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HIGH CONCENTRATION ANTIBODY AND 
PROTEIN FORMULATIONS 

[0001] This application is a continuation application of 
US. Ser. No. 10/813,483, ?led Mar. 29, 2004, noW pending, 
Which claims the bene?t under 35 USC § 119 of US. Ser. 
No. 60/460,659, ?led Apr. 4, 2003; the contents all of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention pertains to highly concentrated for 
mulations of antibodies, Which are particularly suitable for 
subcutaneous administration. The invention further provides 
stable, highly concentrated (e.g., >100 mg/ml protein) liquid 
formulations. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] There is a signi?cant demand for highly concen 
trated liquid antibody formulations. HoWever, highly con 
centrated protein formulations pose several problems. One 
problem is instability due to the formation of particulates. 
With reconstituted lyophiliZed preparations to generate liq 
uid formulations, this problem has been addressed through 
the use of surfactants (e.g., a polysorbate), but surfactants 
are unsuitable for liquid formulations, because they render 
further processing dif?cult. Moreover, surfactants further do 
not reduce the increased viscosity caused as a result of 
numerous intermolecular interactions from the macromo 
lecular nature of antibodies. 

[0006] Although surfactants have been shoWn to signi? 
cantly reduce the degree of particulate formation of proteins, 
they do not address the problem of increased viscosity that 
makes dif?cult the manipulation and administration of con 
centrated antibody formulations. Antibodies tend to form 
viscous solutions at high concentration because of their 
macromolecular nature and potential for intermolecular 
interactions. Moreover, pharmaceutically acceptable sugars 
are often used in large amounts as stabiliZers. Such sugars 
can enhance the intermolecular interactions, thereby increas 
ing the viscosity of the formulation. Highly viscous formu 
lations are di?icult to manufacture, draW into a syringe and 
inject subcutaneously. The use of force in manipulating the 
viscous formulations leads to excessive frothing, Which can 
lead to denaturation and inactivation of active biologics. 
Satisfactory solution of this problem is lacking. 

[0007] While the prior art indicates numerous example of 
excipients that can be suitably employed to create pharma 
ceutical formulations, very feW proteins have been success 
fully formulated above 100 mg/ml, or have techniques for 
doing so been described. 

[0008] Applicants have discovered that Arginine, speci? 
cally Arginine-HCl is particularly suited for highly concen 
trated liquid protein or antibody formulations. 

[0009] Stable isotonic lyophiliZed protein formulations are 
disclosed in PCT publication WO 97/04801, published on 
Feb. 13, 1997, the entire disclosure of Which is hereby 
expressly incorporated by reference. The disclosed lyo 
philiZed formulations can be reconstituted to generate high 
protein-concentration liquid formulations Without apparent 
loss of stability. HoWever, the potential issues associated 
With the high viscosity of the reconstituted formulations are 
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not addressed. Protein aggregation has been reduced previ 
ously through the addition of sugars, but doing so can 
dramatically increase the viscosity and osmolarity, thereby 
rendering processing and use impractical. 

[0010] Applicants co-pending application U.S. Ser. No. 
09/971,511, ?led Oct. 4, 2001 discloses high protein con 
centration, but loW viscosity formulations achieved: 1) 
through loW pH (about 4.0 to 5.3); 2) high pH (about 6.5 to 
12.0), or 3) increasing the total ionic strength of the formu 
lation by the addition of salts or buffers. HoWever, While 
increased ionic strength does decrease the viscosity of the 
formulation (such as With NaCl), it may also result in 
increased turbidity of the solution, Which is often associated 
With the formation of protein particles (e.g., aggregation). 
Thus an optimal high concentration protein formulation 
must overcome challenges of stability, viscosity, osmolarity 
and turbidity. 

SUMMARY OF THE INVENTION 

[0011] The present invention concerns highly concen 
trated protein or antibody formulations that are stable, and of 
loW viscosity and turbidity. 

[0012] In particular, the present invention concerns highly 
concentrated antibody formulations of loW turbidity com 
prising protein or antibody (100-260 mg/ml), histidine (10 
100 mM), arginine-HCl (50-200 mM) and polysorbate 
(0.01%-0.1%), having a pH of 5.5-7.0, a viscosity of 50 cs 
or less and osmolarity from 200 mOsm/kg-450 mOsm/kg. 
Alternatively, the protein or antibody in the formulations can 
range from 120-260 mg/ml, alternatively 150-260 mg/ml, 
alternatively 180-260 mg/ml, alternatively 200-260 mg/ml 
protein or antibody. Alternatively the osmolarity ranges 
from 250 mOsm/kg-350 mOsm/kg. Alternatively, the con 
centration of arginine-HCl ranges from 100-200 mM, alter 
natively 150-200 mM, alternatively 180-200 mM. 

[0013] Alternatively, the present invention concerns a 
highly concentrated antibody formulations of loW turbidity 
comprising antibody (40-150 mg/ml), histidine (10-100 
mM), sugar (e.g., trehalose or sucrose, 20-350 mM) and 
polysorbate (0.01%-0.1%). 

[0014] In a particular embodiment, the invention provides 
a formulation containing high concentrations of large 
molecular Weight proteins, such as antibodies or immuno 
globulins. The antibodies may, for example, be antibodies 
directed against a particular predetermined antigen. In a 
speci?c aspect, the antigen is IgE (e.g., rhuMAbE-25, rhuM 
AbE-26 described in US. Pat. No. 6,329,509 and WO 
99/01556). Alternatively, the anti-IgE antibody can be CGP 
5101 (Hu-901) described in Corne et al., J. Clin. Invest. 
99(5): 879-887 (1997), WO92/17207, and ATTC Deposit 
Nos. BRL-10706 and11130,11131,11132,11133.Altema 
tively, the antigen may include: the CD proteins CD3, CD4, 
CD8, CD19, CD20, CD34 and CD40; members of the HER 
receptor family such as EGF receptor, HER2, HER3 or 
HER4 receptor; 2C4, 4D5, PSCA, LDP-2, cell adhesion 
molecules such as LFA-l, Mac1, p150, 95, VLA-4, ICAM 
1, VCAM and (xv/[33 integrin including the 0t— and [3-sub 
units thereof (e.g., anti-CD11a, anti-CD18 or anti-CD11b 
antibodies); groWth factors such as VEGF; blood group 
antigens; ?k2/?t3 receptor; obesity (OB) receptor; mpl 
receptor, CTLA-4, and protein C. 
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[0015] The formulations of the present invention may be 
pharmaceutical formulations. In a speci?c aspect, the for 
mulation is delivered subcutaneously. 

