGGGTCAGGCACTGACTTCACACTG
AAAATC AGCAGGGTGGAGGCTGAGGATGTTGGGGTTTACTACTGC
ATGCAAGGTACACACTGGCC TCCGGCC
TTTCGGCCAAGGGACACGACTGGAGATTAAA (SEO ID NO: 3101 L14.1
Protein DVVMTOSPLSLPVTLGOPASISC RSSOSLVYSDGNTYLN
WFOORPGOSPRRLIY KVSNWDSG
VPDRFSGIGSGTDFTLKISRVEAEDVGVYYC MOGTHWPPA FGOGTRLEIK
(SEO ID NO: 3 11) L 14.2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACC ATCACTTGT CGGGCGAGTCAGGGTCTTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCCAAGCTCCTGATGTAT
AACACATCCAGTTTGCAAAGT GGGGTCCCATC
AAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCAGTCTCACCATCAGCAGCCT
GCAGC CTGAAGATTTTGCAAGTTACTATTGT
CAACAGGCTAACAGTTTCCCTCTCACT TTTCGGCG
GAGGGACCAAGGTGGAGATCAAA (SEO ID NO: 312) L14.2 Protein
DIOMTOSPSSVSASVGDRVTITC RASOGLSSWLA WYOOKPGKAPKLLMYN
TSSLOS GVPSRF SGSGSGTDFSLTISSLOPEDFASYYC OOANSFPLT
FGGGTKVEIK (SEO ID NO: 309) Hl 5 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAAGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCCCCTTCAGT AACTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGACTGGAATGGGTGGCA
GTTATATGGTTTGATGGAAGTAATAAATACT ATGCGGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATCCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATAGCAGTGGCTGACTACTACTTCTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 3 13) H
l 5 Protein OVOLVESGGGVVOPGKSLRLSCAASGFPFSN
YGMHWVROAPGKGLEWVA VIWFDGSNKYY ADSVKG
RFTISRDNPKNTLYLOMNSLRAEDTAVYYCAR GGGIAVADYYFYGMDV
WGOGTT VTVSS (SEO ID NO: 3 14) L l 5.1 DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC ATCTCCTGC
AGGTCTAGTCAAAGCCTCATATACAGTGATGGAAACACTTACTTGAATTGG
TTTCAACAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTAACTGGGAC
TCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTG
AAAAT CAGCAGGGTGGAGGCTGAGGATGTTGGGATTTATTACTGC
ATGCAAGGTACACACTGGC CTCCGGCC
TTTCGGCCAAGGGACACGACTGGAGATTAAA (SEO ID NO: 3 15)Ll
5.1 Protein DVVMTOSPLSLPVTLGOPASISC RSSOSLIYSDGNTYLN
WFOORPGOSPRRLryK VSNWDSGV
PDRFSGSGSGTDFTLKISRVEAEDVGIYYC MQGTHWPPAFGOGTRLEIK
rSEO ID NO: 316) L15.2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACC ATTACTTGT CGGGCGAGTCAGGGTATTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCTAAGGTCCTGACCTAT
ACTACATCCAGTTTGCAAAGT GGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTG
CAGCCT GAAGATTTTGCTACTTACTTTTGT
CAACAGGCTGACAGTTTCCCTCTCACTT TTCGGCGGG
GGGACCAAGGTGGAGATCAAA fSEO ID NO: 3 171 Ll 5.2 Protein
DIO]VITOSPSSVSASVGDRVTITC RASQGISSWLA WYOOKPGKAPKVLTY
TTSSLOS GVPSRFS GSGSGTDFTLTISSLOPEDFATYFC
QQADSFPLTFGGGTKVEIK 



(SEO ID NO: 3 18) H16 DNA
CAGGTGCAACTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AACTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATAGCAGTGGCTGACTACTACTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 319) Hl
6 Protein OVOLVESGGGVVOPGRSLRLSCAASGFTFSN
YGMHWVROAPGKGLEWVA VIWYDGSNKY
YADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GGGIAVADYYYYGMDV WGOG TTVTVSS (SEO ID NO: 320) Ll 6.1
DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC ATCTCCTGC
AGGTCTAGTCAAAGCCTCGTATACAGTGATGGAAACACCTACTTGAATTGG
TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTTACTGGGAC
TCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAAGCACTGATTTCACACTG
AAAAT CAGTAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGC
ATGCAAGGTACACACTGGC
CTCCGGCCTTTCGGCCAAGGGACACGACTGGAGATTAAA (SEO IDNO:
321) Ll 6.1 Protein DWMTOSPLSLPVTLGOPASISC
RSSOSLVYSDGNTYLN WFOORPGOSPRRLIY KVSYWDSG
VPDRFSGSGSSTDFTLKISRVEAEDVGVYYC MOGTHWPPA FGOGTRLEIK
(SEO ID NO: 322) L16.2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACC ATCACTTGT CGGGCGAGTCAGAGTCTTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCTAAACTCCTGCTCCAT
AATGCATCCAGTTTGCAAAGT GGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTG
CAGCCT GAAGATTTTGTAAATTACTATTGT
CAACAGGCTAACAGTTTCCCTCTCACT TTTCGGCGGA
GGGACCAGGGTGGAGATCAAA (SEO ID NO: 323) L16.2 Protein
DIOMTOSPSSVSASVGDRVTITC RASOSLSSWLA WYOOKPGKAPKLLLHN
ASSLOSGVPSRFS GSGSGTDFTLTISSLOPEDFVNYYC
OOANSFPLTFGGGTRVEIK (SEO ID NO: 324)Hl 7 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTA
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTAAGT AGTTATGGCATGCTC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTTTATGGTTTGATGGAAGTTATAAAAACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGCGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GA TAGTACAACTATGGCCCACTTTGACTAC
TGGGGCCAGGGAACCCTGGTCACCGTCTCCTC A (SEO ID NO: 325) Hl
7 Protein OVOLVESGGGVVOPGRSLRLSCAASGFTLS
SYGMLWVROAPGKGLEWVA VLWFDGSYKNY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
DSTTMAHFDYWGOGTLVTVSS (SEO ID NO: 326) Ll 7 DNA
CAGACTGTGGTGACCCAGGAGCCATCGTTCTCAGTGTCCCCTGGAGGGACAGTC
ACACTC
ACTTGTGGCTTGAACTCTGGCTCAGTCTCTACTAGTTACTTCCCCAGC
TGGTACCAGCAG ACCCCAGGCCAGGCTCCACGCACGCTCATCTAC
AGCACAAACAGTCGCTCTTCT GGGGTC 



CCTGATCGCTTCTCTGGCTCCATCCTTGGGAACAAAGCTGCCCTCACCATCACG
GGGGCC CAGGCAGATGATGAATCTGATTATTACTGT
GTGCTGTATATGGGTAGAGGCATTTGGGTG
TTTCGGCGGAGGGACCAAGCTGACCGTCCTA (SEO ID NO: 327) Ll 7
Protein OTVVTOEPSFSVSPGGTVTLTC GLNSGSVSTSYFPS
WYOOTPGOAPRTLIY STNSRSSGVPDRF
SGSILGNKAALTITGAOADDESDYYC VLYMGRGIWV FGGGTKLTVL (SEO
ID NO: 328) H18 DNA
CAGGTGCAACTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AACTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATAGCAGTGGCTGACTACTACTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 319) Hl
8 Protein OVOLVESGGGVVOPGRSLRLSCAASGFTFSN
YGMHWVROAPGKGLEWVA VIWYDGSNKY
YADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GGGIAVADYYYYGMDVWGOG TTVTVSS (SEO ID NO: 320) Ll 8.1
DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC ATCTCCTGC
AGGTCTAGTCAAAGCCTCGTATACAGTGATGGAAACACCTACTTGAA TTGG
TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTTACTGGGAC
TCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTG
AAAAT CAGTAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGC
ATGCAAGGTACACACTGGC
CTCCGGCCTTTCGGCCAAGGGACACGACTGGAGATCAAA (SEO ID NO:
329) Ll 8.1 Protein DVVMTOSPLSLPVTLGOPASISC
RSSQSLVYSDGNTYLN WFOORPGOSPRRLIY KVSYWDSG
VPDRFSGSGSGTDFTLKISRVEAEDVGVYYC MQGTHWPPA FGOGTRLEIK
(SEO ID NO: 330) L18.2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACCATCACTTGT CGGGCGAGTCAGAGTCTTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCTAAACTCCTGCTCTAT
AATGCATCCAGTTTGCAAAGT GGGGCCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTG
CAGCCT GAAGATTTTGTAACTTACTATTGT
CAACAGGCTAACAGTTTCCCTCTCACT TTTCGGCGGA
GGGACCAGGGTGGAGATCAAA (SEO ID NO: 33 1) L18.2 Protein
DIOMTOSPSSVSASVGDRVTITC RASOSLSSWLA WYOOKPGKAPKLLLYN
ASSLOSGAPSRFS GSGSGTDFTLTISSLOPEDFVTYYC OOANSFPLT
FGGGTRVEIK (SEO ID NO: 332) H19 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AGCTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACT ATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATACCAGTAGCTGACTACTACTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 304 Hl
9 Protein 



OVOLVESGGGWOPGRSLRLSCAASGFTFS SYGMHWVROAPGKGLEWVAV
IWYDGSNKYY ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GGGIPVADYYYYGMDV WGOGTT VTVSS (SEO ID NO: 305) Ll 9.1
DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC ATCTCCTGC
AGGTCTAGTCAAAGCCTCGTCTACAGTGATGGAGACACCTACTTGAAT TGG
TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTAACTGGGAC
TCTGGGGTCCCATACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTG
CAAATC AGCAGGGTGGAGGCTGAGGATGTTGGGATTTACTACTGC
ATGCAAGGTACACACTGGCC
TCCGGCCTTTCGGCCAAGGGACACGACTGGAGATTAAA (SEO ID NO:
306) Ll 9.1 Protein DVVMTOSPLSLPVTLGOPASISC
RSSQSLVYSDGDTYLN WFOORPGOSPRRLIY KVSNWDSG
VPYRFSGSGSGTDFTLOISRVEAEDVGIYYC MOGTHWPPA FGOGTRLEIK
(SEO ID NO: 307) Ll 9.2 DNA
GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACC ATCACTTGT CGGGCGAGTCAGGGTCTTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCCAAGCTCCTGATGTAT
AACACATCCAGTTTGCAAAGT GGGGTCCCATC
AAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCAGTCTCACCATCAGCAGCCT
GCAGC CTGAAGATTTTGCAAGTTACTATTGT
CAACAGGCTAACAGTTTCCCTCTCACT TTTCGGCG
GAGGGACCAAGGTGGAGATCAAA (SEO ID NO: 308) L19.2 Protein
DIOMTOSPSSVSASVGDRVTITC RASOGLSSWLAWYOOKPGKAPKLLMY
NTSSLOSGVPSRF SGSGSGTDFSLTISSLOPEDFASYYC OOANSFPLT
FGGGTKVEIK (SEO ID NO: 309) H20 DNA
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AGCTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACTATGCAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA GG GGGGGGTATACCAGTAGCTGACTACTACTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 304)
H20 Protein OVOLVESGGGVVOPGRSLRLSCAASGFTFS
SYGMHWVROAPGKGLEWVAVIWYDGSNKYY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GGGIPVADYYYYGMDV WGOGTT VTVSS (SEO ID NO: 305) L20.1
DNA
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCC
ATCTCCTGCAGGTCTAGTCAAAGCCTCGTCTACAGTGATGGAGACACCTACTTG
AA TTGG TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTAT
AAGGTTTCTAACTGGGAC
TCTGGGGTCCCATACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTG
CAAATC AGCAGGGTGGAGGCTGAGGATGTTGGGATTTACTACTGC
ATGCAAGGTACACACTGGCC
TCCGGCCTTTCGGCCAAGGGACACGACTGGAGATTAAA (SEO ID NO:
306) L20.1 Protein DVVMTOSPLSLPVTLGOPASISC
RSSOSLVYSDGDTYLN WFOORPGOSPRRLIYKVSNWDSG
VPYRFSGSGSGTDFTLOISRVEAEDVGIYYC MOGTHWPPAFGOGTRLEIK
(SEO ID NO: 307) L20.2 DNA
GACATCCAGATGACCCAGTCCCCATCTTCCGTGTCTGCATCTGTAGGAGACAGA
GTCACC ATCACTTGTCGGGCGAGTCAGGGTCTTAGCAGCTGGTTAGCC
TGGTATCAGCAGAAACCA GGGAAAGCCCCCAAGCTCCTGATGTAT
AACACATCCAGTTTGCAAAGT GGGGTCCCATC 



AAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCAGTCTCACCATCAGCAGCCT
GCAGC CTGAAGATTTTGCAAGTTACTATTGT
CAACAGGCTAACAGTTTCCCTCTCACTT TTCGGCG
GAGGGACCAAGGTGGAGATCAAA (SEO ID NO: 333) L20.2 Protein
DIOMTOSPSSVSASVGDRVTITC
RASOGLSSWLAWYOOKPGKAPKLLMYNTSSLOSGVPSRF
SGSGSGTDFSLTISSLOPEDFASYYC OOANSFPLTFGGGTKVEIK (SEO ID
NO: 309) H21 DNA
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTG
AGACT CTCCTGTGCAGCCTCTGGATTCACCTTTAGC AGCTATGCCATGAGC
TGGGTCCGCCAGGC TCCAGGGAAGGGGCTGGAGTGGGTCTCA
GCAATTAGTGGTAGTGGTGGAAGTACACACT ACGCAGACTCCGTGAAGGGC
CGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCG
AAA GA TCTCAACTGGGGAGCTTTTGATATC
TGGGGCCAAGGGACAATGGTCACCGTCTCTTCA (SEO ID NO: 334) H21
Protein EVOLLESGGGLVOPGGSLRLSCAASGFTFS
SYAMSWVROAPGKGLEWVSAISGSGGSTHYA DSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKD LNWGAFDI WGOGTMVTVSS
(SEO ID NO: 335) L21 DNA
CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTC
ACCAT CTCCTGCACTGGGAGCAGCTCCAACATTGGGGCGGGTTATGTTGTACA
TTGGTACCAGCA GCTTCCAGGAACAGCCCCCAAACTCCTCATCTAT
GGTAACAGCAATCGGCCCTCA GGGGT
CCCTGACCAATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCAC
TG GACTCCAGTCTGAGGATGAGGCTGATTATTACTGC
AAAGCATGGGATAACAGCCTGAATGCTC AAGGGGTA
TTTCGGCGGAGGGACCAAGCTGACCGTCCTA (SEO ID NO: 336) L21
Protein OSVLTOPPSVSGAPGORVTISC TGSSSNIGAGYVVH
WYOOLPGTAPKLLIY GNSNRPS GVPDO
FSGSKSGTSASLAITGLOSEDEADYYC KAWDNSLNAOGV FGGGTKLTVL
(SEO ID NO: 337) H22 DNA
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGCTTGGCACAGCCGGGGGGGTCCCTG
AGACT CTCCTGTGCAGGCTCTGGATTCTCCTTTAGA GGCTATGTCATGACT
TGGGTCCGCCAGGCT CCAGGGAAGGGGCTGGAGTGGGTCTCA
GGAATTAGTGGTAGTGGTGGTAGCACATACTA CGCAGACTCCGTGAAGGGC
CGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTGT
GTCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGA
AA GGA GACAGCTCGAACTACTACTCCGGTATGGACGTC
TGGGGCCAAGGGACCACGGTCATCGT CTCCTCA (SEO ID NO: 338)
H22 Protein EVOLLESGGGLAOPGGSLRLSCAGSGFSFR GYVMT
WVROAPGKGLEWVS GISGSGGSTYYA
DSVKGRFTISRDNSKNTLCLOMNSLRAEDTAVYYCAK GDSSNYYSGMDV
WGOGTTVIVSS (SEO ID NO: 339) L22 DNA
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGG
GCCACC ATCAACTGC
AAGTCCAGCCAGAGTGTTTTATACAACTCCAACAATAAGAACTACTTAGCT
TGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCTCATTTAC
TGGGCTTCTACCCGG GAATCC
GGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACC
ATCAGCAGCCTGCAGGCTGAGGATGTGGCAATTTATTACTGT
CAGCAATTTTATGGTCCT CCTCTCACTT
TTCGGCGGAGGGACCAAGGTGGAAATCAAA (SEO ID NO: 340) L22
Protein
DIVMTOSPDSLAVSLGERATGNCKSSOSVLYNSNNKNYLAWYOOKPGOPPKLLI
YWASTRES
GVPDRFSGSGSGTDFTLTISSLOAEDVAIYYCOOFYGPPLTFGGGTKVEIK
(SEO ID NO: 341) 



H23 DNA
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGT CTCCTGCAAGGCTTCTGGATACACCTTCACC GGCTACTATATGCAC
TGGGTGCGACAGGC CCCTGGACAAGGGCTTGAGTGGATGGGA
TGGATCAACCCTAACAATGGTGGCACAAACT ATGGACAGAAGTTTCAGGGC
AGGGTCACCATGACCAGGGACACGTCCATCAGCACAGCC
TACATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGTGCG
AGA GG GAACTGGAACGACGATGCTTTTGATATC
TGGGGCCAAGGGACAATGGTCACCGTCTCTTC A (SEO ID NO: 342)
H23 Protein OVOLVOSGAEVKKPGASVKVSCKASGYTFT GYYMH
WVROAPGOGLEWMG WINPNNGGTN YGOKFOG
RVTMTRDTSISTAYMELSRLRSDDTAVYYCAR GNWNDDAFDI
WGOGTMVTVSS (SEO ID NO: 343) L23 DNA
TCCTATGAGCTGACTCAGTCACCCTCAGTGTCCGTGTCCCCAGGACAGACAGCC
AGCATC ACCTGT TCTGGTGATAAATTGGGGGATAAATTTGCTTTC
TGGTATCAGCAGAAGCCAGGC CAGTCCCCTGTGCTGGTCATCTAT
CAAGATAGCAAGCGGCCCTCA GGGATCCCTGAGCGA
TTCTCTGGCTCCAACTCTGGGAACACAGCCACTCTGACCATCAGCGGGACCCAG
GCTATG GATGAGGCTGACTATTACTGT
CAGGCGTGGGACAGCAGCGCCGGGGGGGTA TTTCGGCG
GAGGGACCAAGTTGACCGTCCTA (SEO ID NO: 344)L23 Protein
SYELTOSPSVSVSPGOTASITC SGDKLGDKFAFWYOOKPGOSPVLVIY
ODSKRPSGIPERFSGS NSGNTATLTISGTOAMDEADYYC
OAWDSSAGGVFGGGTKLTVL (SEO ID NO: 3451 H24 DNA
CAGGTGCAACTGGAGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT CTCCTGTGCAGCGTCTGGATTCACCTTCAGT AGCTATGGCATGCAC
TGGGTCCGCCAGGC TCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATGGTATGATGGAAGTAATAAATACT ATGTAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCG
AGA AT GGGGTTTACTATGGTTCGGGGAGCCCTCTACTACGGTATGGACGTC
TGGGGCCAAGGGA CCACGGTCACCGTCTCCTCA (SEO ID NO: 346)
H24 Protein OVOLEESGGGVVOPGRSLRLSCAASGFTFS
SYGMHWVROAPGKGLEWVA VIWYDGSNKYY
VDSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
MGFTMVRGALYYGMDV WGOGT TVTVSS (SEO ID NO: 347) L24 DNA
TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTC
AGGATC ACATGCCAAGGAGACAGCCTCAGAAGCTATCATGCAAGC
TGGTACCAGCAGAAGCCAGG ACAGGCCCCTGTACTTGTCATCTAT
GGTGAAAACAACCGGCCCTCA GGGATCCCAGACCG
ATTCTCTGACTCCAGTTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCA
GGCGGA AGATGAGGCTGACTATTATTGT
AATTATCGGGACAACAGTGGTAACCATCTGGTGT TTCG
GCGGAGGGACCAAGCTGACCGTCCTA (SEO ID NO: 348) L24
Protein SSELTODPAVSVALGOTVRITC OGDSLRSYHAS
WYOOKPGOAPVLVIY GENNRPSGIPDRFSD
SSSGNTASLTITGAOAEDEADYYCN YRDNSGNHLV FGGGTKLTVL (SEO
ID NO: 349) H25 DNA
GAGGTGCAGCTGTTGGAATCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTG
AGACT CTCCTGTGCAGCCTCTGGATTCACCTTTAGC AGCTATGCCATGAGC
TGGGTCCGCCAGGC 



TCCAGGGAAGGGGCTGGAGTGGGTCTCA
GCTATTAGTCGTAGTGGTAGTACCACATACT ACGCAGACTCCGTGAAGGGC
CGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGTG
GAA CC GAGATATTTTGACTGGTTATTAGGCGAC
TGGGGCCAGGGAACCCTGGTCACCGTCTCCTC A (SEO ID NO: 350)
H25 Protein EVOLLESGGGLVOPGGSLRLSCAASGFTFS
SYAMSWVROAPGKGLEWVS AISRSGSTTYYAD SVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCVE PRYFDWLLGD
WGOGTLVTVSS (SEO ID NO: 351) L25 DNA
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGG
GCCACC ATCAACTGC
AAGTCCAGCCAGAGTGTTTTATACAACTCCAACAATAAGAACTACTTAGCT
TGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCTCATTTAC
TGGGCTTCTACCCGG
GAATCCGGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACT
CTCACC ATCAGCAGCCTGCAGGCTGAGGATGTGGCAATTTATTACTGT
CAGCAATTTTATGGTCCT
CCTCTCACTTTTCGGCGGAGGGACCAAGGTGGAAATCAAA (SEO ID NO:
340)L25 Protein
DIVMTOSPDSLAVSLGERATINCKSSQSVLYNSNNKNYLAWYOOKPGOPPKLLI
YWASTRES
GVPDRFSGSGSGTDFTLTISSLOAEDVAIYYCQOFYGPPLTFGGGTKVEIK
(SEO ID NO: 34 n H26 DNA
CAGGTGCAGCTGGTGGAGTCGGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTG
AGACT
CTCCTGTGCAGCGTCTGGATTCACCTTCAGTAGCTATGGCATGCACTGGGTCCG
CCAGGC
TCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTAAATGGTATGAAGGAAGTAATAA
ATACT
ATGGAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACA
CGCTG
TATTTGCAAATGAACAGTCTGAGAGGCGAGGATACGGCTGTGTATTACTGTGCG
AGAGG
CGCCCACGACTACGGTGACTTCTACTACGGTATGGACGTCTGGGGCCAAGGGAC
CACGG TCACCGTCTCCTCA (SEO ID NO: 352) H26 Protein
OVOLVESGGGVVOPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVKWYE
GSNKY
YGDSVKGRFTISRDNSKNTLYLOMNSLRGEDTAVYYCARGAHDYGDFYYGMDVW
GOGTT VTVSS (SEO ID NO: 353 L26 DNA
TCCTATGAACTGACTCAGCCAGCCTCAGTGTCCGTGTCCCCAGGACAGATAGCC
AGCATC
ACCTGCTCTGGAGATAATTTGGGGGATAAATATATTTGCTGGTATCAGCAGAAG
CCAGGC
CAGTCCCCTGTGCGGGTCATCTATCAAGATAACAAGCGGCCCTCAGGGATCCCT
GAGCGT
TTCTCTGGCTCCAATTCTGGGAACACAGCCACTCTGACCATCAGCGGGACCCAG
GCTATG
GATGAGGCTGACTATTACTGTCAGGCGTGGGACAGCAGCACTGTGGTATTTCGG
CGGAG GGACCAAGCTGACCGTCCTA (SEO ID NO: 354) L26
Protein
SYELTOPASVSVSPGOIASITCSGDNLGDKYICWYOOKPGOSPVRVIYODNKRP
SGIPERFSGS NSGNTATLTISGTOAMDEADYYCOAWDSSTVVFGGGTKLTVL
(SEO ID NO: 355) H27 DNA
GAGGTGCAGCTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTG
AGACT
CTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGTCCG
CCAGGC
TCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTTATAGTGGCGGTAGCAC
ATACT
ACGCAGGCTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACA
CGCTG
TATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCG
AAAGA
TCGGGAGGGAGCGACTTGGTACTACGGTATGGACGTCTGGGGCCAAGGGACCAC
GGTCA CCGTCTCCTCA (SEO ID NO: 356) H27 Protein 



EVOLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWVROAPGKGLEWVSAISYS
GGSTYYA
GSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDREGATWYYGMDVWGOG
TTVTV SS (SEO ID NO: 357) L27 DNA
TCCTATGAACTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGACAGCC
AGCATC
ACCTGCTCTGGAGATAAATTGGGGGAAAGCTATGCTTGCTGGTATCAGCAGAAG
CCAGG
CCAGTCCCCTGTACTGGTCATCTATCAAGATTACAAGCGGCCCTCAGGGATCCC
TGAGCG
CTTCTCTGGCTCCAACTCTGGGAACACAGCCACTCTGACCATCAGCGGGACCCA
GGCTAT
GGATGAGGCTGACTATTACTGTCAGGCGTGGGACAGAAGTACTGTACTATTTCG
GCGGA GGGACCAAGCTGACCGTCCTA (SEO ID NO: 358)L27
Protein SYELTOPPSVSVSPGOTASITC
SGDKLGESYACWYOOKPGOSPVLVIY ODYKRPSGIPERFSGS
NSGNTATLTISGTOAMDEADYYC OAWDRSTVLFGGGTKLTVL (SEO ID
NO: 359) Particular embodiments of antigen binding
proteins of the present invention comprise one or more
amino acid sequences that are identical to the amino
acid sequences of one or more of the CDRs and may
further comprise one or more FRs illustrated above. In
one embodiment, the antigen binding protein comprises
a light chain CDRl sequence illustrated above. In
another embodiment, the antigen binding protein
comprises a light chain CDR2 sequence illustrated
above. In another embodiment, the antigen binding
protein comprises a light chain CDR3 sequence
illustrated above. In another embodiment, the antigen
binding protein comprises a heavy chain CDRl sequence
illustrated in above. In another embodiment, the
antigen binding protein comprises a heavy chain CDR2
sequence illustrated above. In another embodiment, the
antigen binding protein comprises a heavy chain CDR3
sequence illustrated above. In another embodiment, the
antigen binding protein further comprises a light
chain FRl sequence illustrated above. In another
embodiment, the antigen binding protein further
comprises a light chain FR2 sequence illustrated
above. In another embodiment, the antigen binding
protein further comprises a light chain FR3 sequence
illustrated above. In another embodiment, the antigen
binding protein further comprises a light chain FR4
sequence illustrated above. In another embodiment, the
antigen binding protein further comprises a heavy
chain FRl sequence illustrated above. In another
embodiment, the antigen binding protein further
comprises a heavy chain FR2 sequence illustrated
above. In another embodiment, the antigen binding
protein further comprises a heavy chain FR3 sequence
illustrated above. In another embodiment, the antigen
binding protein further comprises a heavy chain FR4
sequence illustrated above. In one embodiment, the
present disclosure provides an antigen binding protein
comprising a light chain variable domain comprising a
sequence of amino acids that differs from the sequence
of a light chain variable domain selected from the
group consisting of Ll through L27only at 15, 14, 13,
12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 or Oresidues,
wherein each such sequence difference is independently
either a deletion, insertion, or substitution of one
amino acid residue. In another embodiment, the
light-chain variable domain comprises a sequence of
amino acids that is at least 70%, 75%, 80%, 85%, 90%,
95%, 97%, or 99% identical to the sequence of a light
chain variable domain selected from the group
consisting of L1-L27. In another embodiment, the light
chain variable domain comprises a sequence of amino
acids that is encoded by a nucleotide sequence that is
at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 99%
identical to a nucleotide sequence that encodes a
light chain variable domain selected from the group
consisting of L1-L27. In another embodiment, the light
chain variable domain comprises a sequence of amino
acids that is encoded by a polynucleotide that
hybridizes under moderately stringent conditions to
the complement of a polynucleotide that encodes a
light chain variable domain selected from the group
consisting of LlL27. In another embodiment, the light
chain variable domain comprises a sequence of amino
acids that is encoded by a polynucleotide that
hybridizes under highly stringent conditions to a
complement of a light chain polynucleotide of L1-L27.
In another embodiment, the present invention provides
an antigen binding protein comprising a heavy chain
variable domain comprising a sequence of amino acids
that differs from the sequence of 



a heavy chain variable domain selected from the group
consisting of H1-H27 only at 15, 14, 13, 12, 11, 10,
9, 8, 7, 6, 5, 4, 3, 2, 1 or 0 residue(s), wherein
each such sequence difference is independently either
a deletion, insertion, or substitution of one amino
acid residue. In another embodiment, the heavy chain
variable domain comprises a sequence of amino acids
that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, or
99% identical to the sequence of a heavy chain
variable domain selected from the group consisting of
H1-H27. In another embodiment, the heavy chain
variable domain comprises a sequence of amino acids
that is encoded by a nucleotide sequence that is at
least 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 99%
identical to a nucleotide sequence that encodes a
heavy chain variable domain selected from the group
consisting of H1-H27. In another embodiment, the heavy
chain variable domain comprises a sequence of amino
acids that is encoded by a polynucleotide that
hybridizes under moderately stringent conditions to
the complement of a polynucleotide that encodes a
heavy chain variable domain selected from the group
consisting of H1-H27. In another embodiment, the heavy
chain variable domain comprises a sequence of amino
acids that is encoded by a polynucleotide that
hybridizes under highly stringent conditions to the
complement of a polynucleotide that encodes a heavy
chain variable domain selected from the group
consisting of Hl- H27. In some of the embodiments
provided in Table 2 above, two light chains are
associated with a single heavy chain, identified, for
example as L- 12.1, L-12.2, etc. These alternative
light chains are each paired with a single heavy
chain. In these embodiments, light chain and heavy
chain combination may be assayed as described below
and the combination of light chain and heavy chain
that provides the greater TSLP neutralizing activity
may be selected. Additional embodiments include
antigen binding proteins comprising the combinations
LlHl, L2H2, L3H3, L4H4, L5H5, L6H6, L7H7, L8H8, L9H9,
LlOHlO, Ll IHl 1, L12H12, L13H13, L14H14, L15H15,
L16H16, L17H17, L18H18, L19H19, L20H20, L21H21,
L22H22, L23H23, L24H24, L25H25, L26H26, and L27H27.
Antigen binding proteins (e.g., antibodies, antibody
fragments, and antibody derivatives) of the invention
can further comprise any constant region known in the
art. The light chain constant region can be, for
example, a kappa- or lambda-type light chain constant
region, e.g., a human kappaor lambda-type light chain
constant region. The heavy chain constant region can
be, for example, an alpha-, delta-, epsilon-, gamma-,
or mu-type heavy chain constant regions, e.g., a human
alpha-, delta- , epsilon-, gamma-, or mu-type heavy
chain constant region. In one embodiment, the light or
heavy chain constant region is a fragment, derivative,
variant, or mutein of a naturally occurring constant
region.In one embodiment, the antigen binding proteins
comprise an IgG, such as IgGl, IgG2, IgG3, or IgG4.
Techniques are known for deriving an antibody of a
different subclass or isotype from an antibody of
interest, i.e., subclass switching. Thus, IgG
antibodies may be derived from an IgM antibody, for
example, and vice versa. Such techniques allow the
preparation of new antibodies that possess the
antigen-binding properties of a given antibody (the
parent antibody), but also exhibit biological
properties associated with an antibody isotype or
subclass different from that of the parent antibody.
Recombinant DNA techniques may be employed. Cloned DNA
encoding particular antibody polypeptides may be
employed in such procedures, e.g., DNA encoding the
constant domain of an antibody of the desired isotype.
See also Lantto et al., 2002, Methods MoI. Biol.
178:303-16. In one embodiment, an antigen binding
protein of the invention comprises the IgGl heavy
chain constant domain or a fragment of the IgGl heavy
chain domain. In one embodiment, an antigen binding
protein of the invention further comprises the
constant light chain kappa or lambda domains or a
fragment of these. Light chain constant regions and
polynucleotides encoding them are provided in Table 3
below. In another embodiment, an antigen binding
protein of the invention further comprises a heavy
chain constant domain, or a fragment thereof, such as
the IgG2 heavy chain constant region shown below in
Table 3. The nucleic acid (DNA) encoding constant
heavy and constant light chain domains, and the amino
acids sequences of heavy and light chain domains are
provided below. Lambda variable 



domains can be fused to lambda constant domains and
kappa variable domains can be fused to kappa constant
domains. TABLE 3 IgG2 Heavy Constant domain DNA (SEQ
ID NO: 364)
gctagcaccaagggcccatcggtcttccccctggcgccctgctccaggagcacc
tccgagagcacagcggccctgggctgcctggtcaaggact
acttccccgaaccggtgacggtgtcgtggaactcaggcgctctgaccagcggcg
tgcacaccttcccagctgtcctacagtcctcaggactctact
ccctcagcagcgtggtgaccgtgccctccagcaacttcggcacccagacctaca
cctgcaacgtagatcacaagcccagcaacaccaaggtgga
caagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgcccagcaccacc
tgtggcaggaccgtcagtcttcctcttccccccaaaacccaa
ggacaccctcatgatctcccggacccctgaggtcacgtgcgtggtggtggacgt
gagccacgaagaccccgaggtccagttcaactggtacgtg
gacggcgtggaggtgcataatgccaagacaaagccacgggaggagcagttcaac
agcacgttccgtgtggtcagcgtcctcaccgttgtgcacc
aggactggctgaacggcaaggagtacaagtgcaaggtctccaacaaaggcctcc
cagcccccatcgagaaaaccatctccaaaaccaaagggc
agccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgacca
agaaccaggtcagcctgacctgcctggtcaaaggcttcta
ccccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaacta
caagaccacacctcccatgctggactccgacggctcctt
cttcctctacagcaagctcaccgtggacaagagcaggtggcagcaggggaacgt
cttctcatgctccgtgatgcatgaggctctgcacaaccacta
cacgcagaagagcctctccctgtctccgggtaaatga IgG2 Heavy
Constant domain Protein (SEQ ID NO: 365)
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLY
SLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGP
SVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFR
WSVLTV
VHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQ
VSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFS
CSVMHEA LHNHYTQKSLSLSPGK* Kappa Light Constant domain
DNA (SEQ ID NO:
366)cgtacggtggctgcaccatctgtcttcatcttcccgccatctgatgagca
gttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcc
cagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactc
ccaggagagtgtcacagagcaggacagcaaggacagca
cctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacaca
aagtctacgcctgcgaagtcacccatcagggcctgagctc
gcccgtcacaaagagcttcaacaggggagagtgttag Kappa Light
Constant domain Protein (SEQ ID NO: 367)
RTVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSK DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC*
Lambda Light Constant domain DNA (SEQ ID NO: 368)
ggccaaccgaaagcggcgccctcggtcactctgttcccgccctcctctgaggag
cttcaagccaacaaggccacactggtgtgtctcataagtgac
ttctacccgggagccgtgacagtggcctggaaggcagatagcagccccgtcaag
gcgggagtggagaccaccacaccctccaaacaaagcaa
caacaagtacgcggccagcagctatctgagcctgacgcctgagcagtggaagtc
ccacagaagctacagctgccaggtcacgcatgaagggag
caccgtggagaagacagtggcccctacagaatgttcatag Lambda Light
Constant domain Protein (SEQ ID NO: 369)
GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGA VTVA
WKADSSPVKAGVETTTPSKQSN
NKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS* The
antigen binding proteins of the present invention
include those comprising, for example, the variable
domain combinations LlHl, L2H2, L3H3, L4H4, L5H5,
L6H6, L7H7, L8H8, L9H9, LlOHlO, Ll IHl 1, L12H12,
L13.1H13, L13.2H13, L14.1H14, L14.2H14, L15.1H15,
L15.2H15, L16.1H16, L16.2H16, L17H17, L18.1H18,
L18.2H18, L19.1H19, L19.2H19, L20.1H20, L20.2H20,
L21H21, L22H22, L23H23, L24H24, L25H25, L26H26, and
L27H27. having a desired isotype (for example, IgA,
IgGl, IgG2, IgG3, IgG4, IgM, IgE, and IgD) as well as
Fab or F(ab') 2 fragments thereof. Moreover, if an
IgG4 is desired, it may also be desired to introduce a
point mutation in the hinge region as described in
Bloom et al., 1997, Protein Science 6:407
(incorporated by reference herein) to alleviate a
tendency to form intra-H chain disulfide bonds that
can lead to heterogeneity in the IgG4 antibodies.
Antibodies and antibody fragments As used herein, the
term "antibody" refers to an intact antibody, or an
antigen binding fragment thereof, as described in the
definition section herein. An antibody may comprise a
complete antibody molecule (including polyclonal,
monoclonal, chimeric, humanized, or human versions 



having full length heavy and/or light chains), or
comprise an antigen binding fragment thereof. Antibody
fragments include F(ab') 2, Fab, Fab', Fv, Fc, and Fd
fragments, and can be incorporated into single domain
antibodies, monovalent antibodies, single-chain
antibodies, maxibodies, minibodies, intrabodies,
diabodies, triabodies, tetrabodies, v-NAR and bis-scFv
(See e.g.,, Hollinger and Hudson, 2005, Nature
Biotechnology, 23, 9, 1126-1 136). Antibody
polypeptides are also disclosed in U. S. Patent No.
6,703,199, including fibronectin polypeptide
monobodies. Other antibody polypeptides are disclosed
in U.S. Patent Publication 2005/0238646, which are
single-chain polypeptides. Monovalent antibody
fragments are disclosed in US Patent Publication
20050227324. Antigen binding fragments derived from an
antibody can be obtained, for example, by proteolytic
hydrolysis of the antibody, for example, pepsin or
papain digestion of whole antibodiesaccording to
conventional methods. By way of example, antibody
fragments can be produced by enzymatic cleavage of
antibodies with pepsin to provide a 5S fragment termed
F(ab') 2. This fragment can be further cleaved using a
thiol reducing agent to produce 3.5S Fab' monovalent
fragments. Optionally, the cleavage reaction can be
performed using a blocking group for the sulfhydryl
groups that result from cleavage of disulfide
linkages. As an alternative, an enzymatic cleavage
using papain produces two monovalent Fab fragments and
an Fc fragment directly. These methods are described,
for example, by Goldenberg, U.S. Patent No. 4,331,647,
Nisonoff et al., Arch. Biochem. Biophys. 89:230, 1960;
Porter, Biochem. J . 73:1 19, 1959; Edelman et al., in
Methods in Enzymology 1:422 (Academic Press 1967); and
by Andrews, S.M. and Titus, J.A. in Current Protocols
in Immunology (Coligan J.E., et al., eds), John Wiley
& Sons, New York (2003), pages 2.8.1-2.8.10 and 2.1OA.
1-2. 1OA.5. Other methods for cleaving antibodies,
such as separating heavy chains to form monovalent
light-heavy chain fragments (Fd), further cleaving of
fragments, or other enzymatic, chemical, or genetic
techniques may also be used, so long as the fragments
bind to the antigen that is recognized by the intact
antibody. An antibody fragment may also be any
synthetic or genetically engineered protein. For
example, antibody fragments include isolated fragments
consisting of the light chain variable region, "Fv"
fragments consisting of the variable regions of the
heavy and light chains, recombinant single chain
polypeptide molecules in which light and heavy
variable regions are connected by a peptide linker
(scFv proteins). Another form of an antibody fragment
is a peptide comprising one or more complementarity
determining regions (CDRs) of an antibody. CDRs (also
termed "minimal recognition units", or "hypervariable
region") can be obtained by constructing
polynucleotides that encode the CDR of interest. Such
polynucleotides are prepared, for example, by using
the polymerase chain reaction to synthesize the
variable region using mRNA of antibody-producing cells
as a template (see, for example, Larrick et al.,
Methods: A Companion to Methods in Enzymology 2:106,
1991; Courtenay-Luck, "Genetic Manipulation of
Monoclonal Antibodies," in Monoclonal Antibodies:
Production, Engineering and Clinical Application,
Ritter et al. (eds.), page 166 (Cambridge University
Press 1995); and Ward et al., "Genetic Manipulation
and Expression of Antibodies," in Monoclonal
Antibodies: Principles and Applications, Birch et al.,
(eds.), page 137 (Wiley-Liss, Inc. 1995)). Thus, in
one embodiment, the binding agent comprises at least
one CDR as described herein. The binding agent may
comprise at least two, three, four, five or six CDR's
as described herein. The binding agent further may
comprise at least one variable region domain of an
antibody described herein. The variable region domain
may be of any size or amino acid composition and will
generally comprise at least one CDR sequence
responsible for binding to TSLP, for example heavy
chain CDRl, CDR2, CDR3 and/or the light chain CDRs
specifically described herein and which is adjacent to
or in frame with one or more framework sequences. In
general terms, the variable (V) region domain may be
any suitable arrangement of immunoglobulin heavy (VH)
and/or light (VL) chain variable domains. Thus, for
example, the V region domain may be monomeric and be a
VH or VLdomain, which is capable of independently
binding human TSLP with an affinity at least equal to
1 x 10 7M or less as described below. Alternatively,
the V region domain may be dimeric and contain VH-VH,
VH-VL, or VL-VL, dimers. The V region dimer comprises
at least one VH and at least one VL chain that may be
non-covalently associated (hereinafter referred to as
Fv) . If desired, the chains may be covalently coupled
either directly, for example via a disulfide bond
between the two variable 



domains, or through a linker, for example a peptide
linker, to form a single chain Fv (scFv ) . The
variable region domain may be any naturally occurring
variable domain or an engineered version thereof. By
engineered version is meant a variable region domain
that has been created using recombinant DNA
engineering techniques. Such engineered versions
include those created, for example, from a specific
antibody variable region by insertions, deletions, or
changes in or to the amino acid sequences of the
specific antibody. Particular examples include
engineered variable region domains containing at least
one CDR and optionally one or more framework amino
acids from a first antibody and the remainder of the
variable region domain from a second antibody. The
variable region domain may be covalently attached at a
C-terminal amino acid to at least one other antibody
domain or a fragment thereof. Thus, for example, a VH
domain that is present in the variable region domain
may be linked to an immunoglobulin CHl domain, or a
fragment thereof. Similarly a VL domain may be linked
to a Ck domain or a fragment thereof. In this way, for
example, the antibody may be a Fab fragment wherein
the antigen binding domain contains associated VH and
VL domains covalently linked at their C-termini to a
CHl and CK domain, respectively. The CHl domain may be
extended with further amino acids, for example to
provide a hinge region or a portion of a hinge region
domain as found in a Fab' fragment, or to provide
further domains, such as antibody CH2 and CH3 domains.
Derivatives of antigen binding proteins The nucleotide
sequences shown in FIG. 1A-1F, FIG. 2A-2F, and Table 2
above can be altered, for example, by random
mutagenesis or by site-directed mutagenesis (e.g.,
oligonucleotidedirected site-specific mutagenesis) to
create an altered polynucleotide comprising one or
more particular nucleotide substitutions, deletions,
or insertions as compared to the non-mutated
polynucleotide. Examples of techniques for making such
alterations are described in Walder et al., 1986, Gene
42: 133; Bauer et al. 1985, Gene 37:73; Craik,
BioTechniques, January 1985, 12-19; Smith et al.,
1981, Genetic Engineering: Principles and Methods,
Plenum Press; and U.S. Patent Nos. 4,5 18,584 and
4,737,462. These and other methods can be used to
make, for example, derivatives of TSLP antigen binding
proteins that have a desired property, for example,
increased affinity, avidity, or specificity for TSLP,
increased activity or stability in vivo or in vitro,
or reduced in vivo sideeffects as compared to the
underivatized antigen binding proteins. Other
derivatives of anti-TSLP antigen binding proteins
including antibodies within the scope of this
invention include covalent or aggregative conjugates
of anti-TSLP antibodies, or fragments thereof, with
other proteins or polypeptides, such as by expression
of recombinant fusion proteinscomprising heterologous
polypeptides fused to the N-terminus or C-terminus of
an anti-TSLP antibody polypeptide. For example, the
conjugated peptide may be a heterologous signal (or
leader) polypeptide, e.g., the yeast alpha-factor
leader, or a peptide such as an epitope tag. Antigen
binding protein-containing fusion proteins can
comprise peptides added to facilitate purification or
identification of antigen binding protein (e.g.,
poly-His). An antigen binding protein also can be
linked to the FLAG peptide as described in Hopp et
al., Bio/Technology 6:1204, 1988, and U.S. Patent 5,01
1,912. The FLAG peptide is highly antigenic and
provides an epitope reversibly bound by a specific
monoclonal antibody (mAb), enabling rapid assay and
facile purification of expressed recombinant protein.
Reagents useful for preparing fusion proteins in which
the FLAG peptide is fused to a given polypeptide are
commercially available (Sigma, St. Louis, MO).
Oligomers that contain one or more antigen binding
proteins may be employed as TSLP antagonists.
Oligomers may be in the form of covalently-linked or
non-covalently-linked dimers, trimers, or higher
oligomers. Oligomers comprising two or more antigen
binding proteins are contemplated for use, with one
example being a homodimer. Other oligomers include
heterodimers, homotrimers, heterotrimers,
homotetramers, heterotetramers, etc. One embodiment is
directed to oligomers comprising multiple antigen
binding proteins joined via covalent or non-covalent
interactions between peptide moieties fused to the
antigen binding proteins. Such peptides may be peptide
linkers (spacers), or peptides that have the property
of promoting oligomerization. Leucine zippers and
certain polypeptides derived from antibodies are among
the peptides that can promote oligomerization of
antigen binding proteins attached thereto, as 



