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(57) ABSTRACT 
The present invention provides human antibodies speci?c 
for stem cell factor that contain at least one CDR derived 
from a combinatorial antibody library. The invention also 
provides pharmaceutical compositions comprising the anti 
bodies and methods of treating asthma. The invention fur 
ther provides methods of detecting stem cell factor using the 
antibodies. 
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ANTIBODY INHIBITING STEM CELL FACTOR 
ACTIVITY AND USE FOR TREATMENT OF 

ASTHMA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. application 
Ser. No. 10/320,231 ?led Dec. 16, 2002, Which claims the 
bene?t of US. Provisional Application 60/342,174 ?led 
Dec. 17, 2001, Which is hereby incorporated herein in its 
entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to antibodies and 
treatments for asthma and other disorders in Which stem cell 
factor protein is expressed in certain cells. More speci?cally, 
the present invention relates to human antibodies that inhibit 
stem cell factor activity, polynucleotide sequences encoding 
the antibodies, and use of the antibodies in the treatment of 
asthma and other disorders in Which stem cell factor is 
expressed in certain cells. 

BACKGROUND OF THE INVENTION 

[0003] Allergic asthma is characteriZed by variable revers 
ible airWay obstruction, and airWay hyperresponsiveness 
associated With airWay in?ammation. The in?ammation is 
itself characteriZed by the presence of activated mast cells 
and eosinophils, Which through the generation of proin?am 
matory mediators and cytokines play a fundamental role in 
the pathogenesis of the disease. The eosinophil is thought to 
be a major effector cell in the development of airWay 
hyperresponsiveness, through the release of cytotoxic gran 
ule proteins. HoWever, the initial induction of IgE-mediated 
mast cell activation/degranulation constitutes the primary 
mechanism that drives the allergic airWay response and 
changes in airWay physiology. Activation of mast cells by 
cross linking of IgE leads to the release of histamine and 
generation of leukotrienes that appear to contribute to the 
early bronchoconstriction occurring Within minutes of aller 
gen exposure. Moreover, the production of cytokines (TNF, 
IL-4, IL-5), angiogenic and ?brotic factors, and the release 
of chemokines (RANTES, eotaxin, MCP-1, TARC) Which 
favor the in?ltration of the airWay tissues With eosinophils 
and lymphocytes, drive/enhance the maintenance and pro 
gression of the disease. The relationship betWeen mast cell 
activation and eosinophil recruitment has substantial conse 
quences on tie pathogenesis of asthma. 

[0004] Stem Cell Factor (SCF; also knoWn as Mast Cell 
GroWth Factor, Steel Factor or c-kit ligand) is an important 
hematopoietic factor that drives the differentiation of mast 
cells in the bone marroW. SCF as a result of alternate splicing 
exists as a membrane bound and soluble form and is 
produced by bone marroW stromal cells. SCF is also pro 
duced by several cell types found in peripheral tissues 
including ?broblasts, endothelial cells, epithelial cells, mast 
cells and eosinophils, and is thought to be the primary 
cytokine regulating the survival, activation, and degranula 
tion of mature mast cells in the lung microenvironment. In 
addition to IgE mediated activation of mast cells, SCF can 
directly induce mast cell activation and degranulation result 
ing in the release of in?ammatory mediators, cytokines and 
chemokines as discussed above. Moreover, SCF strongly 
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augments the IgE-mediated activation of mast cells. The 
prolonged activation of local airWay mast cell populations 
by SCF after initial IgE-mediated activation may play a 
signi?cant role in persistent activation leading to prolonged 
impairment of lung function. SCF also induces mast cell 
adhesion to extra cellular matrix proteins as Well as their 
chemotaxis. SCF has also demonstrated a direct role on 
eosinophil adhesion by altering avidity of VLA-4 on the 
surface of eosinophils Which has signi?cant consequences 
for eosinophil migration to the lung. 

[0005] In vivo administration of SCF to the airWays has 
been shoWn to be a potent inducer of airWay hyperreactivity 
and in?ammation in mice (Lukacs et al., J. ImmunoL, 156: 
3945 (1996); Campbell et al., Am. J. PathoL, 154:1259 
(1999). Recently, published studies have demonstrated 
therapeutic bene?t of inhibitors of SCF, either antibodies or 
antisense RNA, in treating antigen-induced asthma in rodent 
models (Campbell et al., Am. J. PathoL, 154:1259 (1999); 
Finotto et al., J. Allergy Clin. ImmunoL, 107:279 (2001)). 

[0006] It is an object of the invention to provide reagents 
and methods of inhibiting stem cell factor activity. 

SUMMARY OF THE INVENTION 

[0007] The invention provides human antibodies that bind 
to stem cell factor. These antibodies are useful for a variety 
of therapeutic and diagnostic purposes, including the treat 
ment of asthma. 

[0008] The invention provides a puri?ed human antibody 
Which binds to stem cell factor protein, the antibody com 
prising a light chain variable region comprising an amino 
acid sequence selected from the group consisting of SEQ ID 
NOS: 19-24 or a heavy chain variable region comprising an 
amino acid sequence selected from the group consisting of 
SEQ ID NOS: 13-18, the antibody being optionally bound to 
a cytotoxic molecule or detectable label. In other embodi 
ments, the antibody comprises heavy and light chain vari 
able regions comprising a pair of amino acid sequences 
selected from the group consisting of SEQ ID NOS: 13 and 
19, SEQ ID NOS: 14 and 20, SEQ ID NOS: 15 and 24, SEQ 
ID NOS: 16 and 21, SEQ ID NOS: 17 and 22 and SEQ ID 
NOS: 18 and 23. 

[0009] In a preferred embodiment of the invention the 
antibody comprises heavy and light chain variable regions 
comprising SEQ ID NOS: 14 and 20. The antibody can also 
comprise a light chain variable region comprising an amino 
acid sequence selected from the group consisting of SEQ ID 
NOS: 57, 59, 61, 63 and 65 and a light chain variable region 
comprising an amino acid sequence selected from the group 
consisting of SEQ ID NOS: 67, 69, 71, 73 and 75. More 
preferably the antibody comprises a heavy chain variable 
region comprising SEQ ID NO: 14, a light chain variable 
region comprising SEQ ID NO: 20, a light chain variable 
region comprising SEQ ID NO: 59, and a light chain 
variable region comprising SEQ ID NO: 69. 

[0010] In another preferred embodiment of the invention, 
the antibody comprises a light chain variable region com 
prising an amino acid sequence selected from the group 
consisting of SEQ ID NOS: 86-92, the antibody being 
optionally bound to a cytotoxic molecule or detectable label. 
More preferably, the light chain variable region further 
comprises SEQ ID NO: 59 and SEQ ID NO: 69. Preferably, 
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the antibody comprises a heavy chain variable region com 
prising SEQ ID NO: 14. More preferably, the antibody 
comprises a heavy chain variable region comprising SEQ ID 
NO: 14, a light chain variable region comprising SEQ ID 
NO: 59, a light chain variable region comprising SEQ ID 
NO: 69, and a light chain variable region selected from the 
group consisting of SEQ ID NO: 86-92. Most preferably, the 
antibody comprises heavy chain variable and constant 
regions having the amino acid sequence of SEQ ID NO: 79, 
and light chain variable and constant regions having the 
amino acid sequence of SEQ ID NO: 77 Wherein the amino 
acid subsequence at residues 87-94 is replaced With a 
sequence selected from the group consisting of SEQ ID NO: 
86-92. 

[0011] The heavy and light chain variable regions of the 
antibody can comprise framework residues from native 
human antibodies, but preferably the heavy and light chain 
variable region frameWork are comprised of consensus 
frameWork residues. More preferably, the heavy chain vari 
able region comprises human VH3 consensus frameWork 
residues. The light chain variable region can comprise either 
human VKl consensus frameWork residues or human V7t1 
consensus frameWork residues. 

[0012] The invention also provides a preparation compris 
ing the antibodies of the invention. The puri?ed preparations 
can contain one or more different antibodies of the inven 
tion. 

[0013] Another aspect of the invention provides a phar 
maceutical composition comprising the antibody of the 
invention and a pharmaceutically acceptable carrier. 

[0014] A further aspect of the invention provides an iso 
lated polynucleotide or nucleotides encoding the antibodies. 
The antibodies of the invention typically contain light and 
heavy chains, and the sequences encoding the light and 
heavy chains can be contained in one polynucleotide or in 
tWo or more polynucleotides. 

[0015] An additional aspect of the invention provides an 
expression vector comprising the puri?ed polynucleotide or 
polynucleotides encoding the antibodies, and host cells 
comprising the expression vector. The invention further 
provides a method of producing a human antibody, com 
prising the steps of: culturing a host cell comprising an 
expression vector of the invention under conditions Whereby 
the antibody is expressed; and purifying the antibody from 
the host cell or host cell culture medium. 

[0016] Yet another aspect of the invention provides a 
method of treating a human disorder in Which stem cell 
factor protein is expressed in certain cells, preferably 
asthma, comprising the steps of administering to a mammal, 
preferably a human, in need of such treatment an effective 
amount of a human stem cell factor antibody of the invention 
Wherein the antibody is bound to a cytotoxic molecule, 
Which cytotoxic molecule is capable of inducing apoptosis 
in the stem cell factor expressing cells. 

[0017] Afurther aspect of the invention provides a method 
of treating a human disorder in Which stem cell factor 
protein is expressed in certain cells, preferably asthma 
comprising the steps of administering to a mammal, pref 
erably a human, in need of such treatment an effective 
amount of a human stem cell factor antibody of the inven 
tion. 
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[0018] These and other aspects of the invention are set out 
the appended claims and in the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 
[0020] 

FIG. 1 Vector map of pMORPHx9_Fab1_FS. 

FIG. 2 Fab display vector pMORPH18 Fab 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] It is an object of the invention to provide reagents 
and methods of inhibiting stem cell factor activity. This and 
other objects of the invention are provided by one or more 
of the embodiments set out beloW. 

[0022] Naturally occurring antibodies (immunoglobulins) 
comprise tWo heavy chains linked together by disul?de 
bonds and tWo light chains, one light chain being linked to 
each of the heavy chains by disul?de bonds. Each heavy 
chain has at one end a variable domain (VH) folloWed by a 
number of constant domains. Each light chain has a variable 
domain (VL) at one end and a constant domain at its other 
end, the constant domain of the light chain is aligned With 
the ?rst constant domain of the heavy chain, and the light 
chain variable domain is aligned With the variable domain of 
the heavy chain. Particular amino acid residues are believed 
to form an interface betWeen the light and heavy chain 
variable domains, see e.g. Chothia et al., J. Mol. Biol. 
186:651-663 (1985); Novotny and Haber, Proc. Natl. Acad. 
Sci. USA 82:4592-4596 (1985). 