[0016] In yet another embodiment, the invention provides 
a method for the treatment, prophylactic or therapeutic, of a 
disorder treatable by the protein or antibody formulated, 
comprising administering the formulations disclosed herein 
comprising a therapeutically effective amount of the protein 
or antibody. Such formulations are particularly useful for 
subcutaneous administration. In a speci?c aspect, the disor 
der is an IgE-mediated disorder. In yet a further speci?c 
aspect, the IgE-mediated disorder is allergic rhinitis, asthma 
(e.g., allergic asthma and non-allergic asthma), atopic der 
matitis, allergic gastroenteropathy, hypersensitity (e.g., anal 
phylaxis, urticaria, food allergies etc.), allergic bronchopul 
monary aspergillosis, parasitic diseases, interstitial cystitis, 
hyper-IgE syndrome, ataxia-telangiectasia, Wiskott-Aldrich 
syndrome, thymic alymphoplasia, IgE myeloma and graft 
versus-host reaction. 

[0017] In yet another embodiment, the invention provides 
an article of manufacture comprising a container enclosing 
a formulation disclosed herein. In one aspect, the article of 
manufacture is pre-?lled syringe. In yet another speci?c 
aspect, the pre-?lled syringe is further containing Within an 
injection device. In yet another speci?c aspect, the injection 
device is an auto-injector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1. Hydrophobic interaction chromatography 
of a pepsin digested anti-IgE monoclonal antibody. Samples 
Were formulated at different pH and buffers: (') 20 mM 
Acetate, (A) 20 mM Succinate, (A) 20 mM Na2HPO4, (V) 
20 mM K2PO4 and (*) 20 mM Tris buffer. The samples Were 
stored at 30° C. for 6 months. 

[0019] FIG. 2. SiZe exclusion chromatography of an anti 
IgE monoclonal antibody stored at 40° C. for 6 months. 
Samples Were formulated at different pH and buffers: (I) 20 
mM Glutamate, (') 20 mM Acetate, (A) 20 mM Succinate, 
(III) 20 mM Histidine, (A) 20 mM Na2HPO4, (Y) 20 mM 
KZPO4 and (*) 20 mM Tris buffer. 

[0020] FIG. 3. Activity of an anti-IgE monoclonal anti 
body stored at 30° C. for 6 months. Samples Were formu 
lated at different pH and buffers: (') 20 mM Acetate, (A) 20 
mM Succinate, (III) 20 mM Histidine, (A) 20 mM 
Na2HPO4, (Y) 20 mM K2PO4 and (*) 20 mM Tris buffer. 

[0021] FIG. 4. Effects ofPolysorbate 20 on turbidity ofthe 
stressed anti-IgE monoclonal antibody. Samples contain 100 
mg/ml antibody, 20 mM Succinate, 192 mM Trehalose and 
various amounts of polysorbate 20 at pH 6.0. The polysor 
bate concentrations are (I) 0, (A) 0.01%, (') 0.02% and (') 
0.05%. 

[0022] FIG. 5. Turbidity of an anti-IgE monoclonal anti 
body at ~150 mg/ml With different excipients (A) CaCl2, 
(V) MgCl2 and (A) Arginine-HCl 
[0023] FIG. 6. Turbidity of anti-IgE monoclonal antibody 
at ~150 mg/ml With various excipients. The samples Were 
stored at (A) —70° C., (I) 2-8° C., (A) 15° C., (III) 30° C. 
and (V) 40° C. 

[0024] FIG. 7. Hydrophobic interaction chromatography 
analyses of papain digested anti-IgE monoclonal antibody. 
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Samples Were formulated at ~150 mg/ml With various of 
excipients and stored at (Y) —70° C., (I) 2-8° C., (A) 15° 
C., (A) 30° C. and (III) 40° C. 

[0025] FIG. 8. SiZe exclusion chromatography of anti-IgE 
monoclonal antibody at ~150 mg/ml in (I) 200 mM argi 
nine-HCl, 23 mM histidine, pH 6.0 (A) 182 mM arginine 
HCl, 20 mM histidine, pH 6.0 (') 182 mM arginine-HCl, 20 
mM histidine, 91 mM sucrose, pH 6.0 (III) 50 mM MgCl2, 
27 mg/ml trehalose, 0.01% acetate, (A) 50 mM MgCl2, 30 
mM MgAc2, 0.01% acetate, and (o) 50 mM MgCl2, 45 mM 
MgAc2, 0.01% acetate. Samples Were stored at 30° C. for 6 
months. 

[0026] FIG. 9. Hydrophobic interaction chromatography 
analyses of papain digested anti-IgE monoclonal antibody. 
The samples shoW Were formulated in (I) 200 mM arginine 
HCl, 23 mM histidine, (A) 182 mM arginine-HCl, 20 mM 
histidine, (') 182 mM arginine-HCl, 20 mM histidine, 91 
mM sucrose, (III) 50 mM MgCl2, 27 mg/ml trehalose, 0.01% 
acetate, (A) 50 mM MgCl2, 30 mM MgAc2, 0.01% acetate 
and (o) 50 mM MgCl2, 45 mM MgAc2, 0.01% acetate. 
Samples Were stored at 30° C. for 6 months. 

[0027] FIG. 10. ShoWs a comparison of the full-length 
sequences both variable and constant chains) of the anti-IgE 
antibodies E25, E26 and Hu-901. The CDR regions of 
Hu-901 is shoWn by underline. For E25 and E26, the CDR 
regions as de?ned by Chothia are shoWn in boldface, While 
the CDR region as de?ned by Kabat are delineated With 
brackets. FIG. 10A shoWs the light chain sequences of E25, 
E26 and Hu-901 (SEQ ID NOS: 1-3), While FIG. 10B shoWs 
the heavy chain sequences of E25, E26 and Hu-901 (SEQ ID 
NOSz4-6). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

I. De?nitions 

[0028] By “protein” is meant a sequence of amino acids 
for Which the chain length is suf?cient to produce the higher 
levels of tertiary and/ or quaternary structure. Thus, proteins 
are distinguished from “peptides” Which are also amino 
acid-based molecules that do not have such structure. Typi 
cally, a protein for use herein Will have a molecular Weight 
of at least about 15-20 kD, preferably at least about 20 kD. 