described in more detail below. In particular
embodiments, the oligomers comprise from two to four
antigen binding proteins capable of binding to TSLP.
The antigen binding proteins of the oligomer may be in
any form, such as any of the forms described above,
e.g., variants or fragments. In one embodiment, an
oligomer is prepared using polypeptides derived from
immunoglobulins. Preparation of fusion proteins
comprising certain heterologous polypeptides fused to
various portions of antibody-derived polypeptides
(including the Fc domain) has been described, e.g., by
Ashkenazi et al., 1991, PNAS USA 88: 10535; Byrn et
al., 1990, Nature 344:677; and Hollenbaugh et al.,
1992 "Construction of Immunoglobulin Fusion Proteins",
in Current Protocols in Immunology, Suppl. 4, pages
10.19.1 - 10.19.1 1. One embodiment of the present
invention is directed to a dimer comprising two fusion
proteins created by fusing a fragment of an anti-TSLP
antibody to the Fc region of an antibody. The dimer
can be made by, for example, inserting a gene fusion
encoding the fusion protein into an appropriate
expression vector, expressing the gene fusion in host
cells transformed with the recombinant expression
vector, and allowing the expressed fusion protein to
assemble much like antibody molecules, whereupon
interchain disulfide bonds form between the Fc
moieties to yield the dimer. The term "Fc polypeptide"
as used herein includes native and mutein forms of
polypeptides derived from the Fc region of an
antibody. Truncated forms of such polypeptides
containing thehinge region that promotes dimerization
also are included. Fusion proteins comprising Fc
moieties (and oligomers formed therefrom) offer the
advantage of facile purification by affinity
chromatography over Protein A or Protein G columns.
One suitable Fc polypeptide, described in PCT
application WO 93/10151 (hereby incof orated by
reference), is a single chain polypeptide extending
from the N-terminal hinge region to the native
C-terminus of the Fc region of a human IgGl antibody.
Another useful Fc polypeptide is the Fc mutein
described in U.S. Patent 5,457,035 and in Baum et al.,
1994, EMBO J . 13:3992-4001. The amino acid sequence
of this mutein is identical to that of the native Fc
sequence presented in WO 93/10151, except that amino
acid 19 has been changed from Leu to Ala, amino acid
20 has been changed from Leu to GIu, and amino acid 22
has been changed from GIy to Ala. The mutein exhibits
reduced affinity for Fc receptors. In other
embodiments, the variable portion of the heavy and/or
light chains of an anti-TSLP antibody may be
substituted for the variable portion of an antibody
heavy and/or light chain. Alternatively, the oligomer
is a fusion protein comprising multiple antigen
binding proteins, with or without peptide linkers
(spacer peptides). Among the suitable peptide linkers
are those described in U.S. Patents 4,751,180 and
4,935,233. Another method for preparing oligomeric
antigen binding proteins involves use of a leucine
zipper. Leucine zipper domains are peptides that
promote oligomerization of the proteins in which they
are found. Leucine zippers were originally identified
in several DNA-binding proteins (Landschulz et al.,
1988, Science 240: 1759), and have since been found in
a variety of different proteins. Among the known
leucine zippers are naturally occurring peptides and
derivatives thereof that dimerize or trimerize.
Examples of leucine zipper domains suitable for
producing soluble oligomeric proteins are described in
PCT application WO 94/10308, and the leucine zipper
derived from lung surfactant protein D (SPD) described
in Hoppe et al., 1994, FEBS Letters 344:191, hereby
incorporated by reference. The use of a modified
leucine zipper that allows for stable trimerization of
a heterologous protein fused thereto is described in
Fanslow et al., 1994, Semin. Immunol. 6:267-78. In one
approach, recombinant fusion proteins comprising an
anti-TSLP antibody fragment or derivative fused to a
leucine zipper peptide are expressed in suitable host
cells, and the soluble oligomeric anti-TSLP antibody
fragments or derivatives that form are recovered from
the culture supernatant. As described herein,
antibodies comprise at least one CDR. For example, one
or more CDR may be incorporated into known antibody
framework regions (IgGl, IgG2, etc.), or conjugated to
a suitable vehicle to enhance the half-life thereof.
Suitable vehicles include, but are not limited to Fc,
polyethylene glycol (PEG), albumin, transferrin, and
the like. These and other suitable vehicles are 



known in the art. Such conjugated CDR peptides may be
in monomeric, dimeric, tetrameric, or other form. In
one embodiment, one or more water-soluble polymer is
bonded at one or more specific position, for example
at the amino terminus, of a binding agent.In certain
preferred embodiments, an antibody comprises one or
more water soluble polymer attachments, including, but
not limited to, polyethylene glycol, polyoxyethylene
glycol, or polypropylene glycol. See, e.g., U.S. Pat.
Nos. 4,640,835, 4,496,689, 4,301,144, 4,670,417,
4,791,192 and 4,179,337. In certain embodiments, a
derivative binding agent comprises one or more of
monomethoxy-polyethylene glycol, dextran, cellulose,
or other carbohydrate based polymers, poly- (N-vinyl
pyrrolidone)-polyethylene glycol, propylene glycol
homopolymers, a polypropylene oxide/ethylene oxide
co-polymer, polyoxyethylated polyols (e.g., glycerol)
and polyvinyl alcohol, as well as mixtures of such
polymers. In certain embodiments, one or more
water-soluble polymer is randomly attached to one or
more side chains. In certain embodiments, PEG can act
to improve the therapeutic capacity for a binding
agent, such as an antibody. Certain such methods are
discussed, for example, in U.S. Pat. No. 6,133,426,
which is hereby incorporated by reference for any
purpose. It will be appreciated that an antibody of
the present invention may have at least one amino acid
substitution, deletion, or addition, providing that
the antibody retains binding specificity. Therefore,
modifications to the antibody structures are
encompassed within the scope of the invention. These
may include amino acid substitutions, which may be
conservative or non-conservative, that do not destroy
the human TSLP binding capability of an antibody.
Conservative amino acid substitutions may encompass
non-naturally occurring amino acid residues, which are
typically incorporated by chemical peptide synthesis
rather than by synthesis in biological systems. These
include peptidomimetics and other reversed or inverted
forms of amino acid moieties. A conservative amino
acid substitution may also involve a substitution of a
native amino acid residue with a normative residue
such that there is little or no effect on the polarity
or charge of the amino acid residue at that position.
Non-conservative substitutions may involve the
exchange of a member of one class of amino acids or
amino acid mimetics for a member from another class
with different physical properties (e.g. size,
polarity, hydrophobicity, charge). Such substituted
residues may be introduced into regions of the human
antibody that are homologous with non-human
antibodies, or into the non-homologous regions of the
molecule. Moreover, one skilled in the art may
generate test variants containing a single amino acid
substitution at each desired amino acid residue. The
variants can then be screened using activity assays
known to those skilled in the art. Such variants could
be used to gather information about suitable variants.
For example, if one discovered that a change to a
particular amino acid residue resulted in destroyed,
undesirably reduced, or unsuitable activity, variants
with such a change may be avoided. In other words,
based on information gathered from such routine
experiments, one skilled in the art can readily
determine the amino acids where further substitutions
should be avoided either alone or in combination with
other mutations. A skilled artisan will be able to
determine suitable variants of the polypeptide as set
forth herein using well-known techniques. In certain
embodiments, one skilled in the art may identify
suitable areas of the molecule that may be changed
without destroying activity by targeting regionsnot
believed to be important for activity. In certain
embodiments, one can identify residues and portions of
the molecules that are conserved among similar
polypeptides. In certain embodiments, even areas that
may be important for biological activity or for
structure may be subject to conservative amino acid
substitutions without destroying the biological
activity or without adversely affecting the
polypeptide structure. Additionally, one skilled in
the art can review structure-function studies
identifying residues in similar polypeptides that are
important for activity or structure. In view of such a
comparison, one can predict the importance of amino
acid residues in a protein that correspond to amino
acid residues which are important for activity or
structure in similar proteins. One skilled in the art
may opt for chemically similar amino acid
substitutions for such predicted important amino acid
residues. One skilled in the art can also analyze the
three-dimensional structure and amino acid sequence in
relation to that structure in similar polypeptides. In
view of such information, one skilled 



in the art may predict the alignment of amino acid
residues of an antibody with respect to its three
dimensional structure. In certain embodiments, one
skilled in the art may choose not to make radical
changes to amino acid residues predicted to be on the
surface of the protein, since such residues may be
involved in important interactions with other
molecules. A number of scientific publications have
been devoted to the prediction of secondary structure.
See Moult J., Curr. Op. in Biotech., 7(4):422-427
(1996), Chou et al., Biochemistry, 13(2):222-245
(1974); Chou et al., Biochemistry, 113(2):21 1-222
(1974); Chou et al., Adv. Enzymol. Relat. Areas MoI.
Biol., 47:45-148 (1978); Chou et al., Ann. Rev.
Biochem., 47:251-276 and Chou et al., Biophys. J.,
26:367-384 (1979). Moreover, computer programs are
currently available to assist with predicting
secondary structure. One method of predicting
secondary structure is based upon homology modeling.
For example, two polypeptides or proteins which have a
sequence identity of greater than 30%, or similarity
greater than 40% often have similar structural
topologies. The recent growth of the protein
structural database (PDB) has provided enhanced
predictability of secondary structure, including the
potential number of folds within a polypeptide's or
protein's structure. See Holm et al., Nucl. Acid.
Res., 27(l):244-247 (1999). It has been suggested
(Brenner et al., Curr. Op. Struct. Biol., 7(3):369-376
(1997)) that there are a limited number of folds in a
given polypeptide or protein and that once a critical
number of structures have been resolved, structural
prediction will become dramatically more accurate.
Additional methods of predicting secondary structure
include "threading" (Jones, D., Curr. Opin. Struct.
Biol., 7(3):377-87 (1997); Sippl et al., Structure,
4(1):15-19 (1996)), "profile analysis" (Bowie et al.,
Science, 253:164-170 (1991); Gribskov et al., Meth.
Enzym., 183:146-159 ( 1990); Gribskov et al., Proc.
Nat. Acad. Sci., 84(13):4355-4358 (1987)), and
"evolutionary linkage" (See Holm, supra (1999), and
Brenner, supra (1997)). It will be understood by one
skilled in the art that some proteins, such as
antibodies, may undergo a variety of posttranslational
modifications. The type and extent of these
modifications often depends on the host cell line used
to express the protein as well as the culture
conditions. Suchmodifications may include variations
in glycosylation, methionine oxidation,
diketopiperizine formation, aspartate isomerization
and asparagine deamidation. A frequent modification is
the loss of a carboxy-terminal basic residue (such as
lysine or arginine) due to the action of
carboxypeptidases (as described in Harris, R.J.
Journal of Chromatography 705:129-134, 1995). In
certain embodiments, variants of antibodies include
glycosylation variants wherein the number and/or type
of glycosylation site has been altered compared to the
amino acid sequences of a parent polypeptide. In
certain embodiments, variants comprise a greater or a
lesser number of Nlinked glycosylation sites than the
native protein. Alternatively, substitutions which
eliminate this sequence will remove an existing
N-linked carbohydrate chain. Also provided is a
rearrangement of N-linked carbohydrate chains wherein
one or more N-linked glycosylation sites (typically
those that are naturally occurring) are eliminated and
one or more new N-linked sites are created. Additional
preferred antibody variants include cysteine variants
wherein one or more cysteine residues are deleted from
or substituted for another amino acid (e.g., serine)
as compared to the parent amino acid sequence.
Cysteine variants may be useful when antibodies must
be refolded into a biologically active conformation
such as after the isolation of insoluble inclusion
bodies. Cysteine variants generally have fewer
cysteine residues than the native protein, and
typically have an even number to minimize interactions
resulting from unpaired cysteines. Desired amino acid
substitutions (whether conservative or
non-conservative) can be determined by those skilled
in the art at the time such substitutions are desired.
In certain embodiments, amino acid substitutions can
be used to identify important residues of antibodies
to human TSLP, or to increase or decrease the affinity
of the antibodies to human TSLP described herein.
According to certain embodiments, preferred amino acid
substitutions are those which: (1) reduce
susceptibility to proteolysis, (2) reduce
susceptibility to oxidation, (3) alter binding
affinity for forming protein complexes, (4) alter
binding affinities, and/or (4) confer or modify other
physiochemical or functional properties on such
polypeptides. According to certain embodiments, 



single or multiple amino acid substitutions (in
certain embodiments, conservative amino acid
substitutions) may be made in the naturally-occurring
sequence (in certain embodiments, in the portion of
the polypeptide outside the domain(s) forming
intermolecular contacts). In certain embodiments, a
conservative amino acid substitution typically may not
substantially change the structural characteristics of
the parent sequence (e.g., a replacement amino acid
should not tend to break a helix that occurs in the
parent sequence, or disrupt other types of secondary
structure that characterizes the parent sequence).
Examples of art-recognized polypeptide secondary and
tertiary structures are described in Proteins,
Structures and Molecular Principles (Creighton, Ed.,
W. H. Freeman and Company, New York (1984));
Introduction to Protein Structure (C. Branden and J .
Tooze, eds., Garland Publishing, New York, N.Y.
(1991)); and Thornton et al. Nature 354:105 (1991),
which are each incorporated herein by reference.In
certain embodiments, antibodies of the invention may
be chemically bonded with polymers, lipids, or other
moieties. In addition, the antigen binding proteins
may comprise at least one of the CDRs described herein
incorporated into a biocompatible framework structure.
In one example, the biocompatible framework structure
comprises a polypeptide or portion thereof that is
sufficient to form a conformational Iy stable
structural support, or framework, or scaffold, which
is able to display one or more sequences of amino
acids that bind to an antigen (e.g., CDRs, a variable
region, etc.) in a localized surface region. Such
structures can be a naturally occurring polypeptide or
polypeptide "fold" (a structural motif), or can have
one or more modifications, such as additions,
deletions or substitutions of amino acids, relative to
a naturally occurring polypeptide or fold. These
scaffolds can be derived from a polypeptide of any
species (or of more than one species), such as a
human, other mammal, other vertebrate, invertebrate,
plant, bacteria or virus. Typically the biocompatible
framework structures are based on protein scaffolds or
skeletons other than immunoglobulin domains. For
example, those based on fibronectin, ankyrin,
lipocalin, neocarzinostain, cytochrome b, CPl zinc
finger, PSTl, coiled coil, LACI-Dl, Z domain and
tendamistat domains may be used (See e.g., Nygren and
Uhlen, 1997, Current Opinion in Structural Biology, 7,
463-469). Additionally, in another embodiment, one
skilled in the art will recognize that the antigen
binding proteins can include one or more of heavy
chain CDRl, CDR2, CDR3, and/or light chain CDRl, CDR2
and CDR3 having one amino acid substitution, provided
that the antibody retains the binding specificity of
the non-substituted CDR. The non-CDR portion of the
antibody may be a non protein molecule, wherein the
binding agent cross-blocks the binding of an antibody
disclosed herein to human TSLP and/or inhibits TSLP
activity. The non-CDR portion of the antibody may be a
non protein molecule in which the antibody exhibits a
similar binding pattern to human TSLP proteins in a
competition binding assay as that exhibited by at
least one of antibodies A1-A27, and/or neutralizes the
activity of TSLP. The non-CDR portion of the antibody
may be composed of amino acids, wherein the antibody
is a recombinant binding protein or a synthetic
peptide, and the recombinant binding protein
cross-blocks the binding of an antibody disclosed
herein to human TSLP and/or neutralizes TSLP in vitro
or in vivo. The non-CDR portion of the antibody may be
composed of amino acids, wherein the antibody is a
recombinant antibody, and the recombinant antibody
exhibits a similar binding pattern to human TSLP
polypeptides in a competition binding assay as
exhibited by at least one of the antibodies A1-A27,
and/or neutralizes TSLP activity. Methods of Making
Antigen Binding Proteins, specifically Antibodies. An
antigen binding protein such as an antibody comprising
one or more of heavy chain CDRl, CDR2, CDR3, and/or
light chain CDRl, CDR2 and CDR3 as described above,
may be obtained by expression from a host cell
containing DNA coding for these sequences. A DNA
coding for each CDR sequence may be determined on the
basis of the amino acid sequence of the CDR
andsynthesized together with any desired antibody
variable region framework and constant region DNA
sequences using oligonucleotide synthesis techniques,
site-directed mutagenesis and polymerase chain
reaction (PCR) techniques as appropriate. DNA coding
for variable region frameworks and constant regions is
widely available to those skilled in the art from
genetic sequences databases such as GenBank(r). 



Additional embodiments include chimeric antibodies,
e.g., humanized versions of non-human (e.g., murine)
monoclonal antibodies. Such humanized antibodies may
be prepared by known techniques, and offer the
advantage of reduced immunogenicity when the
antibodies are administered to humans. In one
embodiment, a humanized monoclonal antibody comprises
the variable domain of a murine antibody (or all or
part of the antigen binding site thereof) and a
constant domain derived from a human antibody.
Alternatively, a humanized antibody fragment may
comprise the antigen binding site of a murine
monoclonal antibody and a variable domain fragment
(lacking the antigenbinding site) derived from a human
antibody. Procedures for the production of chimeric
and further engineered monoclonal antibodies include
those described in Riechmann et al., 1988, Nature
332:323, Liu et al., 1987, Proc. Nat. Acad. Sci. USA
84:3439, Larrick et al., 1989, Bio/Technology 7:934,
and Winter et al., 1993, TIPS 14:139. In one
embodiment, the chimeric antibody is a CDR grafted
antibody. Techniques for humanizing antibodies are
discussed in, e.g., U.S. Pat. No.s 5,869,619,
5,225,539, 5,821,337, 5,859,205, 6,881,557, Padlan et
al., 1995, FASEB J. 9:133-39, and Tamura et al., 2000,
J. Immunol. 164:1432-41. Addition techniques for
producing humanized antibodies such as those are
described in Zhang, W., et al., Molecular Immunology.
42(12): 1445-1451, 2005; Hwang W. et al., Methods.
36(l):35-42, 2005; Dall'Acqua WF, et al., Methods
36(l):43-60, 2005; and Clark, M., Immunology Today.
21(8):397-402, 2000). Procedures have been developed
for generating human or partially human antibodies in
nonhuman animals. For example, mice in which one or
more endogenous immunoglobulin genes have been
inactivated by various means have been prepared. Human
immunoglobulin genes have been introduced into the
mice to replace the inactivated mouse genes.
Antibodies produced in the animal incorporate human
immunoglobulin polypeptide chains encoded by the human
genetic material introduced into the animal. In one
embodiment, a non-human animal, such as a transgenic
mouse, is immunized with TSLP protein, for example,
such that antibodies directed against various TSLP
polypeptides are generated in the animal. Examples of
suitable immunogens are provided in the Examples
below. Examples of techniques for production and use
of transgenic animals for the production of human or
partially human antibodies are described in U.S.
Patents 5,814,318, 5,569,825, and 5,545,806, Davis et
al., 2003, Production of human antibodies from
transgenic mice in Lo, ed. Antibody Engineering:
Methods and Protocols, Humana Press, NJ: 191-200,
Kellermann et al., 2002, Curr Opin Biotechnol.
13:593-97, Russel et al., 2000, Infect Immun.
68:1820-26, Gallo et al., 2000, Eur J Immun.
30:534-40, Davis et al., 1999, Cancer Metastasis Rev.
18:421-25, Green, 1999, J Immunol Methods. 231:1 1-23,
Jakobovits, 1998, Advanced Drug Delivery Reviews 3
1:33-42, Greenet al., 1998, J Exp Med. 188:483-95,
Jakobovits A, 1998, Exp. Opin. Invest. Drugs.
7:607-14, Tsuda et al., 1997, Genomics. 42:413-21,
Mendez et al., 1997, Nat Genet. 15:146-56, Jakobovits,
1994, Curr Biol. 4:761-63, Arbones et al., 1994,
Immunity. 1:247-60, Green et al., 1994, Nat Genet.
7:13-21, Jakobovits et al., 1993, Nature. 362:255-58,
Jakobovits et al., 1993, Proc Natl Acad Sci U S A.
90:2551-55. Chen, J., M. Trounstine, F.W. Alt, F.
Young, C. Kurahara, J . Loring, D. Huszar.
"Immunoglobulin gene rearrangement in B-cell deficient
mice generated by targeted deletion of the JH locus."
International Immunology 5 (1993): 647-656, Choi et
al., 1993, Nature Genetics 4 : 117-23, Fishwild et
al., 1996, Nature Biotechnology 14: 845-51, Harding et
al., 1995, Annals of the New York Academy of Sciences,
Lonberg et al., 1994, Nature 368: 856-59, Lonberg,
1994, Transgenic Approaches to Human Monoclonal
Antibodies in Handbook of Experimental Pharmacology
113: 49- 101, Lonberg et al., 1995, Internal Review of
Immunology 13: 65-93, Neuberger, 1996, Nature
Biotechnology 14: 826, Taylor et al., 1992, Nucleic
Acids Research 20: 6287-95, Taylor et al., 1994,
International Immunology 6: 579-91, Tomizuka et al.,
1997, Nature Genetics 16: 133-43, Tomizuka et al.,
2000, Proceedings of the National Academy of Sciences
USA 97: 722-27, Tuaillon et al., 1993, Proceedings of
the National Academy of Sciences USA 90: 3720-24, and
Tuaillon et al., 1994, Journal of Immunology 152:
2912-20. In another aspect, the present invention
provides monoclonal antibodies that bind to human
TSLP. Monoclonal antibodies may be produced using any
technique known in the art, e.g., by immortalizing
spleen cells harvested from the transgenic animal
after completion of the immunization 



schedule. The spleen cells can be immortalized using
any technique known in the art, e.g., by fusing them
with myeloma cells to produce hybridomas. Myeloma
cells for use in hybridoma-producing fusion procedures
preferably are non-antibody-producing, have high
fusion efficiency, and enzyme deficiencies that render
them incapable of growing in certain selective media
which support the growth of only the desired fused
cells (hybridomas). Examples of suitable cell lines
for use in mouse fusions include Sp-20, P3-X63/Ag8,
P3-X63-Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, FO, NSG7U,
MPC-1 1, MPCl 1-X45-GTG 1.7 and S194/5XX0 BuI;
examples of cell lines used in rat fusions include
R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210. Other cell
lines useful for cell fusions are U- 266, GM1500-GRG2,
LICR-LON-HMy2 and UC729-6. In one embodiment, a
hybridoma cell line is produced by immunizing an
animal (e.g., a transgenic animal having human
immunoglobulin sequences) with a TSLP immunogen;
harvesting spleen cells from the immunized animal;
fusing the harvested spleen cells to a myeloma cell
line, thereby generating hybridoma cells; establishing
hybridoma cell lines from the hybridoma cells, and
identifying a hybridoma cell line that produces an
antibody that binds a TSLP polypeptide. Such hybridoma
cell lines, and TSLP monoclonal antibodies produced by
them, are encompassed by the present invention.
Monoclonal antibodies secreted by a hybridoma cell
line can be purified using any technique known in the
art. Hybridomas or mAbs may be further screened to
identify mAbs with particularproperties, such as
blocking a TSLP activity such as osteoprotegerin (OPG)
production from primary human dendritic cells.
Examples of such assays are provided in the examples
below. Molecular evolution of the complementarity
determining regions (CDRs) in the center of the
antibody binding site also has been used to isolate
antibodies with increased affinity, for example, as
described by Schier et al., 1996, J. MoI. Biol.
263:551. Accordingly, such techniques are useful in
preparing antibodies to human TSLP. Antigen binding
proteins directed against human TSLP can be used, for
example, in assays to detect the presence of TSLP
either in vitro or in vivo. Although human, partially
human, or humanized antibodies will be suitable for
many applications, particularly those involving
administration of the antibody to a human subject,
other types of antigen binding proteins will be
suitable for certain applications. The non-human
antibodies of the invention can be, for example,
derived from any antibody-producing animal, such as
mouse, rat, rabbit, goat, donkey, or non-human primate
(such as monkey (e.g., cynomologus or rhesus monkey)
or ape (e.g., chimpanzee)). Non-human antibodies of
the invention can be used, for example, in in vitro
and cell-culture based applications, or any other
application where an immune response to the antibody
of the invention does not occur, is insignificant, can
be prevented, is not a concern, or is desired. In one
embodiment, a non-human antibody of the invention is
administered to a non-human subject. In another
embodiment, the non-human antibody does not elicit an
immune response in the non-human subject. In another
embodiment, the non-human antibody is from the same
species as the non-human subject, e.g., a mouse
antibody of the invention is administered to a mouse.
An antibody from a particular species can be made by,
for example, immunizing an animal of that species with
the desired immunogen or using an artificial system
for generating antibodies of that species (e.g., a
bacterial or phage display-based system for generating
antibodies of a particular species), or by converting
an antibody from one species into an antibody from
another species by replacing, e.g., the constant
region of the antibody with a constant region from the
other species, or by replacing one or more amino acid
residues of the antibody so that it more closely
resembles the sequence of an antibody from the other
species. In one embodiment, the antibody is a chimeric
antibody comprising amino acid sequences derived from
antibodies from two or more different species. Antigen
binding proteins may be prepared by any of a number of
conventional techniques. For example, they may be
purified from cells that naturally express them (e.g.,
an antibody can be purified from a hybridoma that
produces it), or produced in recombinant expression
systems, using any technique known in the art. See,
for example, Monoclonal Antibodies, Hybridomas: A New
Dimension in Biological Analyses, Kennet et al.
(eds.), Plenum Press, New York (1980); and 