[0023] The constant domains are not involved directly in 
binding the antibody to an antigen, but are involved in 
various effector functions, such as participation of the anti 
body in antibody-dependent cellular cytotoxicity. The vari 
able domains of each pair of light and heavy chains are 
involved directly in binding the antibody to the antigen. The 
domains of natural light and heavy chains have the same 
general structure, and each domain comprises four frame 
Work (FR) regions, Whose sequences are someWhat con 
served, connected by three hyper-variable or complementa 
rity determining regions (CDRs) (see Kabat, E. A. et a., 
Sequences of Proteins of Immunological Interest, National 
Institutes of Health, Bethesda, Md., (1987)). The four frame 
Work regions largely adopt a beta-sheet conformation and 
the CDRs form loops connecting, and in some cases forming 
part of, the beta-sheet structure. The CDRs in each chain are 
held in close proximity by the frameWork regions and, With 
the CDRs from the other chain, contribute to the formation 
of the antigen binding site. 

[0024] “Antibody” as used herein includes intact immu 
noglobulin molecules (e.g., IgG1, IgG2a, IgG2b, IgG3, IgM, 
IgD, IgE, IgA), as Well as fragments thereof, such as Fab, 
F(ab‘)2, scFv, and Fv, Which are capable of speci?c binding 
to an epitope of a human Stem Cell Factor protein. “Anti 
body fragments” comprise a portion of a full length anti 
body, generally the antigen binding or variable region 
thereof. Examples of antibody fragments include Fab, Fab‘, 
F(ab‘)2, and Fv fragments; diabodies; linear antibodies; 
single-chain antibody molecules; and multispeci?c antibod 
ies formed from antibody fragments. Antibodies that spe 
ci?cally bind to Stem Cell Factor provide a detection signal 
at least 5-,10-, or 20-fold higher than a detection signal 
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provided With other proteins When used in an immu 
nochemical assay. Preferably, antibodies that speci?cally 
bind to human Stem Cell Factor do not detect other proteins 
in immunochemical assays and can immunoprecipitate the 
Stem Cell Factor from solution. 

[0025] In general, the antibodies of the invention Will 
comprise substantially all of at least one, and typically tWo, 
variable domains (such as Fab, Fab‘, F(ab‘).sub.2, Fabc, Fv) 
in Which one or more of the CDR regions are synthetic 
amino acid sequences that bind With Stem Cell Factor, and 
all or substantially all of the framework regions are those of 
a human immunoglobulin consensus sequence. The frame 
Work regions can also be those of a native human immuno 
globulin sequence. Other CDR regions in the antibody can 
be selected to have human immunoglobulin consensus 
sequences for such CDRs or the sequence of a native human 
antibody. The antibody optimally also Will comprise at least 
a portion of an immunoglobulin constant region (Fc) of a 
human immunoglobulin. Ordinarily, the antibody Will con 
tain both the light chain as Well as at least the variable 
domain of a heavy chain. The antibody also may include the 
CH1, hinge, CH2, CH3, and CH4 regions of the heavy 
chain. 

[0026] The antibody Will be selected from any class of 
immunoglobulins, including IgM, IgG, IgD, IgA and IgE, 
and any isotype, including IgG1, IgG2, IgG3 and IgG4. 
Usually the constant domain is a complement ?xing constant 
domain Where it is desired that the antibody exhibit cyto 
toxic activity, and the class is typically IgG1. Where such 
cytotoxic activity is not desirable, the constant domain may 
be of the IgG2 class. The antibody may comprise sequences 
from more than one class or isotype, and selecting particular 
constant domains to optimiZe desired effector functions is 
Within the ordinary skill in the art. The sequences of human 
immunoglobulin heavy and light chains are knoWn in the art. 
The variable regions can also be selected from human 
immunoglobulin consensus sequences knoWn in the art, 
such as the sequences disclosed in Knappik et al., J. Mol. 
Biol. 296, 57-86 (2000) and US. Pat. No. 6,300,064. 

[0027] The dissociation constant (Kd) of human antibody 
binding to Stem Cell Factor can be assayed using any 
method knoWn in the art, including technologies such as 
real-time Bimolecular Interaction Analysis (BIA) (Sjolander 
& UrbanicZky,Anal. Chem. 63, 2338-2345, 1991, and SZabo 
et al., Curr Opin. Struct. Biol. 5, 699-705, 1995). BIA is a 
technology for studying biospeci?c interactions in real time, 
Without labeling any of the interactants (e.g., BIAcoreTM). 
Changes in the optical phenomenon surface plasmon reso 
nance (SPR) can be used as an indication of real-time 
reactions betWeen biological molecules. 

[0028] In a BIAcoreTM assay as described above in Sjolan 
der & UrbanicZky (1991) and SZabo et al. (1995) human 
antibodies of the present invention speci?cally bind to 
human Stem Cell Factor With a Kd in the range from about 
1 nM (1><10_9 M) to about 70 nM (70><10_8 M). More 
preferred human antibodies of the present invention speci? 
cally bind to human Stem Cell Factor With a Kd of approxi 
mately 4 nM to about 50 nM, With the most preferred 
antibodies of this invention binding human Stem Cell Factor 
protein With a Kd of approximately 1 nM. Other preferred 
human antibodies of the present invention speci?cally bind 
to human Stem Cell Factor With a Kd of approximately 
0.8-1.7 nM (1><10_9M). 
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[0029] Additionally, human antibodies of this invention 
Will preferably bind Stem Cell Factor and neutraliZe its 
biological activity With an IC5O ranging from about 10 pig/ml 
to 30 pig/ml. More preferred human antibodies bind Stem 
Cell Factor and neutraliZe its biological activity With an IC5O 
ranging from approximately 1 pig/ml to 3 pig/ml, With the 
most preferred antibodies of this invention neutraliZing 
activity of human Stem Cell Factor protein With an IC5O of 
approximately 0.1 pig/ml to 0.3 pig/ml. IC5O is the dose that 
effectively neutraliZes 50% of the biological response 
induced by human stem cell factor. (IC5O can also refer to the 
inhibitory or effective concentration causing 50% of the 
maximum response induced by stem cell factor.) 

[0030] This invention uses Morphosys phage-antibody 
technology to generate fully human antibodies against the 
Stem Cell Factor protein in accordance With the method of 
Knappik et al.,]. Mol. Biol. 296, 57-86 (2000) and US. Pat. 
No. 6,300,064; 6,696,242; and 6,706,248. Brie?y, a fully 
synthetic human combinatorial antibody library (HuCAL) 
based on modular consensus frameworks and CDRs ran 
domiZed With trinucleotides is screened to identify antibod 
ies that bind to stem cell factor. The library is based upon 
human backbones, greatly reducing the probability of immu 
nogenicity. A number of human antibodies having the Stem 
Cell Factor binding characteristics described above have 
been identi?ed by screening the MorphoSys HuCAL Fab 
library. The randomiZed CDR cassettes assembled for the 
HuCAL library Were designed to achieve a length distribu 
tion ranging from 5 to 28 amino acid residues, covering the 
stretch from position 95 to 102. A number of human anti 
bodies having the Stem Cell Factor binding characteristics 
described above have been identi?ed by screening the 
MorphoSys HuCAL Fab library. Generally, the CDR3 
region is ?rst randomiZed, and antibodies identi?ed as 
speci?c for the test protein are then optimiZed by random 
iZing the CDR1 and/or CDR2 regions of such antibodies to 
identify additional antibodies With more desirable binding 
pro?les. 

[0031] Human antibodies With the Stem Cell Factor bind 
ing activity described above can be identi?ed from the 
MorphoSys HuCAL library as folloWs. Human Stem Cell 
Factor is coated on a microtiter plate and incubated With the 
MorphoSys HuCAL-Fab phage library (see Example 1). 
Those phage-linked Fabs not binding to Stem Cell Factor 
can be Washed aWay from the plate, leaving only phage that 
tightly bind to Stem Cell Factor. The bound phage can be 
eluted by a change in pH and ampli?ed by infection of E. 
coli hosts. This panning process can be repeated once or 
tWice to enrich for a population of phage-linked antibodies 
that tightly bind to Stem Cell Factor. The Fabs from the 
enriched pool are then expressed, puri?ed, and screened in 
an ELISA assay. The identi?ed hits are then tested for 
binding using a BIAcoreTM assay, and these hits can be 
further screened in the cell adhesion assay as described 
above. 

[0032] The initial panning of the HuCAL-Fab library also 
can be performed With Stem Cell Factor as the antigen in 
round one, folloWed in round 2 by Stem Cell Factor peptides 
fused to carrier proteins, such as BSA or transferrin, and in 
round 3 by Stem Cell Factor antigen again. Human Stem 
Cell Factor peptides that can be used for panning include the 
amino acid shoWn in SEQ ID. NO: 25. 
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[0033] Details of the screening process are described in 
the Examples 2, 3 and 4. Other selection methods for highly 
active speci?c antibodies or antibody fragments can be 
envisioned by those skilled in the art and used to identify 
human Stem Cell Factor antibodies. 

[0034] In some embodiments of the invention, the CDR3 
of the heavy chain, Which heavy chain preferably comprises 
a VH3 consensus heavy chain, has an amino acid sequence 
shoWn in SEQ ID NOS: 13-18. In other embodiments of the 
invention, the CDR3 region of the light chain has an amino 
acid sequence shoWn in SEQ ID NOS: 19-23. In such 
embodiments the light chain variable region preferably 
comprises a VLKl consensus variable region. In additional 
embodiments of the invention, the CDR3 region of the light 
chain has the amino acid sequence shoWn in SEQ ID NO: 
24, and the light chain is preferably comprised of a VL7~1 
consensus variable region. Human antibodies that have Stem 
Cell Factor binding activity are as shoWn in Table 3. The 
consensus variable regions for antibodies With Stem Cell 
Factor binding activity are shoWn in Tables 1 and 2. 

[0035] In other embodiments of the invention, the anti 
body comprises heavy and light chain variable regions 
comprising a pair of amino acid sequences selected from the 
group consisting of SEQ ID NOS: 13 and 19, SEQ ID NOS: 
14 and 20, SEQ ID NOS: 15 and 24, SEQ ID NOS: 16 and 
21, SEQ ID NOS: 17 and 22 and SEQ ID NOS: 18 and 23. 
In each pair of sequences, the ?rst sequence is preferably in 
the heavy chain CDR3 region and the second sequence is 
preferably in the light chain CDR3 region. 