[0029] Examples of proteins encompassed Within the de? 
nition herein include mammalian proteins, such as, e.g., 
groWth hormone, including human groWth hormone and 
bovine groWth hormone; groWth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipopro 
teins; (X-l -antitrypsin; insulin A-chain; insulin B-chain; pro 
insulin; follicle stimulating hormone; calcitonin; luteiniZing 
hormone; glucagon; clotting factors such as factor VIIIC, 
factor IX, tissue factor, and von Willebrands factor; anti 
clotting factors such as Protein C; atrial natriuretic factor; 
lung surfactant; a plasminogen activator, such as urokinase 
or tissue-type plasminogen activator (t-PA, e.g., Activase®, 
TNKase®, Retevase®); bombaZine; thrombin; tumor necro 
sis factor-otand -[3; enkephalinase; RANTES (regulated on 
activation normally T-cell expressed and secreted); human 
macrophage in?ammatory protein (MIP-l-ot); serum albu 
min such as human serum albumin; mullerian-inhibiting 
substance; relaxin A-chain; relaxin B-chain; prorelaxin; 
mouse gonadotropin-associated peptide; DNase; inhibin; 
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activin; vascular endothelial growth factor (VEGF); recep 
tors for hormones or growth factors; an integrin; protein A 
or D; rheumatoid factors; a neurotrophic factor such as 
bone-derived neurotrophic factor (BDNF), neurotrophin-3, 
-4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve groWth 
factor such as NGF-B; platelet-derived groWth factor 
(PDGF); ?broblast groWth factor such as aFGF and bFGF; 
epidermal groWth factor (EGF); transforming groWth factor 
(TGF) such as TGF-ot and TGF-B, including TGF-[31, TGF 
[32, TGF-[33, TGF-[34, or TGF-[35; insulin-like groWth fac 
tor-I and -II (IGF-I and IGF-II); des(1-3)-IGF-I (brain IGF 
I); insulin-like groWth factor binding proteins; CD proteins 
such as CD3, CD4, CD8, CD19 and CD20; erythropoietin 
(EPO); thrombopoietin (TPO); osteoinductive factors; 
immunotoxins; a bone morphogenetic protein (BMP); an 
interferon such as interferon-0t, -[3, and -y; colony stimulat 
ing factors (CSFs), e.g., M-CSF, GM-CSF, and G-CSF; 
interleukins (ILs), e.g., IL-1 to IL-10; superoxide dismutase; 
T-cell receptors; surface membrane proteins; decay acceler 
ating factor (DAF); a viral antigen such as, for example, a 
portion of the AIDS envelope; transport proteins; homing 
receptors; addressins; regulatory proteins; immunoadhesins; 
antibodies; and biologically active fragments or variants of 
any of the above-listed polypeptides. 

[0030] The protein Which is formulated is preferably 
essentially pure and desirably essentially homogeneous (i.e. 
free from contaminating proteins). “Essentially pure” pro 
tein means a composition comprising at least about 90% by 
Weight of the protein, based on total Weight of the compo 
sition, preferably at least about 95% by Weight. “Essentially 
homogeneous” protein means a composition comprising at 
least about 99% by Weight of protein, based on total Weight 
of the composition. 

[0031] In certain embodiments, the protein is an antibody. 
The antibody may bind to any of the above-mentioned 
molecules, for example. Exemplary molecular targets for 
antibodies encompassed by the present invention include 
IgE, the CD proteins CD3, CD4, CD8, CD19, CD20, CD34 
and CD40; members of the HER receptor family such as 
EGF receptor, HER2, HER3 or HER4 receptor; 2c4, 4D5, 
PSCA, LDP-2, cell adhesion molecules such as LEA-1, 
Macl, p150, 95, VLA-4, ICAM-1, VCAM and (xv/[33 inte 
grin including the 0t— and [3-subunits thereof (e.g., anti 
CD11a, anti-CD18 or anti-CD11b antibodies); groWth fac 
tors such as VEGF; blood group antigens; ?k2/?t3 receptor; 
obesity (OB) receptor; mpl receptor, CTLA-4, and protein 
C. 

[0032] Additional antibodies that can be made With the 
formulation described herein include those that speci?cally 
bind to the antigenic targets disclosed in the folloWing patent 
applications: U.S. Ser. No. 10/177,488, ?led 19 Jun. 2002; 
Us. Ser. No. 09/888,257, ?led 22 Jun. 2001; Us. Ser. No. 
09/929,769, ?led 14 Aug. 2001; Us. Ser. No. 09/938,418, 
?led 23 Aug. 2001; Us. Ser. No. 10/241,220, ?led 11 Sep. 
2002; Us. Ser. No. 10/331,496, ?led 30 Dec. 2002; Us. 
Ser. No. 10/125,166, ?led 17 Apr. 2002; Us. Ser. No. 
10/127,966, ?led 23 Apr. 2002; Us. Ser. No. 10/272,051, 
?led 16 Oct. 2002; Us. Ser. No. 60/299,500, ?led 20 Jun. 
2001; Us. Ser. No. 60/300,880, ?led 25 Jun. 2001; Us. Ser. 
No. 60/301,880, ?led 29 Jun. 2001; Us. Ser. No. 60/304, 
813, ?led 11 Jul. 2001; Us. Ser. No. 60/312,312, ?led 13 
Aug. 2001; Us. Ser. No. 60/314,280, ?led 22 Aug. 2001; 
Us. Ser. No. 60/323,268, ?led 18 Sep. 2001; Us. Ser. No. 
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60/339,227, ?led 19 Oct. 2001; Us. Ser. No. 60/336,827, 
?led 7 Nov. 2001; Us. Ser. No. 60/331,906, ?led 20 Nov. 
2001; Us. Ser. No. 60/354,444, ?led 2 Jan. 2002; Us. Ser. 
No. 60/351,885, ?led 25 Jan. 2002; Us. Ser. No. 60/360, 
066, ?led 25 Feb. 2002; Us. Ser. No. 60/362,004, ?led 5 
Mar. 2002; Us. Ser. No. 60/366,869, ?led 20 Mar. 2002; 
Us. Ser. No. 60/366,284, ?led 21 Mar. 2002; Us. Ser. No. 
60/368,679, ?led 28 Mar. 2002; Us. Ser. No. 60/369,724, 
?led 3 Apr. 2002; Us. Ser. No. 60/373,160, ?led 16 Apr. 
2002; Us. Ser. No. 60/378,885, ?led 8 May 2002; Us. Ser. 
No. 60/404,809, ?led 19 Aug. 2002; Us. Ser. No. 60/405, 
645, ?led 21 Aug. 2002; Us. Ser. No. 60/407,087, ?led 29 
Aug. 2002; Us. Ser. No. 60/413,192, ?led 23 Sep. 2002; 
Us. Ser. No. 60/419,008, ?led 15 Oct. 2002; Us. Ser. No. 
60/426,847, ?led 15 Nov. 2002; Us. Ser. No. 60/431,250, 
?led 6 Dec. 2002; Us. Ser. No. 60/437,344, ?led 31 Dec. 
2002, Us. Ser. No. 60/414,971, ?led 2 Oct. 2002, Us. Ser. 
No. 60/418,988, ?led 18 Oct. 2002 and Docket No. PR5035, 
?led 5 Feb. 2003. 

[0033] The term “antibody” as used Wherein includes 
monoclonal antibodies (including full length antibodies 
Which have an immunoglobulin Fc region), antibody com 
positions With polyepitopic speci?city, multispeci?c anti 
bodies (e.g., bispeci?c antibodies, diabodies, and single 
chain molecules, as Well as antibody fragments (e.g., Fab, 
F(ab')2, and Fv). The term “immunoglobulin” (lg) is used 
interchangeably With “antibody” herein. 