Antibodies: A Laboratory Manual, Harlow and Land
(eds.), Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, (1988). Any expression system known
in the art can be used to make the recombinant
polypeptides of the invention. In general, host cells
are transformed with a recombinant expression vector
thatcomprises DNA encoding a desired polypeptide.
Among the host cells that may be employed are
prokaryotes, yeast or higher eukaryotic cells.
Prokaryotes include gram negative or gram positive
organisms, for example E. coli or bacilli. Higher
eukaryotic cells include insect cells and established
cell lines of mammalian origin. Examples of suitable
mammalian host cell lines include the COS-7 line of
monkey kidney cells (ATCC CRL 1651) (Gluzman et al.,
1981, Cell 23:175), L cells, 293 cells, C127 cells,
3T3 cells (ATCC CCL 163), Chinese hamster ovary (CHO)
cells, HeLa cells, BHK (ATCC CRL 10) cell lines, and
the CVI/EBNA cell line derived from the African green
monkey kidney cell line CVI (ATCC CCL 70) as described
by McMahan et al., 1991, EMBO J . 10: 2821.
Appropriate cloning and expression vectors for use
with bacterial, fungal, yeast, and mammalian cellular
hosts are described by Pouwels et al. (Cloning
Vectors: A Laboratory Manual, Elsevier, New York,
1985). The transformed cells can be cultured under
conditions that promote expression of the polypeptide,
and the polypeptide recovered by conventional protein
purification procedures. One such purification
procedure is described in the Examples below.
Polypeptides contemplated for use herein include
substantially homogeneous recombinant mammalian
anti-TSLP antibody polypeptides substantially free of
contaminating endogenous materials. Antigen binding
proteins may be prepared, and screened for desired
properties, by any of a number of known techniques.
Certain of the techniques involve isolating a nucleic
acid encoding a polypeptide chain (or portion thereof)
of an antigen binding protein of interest (e.g., an
TSLP antibody), and manipulating the nucleic acid
through recombinant DNA technology. The nucleic acid
may be fused to another nucleic acid of interest, or
altered (e.g., by mutagenesis or other conventional
techniques) to add, delete, or substitute one or more
amino acid residues, for example. Single chain
antibodies may be formed by linking heavy and light
chain variable domain (Fv region) fragments via an
amino acid bridge (short peptide linker), resulting in
a single polypeptide chain. Such single-chain Fvs
(scFvs) have been prepared by fusing DNA encoding a
peptide linker between DNAs encoding the two variable
domain polypeptides (VL and VH) . The resulting
polypeptides can fold back on themselves to form
antigen-binding monomers, or they can form multimers
(e.g., dimers, trimers, or tetramers), depending on
the length of a flexible linker between the two
variable domains (Kortt et al., 1997, Prot. Eng.
10:423; Kortt et al., 2001, Biomol. Eng. 18:95-108).
By combining different VL and Vn-comprising
polypeptides, one can form multimeric scFvs that bind
to different epitopes (Kriangkum et al., 2001, Biomol.
Eng. 18:31-40). Techniques developed for the
production of single chain antibodies include those
described in U.S. Patent No. 4,946,778; Bird, 1988,
Science 242:423; Huston et al., 1988, Proc. Natl.
Acad. Sci. USA 85:5879; Ward et al., 1989, Nature
334:544, de Graaf et al., 2002, Methods MoI Biol.
178:379-87. Single chain antibodies derived from
antibodies provided herein include, but are not
limited to, scFvs comprising the variable domain
combinations LlHl, L2H2, L3H3, L4H4, L5H5, L6H6, L7H7,
L8H8, L9H9, LlOHlO, Ll IHl 1, L12H12, L13H13, L14H14,
L15H15, L16H16, L17H17, L18H18, L19H19,L20H20, L21H21,
L22H22, L23H23, L24H24, L25H25, L26H26, and L27H27 are
encompassed by the present invention. Once
synthesized, the DNA encoding an antibody of the
invention or fragment thereof may be propagated and
expressed according to any of a variety of well-known
procedures for nucleic acid excision, ligation,
transformation, and transfection using any number of
known expression vectors. Thus, in certain embodiments
expression of an antibody fragment may be preferred in
a prokaryotic host, such as Escherichia coli (see,
e.g., Pluckthun et al., 1989 Methods Enzymol.
178:497-515). In certain other embodiments, expression
of the antibody or a fragment thereof may be preferred
in a eukaryotic host cell, including yeast (e.g.,
Saccharomyces cerevisiae, Schizosaccharomyces pombe,
and Pichia pastoris), animal cells (including
mammalian cells) or plant cells. Examples of suitable
animal cells include, but are not limited to, myeloma
(such as a mouse NSO line), COS, CHO, or hybridoma
cells. Examples of plant cells include tobacco, corn,
soybean, and rice cells. 



One or more replicable expression vectors containing
DNA encoding an antibody variable and/or constant
region may be prepared and used to transform an
appropriate cell line, for example, a non-producing
myeloma cell line, such as a mouse NSO line or a
bacteria, such as E. coli, in which production of the
antibody will occur. In order to obtain efficient
transcription and translation, the DNA sequence in
each vector should include appropriate regulatory
sequences, particularly a promoter and leader sequence
operatively linked to the variable domain sequence.
Particular methods for producing antibodies in this
way are generally well-known and routinely used. For
example, basic molecular biology procedures are
described by Maniatis et al. (Molecular Cloning, A
Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory, New York, 1989; see also Maniatis et al,
3rd ed., Cold Spring Harbor Laboratory, New York,
(2001)). DNA sequencing can be performed as described
in Sanger et al. (PNAS 74:5463, (1977)) and the
Amersham International pic sequencing handbook, and
site directed mutagenesis can be carried out according
to methods known in the art (Kramer et al., Nucleic
Acids Res. 12:9441, (1984); Kunkel Proc. Natl. Acad.
Sci. USA 82:488-92 (1985); Kunkel et al., Methods in
Enzymol. 154:367-82 (1987); the Anglian Biotechnology
Ltd. handbook). Additionally, numerous publications
describe techniques suitable for the preparation of
antibodies by manipulation of DNA, creation of
expression vectors, and transformation and culture of
appropriate cells (Mountain A and Adair, J R in
Biotechnology and Genetic Engineering Reviews (ed.
Tombs, M P, 10, Chapter 1, 1992, Intercept, Andover,
UK); "Current Protocols in Molecular Biology", 1999,
F.M. Ausubel (ed.), Wiley Interscience, New York).
Where it is desired to improve the affinity of
antibodies according to the invention containing one
or more of the above-mentioned CDRs can be obtained by
a number of affinity maturation protocols including
maintaining the CDRs (Yang et al., J. MoI. Biol., 254,
392-403, 1995), chain shuffling (Marks et al.,
Bio/Technology, 10, 779-783, 1992), use of mutation
strains of E. coli. (Low et al., J . MoI. Biol., 250,
350-368, 1996), DNA shuffling (Patten et al., Curr.
Opin. Biotechnol., 8, 724-733, 1997), phage display
(Thompson et al., J . MoI. Biol., 256, 7-88, 1996) and
PCR (Crameri, etal., Nature, 391, 288-291, 1998). All
of these methods of affinity maturation are discussed
by Vaughan et al. (Nature Biotechnology, 16, 535-539,
1998). Other antibodies according to the invention may
be obtained by conventional immunization and cell
fusion procedures as described herein and known in the
art. Monoclonal antibodies of the invention may be
generated using a variety of known techniques. In
general, monoclonal antibodies that bind to specific
antigens may be obtained by methods known to those
skilled in the art (see, for example, Kohler et al.,
Nature 256:495, 1975; Coligan et al. (eds.), Current
Protocols in Immunology, 1:2.5. 12.6.7 (John Wiley &
Sons 1991); U.S. Patent Nos. RE 32,01 1, 4,902,614,
4,543,439, and 4,41 1,993; Monoclonal Antibodies,
Hybridomas: A New Dimension in Biological Analyses,
Plenum Press, Kennett, McKearn, and Bechtol (eds.)
(1980); and Antibodies: A Laboratory Manual, Harlow
and Lane (eds.), Cold Spring Harbor Laboratory Press
(1988); Picksley et al., "Production of monoclonal
antibodies against proteins expressed in E. coli," in
DNA Cloning 2: Expression Systems, 2nd Edition, Glover
et al. (eds.), page 93 (Oxford University Press
1995)). Antibody fragments may be derived therefrom
using any suitable standard technique such as
proteolytic digestion, or optionally, by proteolytic
digestion (for example, using papain or pepsin)
followed by mild reduction of disulfide bonds and
alkylation. Alternatively, such fragments may also be
generated by recombinant genetic engineering
techniques as described herein. Monoclonal antibodies
can be obtained by injecting an animal, for example, a
rat, hamster, a rabbit, or preferably a mouse,
including for example a transgenic or a knock-out, as
known in the art, with an immunogen comprising human
TSLP of SEQ ID NO: 2, other TSLP polypeptide sequences
as described herein, or a fragment thereof, according
to methods known in the art and described herein. The
presence of specific antibody production may be
monitored after the initial injection and/or after a
booster injection by obtaining a serum sample and
detecting the presence of an antibody that binds to
human TSLP or fragment thereof using any one of
several immunodetection methods known in the art and
described herein. From animals producing the desired
antibodies, lymphoid cells, most commonly cells from
the spleen or lymph node, are removed to obtain
B-lymphocytes. The B lymphocytes are then fused with a
drug-sensitized myeloma cell fusion partner,
preferably one 



that is syngeneic with the immunized animal and that
optionally has other desirable properties (e.g.,
inability to express endogenous Ig gene products,
e.g., P3X63 - Ag 8.653 (ATCC No. CRL 1580); NSO, SP20)
to produce hybridomas, which are immortal eukaryotic
cell lines. The lymphoid (e.g., spleen) cells and the
myeloma cells may be combined for a few minutes with a
membrane fusion-promoting agent, such as polyethylene
glycol or a nonionic detergent, and then plated at low
density on a selective medium that supports the growth
of hybridoma cells but not unfused myeloma cells. A
preferred selection media is HAT (hypoxan thine,
aminopterin, thymidine). After a sufficient time,
usually about one to two weeks, colonies of cells are
observed. Single colonies are isolated, and antibodies
produced by the cells may be tested for binding
activity to human TSLP using any one of a variety of
immunoassays known in the art and described herein.
The hybridomas are cloned (e.g., by limited dilution
cloning or by soft agar plaque isolation) and
positiveclones that produce an antibody specific to
human TSLP are selected and cultured. The monoclonal
antibodies from the hybridoma cultures may be isolated
from the supernatants of hybridoma cultures. An
alternative method for production of a murine
monoclonal antibody is to inject the hybridoma cells
into the peritoneal cavity of a syngeneic mouse, for
example, a mouse that has been treated (e.g.,
pristane-primed) to promote formation of ascites fluid
containing the monoclonal antibody. Monoclonal
antibodies can be isolated and purified by a variety
of well-established techniques. Such isolation
techniques include affinity chromatography with
Protein-A Sepharose, size-exclusion chromatography,
and ion-exchange chromatography (see, for example,
Coligan at pages 2.7.1-2.7.12 and pages 2.9.1-2.9.3;
Baines et al., "Purification of Immunoglobulin G
(IgG)," in Methods in Molecular Biology, Vol. 10,
pages 79-104 (The Humana Press, Inc. 1992)).
Monoclonal antibodies may be purified by affinity
chromatography using an appropriate ligand selected
based on particular properties of the antibody (e.g.,
heavy or light chain isotype, binding specificity,
etc.). Examples of a suitable ligand, immobilized on a
solid support, include Protein A, Protein G, an
anticonstant region (light chain or heavy chain)
antibody, an anti-idiotype antibody, and TSLP, or
fragment or variant thereof. An antibody of the
present invention may also be a fully human monoclonal
antibody. Fully human monoclonal antibodies may be
generated by any number of techniques as those
previsously described above. Such methods further
include, but are not limited to, Epstein Barr Virus
(EBV) transformation of human peripheral blood cells
(e.g., containing B lymphocytes), in vitro
immunization of human B-cells, fusion of spleen cells
from immunized transgenic mice carrying inserted human
immunoglobulin genes, isolation from human
immunoglobulin V region phage libraries, or other
procedures as known in the art and based on the
disclosure herein. For example, fully human monoclonal
antibodies may be obtained from transgenic mice that
have been engineered to produce specific human
antibodies in response to antigenic challenge. Methods
for obtaining fully human antibodies from transgenic
mice are described, for example, by Green et al.,
Nature Genet. 7:13, 1994; Lonberg et al., Nature
368:856, 1994; Taylor et al., Int. Immun. 6:579, 1994;
U.S. Patent No. 5,877,397; Bruggemann et al., 1997
Curr. Opin. Biotechnol. 8:455-58; Jakobovits et al.,
1995 Ann. N. Y. Acad. Sci. 764:525-35. In this
technique, elements of the human heavy and light chain
locus are introduced into strains of mice derived from
embryonic stem cell lines that contain targeted
disruptions of the endogenous heavy chain and light
chain loci (see also Bruggemann et al., Curr. Opin.
Biotechnol. 8:455-58 (1997)). For example, human
immunoglobulin transgenes may be mini-gene constructs,
or transloci on yeast artificial chromosomes, which
undergo B-cell-specific DNA rearrangement and
hypermutation in the mouse lymphoid tissue. Fully
human monoclonal antibodies may be obtained by
immunizing the transgenic mice, which may then produce
human antibodies specific for human TSLP. Lymphoid
cells of the immunized transgenic mice can be used to
produce human antibody-secreting hybridomas according
to the methods described herein. Polyclonal sera
containing fully human antibodies may also be obtained
from the blood of the immunized animals.One exemplary
method for generating human antibodies of the
invention includes immortalizing human peripheral
blood cells by EBV transformation, as described, for
example, in U.S. Patent No. 4,464,456. Such an
immortalized B-cell line (or lymphoblastoid cell line)
producing a monoclonal antibody that specifically
binds to human TSLP can be identified by
immunodetection 



methods as provided herein, for example, an ELISA, and
then isolated by standard cloning techniques. The
stability of the lymphoblastoid cell line producing an
anti-TSLP antibody may be improved by fusing the
transformed cell line with a murine myeloma to produce
a mouse-human hybrid cell line according to methods
known in the art (see, e.g., Glasky et al., Hybridoma
8:377-89 (1989)). Still another method to generate
human monoclonal antibodies is in vitro immunization,
which includes priming human splenic B-cells with
human TSLP followed by fusion of primed Bcells with a
heterohybrid fusion partner. See, e.g., Boerner et
al., 1991 J . Immunol. 147:86-95. In certain
embodiments, a B-cell that is producing an anti-human
TSLP antibody is selected and the light chain and
heavy chain variable regions are cloned from the
B-cell according to molecular biology techniques known
in the art (WO 92/02551; U.S. patent 5,627,052;
Babcook et al., Proc. Natl. Acad. Sci. USA 93:7843-48
(1996)) and described herein. B-cells from an
immunized animal may be isolated from the spleen,
lymph node, or peripheral blood sample by selecting a
cell that is producing an antibody that specifically
binds to TSLP. B-cells may also be isolated from
humans, for example, from a peripheral blood sample.
Methods for detecting single B-cells that are
producing an antibody with the desired specificity are
well known in the art, for example, by plaque
formation, fluorescence-activated cell sorting, in
vitro stimulation followed by detection of specific
antibody, and the like. Methods for selection of
specific antibody-producing B-cells include, for
example, preparing a single cell suspension of B-cells
in soft agar that contains human TSLP. Binding of the
specific antibody produced by the B-cell to the
antigen results in the formation of a complex, which
may be visible as an immunoprecipitate. After the
B-cells producing the desired antibody are selected,
the specific antibody genes may be cloned by isolating
and amplifying DNA or mRNA according to methods known
in the art and described herein. An additional method
for obtaining antibodies of the invention is by phage
display. See, e.g., Winter et al., 1994 Annu. Rev.
Immunol. 12:433-55; Burton et al., 1994 Adv. Immunol.
57:191-280. Human or murine immunoglobulin variable
region gene combinatorial libraries may be created in
phage vectors that can be screened to select Ig
fragments (Fab, Fv, sFv, or multimers thereof) that
bind specifically to TSLP or variant or fragment
thereof. See, e.g., U.S. Patent No. 5,223,409; Huse et
al., 1989 Science 246:1275-81; Sastry et al., Proc.
Natl. Acad. Sci. USA 86:5728-32 (1989); Alting-Mees et
al., Strategies in Molecular Biology 3:1-9 (1990);
Kang et al., 1991 Proc. Natl. Acad. Sci. USA
88:4363-66; Hoogenboom et al., 1992 J . Molec. Biol.
227:381-388; Schlebusch et al., 1997 Hybridoma
16:47-52 and references cited therein. For example, a
library containing a plurality of polynucleotide
sequences encoding Ig variable region fragments may be
inserted into the genome of a filamentous
bacteriophage, such as M13 or a variant thereof, in
frame with the sequence encoding a phage coat protein.
A fusion protein may be a fusion of the coat protein
with the light chain variableregion domain and/or with
the heavy chain variable region domain. According to
certain embodiments, immunoglobulin Fab fragments may
also be displayed on a phage particle (see, e.g., U.S.
Patent No. 5,698,426). Heavy and light chain
immunoglobulin cDNA expression libraries may also be
prepared in lambda phage, for example, using
llmmunoZap(tm)(H) and lImmunoZap(tm)(L) vectors
(Stratagene, La Jolla, California). Briefly, mRNA is
isolated from a B-cell population, and used to create
heavy and light chain immunoglobulin cDNA expression
libraries in the lImmunoZap(H) and lImmunoZap(L)
vectors. These vectors may be screened individually or
co-expressed to form Fab fragments or antibodies (see
Huse et al., supra; see also Sastry et al., supra).
Positive plaques may subsequently be converted to a
non-lytic plasmid that allows high level expression of
monoclonal antibody fragments from E. coli. In one
embodiment, in a hybridoma the variable regions of a
gene expressing a monoclonal antibody of interest are
amplified using nucleotide primers. These primers may
be synthesized by one of ordinary skill in the art, or
may be purchased from commercially available sources.
(See, e.g., Stratagene (La Jolla, California), which
sells primers for mouse and human variable regions
including, among others, primers for V a VHb, VHc,
VHd, CHi, VL and CL regions.) These primers may be
used to amplify heavy or light chain variable regions,
which may then be inserted into vectors such as
ImmunoZAP(tm)H or ImmunoZAP(tm)L (Stratagene),
respectively. These vectors may then be 



introduced into E. coli, yeast, or mammalian-based
systems for expression. Large amounts of a
single-chain protein containing a fusion of the VH and
VL domains may be produced using these methods (see
Bird et al., Science 242:423-426, 1988). Once cells
producing antibodies according to the invention have
been obtained using any of the above-described
immunization and other techniques, the specific
antibody genes may be cloned by isolating and
amplifying DNA or mRNA therefrom according to standard
procedures as described herein. The antibodies
produced therefrom may be sequenced and the CDRs
identified and the DNA coding for the CDRs may be
manipulated as described previously to generate other
antibodies according to the invention. Antigen binding
proteins of the present invention preferably modulate
TSLP activity in one of the cell-based assay described
herein and/or the in vivo assay described herein
and/or cross-block the binding of one of the
antibodies described in this application and/or are
cross-blocked from binding TSLP by one of the
antibodies described in this application. Particularly
useful are antigen binding proteins that cross-compete
with an exemplary antibody described herein, i.e.,
cross-block the binding of one of the exemplary
antibodies described in this application and are
cross-blocked from binding TSLP by one of the
exemplary antibodies. Accordingly such binding agents
can be identified using the assays described herein.
In certain embodiments, antibodies are generated by
first identifying antibodies that bind to TSLP and/or
neutralize in the cell-based assays described herein
and/or cross-block the antibodies described in this
application and/or are cross-blocked from binding TSLP
by one of the antibodiesdescribed in this application.
The CDR regions from these antibodies are then used to
insert into appropriate biocompatible frameworks to
generate antigen binding proteins. The non-CDR portion
of the binding agent may be composed of amino acids,
or may be a non-protein molecule. The assays described
herein allow the characterization of binding agents.
Preferably the binding agents of the present invention
are antibodies as defined herein. Antigen binding
proteins of the present invention include those that
bind to the same epitope as an exemplary antibody
described herein. As discussed in Example 9, epitopes
may be structural or functional. Structural epitopes
may be thought of as the patch of the target which is
covered by the antibody. Functional epitopes are a
subset of the structural epitopes and comprise those
residues which directly contribute to the affinity of
the interaction (e.g. hydrogen bonds, ionic
interactions). One method of determining the epitope
of an antibody is by using scanning mutations in the
target molecule and measuring the effect of the
mutation on binding. Given the three-dimensional
structure of the antibody binding region, mutations in
the epitope can decrease or increase the binding
affinity of the antibody for the mutated target.
Antigen binding proteins may be defined by their
epitopes. As seen in Table 6, although the antibodies
may all bind to TSLP, they are affected differently by
the mutation of certain residues in TSLP an indication
that their respective epitopes do not completely
overlap. Preferred antigen binding proteins include
those that share at least a portion of the structural
epitope of a reference antibody described herein. For
example, a preferred antigen binding protein is one
that shares at least a portion of the same structural
epitope as A2. This is evidenced by an increase in
binding affinity as compared to for wild-type TSLP
when TSLP has mutation K67E, K97E, K98E, RlOOE, KlOlE,
or K103E. This may also be evidenced by a decrease in
binding affinity as compared to for wild-type TSLP
when TSLP has mutation K21E, T25R, S28R, S64R, or
K73E. Although the antigen binding protein and A2 may
be affected similarly by some mutations and not
others, the more identity there is between the antigen
binding protein and A2 on the effect of mutations in
certain residues of TSLP, the more the antigen binding
protein and reference antibody share a structural
epitope. Another preferred antigen binding protein is
one that shares at least a portion of the same
structural epitope as A4. This is evidenced by an
increase in binding affinity as compared to for
wildtype TSLP when TSLP has mutation K97E, K98E,
RlOOE, KlOlE, or K103E. This may also be evidenced by
a decrease in binding affinity as compared to for
wild-type TSLP when TSLP has mutation KlOE, A14R,
K21E, D22R, K73E, K75E, or A76R. 