[0036] In preferred embodiments, the antibody comprises 
heavy and light chain variable regions comprising the pair of 
amino acid sequences SEQ ID NOS: 14 and 20, Wherein 
SEQ ID NO: 14 is in the heavy chain CDR3 region and SEQ 
ID NO: 20 is in the light chain CDR3 region. Such preferred 
antibodies can also contain a light chain variable region, 
corresponding to the CDR1 region, comprising an amino 
acid sequence selected from the group consisting of SEQ ID 
NOS: 57, 59, 61, 63 or 65, and a light chain variable region, 
corresponding to the CDR2 region, comprising an amino 
acid sequence selected from the group consisting of SEQ ID 
NOS: 67, 69, 71, 73 and 75. 

[0037] More preferably, the antibody comprises a heavy 
chain variable region comprising SEQ ID NO: 14, a light 
chain variable region comprising SEQ ID NO: 20, a light 
chain variable region comprising SEQ ID NO: 59, and a 
light chain variable region comprising SEQ ID NO: 69. A 
preferred antibody of the invention comprises light chain 
variable and constant regions as shoWn in SEQ ID NO: 77, 
and heavy chain variable and constant regions as shoWn in 
SEQ ID NO: 79. 

[0038] In other preferred embodiments the antibodies of 
the invention comprise a light chain variable region com 
prising a sequence selected from the group consisting of 
SEQ ID NO: 86-92, and a heavy chain variable region 
comprising SEQ ID NO: 14. In such embodiments the light 
chain variable region preferably comprises a VLKl consen 
sus variable region, and the heavy chain variable region 
preferably comprises a VH3 consensus heavy chain. More 
preferably, the antibodies comprise a light chain variable 
region comprising SEQ ID NO: 59, SEQ ID NO: 69 and a 
sequence selected from the group consisting of SEQ ID NO: 
86-92, and a heavy chain variable region comprising SEQ 
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ID NO: 14. Preferably, SEQ ID NO: 59 is in the CDR1 
position of the light chain variable region, SEQ ID NO: 69 
is in the CDR2 position of the light chain variable region and 
the sequence selected from the group consisting of SEQ ID 
NO: 86-92 is in the CDR3 position of the light chain variable 
region. Most preferably the antibodies comprise a heavy 
chain having the sequence of SEQ ID NO: 79 and a light 
chain having the sequence of SEQ ID NO: 77 Wherein the 
amino acid subsequence at residues 87-94 is replaced With 
a sequence selected from the group consisting of SEQ ID 
NO: 86-92. 

[0039] Human antibodies With the characteristics 
described above also can be puri?ed from any cell that 
expresses the antibodies, including host cells that have been 
transfected With antibody-encoding expression constructs. 
The host cells are cultured under conditions Whereby the 
human antibodies are expressed. The antibodies can then be 
puri?ed from the host cells or cell culture medium. Suitable 
methods include, but are not limited to, siZe exclusion 
chromatography, ammonium sulfate fractionation, ion 
exchange chromatography, af?nity chromatography, and 
preparative gel electrophoresis. 
[0040] A puri?ed antibody is one Which has been sepa 
rated from other compounds that normally associate With the 
antibody in the cell, such as certain proteins, carbohydrates, 
or lipids or separated from reagents used for chemical 
synthesis of the antibody, using methods Well knoWn in the 
art. Such methods include, but are not limited to, siZe 
exclusion chromatography, ammonium sulfate fractionation, 
ion exchange chromatography, af?nity chromatography, and 
preparative gel electrophoresis. In preferred embodiments, 
the antibody Will be puri?ed (1) to at least 70% by Weight 
of antibody as determined by the LoWry method, more 
preferably 80%, 90%, 95% or 99% by Weight, (2) to a degree 
suf?cient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a spinning cup 
sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using Coomassie blue 
or, preferably, silver stain. 

[0041] A preparation of the antibodies comprises at least 
one type of antibody of the invention in a puri?ed form, 
Wherein the antibodies preferably comprise at least 70% by 
Weight of the total protein in the preparation, more prefer 
ably, 80%, 90%, 95% or 99% by Weight of the total protein 
in the preparation. Purity of the preparations can be assessed 
by any means knoWn in the art, such as SDS-polyacrylamide 
gel electrophoresis. A preparation of puri?ed human anti 
bodies of the invention can contain more than one type of 
human antibody With the Stem Cell Factor binding and 
neutraliZing characteristics described above. 

[0042] Alternatively, human antibodies can be produced 
using chemical methods to synthesiZe its amino acid 
sequence, such as by direct peptide synthesis using solid 
phase techniques (Merri?eld, J. Am. Chem. Soc. 85, 2149 
2154, 1963; Roberge et al., Science 269, 202-204, 1995). 
Protein synthesis can be performed using manual techniques 
or by automation. Automated synthesis can be achieved, for 
example, using Applied Biosystems 431A Peptide Synthe 
siZer (Perkin Elmer). Optionally, fragments of human anti 
bodies can be separately synthesiZed and combined using 
chemical methods to produce a full-length molecule. 

[0043] The neWly synthesiZed molecules can be substan 
tially puri?ed by preparative high performance liquid chro 
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matography (e.g., Creighton, PROTEINS: STRUCTURES 
AND MOLECULAR PRINCIPLES, WH Freeman and Co., 
NeW York, NY, 1983) or other methods known in the art. 
The composition of a synthetic polypeptide can be con 
?rmed by amino acid analysis or sequencing (e.g., using 
Edman degradation). 

[0044] The invention also provides polynucleotides 
encoding human stem cell factor antibodies. These poly 
nucleotides can be used, for example, to produce quantities 
of the antibodies for therapeutic or diagnostic use. The 
antibodies of the invention typically contain light and heavy 
chains, and the sequences encoding the light and heavy 
chains can be contained in one polynucleotide or in tWo or 
more polynucleotides. The polynucleotides can be DNA or 
RNA. 

[0045] Polynucleotides that can be used to encode the 
CDR3 regions of SEQ ID NOS: 13-24, and SEQ ID NOS: 
86-92 are shoWn in SEQ ID NOS: 1-13 and SEQ ID NO: 
93-99, respectively. Polynucleotides that encode consensus 
heavy chains and light chains of human antibodies that have 
been isolated from the Morphosys HuCAL library are shoWn 
in Table 1 (SEQ ID NOS: 26-39). Polynucleotides that can 
be used to encode the CDR1 and CDR2 regions are shoWn 
in Table 5. Polynucleotides encoding human immunoglobu 
lin light and heavy chains are knoWn in the art. Any 
combination of native human immunoglobulin light and 
heavy chains or consensus sequences can be used in the 
production of the antibodies of the invention. 

[0046] Polynucleotides of the invention present in a host 
cell can be isolated from other cellular components such as 
membrane components, proteins, and lipids. The polynucle 
otides can be made by a cell and isolated using standard 
nucleic acid puri?cation techniques, or synthesiZed using an 
ampli?cation technique, such as the polymerase chain reac 
tion (PCR), or by using an automatic synthesiZer. Methods 
for isolating polynucleotides are routine and are knoWn in 
the art. Any such technique for obtaining a polynucleotide 
can be used to obtain isolated polynucleotides encoding 
antibodies of the invention. For example, restriction 
enZymes and probes can be used to isolate polynucleotides 
Which encode the antibodies. Isolated polynucleotides are in 
preparations that are free or at least 70, 80, or 90% free of 
other molecules. 

[0047] Human antibody-encoding cDNA molecules of the 
invention can be made With standard molecular biology 
techniques, using mRNA as a template. Thereafter, cDNA 
molecules can be replicated using molecular biology tech 
niques knoWn in the art and disclosed in manuals such as 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NeW York, USA(1989). An ampli?cation technique, such as 
PCR, can be used to obtain additional copies of the poly 
nucleotides. 

[0048] Alternatively, synthetic chemistry techniques can 
be used to synthesiZe polynucleotides encoding antibodies 
of the invention. The degeneracy of the genetic code alloWs 
alternate nucleotide sequences to those depicted in SEQ ID 
NOS: 1-6, 7-11, 12, or 93-99 to be synthesiZed that Will 
encode an antibody having, for example, one of the VH3 
CDR3, VLK-CDR3, VLk-CDR3 amino acid sequences 
shoWn in SEQ ID NOS: 13-18, 19-23, 24 or 86-92, respec 
tively. 
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[0049] A polynucleotide encoding an antibody of the 
invention can comprise all or a portion of the antibody. For 
example, the polynucleotide can encode the light chain or 
heavy chain or both, or any portion of the light chain or 
heavy chain, or any portion of the light and heavy chains. 

[0050] To express a polynucleotide encoding a human 
antibody of the invention, the polynucleotide can be inserted 
into an expression vector that contains the necessary ele 
ments for the transcription and translation of the inserted 
coding sequence. Expression vectors of the invention thus 
comprise a polynucleotide or polynucleotides encoding the 
antibody or portion thereof and at least one element neces 
sary for the transcription and translation of the coding 
sequence, such as a promoter operably linked to the coding 
sequence. Methods that are Well knoWn to those skilled in 
the art can be used to construct expression vectors contain 
ing sequences encoding human antibodies and appropriate 
transcriptional and translational control elements. These 
methods include in vitro recombinant DNA techniques, 
synthetic techniques, and in vivo genetic recombination. 
Such techniques are described, for example, in Sambrook et 
al. (1989) supra and in Ausubel et al., CURRENT PROTO 
COLS IN MOLECULAR BIOLOGY, John Wiley & Sons, 
NeW York, NY, 1995. See also Examples 1-3, beloW. 

[0051] Avariety of expression vector/host systems can be 
utiliZed to contain and express sequences encoding a human 
antibody of the invention. These include, but are not limited 
to, microorganisms, such as bacteria transformed With 
recombinant bacteriophage, plasmid, or cosmid DNA 
expression vectors; yeast transformed With yeast expression 
vectors, insect cell systems infected With virus expression 
vectors (e.g., baculovirus), plant cell systems transformed 
With virus expression vectors (e.g., cauli?oWer mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or With bacterial 
expression vectors (e.g., Ti or pBR322 plasmids), or animal 
cell systems, such as CHO-K1 cells or HKB11 cells 
described in US. Pat. No. 6,136,599 and the vectors 
described therein. HKB11 cells and vectors described in 
US. Pat. No. 6,136,599 are a preferred expression vector/ 
host cell system. 