[0034] The basic 4-chain antibody unit is a heterotet 
rameric glycoprotein composed of tWo identical light (L) 
chains and tWo identical heavy (H) chains. An IgM antibody 
consists of 5 of the basic heterotetramer unit along With an 
additional polypeptide called a J chain, and contains 10 
antigen binding sites, While IgA antibodies comprise from 
2-5 of the basic 4-chain units Which can polymeriZe to form 
polyvalent assemblages in combination With the J chain. In 
the case of IgGs, the 4-chain unit is generally about 150,000 
daltons. Each L chain is linked to an H chain by one covalent 
disul?de bond, While the tWo H chains are linked to each 
other by one or more disul?de bonds depending on the H 
chain isotype. Each H and L chain also has regularly spaced 
intrachain disul?de bridges. Each H chain has at the N-ter 
minus, a variable domain (V H) folloWed by three constant 
domains (CH) for each of the 0t and y chains and four CH 
domains for p. and e isotypes. Each L chain has at the 
N-terminus, a variable domain (V L) folloWed by a constant 
domain at its other end. The VL is aligned With the VH and 
the CL is aligned With the ?rst constant domain of the heavy 
chain (CH1). Particular amino acid residues are believed to 
form an interface betWeen the light chain and heavy chain 
variable domains. The pairing of a VH and VL together forms 
a single antigen-binding site. For the structure and properties 
of the different classes of antibodies, see e.g., Basic and 
Clinical Immunology, 8th Edition, Daniel P. Sties, Abba I. 
Terr and Tristram G. ParsolW (eds), Appleton & Lange, 
NorWalk, Conn., 1994, page 71 and Chapter 6. 

[0035] The L chain from any vertebrate species can be 
assigned to one of tWo clearly distinct types, called kappa 
and lambda, based on the amino acid sequences of their 
constant domains. Depending on the amino acid sequence of 
the constant domain of their heavy chains (CH), immuno 
globulins can be assigned to different classes or isotypes. 
There are ?ve classes of immunoglobulins: IgA, IgD, IgE, 
IgG and IgM, having heavy chains designated 0t, 6, e, y and 
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u, respectively. The y and p. classes are further divided into 
subclasses on the basis of relatively minor dilferences in the 
CH sequence and function, e.g., humans express the folloW 
ing subclasses: IgG1, IgG2, IgG3, IgG4, IgA1 and IgA2. 

[0036] The term “variable” refers to the fact that certain 
segments of the variable domains dilfer extensively in 
sequence among antibodies. The V domain mediates antigen 
binding and de?nes the speci?city of a particular antibody 
for its particular antigen. HoWever, the variability is not 
evenly distributed across the entire span of the variable 
domains. Instead, the V regions consist of relatively invari 
ant stretches called framework regions (FRs) of about 15-30 
amino acid residues separated by shorter regions of extreme 
variability called “hypervariable regions” or sometimes 
“complementarity determining regions” (CDRs) that are 
each approximately 9-12 amino acid residues in length. The 
variable domains of native heavy and light chains each 
comprise four FRs, largely adopting a [3-sheet con?guration, 
connected by three hypervariable regions, Which form loops 
connecting, and in some cases forming part of, the [3-sheet 
structure. The hypervariable regions in each chain are held 
together in close proximity by the FRs and, With the hyper 
variable regions from the other chain, contribute to the 
formation of the antigen binding site of antibodies (see 
Kabat et al., Sequences of Proteins of Immunological Inter 
est, 5th Ed. Public Health Service, National Institutes of 
Health, Bethesda, Md. (1991). The constant domains are not 
involved directly in binding an antibody to an antigen, but 
exhibit various effector functions, such as participation of 
the antibody dependent cellular cytotoxicity (ADCC). 

[0037] The term “hypervariable region” (also knoWn as 
“complementarity determining regions” or CDRs) When 
used herein refers to the amino acid residues of an antibody 
Which are (usually three or four short regions of extreme 
sequence variability) Within the V-region domain of an 
immunoglobulin Which form the antigen-binding site and 
are the main determinants of antigen speci?city. There are at 
least tWo methods for identifying the CDR residues: (1) An 
approach based on cross-species sequence variability (i.e., 
Kabat et al., Sequences of Proteins of Immunological Inter 
est (National Institute of Health, Bethesda, M S 1991); and 
(2) An approach based on crystallographic studies of anti 
gen-antibody complexes (Chothia, C. et al., J. Mol. Biol. 
196: 901-917 (1987)). HoWever, to the extent that tWo 
residue identi?cation techniques de?ne regions of overlap 
ping, but not identical regions, they can be combined to 
de?ne a hybrid CDR. 

[0038] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical except for pos 
sible naturally occurring mutations and/or post-translation 
modi?cations (e.g., isomeriZations, amidations) that may be 
present in minor amounts. Monoclonal antibodies are highly 
speci?c, being directed against a single antigenic site. Fur 
thermore, in contrast to conventional (polyclonal) antibody 
preparations Which typically include different antibodies 
directed against di?cerent determinants (epitopes), each 
monoclonal antibody is directed against a single determinant 
on the antigen. In addition to their speci?city, the mono 
clonal antibodies are advantageous in that they are synthe 
siZed by the hybridoma culture, uncontaminated by other 
immunoglobulins. The modi?er “monoclonal” indicates the 
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character of the antibody as being obtained from a substan 
tially homogeneous population of antibodies, and is not to be 
construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies 
to be used in accordance With the present invention may be 
made by the hybridoma method ?rst described by Kohler et 
al., Nature, 256: 495 (1975), or may be made by recombi 
nant DNA methods (see, e.g., U.S. Pat. No. 4,816,567). The 
“monoclonal antibodies” may also be isolated from phage 
antibody libraries using the techniques described in Clack 
son et al., Nature, 352:624-628 (1991) and Marks et al., J. 
Mol. Biol., 222:581-597 (1991), for example. 

[0039] The monoclonal antibodies herein speci?cally 
include “chimeric” antibodies (immunoglobulins) in Which 
a portion of the heavy and/or light chain is identical With or 
homologous to corresponding sequences in antibodies 
derived from a particular species or belonging to a particular 
antibody class or subclass, While the remainder of the 
chain(s) is (are) identical With or homologous to correspond 
ing sequences in antibodies derived from another species or 
belonging to another antibody class or subclass, as Well as 
fragments of such antibodies, so long as they exhibit the 
desired biological activity (US. Pat. No. 4,816,567; Morri 
son et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). 
Chimeric antibodies of interest herein include “primitiZed” 
antibodies comprising variable domain antigen-binding 
sequences derived from a non-human primate (e.g., Old 
World Monkey, Ape etc.) and human content region 
sequences. 