Another preferred antigen binding protein is one that
shares at least a portion of the same structural
epitope as A5. This is evidenced by a decrease in
binding affinity as compared to for wildtype TSLP when
TSLP has mutation K12E, D22R, S40R, R122E, N124E,
R125E, or K129E. Another preferred antigen binding
protein is one that shares at least a portion of the
same structural epitope as A6. This is evidenced by a
decrease in binding affinity as compared to for
wildtype TSLP when TSLP has mutation S40R, S42R, H46R,
R122E, or K129E.Another preferred antigen binding
protein is one that shares at least a portion of the
same structural epitope as A7. This is evidenced by an
increase in binding affinity as compared to for
wildtype TSLP when TSLP has mutation KlOlE. This may
also be evidenced by a decrease in binding affinity as
compared to for wild-type TSLP when TSLP has mutation
D2R, T4R, D7R, S42R, H46R, T49R, E50R, Ql 12R, R122E,
R125E, or K129E. Another preferred antigen binding
protein is one that shares at least a portion of the
same structural epitope as A10. This is evidenced by
an increase in binding affinity as compared to for
wild-type TSLP when TSLP has mutation K97E, K98E,
RlOOE, KlOlE, or K103E. This may also be evidenced by
a decrease in binding affinity as compared to for
wild-type TSLP when TSLP has mutation N5R, Sl 7R,
T18R, K21E, D22R, T25R, T33R, H46R, A63R, S64R, A66R,
E68R, K73E, K75E, A76R, A92R, T93R, Q94R, or A95R.
Another preferred antigen binding protein is one that
shares at least a portion of the same structural
epitope as A21. This is evidenced by an increase in
binding affinity as compared to for wild-type TSLP
when TSLP has mutation K97E, K98E, RlOOE, KlOlE, or
K103E. This may also be evidenced by a decrease in
binding affinity as compared to for wild-type TSLP
when TSLP has mutation K21E, K21R, D22R, T25R, T33R,
S64R, K73E, K75E, El 1IR, or Sl 14R. Another preferred
antigen binding protein is one that shares at least a
portion of the same structural epitope as A23. This is
evidenced by an increase in binding affinity as
compared to for wild-type TSLP when TSLP has mutation
K67E, K97E, K98E, RlOOE, KlOlE, or K103E. This may
also be evidenced by a decrease in binding affinity as
compared to for wild-type TSLP when TSLP has mutation
E9R, KlOE, K12E, A13R, S17R, S20R, K21E, K21R, K73E,
K75E, N124E, or R125E. Another preferred antigen
binding protein is one that shares at least a portion
of the same structural epitope as A26. This is
evidenced by an increase in binding affinity as
compared to for wild-type TSLP when TSLP has mutation
K97E, K98E, RlOOE, KlOlE, or K103E. This may also be
evidenced by a decrease in binding affinity as
compared to for wild-type TSLP when TSLP has mutation
A14R, K21E, D22R, A63R, S64R, K67E, K73E, A76R, A92R,
or A95R. Comparing the mutations that affect binding
amongst the antibody, it suggests that certain
residues of TSLP tend to be part of the antibodies
ability to bind TSLP and block TSLP activity. Such
residues include K21, D22, K73, and K129. Thus,
preferred antigen binding protein include those that
have a higher affinity for wild-type TSLP than for a
TSLP comprising mutation K21E, those that have a
higher affinity for wild-type TSLP than for a TSLP
comprising mutation D21R, those that have a higher
affinity for wild-type TSLP than for a TSLP comprising
mutation K73E, and those that have a higher affinity
for wild-type TSLP than for a TSLP comprising mutation
K129E. Furthermore, many of the exemplary antigen
binding proteins described herein share the attribute
that the affinity for TSLP increases when the basic
patch of amino acids at positions 97-1 03 are changed
to acidic amino acids.. Nucleic acidsIn one aspect,
the present invention provides isolated nucleic acid
molecules. The nucleic acids comprise, for example,
polynucleotides that encode all or part of an antigen
binding protein, for example, one or both chains of an
antibody of the invention, or a fragment, derivative,
mutein, or variant thereof, polynucleotides sufficient
for use as hybridization probes, PCR primers or
sequencing primers for identifying, analyzing,
mutating or amplifying a polynucleotide encoding a
polypeptide, anti-sense nucleic acids for inhibiting
expression of a polynucleotide, and complementary
sequences of the foregoing. The nucleic acids can be
any length. They can be, for example, 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 75, 100, 125, 150, 175, 200,
250, 300, 350, 400, 450, 500, 750, 1,000, 1,500,
3,000, 5,000 or more nucleotides in length, and/or can
comprise one or more additional sequences, for
example, regulatory sequences, and/or be part of a
larger nucleic acid, for example, a vector. The 



nucleic acids can be single-stranded or
double-stranded and can comprise RNA and/or DNA
nucleotides, and artificial variants thereof (e.g.,
peptide nucleic acids). Nucleic acids encoding
antibody polypeptides (e.g., heavy or light chain,
variable domain only, or full length) may be isolated
from B-cells of mice that have been immunized with a
TSLP antigen. The nucleic acid may be isolated by
conventional procedures such as polymerase chain
reaction (PCR). Nucleic acid sequences encoding the
variable regions of the heavy and light chain variable
regions are shown above. The skilled artisan will
appreciate that, due to the degeneracy of the genetic
code, each of the polypeptide sequences disclosed
herein is encoded by a large number of other nucleic
acid sequences. The present invention provides each
degenerate nucleotide sequence encoding each antigen
binding protein of the invention. The invention
further provides nucleic acids that hybridize to other
nucleic acids (e.g., nucleic acids comprising a
nucleotide sequence of any of A1-A27) under particular
hybridization conditions. Methods for hybridizing
nucleic acids are well-known in the art. See, e.g.,
Current Protocols in Molecular Biology, John Wiley &
Sons, N.Y. (1989), 6.3.1-6.3.6. As defined herein, a
moderately stringent hybridization condition uses a
prewashing solution containing 5X sodium
chloride/sodium citrate (SSC), 0.5% SDS, 1.0 mM EDTA
(pH 8.0), hybridization buffer of about 50% formamide,
6X SSC, and a hybridization temperature of 55 C (or
other similar hybridization solutions, such as one
containing about 50% formamide, with a hybridization
temperature of 42 C), and washing conditions of 60 C,
in 0.5X SSC, 0.1% SDS. A stringent hybridization
condition hybridizes in 6X SSC at 45 C, followed by
one or more washes in 0.1X SSC, 0.2% SDS at 68 C.
Furthermore, one of skill in the art can manipulate
the hybridization and/or washing conditions to
increase or decrease the stringency of hybridization
such that nucleic acids comprising nucleotide
sequences that are at least 65, 70, 75, 80, 85, 90,
95, 98 or 99% identical to each other typically remain
hybridized to each other. The basic parameters
affecting the choice of hybridization conditions and
guidance for devising suitable conditions are set
forth by, for example, Sambrook, Fritsch, and Maniatis
(1989, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., chapters 9 and 11; and Current Protocols in
Molecular Biology, 1995, Ausubel et al., eds., John
Wiley & Sons,Inc., sections 2.10 and 6.3-6.4), and can
be readily determined by those having ordinary skill
in the art based on, for example, the length and/or
base composition of the DNA. Changes can be introduced
by mutation into a nucleic acid, thereby leading to
changes in the amino acid sequence of a polypeptide
(e.g., an antigen binding protein) that it encodes.
Mutations can be introduced using any technique known
in the art. In one embodiment, one or more particular
amino acid residues are changed using, for example, a
site-directed mutagenesis protocol. In another
embodiment, one or more randomly selected residues is
changed using, for example, a random mutagenesis
protocol. However it is made, a mutant polypeptide can
be expressed and screened for a desired property.
Mutations can be introduced into a nucleic acid
without significantly altering the biological activity
of a polypeptide that it encodes. For example, one can
make nucleotide substitutions leading to amino acid
substitutions at non-essential amino acid residues. In
one embodiment, a nucleotide sequence provided herein
for A1-A27, or a desired fragment, variant, or
derivative thereof, is mutated such that it encodes an
amino acid sequence comprising one or more deletions
or substitutions of amino acid residues that are shown
herein for A1-A27 to be residues where two or more
sequences differ. In another embodiment, the
mutagenesis inserts an amino acid adjacent to one or
more amino acid residues shown herein for A1-A27 to be
residues where two or more sequences differ.
Alternatively, one or more mutations can be introduced
into a nucleic acid that selectively change the
biological activity (e.g., binding to TSLP) of a
polypeptide that it encodes. For example, the mutation
can quantitatively or qualitatively change the
biological activity. Examples of quantitative changes
include increasing, reducing or eliminating the
activity. Examples of qualitative changes include
changing the antigen specificity of an antigen binding
protein. In another aspect, the present invention
provides nucleic acid molecules that are suitable for
use as primers or hybridization probes for the
detection of nucleic acid sequences of the invention.
A 



nucleic acid molecule of the invention can comprise
only a portion of a nucleic acid sequence encoding a
full-length polypeptide of the invention, for example,
a fragment that can be used as a probe or primer or a
fragment encoding an active portion (e.g., a TSLP
binding portion) of a polypeptide of the invention.
Probes based on the sequence of a nucleic acid of the
invention can be used to detect the nucleic acid or
similar nucleic acids, for example, transcripts
encoding a polypeptide of the invention. The probe can
comprise a label group, e.g., a radioisotope, a
fluorescent compound, an enzyme, or an enzyme
co-factor. Such probes can be used to identify a cell
that expresses the polypeptide. In another aspect, the
present invention provides vectors comprising a
nucleic acid encoding a polypeptide of the invention
or a portion thereof. Examples of vectors include, but
are not limited to, plasmids, viral vectors,
non-episomal mammalian vectors and expression vectors,
for example, recombinant expression vectors. The
recombinant expression vectors of the invention can
comprise a nucleic acid of the invention in a form
suitable for expression of the nucleic acid in a host
cell. The recombinantexpression vectors include one or
more regulatory sequences, selected on the basis of
the host cells to be used for expression, which is
operably linked to the nucleic acid sequence to be
expressed. Regulatory sequences include those that
direct constitutive expression of a nucleotide
sequence in many types of host cells (e.g., SV40 early
gene enhancer, Rous sarcoma virus promoter and
cytomegalovirus promoter), those that direct
expression of the nucleotide sequence only in certain
host cells (e.g., tissue-specific regulatory
sequences, see Voss et al., 1986, Trends Biochem. Sci.
11:287, Maniatis et al., 1987, Science 236:1237,
incorporated by reference herein in their entireties),
and those that direct inducible expression of a
nucleotide sequence in response to particular
treatment or condition (e.g., the metallothionin
promoter in mammalian cells and the tet-responsive
and/or streptomycin responsive promoter in both
prokaryotic and eukaryotic systems (see id.). It will
be appreciated by those skilled in the art that the
design of the expression vector can depend on such
factors as the choice of the host cell to be
transformed, the level of expression of protein
desired, etc. The expression vectors of the invention
can be introduced into host cells to thereby produce
proteins or peptides, including fusion proteins or
peptides, encoded by nucleic acids as described
herein. In another aspect, the present invention
provides host cells into which a recombinant
expression vector of the invention has been
introduced. A host cell can be any prokaryotic cell
(for example, E. coli) or eukaryotic cell (for
example, yeast, insect, or mammalian cells (e.g., CHO
cells)). Vector DNA can be introduced into prokaryotic
or eukaryotic cells via conventional transformation or
transfection techniques. For stable transfection of
mammalian cells, it is known that, depending upon the
expression vector and transfection technique used,
only a small fraction of cells may integrate the
foreign DNA into their genome. In order to identify
and select these integrants, a gene that encodes a
selectable marker (e.g., for resistance to
antibiotics) is generally introduced into the host
cells along with the gene of interest. Preferred
selectable markers include those which confer
resistance to drugs, such as G418, hygromycin and
methotrexate. Cells stably transfected with the
introduced nucleic acid can be identified by drug
selection (e.g., cells that have incorporated the
selectable marker gene will survive, while the other
cells die), among other methods. Indications TSLP is
involved in promoting various inflammatory disorders,
in particular allergic inflammatory disorders. As used
herein the term "allergic inflammation" refers to the
manifestations of immunoglobulin E (IgE)-related
immunological responses. Manual of Allergy and
Immunology Chapter 2, Alvin M. Sanico, Bruce S.
Bochner, and Sarbjit S. Saini, Adelman et al, ed.,
Lippincott, Williams, Wilkins, Philadelphia, PA,
(2002)). Allergic inflammation as used herein is
generally characterized by the infiltration into the
affected tissue of type 2 helper T cells (TH2 cells)
(Kay, supra). Allergic inflammation includes pulmonary
inflammatory diseases such as allergic rhinosinusitis,
asthma, allergic conjunctivitis, in addition to
inflammatory skin conditions such as atopic dermatis
(Manual of Allergy and Immunology, supra). As used
herein the term "TSLP-relatedallergic inflammation"
refers to allergic inflammation conditions in which
TSLP is upregulated, or is demonstrated to be
otherwise involved. Allergic asthma is a chronic
inflammatory disorder of the airways characterized by
airway 



eosinophilia, high levels of serum IgE and mast cell
activation, which contribute to airway
hyperresponsiveness, epithelial damage and mucus
hypersecretion (Wills-Karp, M, Ann. Rev. Immunol.
17:255-281 (1999). Manual of Allergy and Immunology ,
supra ). Studies have demonstrated that varying
degrees of chronic inflammation are present in the
airways of all asthmatics, even during symptom-free
periods. In susceptible individuals, this inflammation
causes recurrent episodes of wheezing, breathlessness,
chest tightness, and coughing. (Manual of Allergy and
Immunology , supra). Atopic dermatitis is a chronic
pruritic inflammatory skin disease characterized by
skin lesions, featuring an elevated serum total IgE,
eosinophilia, and increased release of histamine from
basophils and mast cells. Persons suffering from
atopic dermatitis exhibit exaggerated T 2 responses
and initiation of atopic dermatitis lesions is thought
to be mediated by means of early skin infiltration of
TH2 lymphocytes releasing high levels of IL-4, IL-5
and IL- 13 (Leung, J. Allergy Clin Immunol 105:860-76
(2000)). The relationship between TSLP and other
inflammatory cytokines is described in U.S.
application 11/205,904, publication 2006/0039910,
which is herein incorporated by reference. Human TSLP
expression as detected by in situ hybridization was
reported to be increased in asthmatic airways
correlating with disease severity (Ying et al., J .
Immunology 174:81 83-8190 (2005)). Analysis of TSLP
mRNA levels in asthmatic patient lung samples showed
increased expression of TSLP compared to controls. In
addition, TSLP protein levels are detectable in the
concentrated bronchoalveolar lavage (BAL) fluid of
asthma patients, lung transplant patients, and cystic
fibrosis patients. TSLP has recently been found to be
released in response to microbes and trauma as well as
inflammation, and to activate mast cells (Allakhverdi
et al., J Exp. Med 20492: 253- 258 (2007). Human TSLP
protein was shown to correlate with disease in
bronchial mucosa and BAL fluid of subjects with
moderate/severe asthma and COPD. (Ying et al., J
Immunol 181(4):2790-8 (2008). Over-expression of TSLP
in the lungs of transgenic mice leads to asthma-like
airway inflammation (Zhou et al., Nat. Immunol
10:1047-1053 (2005). In addition, it has been reported
that TSLPR deficient mice failed to develop asthma in
OVA-asthma models, demonstrating that TSLP is required
for development of asthma in airway inflammation
models (Zhou et al, supra, Carpino et al., MoI. Cell
Biol. 24:2584-2592 (2004). In addition to asthma,
increased levels of TSLP protein and mRNA are found in
the lesional skin of atopic dermatitis (AD) patients
and in inflamed tonsilar epithelial cells (Soumelis et
al., Nature Immunol: 3 (7): 673-680 (2002).
Over-expression of TSLP in the skin of transgenic mice
leads to an AD-like phenotype. (Yoo et al., J Exp Med
202:541-549 (2005)).Therefore, TSLP antagonists,
specifically the TSLP antigen binding proteins and
antibodies of the instant application, are useful as
therapeutic treatment for allergic inflammation, in
particular, asthma and atopic dermatitis. In addition,
TSLP antagonists, particularly the TSLP antigen
binding proteins and antibodies of the present
disclosure are also useful for treating fibrotic
disorders. TSLP has been demonstrated to be involved
in promoting fibrotic disorders, as described in
application serial no 11/344,379. TSLP has been found
to induce fibroblast accumulation and collagen
deposition in animals. Injection of murine TSLP, for
example, intradermal Iy into mice resulted in fibrosis
within the subcutis of the mice, characterized by
fibroblast proliferation and collagen deposition.
Antagonizing TSLP activity would result in preventing
or decreasing fibroblast proliferation and collagen
deposition in a tissue. As used herein the term
"fibroproliferative disease" or "fibrotic disease or
disorder" refers to conditions involving fibrosis in
one or more tissues. As used herein the term
"fibrosis" refers to the formation of fibrous tissue
as a reparative or reactive process, rather than as a
normal constituent of an organ or tissue. Fibrosis is
characterized by fibroblast accumulation and collagen
deposition in excess of normal deposition in any
particular tissue. As used herein the term "fibrosis"
is used synonymously with "fibroblast accumulation and
collagen deposition". Fibroblasts are connective
tissue cells, which are dispersed in connective tissue
throughout the body. Fibroblasts secrete a nonrigid
extracellular matrix containing type I and/or type III
collagen. In response to an injury to a tissue, nearby
fibroblasts migrate into the wound, proliferate, and
produce large amounts of 



collagenous extracellular matrix. Collagen is a
fibrous protein rich in glycine and proline that is a
major component of the extracellular matrix and
connective tissue, cartilage, and bone. Collagen
molecules are triple-stranded helical structures
called a-chains, which are wound around each other in
a ropelike helix. Collagen exists in several forms or
types; of these, type I, the most common, is found in
skin, tendon, and bone; and type III is found in skin,
blood vessels, and internal organs. Fibrotic disorders
include, but are not limited to, systemic and local
scleroderma, keloids and hypertrophic scars,
atherosclerosis, restenosis, pulmonary inflammation
and fibrosis, idiopathic pulmonary fibrosis, liver
cirrhosis, fibrosis as a result of chronic hepatitis B
or C infection, kidney disease, heart disease
resulting from scar tissue, and eye diseases such as
macular degeneration, and retinal and vitreal
retinopathy. Additional fibrotic diseases include
fibrosis resulting from chemotherapeutic drugs,
radiation-induced fibrosis, and injuries and burns.
Scleroderma is a fibrotic disorder characterized by a
thickening and induration of the skin caused by the
overproduction of new collagen by fibroblasts in skin
and other organs. Scleroderma may occur as a local or
systemic disease. Systemic scleroderma may affect a
number of organs. Systemic sclerosis is characterized
by formation of hyalinized and thickened collagenous
fibrous tissue, with thickening of the skin and
adhesion to underlying tissues, especially of the
hands and face. The disease may also be characterized
by dysphagia due to loss of peristalsis and submucosal
fibrosis of the esophagus, dyspnea due to pulmonary
fibrosis, myocardial fibrosis, and renal vascular
changes. (Stedman's Medical Dictionary, 26th Edition,
Williams & Wilkins, 1995)). Pulmonary fibrosisaffects
30 to 70% of scleroderma patients, often resulting in
restrictive lung disease (Atamas et al. Cytokine and
Growth Factor Rev 14: 537-550 (2003)). Idiopathic
pulmonary fibrosis is a chronic, progressive and
usually lethal lung disorder, thought to be a
consequence of a chronic inflammatory process (Kelly
et al., Curr Pharma Design 9 : 39-49 (2003)).
Therefore, TSLP antagonists, specifically the TSLP
antigen binding proteins and antibodies of the instant
application, are useful as therapeutic treatment for f
brotic diseases, including but not limited to
scleroderma, interstitial lung disease, idiopathic
pulmonary fibrosis, fibrosis arising from chronic
hepatitis B or C, radiation-induced fibrosis, and
fibrosis arising from wound healing. Although the
above indications are preferred, other disease,
disorder, or condition may be amenable to treatment
with or may be prevented by administration of an
antigen binding to a subject. Such diseases,
disorders, and conditions include, but are not limited
to, inflammation, autoimmune disease, cartilage
inflammation, fibrotic disease and/or bone
degradation, arthritis, rheumatoid arthritis, juvenile
arthritis, juvenile rheumatoid arthritis,
pauciarticular juvenile rheumatoid arthritis,
polyarticular juvenile rheumatoid arthritis, systemic
onset juvenile rheumatoid arthritis, juvenile
ankylosing spondylitis, juvenile enteropathic
arthritis, juvenile reactive arthritis, juvenile
Reter's Syndrome, SEA Syndrome (Seronegativity,
Enthesopathy, Arthropathy Syndrome), juvenile
dermatomyositis, juvenile psoriatic arthritis,
juvenile scleroderma, juvenile systemic lupus
erythematosus, juvenile vasculitis, pauciarticular
rheumatoid arthritis, polyarticular rheumatoid
arthritis, systemic onset rheumatoid arthritis,
ankylosing spondylitis, enteropathic arthritis,
reactive arthritis, Reter's Syndrome, SEA Syndrome
(Seronegativity, Enthesopathy, Arthropathy Syndrome),
dermatomyositis, psoriatic arthritis, scleroderma,
systemic lupus erythematosus, vasculitis, myolitis,
polymyolitis, dermatomyolitis, osteoarthritis,
polyarteritis nodossa, Wegener's granulomatosis,
arteritis, ploymyalgia rheumatica, sarcoidosis,
scleroderma, sclerosis, primary biliary sclerosis,
sclerosing cholangitis, Sjogren's syndrome, psoriasis,
plaque psoriasis, guttate psoriasis, inverse
psoriasis, pustular psoriasis, erythrodermic
psoriasis, dermatitis, atopic dermatitis,
atherosclerosis, lupus, Still's disease, Systemic
Lupus Erythematosus (SLE), myasthenia gravis,
inflammatory bowel disease (IBD), Crohn's disease,
ulcerative colitis, celiac disease, multiple
schlerosis (MS), asthma, COPD, Guillain-Barre disease,
Type I diabetes mellitus, Graves' disease, Addison's
disease, Raynaud's phenomenon, autoimmune hepatitis,
GVHD, and the like. In specific embodiments,
pharmaceutical compositions comprising a
therapeutically effective amount of TSLP antigen
binding proteins are provided. The term "treatment"
encompasses alleviation or prevention of at least one
symptom or other aspect of a disorder, or reduction of
disease severity, and the like. An antigen binding
protein need 