[0052] The control elements or regulatory sequences are 
those non-translated regions of the vector, including enhanc 
ers, promoters, and 5‘ and 3‘ untranslated regions, Which 
interact With host cellular proteins to carry out transcription 
and translation. Such elements can vary in their strength and 
speci?city. Depending on the vector system and host uti 
liZed, any number of suitable transcription and translation 
elements, including constitutive and inducible promoters, 
can be used. For example, When cloning in bacterial sys 
tems, inducible promoters such as the hybrid lacZ promoter 
of the BLUESCRIPT phagemid (Stratagene, LaJolla, Calif.) 
or pSPORT1 plasmid (Life Technologies) and the like can be 
used. The baculovirus polyhedrin promoter can be used in 
insect cells. Promoters or enhancers derived from the 
genomes of plant cells (e.g., heat shock, RUBISCO, and 
storage protein genes) or from plant viruses (e.g., viral 
promoters or leader sequences) can be cloned into the vector. 
In mammalian cell systems, promoters from mammalian 
genes or from mammalian viruses are preferable. If it is 
necessary to generate a cell line that contains multiple copies 
of a nucleotide sequence encoding a human antibody, vec 
tors based on SV40 or EBV can be used With an appropriate 
selectable marker. 
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[0053] To assess the efficacy of a particular antibody in 
allergic asthma therapy, the antibody can be tested in vitro 
in TF-l proliferation and eosoniphil survival assays as 
detailed in Examples 7 & 8, respectively. In addition, the 
ability of Stem Cell Factor antibodies to inhibit Stem Cell 
Factor activity can be measured in vivo With a cynomolo 
gous monkey model. 

[0054] Any of the human Stem Cell Factor antibodies 
described above can be provided in a pharmaceutical com 
position comprising a pharmaceutically acceptable carrier. 
The pharmaceutically acceptable carrier preferably is non 
pyrogenic. The compositions can be administered alone or in 
combination With at least one other agent, such as stabilizing 
compound, Which can be administered in any sterile, bio 
compatible pharmaceutical carrier, including, but not limited 
to, saline, buffered saline, dextrose, and Water. A variety of 
aqueous carriers may be employed, e.g., 0.4% saline, 0.3% 
glycine, and the like. These solutions are sterile and gener 
ally free of particulate matter. These solutions may be 
steriliZed by conventional, Well-knoWn steriliZation tech 
niques (e.g., ?ltration). The compositions may contain phar 
maceutically acceptable auxiliary substances as required to 
approximate physiological conditions such as pH adjusting 
and buffering agents, etc. The concentration of the antibody 
of the invention in such pharmaceutical formulation can 
vary Widely, i.e., from less than about 0.5%, usually at or at 
least about 1% to as much as 15 or 20% by Weight and Will 
be selected primarily based on ?uid volumes, viscosities, 
etc., according to the particular mode of administration 
selected. See US. Pat. No. 5,851,525. If desired, more than 
one type of human antibody, for example With different Kd 
for Stem Cell Factor binding, can be included in a pharma 
ceutical composition. 

[0055] The compositions can be administered to a patient 
alone, or in combination With other agents, drugs or hor 
mones. In addition to the active ingredients, these pharma 
ceutical compositions can contain suitable pharmaceutically 
acceptable carriers comprising excipients and auxiliaries 
that facilitate processing of the active compounds into 
preparations Which can be used pharmaceutically. Pharma 
ceutical compositions of the invention can be administered 
by any number of routes including, but not limited to, oral, 
intravenous, intratracheal, inhalation, intramuscular, intra 
arterial, intramedullary, intrathecal, intraventricular, trans 
dermal, subcutaneous, intraperitoneal, intranasal, parenteral, 
topical, sublingual, or rectal means. 

[0056] After pharmaceutical compositions have been pre 
pared, they can be placed in an appropriate container and 
labeled for treatment of an indicated condition. Such label 
ing Would include amount, frequency, and method of admin 
istration. 

[0057] The invention also provides methods of ameliorat 
ing symptoms of a disorder in Which Stem Cell Factor is 
elevated. These disorders include, Without limitation, 
asthma and other immunological or allergic disorders. In one 
embodiment of the invention, a therapeutically effective 
dose of a human antibody of the invention is administered to 
a patient having a disorder in Which Stem Cell Factor 
activity is elevated, such as those disorders above. 

[0058] The determination of a therapeutically effective 
dose is Well Within the capability of those skilled in the art. 
A therapeutically effective dose refers to the amount of 
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human antibody that is used to effectively treat asthma or 
other disorder in Which stem cell factor is elevated compared 
With the efficacy that is evident in the absence of the 
therapeutically effective dose. 

[0059] The therapeutically effective dose can be estimated 
initially in animal models, usually rats, mice, rabbits, dogs, 
pigs or non-human primates. The animal model also can be 
used to determine the appropriate concentration range and 
route of administration. Such information can then be used 
to determine useful doses and routes for administration in 
humans. An experimental mouse model of allergic asthma is 
described in Example 9. 

[0060] Therapeutic efficacy and toxicity, e.g., ED5O (the 
dose therapeutically effective in 50% of the population) and 
LD5O (the dose lethal to 50% of the population) of a human 
antibody, can be determined by standard pharmaceutical 
procedures in cell cultures or experimental animals. The 
dose ratio of toxic to therapeutic effects is the therapeutic 
index, and it can be expressed as the ratio, LDSO/EDSO. 

[0061] Pharmaceutical compositions that exhibit large 
therapeutic indices are preferred. The data obtained from 
animal studies is used in formulating a range of dosage for 
human use. The dosage contained in such compositions is 
preferably Within a range of circulating concentrations that 
include the ED5O With little or no toxicity. The dosage varies 
Within this range depending upon the dosage form 
employed, sensitivity of the patient, and the route of admin 
istration. 

[0062] The exact dosage Will be determined by the prac 
titioner, in light of factors related to the patient Who requires 
treatment. Dosage and administration are adjusted to pro 
vide suf?cient levels of the human antibody or to maintain 
the desired effect. Factors that can be taken into account 
include the severity of the disease state, general health of the 
subject, age, Weight, and gender of the subject, diet, time and 
frequency of administration, drug combination(s), reaction 
sensitivities, and tolerance/response to therapy. Long-acting 
pharmaceutical compositions can be administered every 3 to 
4 days, every Week, or once every tWo Weeks depending on 
the half-life and clearance rate of the particular formulation. 

[0063] Polynucleotides encoding human antibodies of the 
invention can be constructed and introduced into a cell either 
ex vivo or in vivo using Well-established techniques includ 
ing, but not limited to, transferrin-polycation-mediated DNA 
transfer, transfection With naked or encapsulated nucleic 
acids, liposome-mediated cellular fusion, intracellular trans 
portation of DNA-coated latex beads, protoplast fusion, viral 
infection, electroporation, “gene gun,” and DEAE- or cal 
cium phosphate-mediated transfection. 

[0064] Effective in vivo dosages of an antibody are in the 
range of about 5 pg to about 50 pig/kg, about 50 pg to about 
5 mg/kg, about 100 pg to about 500 pig/kg of patient body 
Weight, and about 200 to about 250 pig/kg of patient body 
Weight. For administration of polynucleotides encoding the 
antibodies, effective in vivo dosages are in the range of 
about 100 ng to about 200 ng, 500 ng to about 50 mg, about 
1 pg to about 2 mg, about 5 pg to about 500 pg, and about 
20 pg to about 100 pg of DNA. 

[0065] The mode of administration of human antibody 
containing pharmaceutical compositions of the invention 
can be any suitable route Which delivers the antibody to the 
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host. Pharmaceutical compositions of the invention are 
particularly useful for parenteral administration, i.e., subcu 
taneous, intramuscular, intravenous, or intranasal adminis 
tration. 

[0066] The antibodies of the invention can also be bound 
to a cytotoxic molecule such as a chemotherapeutic agent, a 
toxin (such as an enZymatically active toxin of bacterial, 
fungal, plant or animal origin, or fragments thereof), or a 
radioactive isotope (i.e., a radioconjugate). Preferably, the 
cytotoxic molecule is capable of inducing apoptosis in stem 
cell factor expressing cells upon administration of the anti 
body With bound cytotoxic molecule. Antibodies of the 
invention bound to a cytotoxic molecule can be used in the 
same manner as antibodies Without a bound cytotoxic mol 

ecule, With adjustments to the dose, route of administration 
and dosing regimen depending on the type of cytotoxic 
molecule employed. 

[0067] Suitable chemotherapeutic agents include adriamy 
cin, doxorubicin, S-?uorouracil, cytosine arabinoside (“Ara 
C“), cyclophosphamide, thiotepa, taxotere (docetaxel), 
busulfan, cytoxin, taxol, methotrexate, cisplatin, melphalan, 
vinblastine, bleomycin, etoposide, ifosfamide, mitomycin C, 
mitoxantrone, vincreistine, vinorelbine, carboplatin, tenipo 
side, daunomycin, carminomycin, aminopterin, dactinomy 
cin, mitomycins, esperamicins, taxane and maytansin 
derivatives. EnZymatically active toxins and fragments 
thereof Which can be used include diphtheria A chain, 
nonbinding active fragments of diphtheria toxin, exotoxin A 
chain (from Pseudomonas aeruginosa), ricin A chain, abrin 
A chain, modeccin A chain, alpha-sarcin, Aleurites fordii 
proteins, dianthin proteins, Phytolaca americana proteins 
(PAPI, PAPII, and PAP-S), momordica charantia inhibitor, 
curcin, crotin, sapaonaria o?icinalis inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, enomycin and the tri 
cothecenes. A variety of radionuclides are available for the 
production of radioconjugated antibodies including 212Bi, 
1311, 131m, 90Y and 186Re' 

[0068] Conjugates of the antibody and cytotoxic agent are 
made using a variety of bifunctional protein coupling agents 
such as N-succinimidyl-3-(2-pyridyldithiol)propionate 
(SPDP), iminothiolane (IT), bi?nctional derivatives of imi 
doesters (such as dimethyl adipimidate HCL), active esters 
(such as disuccinimidyl suberate), aldehydes (such as glu 
tareldehyde), bis-aZido compounds (such as bis(p-aZidoben 
Zoyl)hexanediamine), bis-diaZonium derivatives (such as 
bis-(p-diaZoniumbenZoyl)-ethylenediamine), diisocyanates 
(such as tolyene 2,6-diisocyanate), and bis-active ?uorine 
compounds (such as 1,5-di?uoro-2,4-dinitrobenZene). For 
example, a ricin immunotoxin can be prepared as described 
in Vitetta et al., Science 238: 1098 (1987). Carbon-14 
labeled 1-isothiocyanatobenZyl-3-methyldiethylene tri 
aminepentaacetic acid (MX-DTPA) is an exemplary chelat 
ing agent for conjugation of radionucleotide to the antibody. 
See WO94/11026. 