[0040] An “intact” antibody is one Which comprises an 
antigen-binding site as Well as a CL and at least the heavy 
chain domains, CH1, CH2 and CH3. The constant domains 
may be native sequence constant domains (e.g., human 
native sequence constant domains) or amino acid sequence 
variants thereof. Preferably, the intact antibody has one or 
more e?cector functions. 

[0041] An “antibody fragment” comprises a portion of an 
intact antibody, preferably the antigen binding and/or the 
variable region of the intact antibody. Examples of antibody 
fragments include Fab, Fab‘, F(ab')2 and Fv fragments; 
diabodies; linear antibodies (see U.S. Pat. No. 5,641,870, 
Example 2; Zapata et al., Protein Eng. 8(10): 1057-1062 
[1995]); single-chain antibody molecules and multispeci?c 
antibodies formed from antibody fragments. 

[0042] Papain digestion of antibodies produced tWo iden 
tical antigen-binding fragments, called “Fab” fragments, and 
a residual “Fc” fragment, a designation re?ecting the ability 
to crystallize readily. The Fab fragment consists of an entire 
L chain along With the variable region domain of the H chain 
(V H), and the ?rst constant domain of one heavy chain 
(CH1). Each Fab fragment is monovalent With respect to 
antigen binding, i.e., it has a single antigen-binding site. 
Pepsin treatment of an antibody yields a single large F(ab')2 
fragment Which roughly corresponds to tWo disul?de linked 
Fab fragments having different antigen-binding activity and 
is still capable of cross-linking antigen. Fab' fragments dilfer 
from Fab fragments by having a feW additional residues at 
the carboxy terminus of the CH1 domain including one or 
more cysteines from the antibody hinge region. Fab'-SH is 
the designation herein for Fab' in Which the cysteine resi 
due(s) of the constant domains bear a free thiol group. 
F(ab')2 antibody fragments originally Were produced as pairs 
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of Fab' fragments Which have hinge cysteines between them. 
Other chemical couplings of antibody fragments are also 
knoWn. 

[0043] The Fc fragment comprises the carboxy-terrninal 
portions of both H chains held together by disul?des. The 
effector functions of antibodies are determined by sequences 
in the Fc region, the region Which is also recogniZed by Fc 
receptors (FcR) found on certain types of cells. 

[0044] “Fv” is the minimum antibody fragment Which 
contains a complete antigen-recognition and -binding site. 
This fragment consists of a dimer of one heavy- and one 
light-chain variable region domain in tight, non-covalent 
association. From the folding of these tWo domains emanate 
six hypervarible loops (3 loops each from the H and L chain) 
that contribute the amino acid residues for antigen binding 
and confer antigen binding speci?city to the antibody. HoW 
ever, even a single variable domain (or half of an Fv 
comprising only three CDRs speci?c for an antigen) has the 
ability to recogniZe and bind antigen, although at a loWer 
af?nity than the entire binding site. 

[0045] “Single-chain Fv” also abbreviated as “sFv” or 
“scFv” are antibody fragments that comprise the VH and VL 
antibody domains connected into a single polypeptide chain. 
Preferably, the sFv polypeptide further comprises a polypep 
tide linker betWeen the VH and VL domains Which enables 
the sFv to form the desired structure for antigen binding. For 
a revieW of the sFv, see Pluckthun in The Pharmacology of 
Monoclonal Antibodies, vol. 113, Rosenburg and Moore 
eds., Springer-Verlag, NeW York, pp. 269-315 (1994). 
[0046] The term “diabodies” refers to small antibody 
fragments prepared by constructing sFv fragments (see 
preceding paragraph) With short linkers (about 5-10) resi 
dues) betWeen the VH and VL domains such that inter-chain 
but not intra-chain pairing of the V domains is achieved, 
thereby resulting in a bivalent fragment, i.e., a fragment 
having tWo antigen-binding sites. Bispeci?c diabodies are 
heterodimers of tWo “crossover” sFv fragments in Which the 
VH and VL domains of the tWo antibodies are present on 
different polypeptide chains. Diabodies are described in 
greater detail in, for example, EP 404,097; W0 93/ 11161; 
Hollinger et al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 
(1993). 
[0047] An antibody that “speci?cally binds to” or is “spe 
ci?c for” a particular polypeptide or an epitope on a par 
ticular polypeptide is one that binds to that particular 
polypeptide or epitope on a particular polypeptide Without 
substantially binding to any other polypeptide or polypep 
tide epitope. 

[0048] The term “solid phase” describes a non-aqueous 
matrix to Which the antibody of the present invention can 
adhere. Examples of solid phases encompassed herein 
include those formed partially or entirely of glass (e.g., 
controlled pore glass), polysaccharides (e.g., agarose), poly 
acrylamides, polystyrene, polyvinyl alcohol and silicones. In 
certain embodiments, depending on the context, the solid 
phase can comprise the Well of an assay plate; in others it is 
a puri?cation column (e.g., an affinity chromotography 
column). This term also includes a discontinuous solid phase 
of discrete particles, such as those described in Us. Pat. No. 
4,275,149. 
[0049] “HumaniZed” forms of non-human (e.g., murine) 
antibodies are chimeric immunoglobulins, immunoglobulin 
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chains or fragments thereof (such as Fv, Fab, Fab‘, F(ab')2 or 
other antigen-binding subsequences of antibodies) of mostly 
human sequences, Which contain minimal sequence derived 
from non-human immunoglobulin. For the most part, 
humaniZed antibodies are human immunoglobulins (recipi 
ent antibody) in Which residues from a hypervariable region 
(also CDR) of the recipient are replaced by residues from a 
hypervariable region of a non-human species (donor anti 
body) such as mouse, rat or rabbit having the desired 
speci?city, af?nity, and capacity. In some instances, Fv 
frameWork region (FR) residues of the human immunoglo 
bulin are replaced by corresponding non-human residues. 
Furthermore, “humanized antibodies” as used herein may 
also comprise residues Which are found neither in the 
recipient antibody nor the donor antibody. These modi?ca 
tions are made to further re?ne and optimiZe antibody 
performance. The humaniZed antibody optimally also Will 
comprise at least a portion of an immunoglobulin constant 
region (Fc), typically that of a human immunoglobulin. For 
further details, see Jones et al., Nature, 321:522-525 (1986); 
Reichmann et al., Nature, 332:323-329 (1988); and Presta, 
Curr. Op. Struct. Biol, 21593-596 (1992). 

[0050] A “species-dependent antibody”, eg a mammalian 
anti-human lgE antibody, is an antibody Which has a stron 
ger binding af?nity for an antigen from a ?rst mammalian 
species than it has for a homologue of that antigen from a 
second mammalian species. Normally, the species-depen 
dent antibody “bind speci?cally” to a human antigen (i.e., 
has a7binding a?inity (Kd) value of no more than about 
1x10’ M, alternatively no more than about 1><10_8 M, 
alternatively no more than about 1><10_9 M) but has a 
binding affinity for a homologus of the antigen from a 
second non-human mammalian species Which is at least 
about 50 fold, at least about 500 fold, or at least about 1000 
fold, Waker than it binding affinity for the non-human 
antigen. The species-dependent antibody can be of any of 
the various types of antibodies as de?ned above, but pref 
erably is a humaniZed or human antibody. 