not effect a complete cure, or eradicate every symptom
or manifestation of a disease, to constitute a viable
therapeutic agent. As is recognized in the pertinent
field, drugs employed as therapeutic agents may reduce
the severity of a given disease state, but need not
abolish every manifestation of the disease to be
regarded as useful therapeutic agents. Similarly, a
prophylactically administered treatment need not be
completely effective in preventing the onset of a
condition in order to constitutea viable prophylactic
agent. Simply reducing the impact of a disease (for
example, by reducing the number or severity of its
symptoms, or by increasing the effectiveness of
another treatment, or by producing another beneficial
effect), or reducing the likelihood that the disease
will occur or worsen in a subject, is sufficient. One
embodiment of the invention is directed to a method
comprising administering to a patient an antigen
binding protein in an amount and for a time sufficient
to induce a sustained improvement over baseline of an
indicator that reflects the severity of the particular
disorder. Pharmaceutical Compositions In some
embodiments, the invention provides pharmaceutical
compositions comprising a therapeutically effective
amount of one or a plurality of the antigen binding
proteins of the invention together with a
pharmaceutically acceptable diluent, carrier,
solubilizer, emulsifier, preservative, and/or
adjuvant. In addition, the invention provides methods
of treating a patient by administering such
pharmaceutical composition. The term "patient"
includes human and animal subjects. Pharmaceutical
compositions comprising one or more antigen binding
proteins may be used to reduce TSLP activity.
Pharmaceutical compositions comprising one or more
antigen binding proteins may be used in treating the
consequences, symptoms, and/or the pathology
associated with TSLP activity. Pharmaceutical
compositions comprising one or more antigen binding
proteins may be used in methods of inhibiting binding
and/or signaling of TSLP to TSLPR comprising providing
the antigen binding protein of the invention to TSLP.
In certain embodiments, acceptable formulation
materials preferably are nontoxic to recipients at the
dosages and concentrations employed. In certain
embodiments, the pharmaceutical composition may
contain formulation materials for modifying,
maintaining or preserving, for example, the pH,
osmolality, viscosity, clarity, color, isotonicity,
odor, sterility, stability, rate of dissolution or
release, adsorption or penetration of the composition.
In such embodiments, suitable formulation materials
include, but are not limited to, amino acids (such as
glycine, glutamine, asparagine, arginine or lysine);
antimicrobials; antioxidants (such as ascorbic acid,
sodium sulfite or sodium hydrogen-sulfite); buffers
(such as borate, bicarbonate, Tris-HCl, citrates,
phosphates or other organic acids); bulking agents
(such as mannitol or glycine); chelating agents (such
as ethylenediamine tetraacetic acid (EDTA));
complexing agents (such as caffeine,
polyvinylpyrrolidone, beta-cyclodextrin or
hydroxypropyl-beta-cyclodextrin); fillers;
monosaccharides; disaccharides; and other
carbohydrates (such as glucose, sucrose, mannose or
dextrins); proteins (such as serum albumin, gelatin or
immunoglobulins); coloring, flavoring and diluting
agents; emulsifying agents; hydrophilic polymers (such
as polyvinylpyrrolidone); low molecular weight
polypeptides; salt-forming counterions (such as
sodium); preservatives (such as benzalkonium chloride,
benzoic acid, salicylic acid, thimerosal, phenethyl
alcohol, methylparaben, propylparaben, chlorhexidine,
sorbic acid or hydrogen peroxide); solvents (such as
glycerin,propylene glycol or polyethylene glycol);
sugar alcohols (such as mannitol or sorbitol);
suspending agents; surfactants or wetting agents (such
as pluronics, PEG, sorbitan esters, polysorbates such
as polysorbate 20, polysorbate, triton, tromethamine,
lecithin, cholesterol, tyloxapal); stability enhancing
agents (such as sucrose or sorbitol); tonicity
enhancing agents (such as alkali metal halides,
preferably sodium or potassium chloride, mannitol
sorbitol); delivery vehicles; diluents; excipients
and/or pharmaceutical adjuvants. See, REMINGTON'S
PHARMACEUTICAL SCIENCES, 18" Edition, (A.R. Genrmo,
ed.), 1990, Mack Publishing Company. In certain
embodiments, the optimal pharmaceutical composition
will be determined by one skilled in the art depending
upon, for example, the intended route of
administration, delivery format and desired dosage.
See, for example, REMINGTON'S PHARMACEUTICAL SCIENCES,
supra. In certain embodiments, such compositions may
influence the physical state, stability, rate of in
vivo release and rate of in vivo clearance of the
antigen binding proteins of the invention. In certain 



embodiments, the primary vehicle or carrier in a
pharmaceutical composition may be either aqueous or
non-aqueous in nature. For example, a suitable vehicle
or carrier may be water for injection, physiological
saline solution or artificial cerebrospinal fluid,
possibly supplemented with other materials common in
compositions for parenteral administration. Neutral
buffered saline or saline mixed with serum albumin are
further exemplary vehicles. In specific embodiments,
pharmaceutical compositions comprise Tris buffer of
about pH 7.0-8.5, or acetate buffer of about pH
4.0-5.5, and may further include sorbitol or a
suitable substitute therefor. In certain embodiments
of the invention, TSLP antigen binding protein
compositions may be prepared for storage by mixing the
selected composition having the desired degree of
purity with optional formulation agents (REMINGTON'S
PHARMACEUTICAL SCIENCES, supra) in the form of a
lyophilized cake or an aqueous solution. Further, in
certain embodiments, the TSLP antigen binding protein
product may be formulated as a lyophilizate using
appropriate excipients such as sucrose. The
pharmaceutical compositions of the invention can be
selected for parenteral delivery. Alternatively, the
compositions may be selected for inhalation or for
delivery through the digestive tract, such as orally.
The formulation components are present preferably in
concentrations that are acceptable to the site of
administration. In certain embodiments, buffers are
used to maintain the composition at physiological pH
or at a slightly lower pH, typically within a pH range
of from about 5 to about 8. Including about 5.1, about
5.2, about 5.3, about 5.4, about 5.5, about 5.6, about
5.7, about 5.8, about 5.9, about 6.0, about 6.1, about
6.2, about 6.3, about 6.4, about 6.5, about 6.6, about
6.7, about 6.8, about 6.9, about 7.0, about 7.1, about
7.2, about 7.3, about 7.4, about 7.5, about 7.6, about
7.7, about 7.8, about 7.9, and about 8.0. When
parenteral administration is contemplated, the
therapeutic compositions for use in this invention may
be provided in the form of a pyrogen-free,
parenterally acceptable aqueous solution comprising
the desired TSLP antigen binding protein in a
pharmaceutically acceptable vehicle. A particularly
suitable vehicle for parenteral injection is sterile
distilled water in which the TSLPantigen binding
protein is formulated as a sterile, isotonic solution,
properly preserved. In certain embodiments, the
preparation can involve the formulation of the desired
molecule with an agent, such as injectable
microspheres, bio-erodible particles, polymeric
compounds (such as polylactic acid or polyglycolic
acid), beads or liposomes, that may provide controlled
or sustained release of the product which can be
delivered via depot injection. In certain embodiments,
hyaluronic acid may also be used, having the effect of
promoting sustained duration in the circulation. In
certain embodiments, implantable drug delivery devices
may be used to introduce the desired antigen binding
protein. Pharmaceutical compositions of the invention
can be formulated for inhalation. In these
embodiments, TSLP antigen binding proteins are
advantageously formulated as a dry, inhalable powder.
In specific embodiments, TSLP antigen binding protein
inhalation solutions may also be formulated with a
propellant for aerosol delivery. In certain
embodiments, solutions may be nebulized. Pulmonary
administration and formulation methods therefore are
further described in International Patent Application
No. PCTUS94/001875, which is incorporated by reference
and describes pulmonary delivery of chemically
modified proteins. It is also contemplated that
formulations can be administered orally. TSLP antigen
binding proteins that are administered in this fashion
can be formulated with or without carriers customarily
used in the compounding of solid dosage forms such as
tablets and capsules. In certain embodiments, a
capsule maybe designed to release the active portion
of the formulation at the point in the
gastrointestinal tract when bioavailability is
maximized and pre-systemic degradation is minimized.
Additional agents can be included to facilitate
absorption of the TSLP antigen binding protein.
Diluents, flavorings, low melting point waxes,
vegetable oils, lubricants, suspending agents, tablet
disintegrating agents, and binders may also be
employed. A pharmaceutical composition of the
invention is preferably provided to comprise an
effective quantity of one or a plurality of TSLP
antigen binding proteins in a mixture with non-toxic
excipients that are suitable for the manufacture of
tablets. By dissolving the tablets in sterile water,
or another appropriate vehicle, solutions may be
prepared in unit-dose form. Suitable excipients
include, but are not limited to, inert diluents, such
as calcium carbonate, 



sodium carbonate or bicarbonate, lactose, or calcium
phosphate; or binding agents, such as starch, gelatin,
or acacia; or lubricating agents such as magnesium
stearate, stearic acid, or talc. Additional
pharmaceutical compositions will be evident to those
skilled in the art, including formulations involving
TSLP antigen binding proteins in sustained- or
controlled- delivery formulations. Techniques for
formulating a variety of other sustained- or
controlled- delivery means, such as liposome carriers,
bio-erodible microparticles or porous beads and depot
injections, are also known to those skilled in the
art. See, for example, International Patent
Application No. PCT/US93/00829, which is incorporated
by reference and describes controlled release of
porous polymeric microparticles for delivery of
pharmaceutical compositions.Sustained-release
preparations may include semipermeable polymer
matrices in the form of shaped articles, e.g., films,
or microcapsules. Sustained release matrices may
include polyesters, hydrogels, polylactides (as
disclosed in U.S. Patent No. 3,773,919 and European
Patent Application Publication No. EP 058481, each of
which is incorporated by reference), copolymers of
L-glutamic acid and gamma ethyl-L-glutamate (Sidman et
al, 1983, Biopolymers 2:547-556), poly (2-
hydroxyethyl-inethacrylate) (Langer et al, 1981, J .
Biomed. Mater. Res. 15:167-277 and Langer, 1982, Chem.
Tech. 12:98-105), ethylene vinyl acetate (Langer et
al, 1981, supra) or poly-D(-)-3- hydroxybutyric acid
(European Patent Application Publication No. EP
133,988). Sustained release compositions may also
include liposomes that can be prepared by any of
several methods known in the art. See, e.g., Eppstein
et al, 1985, Proc. Natl Acad. ScL U.S.A. 82.3688-3692;
European Patent Application Publication Nos. EP
036,676; EP 088,046 and EP 143,949, incorporated by
reference. Pharmaceutical compositions used for in
vivo administration are typically provided as sterile
preparations. Sterilization can be accomplished by
filtration through sterile filtration membranes. When
the composition is lyophilized, sterilization using
this method may be conducted either prior to or
following lyophilization and reconstitution.
Compositions for parenteral administration can be
stored in lyophilized form or in a solution.
Parenteral compositions generally are placed into a
container having a sterile access port, for example,
an intravenous solution bag or vial having a stopper
pierceable by a hypodermic injection needle. Aspects
of the invention includes self-buffering TSLP antigen
binding protein formulations, which can be used as
pharmaceutical compositions, as described in
international patent application WO 0613818 1A2
(PCT/US2006/022599), which is incorporated by
referencein its entirety herein. One embodiment
provides self-buffering TSLP antigen binding protein
formulations comprising an TSLP antigen binding
protein in which the total salt concentration is less
than 150 mM. The therapeutically effective amount of
TSLP antigen binding protein-containing pharmaceutical
composition to be employed will depend, for example,
upon the therapeutic context and objectives. One
skilled in the art will appreciate that the
appropriate dosage levels for treatment will vary
depending, in part, upon the molecule delivered, the
indication for which the TSLP antigen binding protein
is being used, the route of administration, and the
size (body weight, body surface or organ size) and/or
condition (the age and general health) of the patient.
In certain embodiments, the clinician may titer the
dosage and modify the route of administration to
obtain the optimal therapeutic effect. A typical
dosage may range from about 0.1 mg/kg to up to about
30 mg/kg or more, depending on the factors mentioned
above. In specific embodiments, the dosage may range
from 0.1 mg/kg up to about 30 mg/kg, optionally from 1
mg/kg up to about 30 mg/kg or from 10 mg/kg up to
about 5 mg/kg.Dosing frequency will depend upon the
pharmacokinetic parameters of the particular TSLP
antigen binding protein in the formulation used.
Typically, a clinician administers the composition
until a dosage is reached that achieves the desired
effect. The composition may therefore be administered
as a single dose, or as two or more doses (which may
or may not contain the same amount of the desired
molecule) over time, or as a continuous infusion via
an implantation device or catheter. Further refinement
of the appropriate dosage is routinely made by those
of ordinary skill in the art and is within the ambit
of tasks routinely performed by them. Appropriate
dosages may be ascertained through use of appropriate
dose-response data. In certain embodiments, the
antigen binding proteins of the invention can be
administered to patients 



throughout an extended time period. Chronic
administration of an antigen binding protein of the
invention minimizes the adverse immune or allergic
response commonly associated with antigen binding
proteins that are not fully human, for example an
antibody raised against a human antigen in a non-human
animal, for example, a non-fully human antibody or
non-human antibody produced in a non-human species.
The route of administration of the pharmaceutical
composition is in accord with known methods, e.g.,
orally, through injection by intravenous,
intraperitoneal, intracerebral (intraparenchymal),
intracerebroventricular, intramuscular, intra-ocular,
intraarterial, intraportal, or intralesional routes;
by sustained release systems or by implantation
devices. In certain embodiments, the compositions may
be administered by bolus injection or continuously by
infusion, or by implantation device. The composition
also may be administered locally via implantation of a
membrane, sponge or another appropriate material onto
which the desired molecule has been absorbed or
encapsulated. In certain embodiments, where an
implantation device is used, the device may be
implanted into any suitable tissue or organ, and
delivery of the desired molecule may be via diffusion,
timed-release bolus, or continuous administration.
Combination therapies In further embodiments, antigen
binding protein are administered in combination with
other agents useful for treating the condition with
which the patient is afflicted. Examples of such
agents include both proteinaceous and
non-proteinaceous drugs. When multiple therapeutics
are co administered, dosages may be adjusted
accordingly, as is recognized in the pertinent art.
"Co administration" and combination therapy are not
limited to simultaneous administration, but also
include treatment regimens in which an antigen binding
protein is administered at least once during a course
of treatment that involves administering at least one
other therapeutic agent to the patient. The invention
having been described, the following examples are
offered by way of illustration, and not
limitation.Example 1: Preparation of antigen Several
forms of recombinant TSLP were used as immunogens.
Human TSLP was expressed both in E.coli and in
mammalian cells. The E. coli produced human TSLP was
an untagged fulllength protein. TSLP protein was
produced in COS PKB cells having a deleted furin
cleavage site produced by deleting nucleotides 382-396
(AGAAAAAGGAAAGTC, SEQ ID NO: 370) corresponding to
amino acids 128-132 (RKRKV, SEQ ID NO: 371). This
protein contained a C terminal polyHIS-Flag tag
(Nucleotide sequence =
ATGTTCCCTTTTGCCTTACTATATGTTCTGTCAGTTTCTTTCAGGAAAATCTTC
ATCTTACA
ACTTGTAGGGCTGGTGTTAACTTACGACTTCACTAACTGTGACTTTGAGAAGAT
TAAAGC
AGCCTATCTCAGTACTATTTCTAAAGACCTGATTACATATATGAGTGGGACCAA
AAGTAC
CGAGTTCAACAACACCGTCTCTTGTAGCAATCGGCCACATTGCCTTACTGAAAT
CCAGAG
CCTAACCTTCAATCCCACCGCCGGCTGCGCGTCGCTCGCCAAAGAAATGTTCGC
CATGAA
AACTAAGGCTGCCTTAGCTATCTGGTGCCCAGGCTATTCGGAAACTCAGATAAA
TGCTAC
TCAGGCAATGAAGAAGAGGACAACCAATAAATGTCTGGAACAAGTGTCACAATT
ACAAG
GATTGTGGCGTCGCTTCAATCGACCTTTACTGAAACAACAGCATCACCATCACC
ATCACG ACTACAAAGACGATGACGACAAA (SEQ ID NO: 372);
Protein sequence =
MFPFALLYVLSVSFRKIFILQLVGLVLTYDFTNCDFEKIKAA
YLSTISKDLITYMSGTKSTEFNN
TVSCSNRPHCLTEIQSLTFNPTAGCASLAKEMF
AMKTKAALAIWCPGYSETQINATQAMKKR
TTNKCLEQVSQLQGLXWIRFNRPLLKQQHHHHHHDYKDDDDK (SEQ ID NO:
373). In another campaign, a full length TSLP C
terminal polyHIS-Flag tagged protein was produced in
COS PKB cells (Nucleotide sequence =
ATGTTCCCTTTTGCCTTACTATATGTTCTGTCAGTTTCTTTCAGGAAAATCTTC
ATCTTACA
ACTTGTAGGGCTGGTGTTAACTTACGACTTCACTAACTGTGACTTTGAGAAGAT
TAAAGC
AGCCTATCTCAGTACTATTTCTAAAGACCTGATTACATATATGAGTGGGACCAA
AAGTAC
CGAGTTCAACAACACCGTCTCTTGTAGCAATCGGCCACATTGCCTTACTGAAAT
CCAGAG 



CCTAACCTTCAATCCCACCGCCGGCTGCGCGTCGCTCGCCAAAGAAATGTTCGC
CATGAA
AACTAAGGCTGCCTTAGCTATCTGGTGCCCAGGCTATTCGGAAACTCAGATAAA
TGCTAC
TCAGGCAATGAAGAAGAGGAGAAAAAGGAAAGTCACAACCAATAAATGTCTGGA
ACAA
GTGTCACAATTACAAGGATTGTGGCGTCGCTTCAATCGACCTTTACTGAAACAA
CAGCAT CACCATCACCATCACGACTACAAAGACGATGACGACAAA (SEQ ID
NO: 374); Protein sequence =
MFPFALLYVLSVSFRKIFILQLVGLVLTYDFTNCDFEKIKAA
YLSTISKDLITYMSGTKSTEFNN
TVSCSNRPHCLTEIQSLTFNPTAGCASLAKEMFAMKTKAALAIWCPGYSETQIN
ATQAMKKR
RKRKVTTNKCLEQVSQLQGLWRRFNRPLLKQQHHHHHHDYKDDDDK (SEQ ID
NO: 375). Note that the amino acid sequence 1-28
(MFPFALLYVLSVSFRKIFILQLVGLVLT, SEQ ID NO: 376) is a
signal peptide cleaved from the mature product of both
these proteins.In addition, cynomolgus TSLP was cloned
and subcloned / expressed similarly with either the
furin cleavage site (nucleotide 358 - 372
(AGAAAAAGGAAAGTC, SEQ ID NO: 370) corresponding to
amino acids 120-124 (RKRKV, SEQ ID NO: 371)) deleted
(DNA
=ATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTTC
CACCGG
TTACGACTTCACTAACTGTGACTTTCAGAAGATTGAAGCAGACTATCTCCGTAC
TATTTCT
AAAGACCTGATTACATATATGAGTGGGACTAAAAGTACCGACTTCAACAACACC
GTCTC
CTGTAGCAATCGGCCACACTGCCTTACTGAAATCCAGAGCCTAACCTTCAATCC
CACCCC
CCGCTGCGCGTCGCTCGCCAAGGAAATGTTCGCCAGGAAAACTAAGGCTACCCT
CGCTCT
CTGGTGCCCAGGCTATTCGGAAACTCAGATAAATGCTACTCAGGCAATGAAGAA
GAGGA
CAACCAATAAATGTCTGGAACAAGTGTCACAATTACTAGGATTGTGGCGTCGCT
TCATTC
GAACTTTACTGAAACAACAGCACCACCACCACCACCATGACTATAAAGACGATG
ACGAC AAAT (SEQ ID NO: 377); Protein =
METDTLLLWVLLLWVPGSTGYDFTNCDFQKIEADYLRTISKDLITYMSGTKSTD
FNNTVSCS
NRPHCLTEIQSLTFNPTPRCASLAKEMFARKTKATLALWCPGYSETQINATQAM
KKRTTNKC LEQVSQLLGLWRRFIRTLLKQQHHHHHHDYKDDDDK (SEQ ID
NO: 378) or as a full-length / native product
(nucleotide sequence =
ATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTTCC
ACCGGT
TACGACTTCACTAACTGTGACTTTCAGAAGATTGAAGCAGACTATCTCCGTACT
ATTTCT
AAAGACCTGATTACATATATGAGTGGGACTAAAAGTACCGACTTCAACAACACC
GTCTC
CTGTAGCAATCGGCCACACTGCCTTACTGAAATCCAGAGCCTAACCTTCAATCC
CACCCC
CCGCTGCGCGTCGCTCGCCAAGGAAATGTTCGCCAGGAAAACTAAGGCTACCCT
CGCTCT
CTGGTGCCCAGGCTATTCGGAAACTCAGATAAATGCTACTCAGGCAATGAAGAA
GAGGA
GAAAAAGGAAAGTCACAACCAATAAATGTCTGGAACAAGTGTCACAATTACTAG
GATTG
TGGCGTCGCTTCATTCGAACTTTACTGAAACAACAGCACCACCACCACCACCAT
GACTAT AAAGACGATGACGACAAA (SEQ ID NO: 379); Protein =
METDTLLLWVLLL
WVPGSTGYDFTNCDFQKIEADYLRTISKDLITYMSGTKSTDFNNTVSCS
NRPHCLTEIQSLTFNPTPRCASLAKEMFARKTKATLAL
WCPGYSETQINATQAMKKRRKRKV
TTNKCLEQVSQLLGLWRRFIRTLLKQQHHHHHHDYKDDDDK (SEQ ID NO:
380) fused to the same C terminal polyHIS-Flag in COS
PKB cells.. Note that the amino acid sequence 1-20
(METDTLLLWVLLLWVPGSTG, SEQ ID NO: 381) is a signal
peptide cleaved from the mature product of both these
cynomolgus proteins. Example 2: Mouse anti-Human TSLP
Antibodies hTSLP-Fc was used for immunization of
Balb/c mice (Jackson Laboratories, Bar Harbor, Maine).
After several rounds of immunization, lymphocytes were
released from the spleen and were fused with mouse
myeloma cells, NSl (ATCC) by chemical fusion with 50%
PEG/DMSO (Sigma). The fused cells were seeded in
96-well plates at the density of 2x1 04 cells/well in
200ul of DMEM HAT (O.lmM hypoxanthine, 0.16mM
thymidine, 4mM aminopterin, Sigma) media
supplementedwith 10% FBS, 5% Origen Cloning Factor
(BioVeris(tm)), Ix Penicillin-Streptomycin-Glutamine,
Sodium Pyruvate (Invitrogen). Medium was replaced 7
days post-fusion with DMEM HT (O.lmM hypoxanthine, 0.1
6mM thymidine) media supplemented with 10% FBS, 5%
Origen Cloning Factor (BioVeris(tm)), Ix
Penicillin-Streptomycin-Glutamine, Sodium Pyruvate
(Invitrogen). Conditioned media was collected two days
after medium change and preceded for primary
screening. 