[0069] The invention also provides diagnostic methods, 
With Which human Stem Cell Factor can be detected in a test 
preparation, including Without limitation a sample of serum, 
broncheoalveolar lavage ?uid, lung, a cell culture system, or 
a cell-free system (e.g., a tissue homogenate). Such diag 
nostic methods can be used, for example, to diagnose 
disorders in Which Stem Cell Factor is altered. When used 
for diagnosis, detection of an amount of the antibody-Stem 
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Cell Factor complex in a test sample from a patient Which 
varied With that of an amount of the complex in a normal 
sample identi?es the patient as likely to have the disorder. 
The test preparation is contacted With a human antibody of 
the invention, and the test preparation is then assayed for the 
presence of an antibody-Stem Cell Factor complex. Suitable 
assay formats include those described herein for detecting 
Stem Cell Factor or antibodies of the invention. 

[0070] The invention also provides methods for detecting 
Stem Cell Factor or antibodies to Stem Cell Factor. The 
methods comprise the steps of adding an antibody of the 
invention to a test sample suspected of containing Stem Cell 
Factor and detecting antibody bound to Stem Cell Factor, 
Whereby the presence of bound antibody indicates the pres 
ence of Stem Cell Factor in the test sample. Alternatively, 
the invention provides methods for detecting antibodies of 
the invention comprising adding Stem Cell Factor to a test 
sample suspected of containing antibodies of the invention 
and detecting Stem Cell Factor bound to antibodies of the 
invention, Whereby the presence of bound Stem Cell Factor 
indicates the presence of antibodies of the invention in the 
test sample. 

[0071] Numerous formats for immunoassays are knoWn in 
the art, including, for example, competitive binding assays, 
direct and indirect sandWich assays, and immuno-precipita 
tion assays. 

[0072] If desired, the human antibody can comprise a 
detectable label, such as a ?uorescent, radioisotopic, chemi 
luminescent, or enZymatic label, such as horseradish per 
oxidase, alkaline phosphatase, or luciferase. 

[0073] Optionally, the antibody can be bound to a solid 
support, Which can accommodate automation of the assay. 
Suitable solid supports include, but are not limited to, glass 
or plastic slides, tissue culture plates, microtiter Wells, tubes, 
silicon chips, or particles such as beads (including, but not 
limited to, latex, polystyrene, or glass beads). Any method 
knoWn in the art can be used to attach the antibody to the 
solid support, including use of covalent and non-covalent 
linkages, passive absorption, or pairs of binding moieties 
attached to the antibody and the solid support. Binding of 
Stem Cell Factor and the antibody can be accomplished in 
any vessel suitable for containing the reactants. Examples of 
such vessels include microtiter plates, test tubes, and micro 
centrifuge tubes. 

[0074] Suitable radioisotopic labels include radioisotopes, 
such as 35S, 14C, 1251, 3H, and 1311. The antibody can be 
labeled With the radioisotope using the techniques described 
in Current Protocols in Immunology, Volumes 1 and 2, 
Coligen et al., Ed. Wiley-Interscience, NeW York, NY, 
Pubs. (1991) for example and radioactivity can be measured 
using scintillation counting. 

[0075] Suitable ?uorescent labels include rare earth che 
lates (europium chelates) or ?uorescein and its derivatives, 
rhodamine and its derivatives, dansyl, Lissamine, phyco 
erythrin and Texas Red are available. The ?uorescent labels 
can be conjugated to the antibody using the techniques 
disclosed in Current Protocols in Immunology, supra, for 
example. Fluorescence can be quanti?ed using a ?uorimeter. 

[0076] Suitable enZymatic labels include luciferases (e.g., 
?re?y luciferase and bacterial luciferase, luciferin, 2,3 
dihydrophthalaZinediones, malate dehydrogenase, urease, 
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peroxidase such as horseradish peroxidase (HRPO), alkaline 
phosphatase, .beta.-galactosidase, glucoamylase, lysoZyme, 
saccharide oxidases (e.g., glucose oxidase, galactose oxi 
dase, and glucose-6-phosphate dehydrogenase), heterocydic 
oxidases (such as uricase and xanthine oxidase), lactoper 
oxidase, microperoxidase, and the like. Techniques for con 
jugating enZymes to antibodies are described in O’Sullivan 
et al., Methods for the Preparation of EnZyme-Antibody 
Conjugates for use in Enzyme Immunoassay, in Methods in 
EnZym. (ed J. Langone & H. Van Vunakis), Academic press, 
NY, 73: 147-166 (1981). Examples of enZyme-substrate 
combinations include, for example: Horseradish peroxidase 
(HRPO) With hydrogen peroxidase as a substrate, Wherein 
the hydrogen peroxidase oxidiZes a dye precursor (e.g., 
orthophenylene diamine (OPD) or 3,3‘,5,5‘-tetramethyl ben 

Zidine hydrochloride (TMB)); alkaline phosphatase With para-Nitrophenyl phosphate as chromogenic substrate; 

and beta.-D-galactosidase (.beta.-D-Gal) With a chromoge 
nic substrate (e.g., p-nitrophenyl-.beta.-D-galactosidase) or 
?uorogenic substrate 4-methylumberlliferyl-.beta.-D-galac 
tosidase. 

[0077] The detectable label can be indirectly conjugated 
With the antibody. For example, the antibody can be conju 
gated With biotin and any of the three broad categories of 
labels mentioned above can be conjugated With avidin, or 
vice versa. Biotin binds selectively to avidin and thus, the 
label can be conjugated With the antibody in this indirect 
manner. Alternatively, to achieve indirect conjugation of the 
label With the antibody, the antibody is conjugated With a 
small hapten (e.g., digoxin) and one of the different types of 
labels mentioned above is conjugated With an anti-hapten 
antibody (e.g., anti-digoxin antibody). Thus, indirect conju 
gation of the label With the antibody can be achieved. 

[0078] Additionally, the antibody of the invention need 
not be labeled, and the presence thereof can be detected 
using a labeled antibody Which binds to the antibody of the 
invention. 

[0079] For immunohistochemistry, a tissue sample may be 
fresh or froZen or may be embedded in paraf?n and ?xed 
With a preservative such as formalin. 

[0080] The antibodies may also be used for in vivo diag 
nostic assays. Generally, the antibody is labeled With a radio 
nuclide (such as 111In, 99Tc, 14C, 1311, 1251, 3H, 32P or 35S) 
so that the Stem Cell Factor can be localiZed using immu 
noscintiography. 

[0081] The antibodies of the invention may be used as 
af?nity puri?cation agents. In this process, the antibodies are 
immobiliZed on a solid phase such as glass or plastic slides, 
tissue culture plates, microtiter Wells, tubes, silicon chips, or 
particles such as beads, using methods Well knoWn in the art. 
The immobiliZed antibody is contacted With a sample con 
taining the Stem Cell Factor to be puri?ed, and thereafter the 
support is Washed With a suitable solvent that Will remove 
substantially all the material in the sample except Stem Cell 
Factor protein, Which is bound to the immobiliZed antibody. 
Finally, the support is Washed With another suitable solvent, 
such as a buffer at a pH that Will release the Stem Cell Factor 
protein from the antibody. 

[0082] As a matter of convenience, the antibody of the 
present invention can be provided in a kit, i.e., a packaged 
combination of reagents in predetermined amounts With 
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instructions for performing the diagnostic assay. Where the 
antibody is labeled With an enZyme, the kit Will include 
substrates and cofactors required by the enZyme (e.g., a 
substrate precursor Which provides the detectable chro 
mophore or ?uorophore). In addition, other additives may be 
included such as stabiliZers, buffers (e.g., a block buffer or 
lysis buffer) and the like. The relative amounts of the various 
reagents may be varied Widely to provide for concentrations 
in solution of the reagents Which substantially optimiZe the 
sensitivity of the assay. Particularly, the reagents may be 
provided as dry poWders, usually lyophiliZed, including 
excipients Which on dissolution Will provide a reagent 
solution having the appropriate concentration. 

[0083] All patents and patent applications cited in this 
disclosure are expressly incorporated herein by reference. 
The above disclosure generally describes the present inven 
tion. A more complete understanding can be obtained by 
reference to the folloWing speci?c examples, Which are 
provided for purposes of illustration only and are not 
intended to limit the scope of the invention. 

EXAMPLES 

Example 1 

Construction of a Human Combinatorial Antibody 
Library 

[0084] (HuCAL-Fab 1) 
[0085] 1.1 Cloning of HuCAL-Fab 1. 

[0086] HuCAL-Fab 1 is a fully synthetic, modular human 
antibody library in the Fab antibody fragment format. 
HuCAL-Fab 1 Was assembled starting from an antibody 
library in the single-chain format (HuCAL-scFv) in accor 
dance With the method of Knappik et al., J. M01. Biol. 296: 
55-86 (2000)). The heavy and light chain variable region 
sequences in the library are shoWn in Tables 1 and 2. 

[0087] The sequence identi?cation numbers for Tables 1 
and 2 are as folloWs: 

TABLE 1 

VLKl; — SEQ ID NO: 26 

VLK2; — SEQ ID NO: 27 

VLK3; — SEQ ID NO: 28 

VLK4; — SEQ ID NO: 29 

VLhl; — SEQ ID NO: 30 

VL}\.2; — SEQ ID NO: 31 

VL}\.3; — SEQ ID NO: 32 

VHlA; — SEQ ID NO: 33 

VHlB; — SEQ ID NO: 34 

VH2; — SEQ ID NO: 35 

VH3; — SEQ ID NO: 36 

VH4; — SEQ ID NO: 37 
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TABLE l-continued 
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TABLE 2-continued 

VHlA; — SEQ ID NO: 47 

VHlB; — SEQ ID NO: 48 

VH2; — SEQ ID NO: 49 

VH3; — SEQ ID NO: 50 

VH4; — SEQ ID NO: 51 

VH5; — SEQ ID NO: 52 

VH6 . — SEQ ID NO: 53 

VH5; — SEQ ID NO: 38 

VH6 . — SEQ ID NO: 39 

[0088] 

TABLE 2 

VLKl; — SEQ ID NO: 40 

VLK2; — SEQ ID NO: 41 

VLK3; — SEQ ID NO: 42 

VLK4; — SEQ ID NO: 43 

VLKl; — SEQ ID NO: 44 

[0089] 
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Table 1 

Sequence Summary HuCAL Libraries scFv1, scFvZ, scFv3 and vFab1 
VL 

Framework 1 

Position 
flZJ4 1234567890ahcde 12345678901114567890 

Banll 

ITC 

I 

ECORV 

Framework 1 . 