[0051] Antibody “effector functions” refer to those bio 
logical activities attributable to the Fc region (a native 
sequence Fc region or amino acid sequence variant Fc 
region) of an antibody, and vary With the antibody isotype. 
Examples of antibody effector functions include: C1q bind 
ing and complement dependent cytotoxicity; Fc receptor 
binding; antibody-dependent cell-mediated cytotoxicity 
(ADCC); phagocytosis; doWn regulation of cell surface 
receptors (e.g., B cell receptors); and B cell activation. 

[0052] “Antibody-dependent cell-mediated cytotoxicity” 
or ADCC refers to a form of cytotoxicity in Which secreted 
lg bound onto Fc receptors (FcRs) present on certain cyto 
toxic cells (e.g., natural killer (NK) cells, neutrophils and 
macrophages) enable these cytotoxic effector cells to bind 
speci?cally to an antigen-bearing target cell and subse 
quently kill the target cell With cytotoxins. The antibodies 
“arm” the cytotoxic cells and are required for killing of the 
target cell by this mechanism. The primary cells for medi 
ating ADCC, NK cells, express FcyRlll only, Whereas 
monocytes express FcyRl, FcyRll and FcyRlll. Fc expres 
sion on hematopoietic cells is summarized in Table 3 on 
page 464 of Ravetch and Kinet, Annu. Rev. Immunol. 9: 
457-92 (1991). To assess ADCC activity of a molecule of 
interest, an in vitro ACDD assay, such as that described in 
Us. Pat. No. 5,500,362 or 5,821,337 may be performed. 
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Useful effector cells for such assays include peripheral blood 
mononuclear cells (PBMC) and natural killer (NK) cells. 
Alternatively, or additionally, ADCC activity of the mol 
ecule of interest may be assessed in vivo, e.g., in an animal 
model such as that disclosed in Clynes et al., PNAS USA 
95:652-656 (1998). 

[0053] “Fc receptor” or “FcR” describes a receptor that 
binds to the Fc region of an antibody. The preferred FcR is 
a native sequence human FcR. Moreover, a preferred FcR is 
one Which binds an IgG antibody (a gamma receptor) and 
includes receptors of the FcyRI, FcyRII, and FcyRIII sub 
classes, including allelic variants and alternatively spliced 
forms of these receptors, FcyRII receptors include FcyRIIA 
(an “activating receptor”) and FcyRIIB (an “inhibiting 
receptor”), Which have similar amino acid sequences that 
differ primarily in the cytoplasmic domains thereof. Acti 
vating receptor FcyRIIA contains an immunoreceptor 
tyrosine-based activation motif (ITAM) in its cytoplasmic 
domain. Inhibiting receptor FcyRIIB contains an immunore 
ceptor tyrosine-based inhibition motif (ITIM) in its cyto 
plasmic domain. (see M. Daéron, Annu. Rev. Immunol. 
15:203-234 (1997). FcRs are revieWed in Ravetch and 
Kinet, Annu. Rev. Immunol. 9: 457-92 (1991); Capel et al., 
Immunomelhods 4: 25-34 (1994); and de Haas et al., J. Lab. 
Clin. Med. 126: 330-41 (1995). Other FcRs, including those 
to be identi?ed in the future, are encompassed by the term 
“FcR” herein. The term also includes the neonatal receptor, 
FcRn, Which is responsible for the transfer of maternal IgGs 
to the fetus. Guyer et al., J. Immunol. 117: 587 (1976) and 
Kim et al., J. Immunol. 24: 249 (1994). 

[0054] “Human effector cells” are leukocytes Which 
express one or more FcRs and perform effector functions. 
Preferably, the cells express at least FcyRIII and perform 
ADCC effector function. Examples of human leukocytes 
Which mediate ADCC include peripheral blood mono 
nuclear cells (PBMC), natural killer (NK) cells, monocytes, 
cytotoxic T cells and neutrophils, With PBMCs and MNK 
cells being preferred. The effector cells may be isolated from 
a native source, e.g., blood. 

[0055] “Complement dependent cytotoxicity” of “CDC” 
refers to the lysis of a target cell in the presence of 
complement. Activation of the classical complement path 
Way is initiated by the binding of the ?rst component of the 
complement system (C1q) to antibodies (of the appropriate 
subclass) Which are bound to their cognate antigen. To 
assess complement activation, a CDC assay, e.g., as 
described in GaZZano-Santoro et al., J Immunol. Methods 
202: 163 (1996), may be performed. 

[0056] “Isolated” When used to describe the various 
polypeptides and antibodies disclosed herein, means a 
polypeptide or antibody that has been identi?ed, separated 
and/or recovered from a component of its production envi 
ronment. Preferably, the isolated polypeptide is free of 
association With all other components from its production 
environment. Contaminant components of its production 
environment, such as that resulting from recombinant trans 
fected cells, are materials that Would typically interfere With 
diagnostic or therapeutic uses for the polypeptide, and may 
include enzymes, hormones, and other proteinaceous or 
non-proteinaceous solutes. In preferred embodiments, the 
polypeptide Will be puri?ed (1) to a degree su?icient to 
obtain at least 15 residues of N-terminal or internal amino 
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acid sequence by use of a spinning cup sequenator, or (2) to 
homogeneity by SDS-PAGE under non-reducing or reduc 
ing conditions using Coomassie blue or, preferably, silver 
stain. Ordinarily, hoWever, an isolated polypeptide or anti 
body Will be prepared by at least one puri?cation step. 

[0057] An “isolated” nucleic acid molecule encoding the 
polypeptides and antibodies herein is a nucleic acid mol 
ecule that is identi?ed and separated from at least one 
contaminant nucleic acid molecule With Which it is ordi 
narily associated in the environment in Which it Was pro 
duced. Preferably, the isolated nucleic acid is free of asso 
ciation With all components associated With the production 
environment. The isolated nucleic acid molecules encoding 
the polypeptides and antibodies herein is in a form other than 
in the form or setting in Which it is found in nature. Isolated 
nucleic acid molecules therefore are distinguished from 
nucleic acid encoding the polypeptides and antibodies herein 
existing naturally in cells. 

[0058] The term “control sequences” refers to DNA 
sequences necessary for the expression of an operably linked 
coding sequence in a particular host organism. The control 
sequences that are suitable for prokaryotes, for example, 
include a promoter, optionally an operator sequence, and a 
ribosome binding site. Eukaryotic cells are knoWn to utiliZe 
promoters, polyadenylation signals, and enhancers. 