Example 3: Fully Human Antibody Generation Fully human
monoclonal antibodies specific for TSLP were generated
using the XenoMouse(r) technology according to
protocols described, for example, in U.S. 2005/01
18643, United States Patent Nos: 6 114598, 6162963,
7049426, 7064244, Green et al., Nature Genetics 7:13-
2 1 (1994), Medez et al. Nature Genetics 15:146-156
(1997), Green and Jakobovitis J . Ex. Med. 188:483-495
(1998) (all of which are incorporated by reference
herein), and as described below. Two campaigns were
conducted. In campaign 1, IgG2 and IgG4 cohorts of
XenoMouse(r) were utilized. 50% of the mice received
E. coli produced human TSLP and 50% received mammalian
produced human TSLP (described above). Serum titers
were monitored by ELISA (described below) and mice
with the best titers were fused to generate hybridomas
using the following protocols. Selected mice were
sacrificed and the draining lymph nodes harvested and
pooled from each cohort. The lymphoid cells were
enriched for B cells and the B cells fused with
myeloma cells to create hybridomas. The fused
hybridoma lines were then plated in hybridoma media
and cultured for 10-14 days at 370C. The hybridoma
supernatants were screened for IgG antibodies binding
to TSLP by ELISA as described below. A second campaign
was initiated in which two cohorts of IgG2
XenoMouse(r) were immunized with mammalian produced
human TSLP, and one cohort was boosted with cynomolgus
TSLP. After several rounds of immunization,
lymphocytes from lymph nodes were fused and cultured
as described above. After culturing, hybridoma
supernatants were screened for binding to TSLP by
ELISA, as described below. The polyclonal supernatants
from both campaigns were selected for further
subcloning on the basis of the assays set out below.
The hybridomas containing antibodies that are potent
inhibitors of TSLP activity were identified, and
cross-reactivity with cyno TSLP was further
determined. The results are shown in Example 5 below.
Promising hybridoma supernatants were selected on the
basis of their performance in the primary DC assay
described below. Those hybridomas were single cell
cloned and expanded for further testing. The
antibodies were then purified as described below.
Antibodies were purified from conditioned media of the
hybridomas using Mab Select (GE Healthcare) resin.
lOOul of a 1:2 slurry of Mab Select resin equilibrated
in PBS was added to between 7 and 10 ml of conditioned
media (CM). The tubes were placed on rotators at 4-80C
overnight. The tubes were centrifuged at 1,000 X g for
5 minutes and the non-bound fraction was decanted. The
resin was washed with 5ml of PBS, and centrifuged and
decanted as above. The resin was then transferred to a
SPIN-X, 0.45um, 2ml tube. The resin was washed an
additional two times with 0.5ml of PBS and
centrifuged. The Mabs were eluted with 0.2ml of 0.1M
acetic acid by incubating at roomtemperature with
occasional mixing for 10 minutes. The tubes were
centrifuged, and 30ul of IM Tris buffer Ph 8.0 is
added to the eluate. Purified Mab's were stored 4-80C.
Example 4: Antibody Assays A. ELISA to detect presence
of anti-TSLP antibody ELISAs were performed by coating
Costar 3368 medium binding 96 well plates with
recombinantly produced WtHuTSLP or pHisFlag at 2ug/ml
50 ul/well in Ix PBS/0.05% azide, and incubated
overnight at 40C. The plates were washed and blocked
with 250 ul of IX PBS/1% milk (the assay diluent), and
incubated at least 30 minutes at room temperature.
Approximately 50 ul/well hybridoma supernatants,
positive control mouse antibody M385, or negative
control were added, and incubated at room temperature
for 2 hours. The plates were washed, and a secondary
antibody, goat anti- human IgG Fc HPR (Pierce), or
alternatively a goat anti-mouse IgG HPR (Jackson
Labs), was applied at 400 ng/ml in assay diluent. The
plates were incubated 1 hr at RT, washed, and the OD
at 450 nm read. B Screening of anti-TSLP hvbridoma
supernatants was performed using one of the following
functional assays 1. 96 well plates were coated with
soluble huIL-7Ra-huTSLPR-Fc protein, with an 8 aa acid
linker (SGGAPMLS, SEQ ID NO: 382) between the receptor
and a human Fc, and incubated overnight at 4 C. 2. The
plates were washed and blocked for 1 hour at RT with
PBS + 1% BSA + 5% sucrose. 



3. The plates were incubated with biotinylated
huTSLPHFdel (HF stands for polyHis Flag, where the
TSLP has the furin cleavage site deleted) (del). The
plates were then incubated (+/-) hybridoma
supernatants or mouse anti-human TSLP (M385) as a
positive control for 2h at RT. 4. SA-HRP detection
(streptavidin-horseradish peroxidase). SA binds
strongly to the biotin portion of biotinylated
huTSLPHFdel and HRP catalyzes the oxidation of the
chromogen, TMB (which turns blue), by hydrogen
peroxide. B. Cell based assays 1) The inhibition of
TSLP-induced proliferation of stable BAF cell line
expressing the human TSLPR-IL7R complex by hybridoma
supernatants or purified antibodies was determined
according to the following protocol. 1. BAF: Hu TSLPR
stable cell lines in growth media, RPMI 1640 + 10% FBS
+ 1% LGlutamine + 0.1% Pen/Strep + 0.1% 2-ME were
washed to remove TSLP used in maintenance media, that
is the same as the growth media but with the addition
of 10 ng/mL of huTSLPHFwt. 2. HuTSLPwtpHF (+/-) or
cynomolgus TSLPwtpHF (+/-) were incubated with
hybridoma supernatants/purified antibody/ or mouse
anti-human TSLP (M385) for 30 minutes at room
temperature in wells. 3. 5 xlO4BAF cells/well were
added and incubated for 3 days.4. The cells were
pulsed with tritiated thymidine ( 1 uCi/well)
overnight. Cell proliferation of the BAF cells, or the
inhibition thereof, was assessed by the amount of
tritiated thymidine incorporation (CPM) by the cells.
2) Primary cell assay. Inhibition of TSLP induced
osteoprotegerin (OPG) (described in U.S. Patent
6,284,728) production from primary human dendritic
cells (DC) by hybridomas or purified antibodies was
determined according to the following protocol. 1.
Peripheral blood CDl lc+ myeloid DCs were enriched
from normal inhouse donor leukapheresis packs using
CDIc(BDCA-I) DC isolation kit (Miltenyi Biotec) . 2.
huTSLPwtpHF (+/-) or cynomolgus TSLPwtpHF were
incubated with supernatants or purified antibody or
mouse anti-human TSLP for 30 minutes at room
temperature. 3. 1 x 105 cells/well were added and
incubated for 48 hours. Supernatants were harvested
and assayed for human OPG production by ELISA, and the
inhibition of OPG production by the hybridoma
supernatants or purified antibodies was determined.
The OPG ELISA was performed using an R&D systems
DuoSet(r) development kit. Anti-TSLP antibodies
inhibited OPG production from cells in a
dose-dependent manner. 3) Cynomolgus Peripheral Blood
Mononuclear Cell Assay. Inhibition of CynoTSLP induced
CCL22/MDC production by hybridoma supernatants or
purified antibodies was determined according to the
following protocol. 1. Peripheral blood mononuclear
cells (PBMC) from peripheral blood obtained from
cynomolgus monkeys (SNBL) were obtained by overlaying
1: 1 blood:PBS mixture over isolymph. 2. Cynomolgus
TSLPwtpHF(+/-) supernatants/purified antibody or
soluble huIL-7RahuTSLPR- Fc were incubated for 30
minutes at room temperature. 3. 4x1 05 cells/well were
added and incubated for 5 days. The supernatants were
harvested and assayed for cynomolgus CCL22/MDC
production by ELISA . Example 5 : Kn Determinations
The surface plasmon resonance experiments described in
this patent application were conducted at 25C using a
Biacore 3000 instrument (Biacore International AB,
Uppsala, Sweden) equipped with a CM4 sensor chip.
Anti-Fcg specific capture antibodies were covalently
immobilized to two flow cells on the CM4 chip using
standard amine-coupling chemistry with HBS-EP as the
running buffer. Briefly, each flow cell was activated
with a 1: 1 (v/v) mixture of 0.1 M NHS and 0.4 M EDC.
AffiniPure Goat Anti-Human IgG, Fcg Fragment Specific
antibody (Jackson ImmunoResearch Inc. West Grove, PA)
at 30 ug/ml in 1OmM sodium acetate, pH 5.0 was
immobilized with a target level of 3,000 RUs on two
flow cells. Residual reactive surfaces were
deactivated with an injection of 1M ethanolamine. The
running buffer was then switched to HBS-EP + 0.1 mg/ml
BSA for all remaining steps.The following antibodies
were tested. A5 IgG2 was a purified clonal antibody,
A2 IgGl and 



IgG2 were recombinant purified antibodies, and A3 IgG4
and A4 IgG4 were clonal supernatants. The antibodies
were diluted appropriately in running buffer so that a
2 minute injection at 10 ml/min over the test flow
cell resulted in approximately 110-175 response units
of antibody captured on the test flow cell surface. No
antibody was captured on the control flow cell
surface. Human, cyno, or murine TSLP at various
concentrations, along with buffer blanks were then
flown over the two flow cells. The concentration
ranges for human and cyno TSLP were from 0.44-100 nM
while the concentration range for murine TSLP was from
8.2-6000 nM. A flow rate of 50 ul/min was used and a 2
minute association phase followed by a 10-30 minute
dissociation phase. After each cycle the surfaces were
regenerated with a 30 second injection of 10 mM
glycine pH 1.5. Fresh antibody was then captured on
the test flow cell to prepare for the next cycle. Data
was double referenced by subtracting the control
surface responses to remove bulk refractive index
changes, and then subtracting the averaged buffer
blank response to remove systematic artifacts from the
experimental flow cells. The TSLP data were processed
and globally fit to a 1:1 interaction model with a
local Rmax in BIA evaluation Software v 4.1 . (Biacore
International AB, Uppsala, Sweden). Association (ka)
and dissociation (k ) rate constants were determined
and used to calculate the dissociation equilibrium
constant (KD) . The dissociation rate constants and
dissociation equilibrium constants are summarized in
the table found in Example 6. Example 6 : In vitro
activity of antibodies The following antibodies were
characterized using the Biacore assay described above
for kd and KD. The primary dendritic cell assay was
used for determining IC50 (pM). The data for A5 was
generated with purified clonal antibody, for A2 was
generated with recombinant purified antibody, and data
for A3 and A4 was generated using clonal supernatant.
All versions of TSLP were generated from mammalian
cells.Example 7 : Recombinant Expression and
Purification of Antibodies Development of Stable Cell
Line Expressing Antibodies Overlapping
oligonucleotides were synthesized corresponding to the
primary sequence of the light chain or heavy chain
variable domain for both the sense and anti-sense
strand. This oligonucleotide pool was employed in a
standard PCR. Product from this first reaction was
used as template in a second PCR amplification.
Amplified variable heavy chain and variable light
chain fragments were sub-cloned into an intermediate
vector and sequenced to identify error-free products.
The variable heavy chain fragment was cloned into a
transient expression vector containing a signal
peptide and human IgG2 constant region. The variable
light chain fragment was cloned into a transient
expression vector containing a signal peptide and
human lambda constant region. The complete heavy chain
gene was transferred into the vector pDC324. The
complete light chain gene was transferred into the
expression vector, pDC323. The CS-9 host cells used
for transfection of the anti-TSLP expression plasmids
are a CHO cell line derived from DXB-1 1 cells through
adaptation to serum-free media (Rasmussen et al,
Cytotechnology 28:3 1-42, 1998). The anti-TSLP cell
lines were created by transfecting CS-9 host cells
with the expression plasmids pDC323-anti-TSLP-lambda
and pDC324-anti-TSLP-IgG2 using a standard
electroporation or lipofection procedure. After
transfection of the host cell line with the expression
plasmids, the cells were grown in selection medium for
2-3 weeks to allow for selection of the plasmids and
recovery of the cells. In some cases, the medium was
supplemented with 3% dialyzed fetal bovine serum (ds
or dFBS). If serum was used, it was removed from the
medium after the selection period. The cells were
grown in selective medium until they achieved > 85%
viability. This pool of transfected cells was then
cultured in culture medium. Cell Line Cloning A cell
bank was made of selected clones according to the
following procedure. The cloning step ensures that
clonal populations and cell banks were generated
enabling a reproducible performance in commercial
manufacturing. An amplified pool of
antibody-expressing cells was seeded under limiting
dilution in 96-well plates, and candidate clones were
evaluated for growth and productivity performance in
small-scale studiesExample 8: Antibody
cross-competition A common way to define epitopes is
through competition experiments. Antibodies that 



compete with each other can be thought of as binding
the same site on the target. This example describes a
method of determining competition for binding to TSLP
and the results of the method when applied to a number
of antibodies described herein. Binning experiments
can be conducted in a number of ways, and the method
employed may have an effect on the assay results.
Common to these methods is that TSLP is typically
bound by one reference antibody and probed by another.
If the reference antibody prevents the binding of the
probe antibody then the antibodies are said to be in
the same bin. The order in which the antibodies are
employed is important. If antibody A is employed as
the reference antibody and blocks the binding of
antibody B the converse is not always true: antibody B
used as the reference antibody will not necessarily
block antibody A. There are a number of factors in
play here: the binding of an antibody can cause
conformational changes in the target which prevent the
binding of the second antibody, or epitopes which
overlap but do not completely occlude each other may
allow for the second antibody to still have enough
high-affinity interactions with the target to allow
binding. Antibodies with a much higher affinity may
have a greater ability to bump a blocking antibody out
of the way. In general, if competition is observed in
either order the antibodies are said to bin together,
and if both antibodies can block each other then it is
likely that the epitopes overlap more completely. For
this Example, a modification of the Multiplexed
Binning method described by Jia, et a l (J.
Immunological Methods, 288 (2004) 91-98) was used.
Because the presence of a furin cleavage site within
TSLP can lead to heterogeneity of TSLP protein preps,
a TSLP having the arginine within the furin cleavage
site mutated to alanine was used. See U.S. 7,288,633.
Each Bead Code of streptavidin-coated Luminex beads
(Luminex, #L1 00-Ll XX-Ol, XX specifies the bead code)
was incubated in lOOul of 6pg/bead biotinylated
monovalent mouse-anti-human IgG capture antibody (BD
Pharmingen, #555785 ) for 1 hour at room temperature
in the dark, then washed 3x with PBSA, phosphate
buffered saline (PBS) plus 1% bovine serum albumin
(BSA). Each bead code was separately incubated with
100 ul of a 1:10 dilution anti-TSLP antibody (Coating
Antibody) for 1 hour then washed. The beads were
pooled then dispensed to a 96-well filter plate
(Millipore, #MSBVN1250). lOOul of 2ug/ml parental TSLP
was added to half the wells and buffer to the other
half and incubated for 1 hour then washed. 100 ul of a
1:10 dilution anti-TSLP antibody (Detection Ab) was
added to one well with TSLP and one well without TSLP,
incubated for 1 hour then washed. An irrelevant
human-IgG (Jackson, #009-000-003) as well as a no
antibody condition (blank) were run as negative
controls. 2OuI PE-conjugated monovalent
mouse-anti-human IgG (BD Pharmingen, #555787) was
added to each well and incubated for 1 hour then
washed. Beads were resuspended in 75ul PBSA and at
least 100 events/bead code were collected on the
BioPlex instrument (BioRad). Median Fluorescent
Intensity (MFI) of the antibody pair without TSLP was
subtracted from signal of the corresponding reaction
containing TSLP. For the antibody pair to be
considered bound simultaneously, and therefore in
different bins, the value of the reaction had to meet
two criteria: 1)the values had to be 2 times greater
than the coating antibody paired with itself, the
irrelevant or the blank, whichever was highest, and 2)
the values had to be greater than the signal of the
detection antibody present with the irrelevant or the
blank coated bead. Analysis of competition between the
antibodies was complicated by the fact that there was
an incongruity between the performance of antibodies
as probes versus their performance as blockers.
However, if one considers only those bins of
antibodies that are unambiguous (i.e. each antibody
will block the others when used as a reference) a
minimum of eight bins were found as shown in Table 4
below. Table 4 It is notable that some antibodies,
such as A23 and A6, are found in multiple bins. It is
possible to determine other binning relationships, and
the inclusion or exclusion of antibodies from these
bins was biased towards exclusion. The results of the
assay determined which of the other antibodies
cross-compete for binding with the reference antibody.
By "cross-competes for binding" it is meant that the
reference antibody when used as the blocking antibody
is able to block binding of the other antibody when
used as a probe and vice versa. In other words, if the
reference antibody was able to block the other
antibody 



but the other antibody was not able to block the
reference antibody, the antibodies were not said to
cross-compete. A list of cross-competing antibodies is
provided in Table 5. Table 5Example 9: Epitope Mapping
While epitopes are often thought of as linear
sequences, it is more often the case that an antibody
recognizes a face of the target which is composed of
discontinuous amino acids. These amino acids may be
far apart on the linear sequence but brought close
together through the folding of the target, and
antibodies which recognize such an epitope are known
as conformation-sensitive or just conformational
antibodies. This kind of binding may be defined
through the use of denatured Western blots, wherein
prior to running on a gel the target is heated in the
presence of detergent and reducing agent to unfold it.
The blot from this gel may then be probed by
antibodies, and an antibody which is able to recognize
the target after this treatment probably recognizes a
linear epitope. Although the epitopes of antibodies
which bind linear sequences may be defined through
binding to peptides (e.g. PepSpot), conformational
antibodies would not be expected to bind standard
peptides with high affinity. Reduced, heat-denatured,
purified parental TSLP protein was loaded on 10%
Bis-Tris Nupage gel in MES SDS Running Buffer. Protein
was transferred to PVDF Membrane, blocked with 5%
Non-fat Dry Milk (NFDM) in PBS + 0.05% Tween (PBST),
and incubated with TSLP antibodies for 1 hour at RT.
The blots were washed 3x in PBST then incubated with a
goat anti-hulgG secondary antibody for 1 hour at RT.
The blots were washed again and incubated with an
anti-goat IgG:Alexa 680. After washing 3x in PBST, the
blots were scanned on the LiCor to visualize bands.
Antibodies A2, A4, A5, A6, A7, AlO, A21, A23, and A26
were characterized using this method. Antibodies A2,
A4, and A5 bound to the linear epitope as evidenced by
a strong band on the Western Blot. All other
antibodies were conformational as due to no or
extremely weak bands on the Western Blot. Epitopes may
be further defined as structural or functional.
Functional epitopes are generally a subset of the
structural epitopes and consist of those residues
which directly contribute to the affinity of the
interaction (e.g. hydrogen bonds, ionic interactions).
Structural epitopes may be thought of as the patch of
the target which is covered by the antibody. Scanning
mutagenesis was employed to further define the
epitopes bound by the antibodies. Alanine scanning
mutagenesis is used frequently to define functional
epitopes; the substitution of alanine (methyl
sidechain) is essentially an amputation of the
wild-type amino acid sidechain and is fairly subtle.
Interactions with the protein backbone, such as
hydrogen bonding to the amide linkages, would likely
not be revealed with alanine scanning. Instead,
arginine and glutamic acid scanning mutagenesis was
used. These two sidechains were chosen due to their
large steric bulk and their charge, which allows
mutations which occur in the structural epitope to
have a greater effect on antibody binding. Arginine
was generally employed except when the WT reside was
arginine or lysine, and in these cases the residue was
mutated to glutamic acid to switch the charge. In a
few cases, the WT residue was mutated to both arginine
and glutamic acid. Ninety-five amino acids,
distributed throughout TSLP, were selected for
mutation to arginine or glutamic acid. As hydrophobic
residues are generally found inside the folded core of
a protein, theselection was biased towards charged or
polar amino acids to reduce the likelihood of the
mutation resulting in misfolded protein. As there was
no crystal structure, these residues were chosen
essentially at random and distributed throughout TSLP.
As described in Example 8, a TSLP containing a mutated
furin cleavage site was used. BIOPLEX(tm) binding
assay was used to measure binding anti-TSLP antibodies
to mutant TSLP. A biotinylated Penta-His Ab (Qiagen,
Lot#: 130163339) was bound onto 100 bead codes of
streptavidin-coated beads (Luminex, #L1 00-Ll XX-Ol,
XX specifies the bead code). These were used to
capture the his-tagged protein. The 100 bead codes
allowed the multiplexing of all 85 mutants, 3 parental
controls, an irrelevant protein and 12 blanks.
Antibody binding to mutant protein was compared to
antibody binding to the parental. lOOul of a 1:5
dilution of the TSLP mutants and parental in
supernatant and 1 ug/mL purified TSLP WT, 1 ug/mL
irrelevant protein or no protein were bound to the
coated beads for 1 hour at RT 



with vigorous shaking. The beads were washed and
aliquoted into a 96-well filter plate (Millipore).
lOOul anti-TSLP antibodies in 4-fold dilutions were
added to triplicate wells, incubated for 0.5 hours at
RT and washed. lOOul of 1:250 dilution of
PE-conjugated anti-human IgG Fc (Jackson, #109-1 16-
170) was added to each well, incubated for 0.5 hours
and washed. Beads were resuspended in 75 uL, shaken
for at least 3mins, and read on the BIOPLEX(tm). A
residue was considered part of the structural epitope
(a "hit") when mutating it to arginine or glutamic
acid disrupted antibody binding. This was seen as a
shift in the EC50 or a reduction of maximum signal
compared to antibody binding to parental TSLP.
Statistical analyses of antibody binding curves to
parental and mutants were used to identify
statistically significant EC50 shifts. The analysis
took into consideration variation in the assay and
curve fitting. The EC50s of the mutant binding curves
and parental binding curves were compared.
Statistically significant differences were identified
as hits for further consideration. The curves with
"nofit" or "badfit" flags were excluded from this
analysis. Two sources of variations were considered in
the comparison of EC50 estimates, variation from the
curve fit and the bead-bead variation. Parental and
mutants were linked to different beads, hence their
difference were confounded with the bead-bead
difference. The curve fit variation was estimated by
the standard error of the log EC50 estimates.
Bead-bead variation was experimentally determined
using an experiment where parental controls were
linked to each one of the beads. The bead variation in
EC50 estimates of parental binding curve were used to
estimate the bead-bead variation. The comparisons of
two EC50s (in log scale) were conducted using
Student's t-test. A tstatistics is calculated as the
ratio between delta (the absolute differences between
EC50 estimates) and the standard deviation of delta.
The variance of delta is estimated by the sum of the
three components, variance estimate of EC50 for mutant
and parental curves in the nonlinear regression and
two times the bead-bead variance estimated from a
separate experiment. The multiple of two for
thebead-bead variance is due to the assumption that
both mutant and parental beads have the same variance.
The degree of freedom of the standard deviation of
delta was calculated using the Satterthwaite's (1946)
approximation. Individual p-values and confidence
intervals (95% and 99%) were derived based on
Student's t distribution for each comparison. In the
case of multiple parental controls, a conservative
approach was implemented by picking the parental
control that was most similar to the mutant, i.e.,
picking the ones with the largest p-values.
Multiplicity adjustments were important to control the
false positives while conducting a large number of
tests simultaneously. Two forms of multiplicity
adjustment were implemented for this analysis: family
wise error (FWE) control and false discovery rate
(FDR) control. The FWE approach controls the
probability that one or more hits are not real; FDR
approach controls the expected proportion of false
positive among the selected hits. The former approach
is more conservative and less powerful than the latter
one. There are many methods available for both
approaches, for this analysis, Hochberg's (1988)
method was chosen for FWE analysis and
Benjamini-Hochberg's (1995) FDR method for FDR
analysis. Adjusted p-values for both approaches were
calculated either for each antibody or the whole
assay. Mutations whose EC50 was significantly
different from parental, i.e. having an FWE adjusted
p-value for each antibody of less than 0.01, or a
maximal signal below 50% of parental were considered
part of the structural epitope (Table 6). Mutations
that were significant by either EC50 shirt or max
signal reduction for all antibodies were considered
misfolded. These mutations were; Yl 5R, T55R, T74R and
A77R.Table 6. Summary of mutations that affect
antibody binding in the BIOPLEX and are part of the
structural epitope. There were several mutations that
disrupted the binding of multiple antibodies, notably
K73E, K21E, and D22R. The mutagenesis serves to verify
the data generated by binning and to further narrow in
on the epitope space. The mutations in TSLP appear to
affect clusters of antibodies that bin together. 