C S L 

TSTT TTR VAAA VIA RPRR RST DEEE QQQ 6566 G65 VFPL PPP STSS ASA AVLV GGV SPSA SSS LLLL VVV SSTS SSS SLAD ._. PPPP PAP 5555 PP? QqQq QQQ TTTT TTT MMLM LLL QVVV VAE III] III 0000 DDD an 

Position 
lab2345‘678 1Z3456789011345678901214567890 

MM 

QVQLVQSGAEVKK'PGSSVKVSCKAS 

; 
! 
i I 

van 

vma QVQLVQSGAEVKKPGIASVIKVSCKAS 
v"; QVQI.KESGPALVKPTQTLTLTCTFS 
v"; QVQLVESGGGLVQPGGSLRLSCAAS 

vm QVQLQESGPGLVKPSETLSLTCTVS 
VH5 QVQLVQSGAEVKKPGESLKI 
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[0090] HuCAL-Fab 1 Was cloned into a phagemid expres 
sion vector pMORPH18 Fab1 (FIG. 1). This vector com 
prises the Ed fragment With a phoA signal sequence fused at 
the C-terminus to a truncated gene III protein of ?lamentous 
phage, and further comprises the light chain VL-CL With an 
ompA signal sequence. Both chains are under the control of 
the lac operon. The constant domains C7», Ck, and CH are 
synthetic genes fully compatible With the modular system of 
HuCAL (Knappik et al., 2000). 

[0091] First, the V7» and VK libraries Were isolated from 
HuCAL-scFv by restriction digest using EcoRV/DraIII and 
EcoRV/BsiWI, respectively. These V7» and VK libraries Were 
cloned into pMORPH18 Fab1 cut With EcoRV/DraIII and 
EcoRV/BsiWI, respectively. After ligation and transforma 
tion in E. coli TG-1, library siZes of 4.14><108 and 1.6><108, 
respectively, Were obtained, in both cases exceeding the VL 
diversity of HuCAL-scFv. 

[0092] Similarly, the VH library Was isolated from 
HuCAL-scFv by restriction digest using StyI/MunI. This 
VH library Was cloned into the pMORPH18-V7» and VK 
libraries cut With StyI/MunI. After ligation and transforma 
tion in E. coli TG-1, a total library siZe of 209x101O Was 
obtained, With 67% correct clones (as identi?ed by sequenc 
ing of 207 clones). 

[0093] 1.2 Phagemid rescue, phage ampli?cation and puri 
?cation. 

[0094] HuCAL-Fab Was ampli?ed in 2><TY medium con 
taining 34 pig/ml chloramphenicol and 1% glucose (2><TY 
CG). After helper phage infection (VCSM13) at 37° C. at an 
OD600 of about 0.5, centrifugation and resuspension in 
2><TY/34 pig/ml chloramphenicol/50 pig/ml kanamycin, cells 
Were groWn overnight at 30° C. Phage Were PEG-precipi 
tated from the supernatant (Ausubel et al., 1998), resus 
pended in PBS/20% glycerol, and stored at —80° C. Phage 
ampli?cation betWeen tWo panning rounds Was conducted as 
folloWs: mid-log phase TG1-cells Were infected With eluted 
phage and plated onto LB-agar supplemented With 1% of 
glucose and 34 pig/ml of chloramphenicol. After overnight 
incubation at 30° C., colonies Were scraped off and adjusted 
to an OD600 of 0.5. Helper phage Were added as described 
above. 

Example 2 

[0095] Design of the CDR3 Libraries VA Positions 1 and 
2. 

[0096] The original HuCAL master genes (Knappik et al. 
J. Mol. Biol. 296: 55 (2000)) Were constructed With their 
authentic N-termini: VL7»1: QS (CAGAGC), VL7»2: QS 
(CAGAGC), and VL7»3: SY (AGCTAT). Sequences con 
taining these amino acids are shoWn in WO 97/08320. 
During HuCAL library construction, the ?rst tWo amino 
acids Were changed to DI to facilitate library cloning (EcoRI 
site). All HuCAL libraries contain VL?» genes With the 
EcoRV site GATATC (DI) at the 5‘-end. All HuCAL kappa 
genes (master genes and all genes in the library) contain DI 
at the 5‘-end. 

[0097] VH Position 1. 

[0098] The original HuCAL master genes Were con 
structed With their authentic N-termini: VH1A, VH1B, VH2, 
VH4, and VH6 With Q (=CAG) as the ?rst amino acid and 
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VH3 and VH5 With E (=GAA) as the ?rst amino acid. 
Sequences containing these amino acids are shoWn in WO 
97/08320. In the HuCAL Fab 1 library, all VH chains 
contain Q (=CAG) at the ?rst position. 

[0099] VK1/VK3 Position 85. 

[0100] Because of the cassette mutagenesis procedure 
used to introduce the CDR3 library (Knappik et al., J. Mol. 
Biol. 296, 57-86, 2000), position 85 of VKl and VK3 can be 
either T or V. Thus, during HuCAL scFv 1 library construc 
tion, position 85 of VKl and VK3 Was varied as folloWs: Vk1 
original, 85T (codon ACC); VKl library, 85T or 85V (TRIM 
codons ACT or GTT); VK3 original, 85V (codon GTG); VK3 
library, 85T or 85V (TRIM codons ACT or GTT); the same 
applies to HuCAL Fab1. 

[0101] CDR3 Design. 

[0102] All CDR3 residues Which Were kept constant are 
indicated in TABLE 1. 

[0103] CDR3 Length. 

[0104] The designed CDR3 length distribution is as fol 

loWs. Residues Which Were varied are shoWn in brackets in TABLE 1. VK CDR3, 8 amino acid residues (position 89 

to 96) (occasionally 7 residues), With Q90 ?xed; V lambda 
CDR3, 8 to 10 amino acid residues (position 89 to 96) 
(occasionally 7-10 residues), With Q89, S90, and D92 ?xed; 
and VH CDR3, 5 to 28 amino acid residues (position 95 to 
102) (occasionally 4-28), With D101 ?xed. 

Example 3 

[0105] Solid Phase Panning 

[0106] Wells of MaxiSorpTM microtiter plates (Nunc, 
Wiesbaden, Germany) Were coated With rat- or human TIMP 
protein dissolved in PBS (2 pig/Well). After blocking With 
5% non-fat dried milk in PBS, 1-5><1012 HuCAL-Fab phage 
puri?ed as above Were added for 1 h at 20° C. After several 
Washing steps, bound phage Were eluted by pH-elution With 
100 mM triethylamine and subsequent neutraliZation With 
1M TRIS-Cl pH 7.0. Three rounds of panning Were per 
formed With phage ampli?cation conducted betWeen each 
round as described in Example 1. 

Example 4 

[0107] Subcloning of Selected Fab Fragments for Expres 
sion 

[0108] The Fab-encoding inserts of the selected HuCAL 
Fab fragments Were subcloned into the expression vector 
pMORPHx7_FS to facilitate rapid expression of soluble 
Fab. The DNA preparation of the selected HuCAL Fab 
clones Was digested With XbaI/EcoRI, thus cutting out the 
Fab encoding insert (ompA-VL and phoA-Fd). Subcloning 
of the puri?ed inserts into the XbaI/EcoRI cut vector 
pMORPHx7, previously carrying a scFv insert, leads to a 
Fab expression vector designated pMORPHx9_Fab1_FS 
Which is shoWn in FIG. 2). Fabs expressed in this vector 
carry tWo C-terminal tags (FLAG and Strep) for detection 
and puri?cation. 
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Example 5 

[0109] Identi?cation of Stem Cell Factor-Binding Fab 
Fragments by ELISA 

[0110] The Wells of a MaXisorp ELISA plates Were coated 
With 100 pal/Well solutions of rat Stem Cell Factor or human 
Stem Cell Factor at a concentration of 5 pig/ml diluted in 
coating buffer. Expression of individual Fab Was induced 
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With 0.5 mM IPTG for 12 h at 30° C. Soluble Fab Was 
eXtracted from the periplasm by osmotic shock (Ausubel et 
al., 1998) and used in an ELISA. The Fab fragment Was 
detected With an anti-Fab antibody (Dianova, Hamburg, 
Germany). Values at 370 nm Were read out after addition of 
horseradish peroxidase-conjugated anti-mouse IgG antibody 
and POD soluble substrate (Roche Diagnostics, Pleasanton, 
Calif., USA). 

TABLE 3 

STEM CELL FACTOR ANTIBODY SEQUENCES 

Framework + CDR 3 Sequence Affinity KD Efficacy 

Fab VH HCDR3 VL VCDR3 (nM) IC5O (pg/ml) 

Al H3 GINSRRQRQFDY v|<1 QQYGSIST 3 9 . 6 3 0 

A2 H3 RDFFAHFDV VKl QQYSGMPY 65 . 7 29 

A8 H3 GYFDEFDV Vkl QSRDHYVVRW 9 . 7 30 

D5 H3 YSYYFDV VKl QQFDMFPD 29 . 0 12 

E6 H3 NYSSPFGYMFLISYYAFDN VKl QQINSRPP 27 . 3 10 

F8 H3 YGYFLYNGDFDN VKl QSYDHPLI 7 . 1 n/a 

[0111] 

TABLE 4 

SEQ. I.D. Framework 

Nucleic Acid Seguences 
GGTATTAATTCTCGTCGTCAGCGTCAGTTTGATTAT 

CGTGATTTTTTTGCTGACTTTGATGTT 

GGTTATTTTGATGAGTTTGATGTT 

TATTCTTATTATTTTGATGTT 

AATTATTCTTCTCCTTTTGGTTATATGTTTCTTATTTCTTATTAT 

GCTTTTGATAAT 

TATGGTTATTTTCTTTATAATGGTGATTTTGATAAT 

CAGCAGTATGGTTCTATTTCTACT 

CAGCAGTATTCTGGTATGCCTTAT 

CAGCAGTTTGATATGTTTCCTGAT 

CAGCAGATTAATTCTCGTCCTCCT 

CAGAGCTATGACCATCCTCTTATT 

CAGAGCCGTGACCATTATGTTGTTCGTTGG 

Amino Acid Seguences 
GINSRRQRQFDY 

RDFFAHFDV 

GYFDEFDV 

YSYYFDV 

NYSSPFGYMFLISYYAFDN 
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TABLE 4 -continued 