[0059] Nucleic acid is “operably linked” When it is placed 
into a functional relationship With another nucleic acid 
sequence. For example, DNA for a presequence or secretory 
leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked 
to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans 
lation. Generally, “operably linked” means that the DNA 
sequences being linked are contiguous, and, in the case of a 
secretory leader, contiguous and in reading phase. HoWever, 
enhancers do not have to be contiguous. Linking is accom 
plished by ligation at convenient restriction sites. If such 
sites do not exist, the synthetic oligonucleotide adaptors or 
linkers are used in accordance With conventional practice. 

[0060] The term “epitope tagged” When used herein refers 
to a chimeric polypeptide comprising a polypeptide or 
antibody described herein fused to a “tag polypeptide”. The 
tag polypeptide has enough residues to provide an epitope 
against Which an antibody can be made, yet is short enough 
such that it does not interfere With activity of the polypeptide 
to Which it is fused. The tag polypeptide preferably also is 
fairly unique so that the antibody does not substantially 
cross-react With other epitopes. Suitable tag polypeptides 
generally have at least six amino acid residues and usually 
betWeen about 8 and 50 amino acid residues (preferably, 
betWeen about 10 and 20 amino acid residues). 

[0061] As used herein, the term “immunoadhesin” desig 
nates antibody-like molecules Which combine the binding 
speci?city of a heterologous protein (an “adhesin”) With the 
effector functions of immunoglobulin constant domains. 
Structurally, the immunoadhesins comprise a fusion of an 
amino acid sequence With the desired binding speci?city 
Which is other than the antigen recognition and binding site 
of an antibody (i.e., is “heterologous”), and an immunoglo 
bulin constant domain sequence. The adhesin part of an 
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immunoadhesin molecule typically is a contiguous amino 
acid sequence comprising at least the binding site of a 
receptor or a ligand. The immunoglobulin constant domain 
sequence in the immunoadhesin may be obtained from any 
immunoglobulin, such as lgG-l, lgG-2, lgG-3, or lgG-4 
subtypes, lgA (including lgA-l and lgA-2), lgE, lgD or 
lgM. The lg fusions preferably include the substitution of a 
domain of a polypeptide or antibody described herein in the 
place of at least one variable region Within an lg molecule. 
In a particularly preferred embodiment, the immunoglobulin 
fusion includes the hinge, CH2 and CH3, or the hinge, CH1, 
CH2 and CH3 regions of an lgG1 molecule. For the pro 
duction of immunoglobulin fusions see also US. Pat. No. 
5,428,130 issued Jun. 27, 1995. 

[0062] A “stable” formulation is one in Which the protein 
therein essentially retains its physical and chemical stability 
and integrity upon storage. Various analytical techniques for 
measuring protein stability are available in the art and are 
revieWed in Peptide and Protein Drug Delivery, 247-301, 
Vincent Lee Ed., Marcel Dekker, Inc., NeW York, N.Y., 
Pubs. (1991) and Jones, A. Adv. Drug Delivery Rev. 10: 
29-90 (1993). Stability can be measured at a selected tem 
perature for a selected time period. For rapid screening, the 
formulation may be kept at 400 C. for 2 Weeks to 1 month, 
at Which time stability is measured. Where the formulation 
is to be stored at 2-8° C., generally the formulation should 
be stable at 300 C. or 400 C. for at least 1 month and/or stable 
at 2-8° C. for at least 2 years. Where the formulation is to be 
stored at 300 C., generally the formulation should be stable 
for at least 2 years at 300 C. and/or stable at 400 C. for at 
least 6 months. For example, the extent of aggregation 
during storage can be used as an indicator of protein 
stability. Thus, a “stable” formulation may be one Wherein 
less than about 10% and preferably less than about 5% of the 
protein are present as an aggregate in the formulation. In 
other embodiments, any increase in aggregate formation 
during storage of the formulation can be determined. 

[0063] A “reconstituted” formulation is one Which has 
been prepared by dissolving a lyophiliZed protein or anti 
body formulation in a diluent such that the protein through 
out. The reconstituted formulation is suitable for adminis 
tration (e.g. parenteral administration) to a patient to be 
treated With the protein of interest and, in certain embodi 
ments of the invention, may be one Which is suitable for 
subcutaneous administration. 

[0064] An “isotonic” formulation is one Which has essen 
tially the same osmotic pressure as human blood. lsotonic 
formulations Will generally have an osmotic pressure from 
about 250 to 350 mOsm. The term “hypotonic” describes a 
formulation With an osmotic pressure beloW that of human 
blood. Correspondingly, the term “hypertonic” is used to 
describe a formulation With an osmotic pressure above that 
of human blood. lsotonicity can be measured using a vapor 
pressure or ice-freeZing type osmometer, for example. The 
formulations of the present invention are hypertonic as a 
result of the addition of salt and/or buffer. 

[0065] A “reconstituted” formulation is one Which has 
been prepared by dissolving a lyophiliZed protein formula 
tion in a diluent such that the protein is dispersed in the 
reconstituted formulation. The reconstituted formulation is 
suitable for administration (e. g. parenteral administration) to 
a patient to be treated With the protein of interest and, in 
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certain embodiments of the invention, may be one Which is 
suitable for subcutaneous administration. 

[0066] A “pharmaceutically acceptable acid” includes 
inorganic and organic acids Which are non toxic at the 
concentration and manner in Which they are formulated. For 
example, suitable inorganic acids include hydrochloric, per 
chloric, hydrobromic, hydroiodic, nitric, sulfuric, sulfonic, 
sul?nic, sulfanilic, phosphoric, carbonic, etc. Suitable 
organic acids include straight and branched-chain alkyl, 
aromatic, cyclic, cyloaliphatic, arylaliphatic, heterocyclic, 
saturated, unsaturated, mono, di- and tri-carboxylic, includ 
ing for example, formic, acetic, 2-hydroxyacetic, tri?uoro 
acetic, phenylacetic, trimethylacetic, t-butyl acetic, anthra 
nilic, propanoic, 2-hydroxypropanoic, 2-oxopropanoic, 
propandioic, cyclopentanepropionic, cyclopentane propi 
onic, 3-phenylpropionic, butanoic, butandioic, benZoic, 
3-(4-hydroxybenZoyl)benZoic, 2-acetoxy-benZoic, ascorbic, 
cinnamic, lauryl sulfuric, stearic, muconic, mandelic, suc 
cinic, embonic, fumaric, malic, maleic, hydroxymaleic, mal 
onic, lactic, citric, tartaric, glycolic, glyconic, gluconic, 
pyruvic, glyoxalic, oxalic, mesylic, succinic, salicylic, 
phthalic, palmoic, palmeic, thiocyanic, methanesulphonic, 
ethanesulphonic, 1,2-ethanedisulfonic, 2-hydroxyethane 
sulfonic, benZenesulphonic, 4-chorobenZenesulfonic, 
napthalene-2-sulphonic, p-toluenesulphonic, camphorsul 
phonic, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic, glu 
coheptonic, 4,4'-methylenebis-3 -(hydroxy-2-ene-1-car 
boxylic acid), hydroxynapthoic. 
[0067] "Pharrnaceutically-acceptable bases” include inor 
ganic and organic bases Were are non-toxic at the concen 
tration and manner in Which they are formulated. For 
example, suitable bases include those formed from inorganic 
base forming metals such as lithium, sodium, potassium, 
magnesium, calcium, ammonium, iron, Zinc, copper, man 
ganese, aluminum, N-methylglucamine, morpholine, piperi 
dine and organic nontoxic bases including, primary, second 
ary and tertiary amine, substituted amines, cyclic amines and 
basic ion exchange resins, [e.g., N(R')4+ (Where R' is inde 
pendently H or C1_4 alkyl, e.g., ammonium, Tris)], for 
example, isopropylamine, trimethylamine, diethylamine, tri 
ethylamine, tripropylamine, ethanolamine, 2-diethylamino 
ethanol, trimethamine, dicyclohexylamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, choline, betaine, 
ethylenediamine, glucosamine, methylglucamine, theobro 
mine, purines, piperaZine, piperidine, N-ethylpiperidine, 
polyamine resins and the like. Particularly preferred organic 
non-toxic bases are isopropylamine, diethylamine, ethano 
lamine, trimethamine, dicyclohexylamine, choline, and caf 
feine. 