Example 10: Toxicology Antibodies that bind human TSLP
yet also cross-react with TSLP of other species allow
for toxicology testing in those species. In this
example, an antibody that cross-reacts with cynomolgus
monkey TSLP was administered to cynomolgus monkeys.
The monkeys were then observed for toxic effects. A
single-dose safety pharmacology study in cynomolgus
monkeys indicated that a single 300 mg/kg intravenous
dose of the antibody had no cardiovascular,
respiratory, body temperature, or neurobehavioral
effects. Cynomolgus monkeys (5/sex/group) were given
30, 100, or 300 mg/kg doses once weekly for 4 weeks,
subcutaneously. No adverse toxicology was observed at
any dose. The antibody did not affect clinical
observations, body weight, ophthalmology, ECGs,
clinical pathology or anatomic pathology. In a
separate study, four male telemeterized cynomolgus
monkeys were given a single intravenous dose of
vehicle (day 1) and 300 mg/kg antibody (day 3). Over a
four day observation period no effects on
cardiovascular, respiratory, or neurological function
was observed.The antibody was further tested to
determine cross-reactivity with normal human and
cynomolgus monkey tissue as recommended in the FDA
guideline "Points to Consider in the Manufacture and
Testing of Monoclonal Anitbody Prducts for Human Use"
(FDA Center for Biologies Evaluation and Research, 28
February 1997). No staining of normal tissue at 1 or
50 ug/mL was observed. The above results suggest that
the antibody is not expected to produce toxic effects
in humans.CLAIMS What is claimed is: 1. An isolated
antigen binding protein comprising an amino acid
sequence selected from the group consisting of: a. a
light chain CDR3 sequence selected from the group
consisting of: i. a light chain CDR3 sequence that
differs by no more than a total of two amino acid
additions, substitutions, and/or deletions from a CDR3
sequence selected from the group consisting of the
light chain CDR3 sequences of Al to All; ii.
QQAX8SFPLT (SEQ ID NO: 25 1); and b. a heavy chain
CDR3 sequence selected from the group consisting of:
i. a heavy chain CDR3 sequence that differs by no more
than a total of three amino acid additions,
substitutions, and/or deletions from a CDR3 sequence
selected from the group consisting of the heavy chain
CDR3 sequences of Al to A27; ii. GGGIX 12VADYYX
13YGMDV (SEQ ID NO: 255); and iii. DX2 1GX22SGWPLFX
23Y (SEQ ID NO: 259); wherein X8 is an N residue or a
D residue; Xi2 is a P residue or an A residue; Xi3 is
a Y residue or an F residue; X2I is a G residue or an
R residue; X22 is an S residue or a T residue; X23 is
an A residue or a D residue and wherein said antigen
binding protein specifically binds to TSLP. 2. The
isolated antigen binding protein of claim 1, further
comprising an amino acid sequence selected from the
group consisting of: a. a light chain CDRl sequence
selected from the group consisting of: i. a light
chain CDRl sequence that differs by no more than three
amino acids additions, substitutions, and/or deletions
from a light chain CDRl sequence of A1-A27; ii.
RSSQSLX 1YSDGX 2TYLN (SEQ ID NO: 246); iii.
RASQX4X5SSWLA (SEQ IDNO: 249); and 



b. a light chain CDR2 sequence selected from the group
consisting of: i. a light chain CDR2 sequence that
differs by no more than two amino acid additions,
substitutions, and/or deletions from a CDR2 sequence
of A1-A27; ii. KVSX3WDS (SEQ ID NO: 247); iii.
X6X7SSLQS (SEQ ID NO: 250); andiv. QDX9KRPS (SEQ ID
NO: 252); c. a heavy chain CDRl sequence selected from
the group consisting of: i. a heavy chain CDRl
sequence that differs by no more than two amino acid
additions, substitutions, and/or deletions from a CDRl
sequence of A1-A27; ii. X10YGMH (SEQ ID NO: 253); and
iii. X15Xi6YMX17 (SEQ ID NO: 257); d. a heavy chain
CDR2 sequence selected from the group consisting of:
i. a heavy chain CDR2 sequence that differs by no more
than three amino acid additions, substitutions, and
/or deletions from a CDR2 sequence of A1-A27; ii. VIWX
11DGSNKYYADSVKG (SEQ ID NO: 254); iii. VISYDGSX
14KYYADSVKG (SEQ ID NO: 256); and iv. WrNPNSGGTNXi
8X19X2OKFQG (SEQ ID NO: 258); wherein XI is a V
residue or an I residue; X2 is an N residue or a D
residue; X is a Y residue or an N residue; X4 is a G
residue or a S residue; X 5 is a L residue or an I
residue; X is an N residue or a T residue; X7 is a T
residue or an A residue; X is a K residue or an N
residue; X10 is an S residue or an N residue; XI I is
a Y residue or an F residue; X14 is a Y residue or a N
residue; X 5 is a D residue or G residue; X16 is a Y
residue or a D residue; X17 is a Y residue or an H
residue; X18 is a Y residue or an H residue; X19 is a
V residue or an A residue; X20 is a Q residue or an R
residue, and wherein said antigen binding protein
specifically binds to TSLP. 3. The isolated antigen
binding protein of claim 1 comprising either: a. a
light chain variable domain comprising: i . a light
chain CDRl sequence selected from A1-A27; ii a light
chain CDR2 sequence selected from A1-A27; iii. a light
chain CDR3 sequence selected from A1-A27, orb. a heavy
chain variable domain comprising: i. a heavy chain
CDRl sequence selected from A1-A27; ii. a heavy chain
CDR2 sequence selected from Al -All, and iii. a heavy
chain CDR3 sequence selected from A1-A27; or c. the
light chain variable domain of (a) and the heavy chain
variable domain of (b). 4. The isolated antigen
binding protein of claim 1 comprising either: a. a
light chain variable domain sequence selected from the
group consisting of; i. amino acids having a sequence
at least 80% identical to a light chain variable
domain sequence selected from L1-L27; ii. a sequence
of amino acids encoded by a polynucleotide sequence
that is at least 80% identical to a polynucleotide
sequence encoding the light chain variable domain
sequence of L1-L27; 



iii. a sequence of amino acids encoded by a
polynucleotide sequence that hybridizes under
moderately stringent conditions to the complement of a
polynucleotide consisting of a light chain variable
domain sequence of L1-L27; b. a heavy chain variable
domain sequence selected from the group consisting of:
i. a sequence of amino acids that is at least 80%
identical to a heavy chain variable domain sequence of
H1-H27; ii. a sequence of amino acids encoded by a
polynucleotide sequence that is at least 80% identical
to a polynucleotide sequence encoding the heavy chain
variable domain sequence of H1-H27; iii. a sequence of
amino acids encoded by a polynucleotide sequence that
hybridizes under moderately stringent conditions to
the complement of a polynucleotide consisting of a
heavy chain variable domain sequence of H1-H27; or c.
the light chain variable domain of (a) and the heavy
chain variable domain of (b), wherein said antigen
binding protein specifically binds to TSLP. 5. An
isolated antigen binding protein, comprising either:
a. a light chain variable domain sequence selected
from the group consisting of: L1-L27 b. a heavy chain
variable domain sequence selected from the group
consisting of: H1-H27; or, c. the light chain variable
domain of (a) and the heavy chain variable domain of
(b), wherein the antigen binding protein specifically
binds to TSLP. 6. The isolated binding protein of
claim 5, comprising a light chain variable domain
sequence and a heavy chain variable domain sequence
selected from the group consisting of: LlHl,L2H2,
L3H3, L4H4, L5H5, L6H6, L7H7, L8H8, L9H9, LlOHlO, Ll
IHl 1, Ll 2Hl 2, L13.1H13, L13.2H13, L14.1H14,
L14.2H14, L15.1H15, L15.2H15, L16.1H16, L16.2H16,
L17H17, L18.1H18, L18.2H18, L19.1H19, L19.2H19,
L20.1H20, L20.2H20, L21H21, L22H22, L23H23, L24H24,
L25H25, L26H26, and L27H27.. 7. The isolated antigen
binding protein of claim 1 or claim 5, wherein the
binding protein binds to TSLP with substantially the
same Kd as a reference antibody selected from the
group of antibodies consisting of A2, A3, A4 and A5.
8. The isolated antigen binding protein of claim 1 or
claim 5, wherein the binding protein inhibits TSLP
activity according to the primary cell OPG assay with
the same IC50 as a reference antibody selected from
the group of antibodies consisting of A2, A3, A4, and
A5. 9. The isolated antigen binding protein of claim
1, wherein the antigen binding protein is selected
from the group consisting of a human antibody, a
humanized antibody, chimeric antibody, a monoclonal
antibody, a polyclonal antibody, a recombinant
antibody, an antigenbinding antibody fragment, a
single chain antibody, a monomeric antibody, a
diabody, a triabody, a tetrabody, a Fab fragment, an
F(fa')x fragment, a domain antibody, an IgD antibody,
an IgE antibody, and IgM antibody, and IgGl antibody,
and IgG2 antibody, and IgG3 antibody, and IgG4
antibody, and IgG4 antibody having at least one
mutation in the hinge region that alleviates a
tendency to for intra H-chain disulfide bonds. 10. The
isolated antigen binding protein of claim 1, wherein
the antigen binding protein is a human antibody. 11. A
pharmaceutical composition comprising the antibody of
claim 9 or 10. 12. An isolated nucleic acid comprising
a polynucleotide sequence encoding the light chain
variable domain, the heavy chain variable domain, or
both, of the antigen binding agent of claim 5. 13. The
isolated nucleic acid of claim 12, wherein the
sequence is selected from L1-L27; Hl- H27, or both.
14. A recombinant expression vector comprising the
nucleic acid of claim 12. 15. A host cell comprising
the vector of claim 14.16. A hybridoma capable of
producing the antibody of claim 10. 17. A method of
producing the antibody of claim 11, comprising
incubating the host cell of claim 15 under conditions
that allow it to express the antibody. 



18. A method of treating a TSLP-related inflammatory
condition in a subject in need of such treatment
comprising administering a therapeutically effective
amount of composition of claim 11 to the subject. 19.
The method of claim 18, wherein the inflammatory
condition is selected from the group consisting of
allergic asthma, allergic rhinosinusitis, allergic
conjunctivitis, and atopic dermatitis. 20. A method of
treating a TSLP-related fibrotic disorder in a subject
in need of such treatment comprising administering a
therapeutically effective amount of the composition of
claim 11 to the subject. 2 1. The method of claim 20,
wherein the fibrotic disorder is selected from the
group consisting of scleroderma, interstitial lung
disease, idiopathic pulmonary fibrosis, fibrosis
arising from chronic hepatitis B or C,
radiation-induced fibrosis, and fibrosis arising from
wound healing. 22. An isolated antigen binding protein
that cross-competes for binding TSLP with an antibody
selected from the group consisting of A1-A27. 23. The
isolated antigen binding protein of claim 22, wherein
the antigen binding protein comprises an antibody
heavy chain variable region and light chain variable
region. 24. An isolated antigen binding protein that
binds wild-type TSLP with a wild-type affinity,
wherein the antigen binding protein binds to any of a
group of mutated TSLP with an affinity higher than the
wild-type affinity, wherein the group of mutated TSLP
includes mutated TSLP comprising a mutation selected
from the group consisting of K67E, K97E, K98E, RlOOE,
KlOlE, and K103E. 25. The isolated antigen binding
protein of claim 24, wherein antigen binding protein
has a higher binding affinity for any two or more
members of the group of mutated TSLP than the wildtype
affinity.26. The isolated antigen binding protein of
claim 25, wherein antigen binding protein has a higher
binding affinity for all members of the group of
mutated TSLP than the wild-type affinity. 27. An
isolated antigen binding protein that binds wild-type
TSLP with a wild-type affinity, wherein the antigen
binding protein binds to any of a group of mutated
TSLP with an affinity lower than the wild-type
affinity, wherein the group of mutated TSLP includes
mutated TSLP comprising a mutation selected from the
group consisting of K21E, T25R, S28R, S64R, and K73E.
28. The isolated antigen binding protein of claim 27,
wherein antigen binding protein has a lower binding
affinity for any two or more members of the group of
mutated TSLP than the wildtype affinity. 29. The
isolated antigen binding protein of claim 28, wherein
antigen binding protein has a lower binding affinity
for all members of the group of mutated TSLP than the
wild-type affinity. 30. The isolated antigen binding
protein of claim 27, wherein the antigen binding
protein binds to any of a second group of mutated TSLP
with an affinity higher than the wild-type affinity,
wherein the second group of mutated TSLP includes
mutated TSLP comprising a mutation selected from the
group consisting of K67E, K97E, K98E, RlOOE, KlOlE,
and K103E. 31. An isolated antigen binding protein
that binds wild-type TSLP with a wild-type affinity,
wherein the antigen binding protein binds to any of a
group of mutated TSLP with an affinity higher than the
wild-type affinity, wherein the group of mutated TSLP
includes mutated TSLP comprising a mutation selected
from the group consisting of K97E, K98E, RlOOE, KlOlE,
and K103E. 32. The isolated antigen binding protein of
claim 31, wherein antigen binding protein has a higher
binding affinity for any two or more members of the
group of mutated TSLP than the wildtype affinity. 33.
The isolated antigen binding protein of claim 32,
wherein antigen binding protein has a higher binding
affinity for all members of the group of mutated TSLP
than the wild-type affinity. 34. An isolated antigen
binding protein that binds wild-type TSLP with a
wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinitylower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP 



comprising a mutation selected from the group
consisting of KlOE, A14R, K.21E, D22R, K73E, K75E, and
A76R. 35. The isolated antigen binding protein of
claim 34, wherein antigen binding protein has a lower
binding affinity for any two or more members of the
group of mutated TSLP than the wildtype affinity. 36.
The isolated antigen binding protein of claim 35,
wherein antigen binding protein has a lower binding
affinity for all members of the group of mutated TSLP
than the wild-type affinity. 37. The isolated antigen
binding protein of claim 34, wherein the antigen
binding protein binds to any of a second group of
mutated TSLP with an affinity higher than the
wild-type affinity, wherein the second group of
mutated TSLP includes mutated TSLP comprising a
mutation selected from the group consisting of K.97E,
K98E, RlOOE, KlOlE, and K103E. 38. An isolated antigen
binding protein that binds wild-type TSLP with a
wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinity lower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP
comprising a mutation selected from the group
consisting of K12E, D22R, S40R, R122E, N124E, R125E,
and K129E. 39. The isolated antigen binding protein of
claim 38, wherein antigen binding protein has a lower
binding affinity for any two or more members of the
group of mutated TSLP than the wildtype affinity. 40.
The isolated antigen binding protein of claim 39,
wherein antigen binding protein has a lower binding
affinity for all members of the group of mutated TSLP
than the wild-type affinity. 4 1. An isolated antigen
binding protein that binds wild-type TSLP with a
wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinity lower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP
comprising a mutation selected from the group
consisting of S40R, S42R, H46R, R122E, and K129E.42.
The isolated antigen binding protein of claim 41,
wherein antigen binding protein has a lower binding
affinity for any two or more members of the group of
mutated TSLP than the wildtype affinity. 43. The
isolated antigen binding protein of claim 42, wherein
antigen binding protein has a lower binding affinity
for all members of the group of mutated TSLP than the
wild-type affinity. 44. An isolated antigen binding
protein that binds wild-type TSLP with a wild-type
affinity, wherein the antigen binding protein binds to
any of a group of mutated TSLP with an affinity lower
than the wild-type affinity, wherein the group of
mutated TSLP includes mutated TSLP comprising a
mutation selected from the group consisting of D2R,
T4R, D7R, S42R, H46R, T49R, E50R, Ql 12R, R122E,
R125E, and K129E. 45. The isolated antigen binding
protein of claim 44, wherein antigen binding protein
has a lower binding affinity for any two or more
members of the group of mutated TSLP than the wildtype
affinity. 46. The isolated antigen binding protein of
claim 45, wherein antigen binding protein has a lower
binding affinity for all members of the group of
mutated TSLP than the wild-type affinity. 47. The
isolated antigen binding protein of claim 44, wherein
the antigen binding protein binds to a mutated TSLP
comprising mutation KlOlE with an affinity higher than
the wild-type affinity. 48. An isolated antigen
binding protein that binds wild-type TSLP with a
wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinity lower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP
comprising a mutation selected from the group
consisting of N5R, S17R, T18R, K21E, D22R, T25R, T33R,
H46R, A63R, S64R, A66R, E68R, K73E, K75E, A76R, A92R,
T93R, Q94R, and A95R. 49. The isolated antigen binding
protein of claim 48, wherein antigen binding protein
has a lower binding affinity for any two or more
members of the group of mutated TSLP than the wildtype



affinity. 50. The isolated antigen binding protein of
claim 49, wherein antigen binding protein has a lower
binding affinity for all members of the group of
mutated TSLP than the wild-type affinity.51. The
isolated antigen binding protein of claim 48, wherein
the antigen binding protein binds to any of a second
group of mutated TSLP with an affinity higher than the
wild-type affinity, wherein the second group of
mutated TSLP includes mutated TSLP comprising a
mutation selected from the group consisting of K97E,
K98E, RlOOE, KlOlE, and K103E. 52. An isolated antigen
binding protein that binds wild-type TSLP with a
wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinity lower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP
comprising a mutation selected from the group
consisting of K21E, K21R, D22R, T25R, T33R, S64R,
K73E, K75E, El 1IR, and Sl 14R. 53. The isolated
antigen binding protein of claim 52, wherein antigen
binding protein has a lower binding affinity for any
two or more members of the group of mutated TSLP than
the wildtype affinity. 54. The isolated antigen
binding protein of claim 53, wherein antigen binding
protein has a lower binding affinity for all members
of the group of mutated TSLP than the wild-type
affinity. 55. The isolated antigen binding protein of
claim 52, wherein the antigen binding protein binds to
any of a second group of mutated TSLP with an affinity
higher than the wild-type affinity, wherein the second
group of mutated TSLP includes mutated TSLP comprising
a mutation selected from the group consisting of K97E,
K98E, RlOOE, KlOlE, and K103E. 56. An isolated antigen
binding protein that binds wild-type TSLP with a
wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinity lower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP
comprising a mutation selected from the group
consisting of E9R, KlOE, K12E, A13R, S17R, S20R, K21E,
K21R, K73E, K75E, N124E, and R125E. 57. The isolated
antigen binding protein of claim 56, wherein antigen
binding protein has a lower binding affinity for any
two or more members of the group of mutated TSLP than
the wildtype affinity. 58. The isolated antigen
binding protein of claim 57, wherein antigen binding
protein has a lower binding affinity for all members
of the group of mutated TSLP than the wild-type
affinity.59. The isolated antigen binding protein of
claim 56, wherein the antigen binding protein binds to
any of a second group of mutated TSLP with an affinity
higher than the wild-type affinity, wherein the second
group of mutated TSLP includes mutated TSLP comprising
a mutation selected from the group consisting of K67E,
K97E, K98E, RlOOE, KlOlE, and K103E. 60. An isolated
antigen binding protein that binds wild-type TSLP with
a wild-type affinity, wherein the antigen binding
protein binds to any of a group of mutated TSLP with
an affinity lower than the wild-type affinity, wherein
the group of mutated TSLP includes mutated TSLP
comprising a mutation selected from the group
consisting of A14R, K21E, D22R, A63R, S64R, K67E,
K73E, A76R, A92R, and A95R. 61. The isolated antigen
binding protein of claim 60, wherein antigen binding
protein has a lower binding affinity for any two or
more members of the group of mutated TSLP than the
wildtype affinity. 62. The isolated antigen binding
protein of claim 61, wherein antigen binding protein
has a lower binding affinity for all members of the
group of mutated TSLP than the wild-type affinity. 63.
The isolated antigen binding protein of claim 60,
wherein the antigen binding protein binds to any of a
second group of mutated TSLP with an affinity higher
than the wild-type affinity, wherein the second group
of mutated TSLP includes mutated TSLP comprising a
mutation selected from the group consisting of K97E,
K98E, RlOOE, KlOlE, and K103E.. 