14 
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SEQ. I.D. Framework 

18 VHS-CD3 YGYFLYNGDFDN 

19 VLKl-CD3 QQYGSIST 

20 VLKl-CD3 QQYSGMPY 

21 VLKl-CD3 QQFDMFPD 

22 VLKl-CD3 QQINSRPP 

23 VLKl-CD3 QSYDHPLI 

25 Stem Cell Factor MEGICRNRVTNNVKDVTKLVANLPKDYMITLKYVPGMD 

VLPSHCWISEMVVQLSDSLTDLLDKFSNISEGLSNYSIIDKL 

V'NIVDDLVECVKENSSKDLKKSFKSPEPRLFTPEEFFRIFNR 

SIDAFKDFVVASETSDCVVSSTLSPEKDSRVSVTKLPFMLPP 

VA 

[0112] Kappa 
sequence): 

light chain constant region (DNA 

(SEQ ID NO: 
GTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTT 

s2 ) 

GAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATC 

CCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAAT 

CGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACA 

GCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACT 

ACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCC 

TGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG 

[0113] Kappa light chain constant 
sequence): 

region (protein 

(SEQ ID NO: 
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSG 

s3 ) 

NSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV 

TKSFNRGEC 

[0114] Lambda light chain constant 
sequence): 

region (DNA 

(SEQ ID NO: 
ACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCC 

s4 ) 

CGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTG 

TCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAG 

GGAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCC 

-c ont inue d 
TCCAAACAAAGCAACAACAAGTACGC GGCCAGCAGC TATCTGAGC 

CTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG 

GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACA 

GAATGTTCATAG 

[0115] Lambda light chain constant region (protein 
sequence): 

(SEQ ID NO: 
TVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKGD 

s5 ) 

SSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEG 

STVEKTVAPTECS 

Example 6 

[0116] Construction of HuCAL Immunoglobulin Expres 
sion Vectors 

[0117] Heavy Chain Cloning. 

[0118] The multiple cloning site of pcDNA3.1+ (Invitro 
gen, Carlsbad, Calif., USA) Was removed (NheI/ApaI), and 
a stuffer compatible With the restriction sites used for 
HuCAL design Was inserted for the ligation of the leader 
sequences (NheI/EcoRI), VH-domains (EcoRI/BlpI), and 
the immunoglobulin constant regions (BlpI/ApaI). The 
leader sequence (EMBL M83133) Was equipped With a 
KoZak sequence (KoZak, 1987). The constant regions of 
human IgG1 (PIR J00228), IgG4 (EMBL K01316), and 
serum IgA1 (EMBL 100220) Were dissected into overlap 
ping oligonucleotides With lengths of about 70 bases. Silent 
mutations Were introduced to remove restriction sites non 
compatible With the HuCAL design. The oligonucleotides 
Were spliced by overlap eXtension-PCR. 
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[0119] Light Chain Cloning. 

[0120] The multiple cloning site of pcDNA3.1/Zeo+ 
(Invitrogen, Carlsbad, Calif., USA) Was replaced by tWo 
different stuffers. The K-stuffer provided restriction sites for 
insertion of a K-leader (NheI/EcoRV), HuCAL-scFv Vk 
domains (EcoRV/BsiWI,) and the K-chain constant region 
(BsiWI/ApaI). The corresponding restriction sites in the 
k-stuffer Were NheI/EcoRV (1-leader), EcoRV/HpaI (V1 
domains), and HpaI/ApaI (k-chain constant region). The 
K-leader (EMBL Z00022) as Well as the k-leader (EMBL 
L27692) Were both equipped With KoZak sequences. The 
constant regions of the human K-(EMBL J00241) and 
7t-chain (EMBL M18645) Were assembled by overlap exten 
sion-PCR as described above. 

[0121] Generation of IgG-Expressing CHO-Cells. 

[0122] CHO-K1 cells Were co-transfected With an 
equimolar mixture of IgG heavy and light chain expression 
vectors. Double-resistant transfectants Were selected With 
600 pig/ml G418 and 300 pig/ml Zeocin (Invitrogen) fol 
loWed by limiting dilution. The supernatant of single clones 
Was assessed for IgG expression by capture-ELISA (see 
beloW). Positive clones Were expanded in RPMI-1640 
medium supplemented With 10% ultra-loW IgG-FCS (Life 
Technologies, Rockville, Md., USA). After adjusting the pH 
of the supernatant to 8.0 and sterile ?ltration, the solution 
Was subjected to standard protein Acolumn chromatography 
(Poros 20 A, PE Biosystems, Foster City, Calif., USA) 

[0123] All ?ve of the Fabs that shoWed anti-SCF activity 
in the TF-1 assay Were converted to IgG (A1, A2, A8, D5 
and E6). There Was insuf?cient material to test A1 and E6 
but the other 3 IgG clones Were assayed. At a concentration 
of 10 ug/ml, A2 and D5 inhibited TF-1 proliferation to the 
greatest extent and Were therefore chosen for af?nity opti 
miZation. 

Example 7 

TF-1 Proliferation Assay 

[0124] The capacity of stem cell factor antibodies to 
inhibit Stem Cell Factor groWth factor activity Was mea 
sured utiliZing a TF1 human hematopoietic cell proliferation 
assay. In this assay, TF1 cells (American Type Culture 
Collection, Rockville, Md., USA) Were cultured for 4 days 
in 96 Well plates (1X104/W6ll, 100 pl volume) in RPMI+10% 
serum With Stem Cell Factor (human from R&D Systems, 
rat and cyno from Bayer) With or Without anti-human Stem 
Cell Factor murine polyclonal antibody (R&D Systems, 
catalog #AF-255-NA, Minneapolis, Minn., USA). 
GM-CSF(R&D Systems) treatment Was used as a positive 
control. TWenty four hours before the ?nal reading, 10 pl 
Alamar Blue (10% vol, BioSource, Camarillo, Calif., USA) 
is added to each Well. Fluorescence is determined at 530/590 
nm using a WALLAC Victor 2 ?uorometer (Wallac Oy, 
Turku, Finland). 
[0125] This assay Was used to measure the bioactivity of 
the Fabs and IgGs, species cross-reactivity of the Fabs and 
IgGs, and for other preformulation activities. 

[0126] Stem cell factor Was shoWn to stimulate TF-1 cell 
proliferation With an IC5O of 2 ng/ml While the addition of 
polyclonal Stem Cell Factor antibodies neutraliZed this 
activity With an IC50 of 8 pig/ml. 
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[0127] Treatment of TF-1 cells With Fab clones A1, A2, 
A8, D5 and E6 resulted in inhibition of human, cyno and rat 
SCF-induced proliferation. All the Fabs inhibited >100% at 
200 ug/ml (D5 Was only tested up to 120 ug/ml due to 
limited protein availability). The greater than 100% inhibi 
tion could not be accounted for by cytotoxicity (as deter 
mined by GM-CSF stimulation of TF-1 proliferation in the 
presence of 200 ug/ml Fab) or PBS dilution effects. A dose 
titration of Fabs A1, A2 and E6 indicated very similar 
dose/response characteristics among the three Fabs. The 
IC50 values for inhibition of cyno SCF Were betWeen 20 and 
60 ug/ml for all three Fabs tested. The IC5O values for 
inhibition of rat SCF Were betWeen 20 and 60 ug/ml for A1 
and A2 and betWeen 6.1 and 20 ug/ml for E6. The obser 
vation that rat SCF could be inhibited by any of the Fabs Was 
unexpected due to the lack of strong binding betWeen the 
Fabs and rat SCF as determined by BIAcore assay. The 
reason for an inhibitory effect in the TF-1 proliferation 
assays is still unclear but may be due to loW affinity binding 
of the Fabs to rat SCF that is adequate enough to block its 
interaction With c-kit on the TF-1 cells. 

[0128] Six anti-SCF Fab clones (A2, E6-1, D5, A1, A8, 
F8) generated using Morphosys technology Were screened 
for bioactivity in the TF-1 proliferation assay. TF-1 cells 
Were stimulated With 10 ng/ml SCF With or Without pre 
treatment With Fab. At 100 ug/ml, 5 out of 6 of the clones 

(A2, E6-1, D5, A1, A8) inhibited TF-1 proliferation 40% or 
greater. F8 failed to inhibit any SCF effect at that concen 

tration. Adose titration Was done for A1, A8 and F8 (100, 50, 
25 and 12.5 ug/ml). There Was not enough E6-1 and D5 
protein for a full dose titration of those tWo clones. A1 and 
A8 both appeared to shoW some titration of the Fab effect. 
In a repeat assay, A1 and A8 Were titrated (200, 100, 50 and 
25 ug/ml) and again shoWed a dose-dependent effect on 
SCF-induced proliferation of TF-1 cells. A GM-CSF-stimu 
lated control indicated that the Fabs (A1, A8, F8) Were not 
cytotoxic and did not inhibit the proliferation of the TF-1 
cells non-speci?cally. 

[0129] More of the Fab protein Was expressed for all 5 Fab 
clones. A side-by-side comparison of the 5 Fab clones (A1, 
A2, A8, D5, and E6), that inhibited TF-1 proliferation 40% 
or greater at 100 ug/ml, Was performed in a full dose 

response study (200, 66, 20, 6.6 ug/ml). The ?ve Fab clones 
Were assayed for their ability to inhibit TF-1 proliferation 
With 10 ng/ml SCF or GM-CSF. All ?ve clones Were capable 
of inhibiting SCF-induced TF-1 proliferation up to 96.6 
139.7% at 200 ug/ml. D5 and E6 had the most favorable 

IC50 values (10-12 ug/ml) compared to the other clones, 
Which had ICSOs of 29-30 ug/ml. None of the clones had an 
effect on GM-CSF-induced TF-1 proliferation at up to 200 
ug/ml suggesting little to no non-speci?c or cytotoxic effects 
of the Fab clones on the TF-1 cells. PBS dilution controls 
indicated no signi?cant effect on proliferation compared to 
SCF alone. HoWever, there Was a trend to loWer proliferation 
With the 1:5 dilution (that used for the 200 ug/ml Fab clone 
treatment) Which may have contributed to the greater than 
100% inhibition that Was calculated at the highest concen 
tration of 3 of the 5 Fab clones. 
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[0130] In Vitro Testing of Cross Reactivity of the Fabs 
With Rat and Cyno SCF 

[0131] In an effort to predict in vivo cross-reactivity of the 
anti-SCF antibodies, TF-1 cells Were stimulated With recom 
binant SCF from rat and cynomologous monkeys. It Was 
determined that both recombinant cyno and rat SCF Were 
capable of stimulating human TF-l proliferation in a dose 
responsive manner. The approximate IC5O for human, cyno 
and rat SCF in the assay Were 2, 25 and 17 ng/ml, respec 
tively 

Example 8 

Eosinophil Survival and Activation Assay 

[0132] The human primary eosinophil survival and acti 
vation assays involved isolation of peripheral blood eosino 
phils and long term culture (i.e. up to 3 days) With or Without 
groWth and survival factors such as IL-5 or SCF. These 
assays Were performed to con?rm the bioactivity of Fabs 
and IgGs and evaluate species cross-reactivity in primary 
cells. 

[0133] The capacity of stem cell factor antibodies to 
inhibit Stem Cell Factor-mediated eosinophil survival and 
activation Was determined in cells harvested from human 
and cynomolgus monkey blood. First, eosinophils are iso 
lated from peripheral blood by negative selection of CD16 
using a steel VarioMacs column protocol (Miltenyi Biotec, 
Auburn, Calif.). This protocol typically returns eosinophils 
at >95% purity and Works equally Well for human and 
cynomolgus monkey blood. Puri?ed eosinophils are then 
plated at 1><105 cells/Well in a 96 Well plate With varying 
concentrations of Stem Cell Factor (R&D Systems) or 
anti-Stem Cell Factor antibodies. 

[0134] Supernatants from eosinophils incubated With acti 
vation factors such as Stem Cell Factor are assayed for the 
presence of eosinophil peroxidase, a marker of activation, by 
the addition of the peroxidase substrate OPD. 

[0135] The results demonstrated that Stem Cell Factor 
promotes eosinophil survival in a dose-dependent manner 
While survival can be inhibited by Stem Cell Factor anti 
bodies, also in a dose-dependent manner. 

[0136] Activation of eosinophils by Stem Cell Factor can 
also be inhibited by anti-Stem Cell Factor antibodies. 
Results demonstrated that anti-Stem Cell Factor antibodies 
dose dependently decreased the Stem Cell Factor-mediated 
eosinophil activation. 

[0137] SCF promotes eosinophil survival in a dose depen 
dent manner and that survival can be inhibited by anti-SCF 
(10 ug/ml). The anti-apoptotic effect of anti-SCF Was also 
dose dependent. 

Example 9 

[0138] Cockroach Allergen Test Model 

[0139] The effect of anti-mouse Stem Cell Factor poly 
clonal antibody (20 mg/kg) in a mouse model of asthma Was 
assessed. The mice Were immuniZed intraperitoneally (i.p.) 
With cockroach allergen (CRA) in phosphate buffered saline 
(PBS) on day 0. On day 14 an intranasal challenge of CRA 
to localiZe the response to the airWay Was given. Mice Were 
then rechallenged on day 20 and 22 by intratracheal (i.t.) 
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administration of CRA. The second it. challenge is given at 
a time When there is a considerable amount of in?ammation 

found Within and around the airWay, including eosinophils. 
Anti-mouse Stem Cell Factor polyclonal antibody (20 
mg/kg) Was administered in saline buffer at the time of it. 
CRA challenge. AirWay responsiveness to methacholine 
(AHR) Was measured 24 hours after the last CRA challenge 
With a mouse plethysmograph (Buxco, Trot AirWay 
eosinophil counts Were determined 24 h after the last CRA 
challenge. Anti-mouse Stem Cell Factor polyclonal antibody 
yielded a 6-fold reduction in the development of AHR 
versus animals receiving no antibodies. Anti-mouse Stem 
Cell Factor polyclonal antibody also produced a 2-fold 
reduction in airWay tissue eosinophilia. 

[0140] The effect of an anti-mouse Stem Cell Factor 
monoclonal antibody (R&D Systems) Was assessed in a 
CRA mouse model of asthma. Monoclonal antibody (400 
ug/kg, 2 mg/kg, or 4 mg/kg) Was administered it. With CRA 
on both days of antigen challenge (days 20, 22). AirWay 
responsiveness to methacholine (AHR) and lung cytokine 
levels Were measured as before 6 h after the ?nal CRA 

challenge. Almost complete inhibition of airWay hyperre 
sponsiveness Was observed With the loWest dose (400 ug/kg) 
of antibody tested. Assessment of baseline airWay resistance 
prior to methacholine challenge revealed that the highest 
dose of monoclonal antibody (4 mg/kg) caused a slight 
increase in baseline airWay resistance. The effect of the 
monoclonal antibody on various pro-in?ammatory chemok 
ines and cytokines Was also assessed in this model. A 
dose-dependent reduction in IL-4, IL-5, tumor necrosis 
factor (TNF), RANTES and TARC Was observed. 

Example 10 

[0141] OptimiZation of Fab Activity 

[0142] 10.1 Fab Af?nity OptimiZation 

[0143] Fabs A2 and D5 Were optimiZed for higher affinity 
binding to human SCF. The CDR3 loops from A2 and D5 
Were maintained, While the CDR1 and CDR2 loops from 
both the light and heavy chain Were randomiZed and 
approximately ten million A2 variants and ten million D5 
variants Were expressed on the surface of M13 bacterioph 
age (Morphosys). The CDR1 and CDR2 loops Were simul 
taneously excised from the A2 and D5 kappa light chain 
variable region With the restriction enZymes PstI and SanDI. 
RandomiZed cassettes prepared according to the method in 
Knappik et al. (2000) containing randomiZed CDR1 and 
CDR2 With the intervening FrameWork 2 region Were then 
inserted to provide A2 and D5 kappa light chain variable 
regions With randomiZed CDR1 and CDR2. 

[0144] The CDR1 region of the A2 and D5 heavy chain 
variable region VH3 Was excised using BspEl and BssHII 
and randomiZed using cassettes prepared according to the 
method in Knappik et al. (2000). The CDR2 region of the A2 
and D5 heavy chain variable region H3 Was excised With 
XhoI and BssHII and randomiZed using the same type of 
cassettes. 
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[0145] Three Fab phage libraries Were thus created for 
each of A2 and D5: 1) light chain having randomized CDRl 
and CDR2; 2) heavy chain having a randomiZed CDRl; and 
3) heavy chain having a randomiZed CDR2. 

[0146] The phagemid expression vector pMORPH18 Fabl 
containing the CDRl and CDRZ libraries Was ampli?ed as 
described in Example 1. The Fab phage libraries Were 
panned for three rounds against human SCF as described in 
Example 3. 

[0147] The Fab-encoding inserts of selected HuCAL Fab 
1 clones Were subcloned into the expression vector 
pMORPHx7_FS as described in Example 4 to create the Fab 
expression vector designated pMORPHx9_Fab1_FS. The 
clones Were expressed in E. coli and puri?ed using 
StrepTagII via StrepTactin af?nity chromatography (Sigma 
Genosys, Woodland, Tex.). The “Strep-tagged” proteins 
readily bind StrepTactin With high speci?city and the protein 
Was eluted from the column upon competition With desthio 
biotin. A 1 L culture typically yielded 1-3 mg of puri?ed Fab. 
The expressed Fabs Were tested in BiaCORE assays (Upp 
sala, SWeden). The Fabs With the highest affinity Were 
selected for testing in the TF-l proliferation assay. 

TABLE 5 
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TABLE 6-continued 

DNA sequence of 

light chain CDR2 
(kappa) 

Amino acid sequence of 
light chain CDR2 

A2-G8 TCGGCCAGCAGCTTGCAAAGC SASSLQS 

(SEQ ID NO: 68) (SEQ ID NO: 69) 

A2 —E8 GCGGCCAGCAGCTTGCAAAGC AASSLQS 

(SEQ ID NO: 70) (SEQ ID NO: 71) 

A2-H8 CGCGCCAGCAGCTTGCAAAGC RASSLQS 

(SEQ ID NO: 72) (SEQ ID NO: 73) 

A2 —Dl2 GCCGCCAGCAGCTTGCAAAGC AASSLQS 

(SEQ ID NO: 74) (SEQ ID NO: 75) 

[0149] Conversion to IgG 

[0150] For transient expression, immunoglobulin expres 
sion vectors Were constructed in accordance With the method 

of Example 6. The scFv portion of the Fab heavy chain Was 
inserted into the expression vector pcDNA3.1+ With IgGl 

Additional SCF antibody sequences 

DNA sequence of 
Antibody heavy chain CDRl 

Amino acid sequence of 
heavy chain CDRl 

D5-F9 GGATTTACCTTTAGCTGGAAGGCGATGGCG GFTFSWKAMA 

(SEQ ID NO: 54) (SEQ ID NO: 55) 

DNA sequence of Amino acid sequence of 

light chain CDRl (kappa) light chain CDRl 

A2-A1 AGAGCGAGCCAGGGCATTAGCAGCTATCTGGCG RASQGISSYLA 

(SEQ ID NO: 56) (SEQ ID NO: 57) 

A2-G8 AGAGCGAGCCAGGGCATTCGGGGGTACCTGGGG RASQGIRGYLG 

(SEQ ID NO: 58) (SEQ ID NO: 59) 

A2-E8 AGAGCGAGCCAGGGCATTTTCAAGTACCTGGGG RASQGIFKYLA 

(SEQ ID NO: 60) (SEQ ID NO: 61) 

A2-H8 AGAGCGAGCCAGGGCATTATCGGGTACCTGGGC RASQGIIGYLG 

(SEQ ID NO: 62) (SEQ ID NO: 63) 

A2-Dl2 AGAGCGAGCCAGGGCATTTGGCTGTACCTGTCG RASQGIWLYLS 

(SEQ ID NO: 64) (SEQ ID NO: 65) 

[0148] heavy chain constant regions. The scFv portion of the Fab 
light chain Was inserted into the vector pcDNA3.1/Zeo+ 

TABLE 6 With kappa light chain constant regions. 

DNA sequence of [0151] For selection expression, an expression vector con 
llght Chaln CDR2 Ammo acld Sequence of taining both heavy and light chains Was constructed. The 
k 1' ht h ' CDR2 ~ ~ ~ ( appa) 19 C an scFv portions of the Fab heavy and light chains Were 

A2_A1 GCAGCCAGCAGCTTGCAAAGC AASSLQS inserted into an expression vector of the type described in 
(SEQ ID NO: 66) (SEQ ID NO: 67) US. Pat. No. 6,136,599 that contains heavy and light IgG 

chains. The expression vector also contained the drug resis 
tance gene hph. 














































