[0068] Additional pharrnaceutically acceptable acids and 
bases useable With the present invention include those Which 
are derived from the amino acids, for example, histidine, 
glycine, phenylalanine, aspartic acid, glutamic acid, lysine 
and asparagine. 

[0069] “Pharmaceutically acceptable” buffers and salts 
include those derived from both acid and base addition salts 
of the above indicated acids and bases. Speci?c buffers and 
or salts include histidine, succinate and acetate. 

[0070] A “lyoprotectant” is a molecule Which, When com 
bined With a protein of interest, signi?cantly prevents or 
reduces chemical and/or physical instability of the protein 
upon lyophiliZation and subsequent storage. Exemplary lyo 
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protectants include sugars and their corresponding sugar 
alchohols; an amino acid such as monosodium glutamate or 
histidine; a methylamine such as betaine; a lyotropic salt 
such as magnesium sulfate; a polyol such as trihydric or 
higher molecular Weight sugar alcohols, e.g. glycerin, dex 
tran, erythritol, glycerol, arabitol, xylitol, sorbitol, and man 
nitol; propylene glycol; polyethylene glycol; Pluronics®; 
and combinations thereof. Additional exemplary lyopro 
tectants include glycerin and gelatin, and the sugars melli 
biose, meleZitose, raf?nose, mannotriose and stachyose. 
Examples of reducing sugars include glucose, maltose, 
lactose, maltulose, iso-maltulose and lactulose. Examples of 
non-reducing sugars include non-reducing glycosides of 
polyhydroxy compounds selected from sugar alcohols and 
other straight chain polyalcohols. Preferred sugar alcohols 
are monoglycosides, especially those compounds obtained 
by reduction of disaccharides such as lactose, maltose, 
lactulose and maltulose. The glycosidic side group can be 
either glucosidic or galactosidic. Additional examples of 
sugar alcohols are glucitol, maltitol, lactitol and iso-maltu 
lose. The preferred lyoprotectant are the non-reducing sug 
ars trehalose or sucrose. 

[0071] The lyoprotectant is added to the pre-lyophiliZed 
formulation in a “lyoprotecting amount” Which means that, 
folloWing lyophiliZation of the protein in the presence of the 
lyoprotecting amount of the lyoprotectant, the protein essen 
tially retains its physical and chemical stability and integrity 
upon lyophiliZation and storage. 

[0072] In preparing the reduced viscosity formulations of 
the invention, care should be taken using the above enu 
merated excipients as Well as other additives, especially 
When added at high concentration, so as to not increase the 
viscosity of the formulation. 

[0073] A “pharmaceutically acceptable sugar” is a mol 
ecule Which, When combined With a protein of interest, 
signi?cantly prevents or reduces chemical and/or physical 
instability of the protein upon storage. When the formulation 
is intended to be lyophiliZed and then reconstituted, “phar 
maceutically acceptable sugars” may also be knoWn as a 
“lyoprotectant”. Exemplary sugars and their corresponding 
sugar alcohols includes: an amino acid such as monosodium 
glutamate or histidine; a methylamine such as betaine; a 
lyotropic salt such as magnesium sulfate; a polyol such as 
trihydric or higher molecular Weight sugar alcohols, e.g. 
glycerin, dextran, erythritol, glycerol, arabitol, xylitol, sor 
bitol, and mannitol; propylene glycol; polyethylene glycol; 
Pluronics®; and combinations thereof. Additional exem 
plary lyoprotectants include glycerin and gelatin, and the 
sugars mellibiose, meleZitose, ra?inose, mannotriose and 
stachyose. Examples of reducing sugars include glucose, 
maltose, lactose, maltulose, iso-maltulose and lactulose. 
Examples of non-reducing sugars include non-reducing gly 
cosides of polyhydroxy compounds selected from sugar 
alcohols and other straight chain polyalcohols. Preferred 
sugar alcohols are monoglycosides, especially those com 
pounds obtained by reduction of disaccharides such as 
lactose, maltose, lactulose and maltulose. The glycosidic 
side group can be either glucosidic or galactosidic. Addi 
tional examples of sugar alcohols are glucitol, maltitol, 
lactitol and iso-maltulose. The preferred pharmaceutically 
acceptable sugars are the non-reducing sugars trehalose or 
sucrose. 
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[0074] Pharmaceutically acceptable sugars are added to 
the formulation in a “protecting amount” (e.g. pre-lyo 
philiZation) Which means that the protein essentially retains 
its physical and chemical stability and integrity during 
storage (e.g., after reconstitution and storage). 

[0075] The “diluent” of interest herein is one Which is 
pharmaceutically acceptable (safe and non-toxic for admin 
istration to a human) and is useful for the preparation of a 
liquid formulation, such as a formulation reconstituted after 
lyophiliZation. Exemplary diluents include sterile Water, 
bacteriostatic Water for injection (BWFI, a pH buffered 
solution (e.g. phosphate-buffered saline), sterile saline solu 
tion, Ringer’s solution or dextrose solution. In an alternative 
embodiment, diluents can include aqueous solutions of salts 
and/or buffers. 

[0076] A “preservative” is a compound Which can be 
added to the formulations herein to reduce bacterial activity. 
The addition of a preservative may, for example, facilitate 
the production of a multi-use (multiple-dose) formulation. 
Examples of potential preservatives include octadecyldim 
ethylbenZyl ammonium chloride, hexamethonium chloride, 
benZalkonium chloride (a mixture of alkylbenZyldimethy 
lammonium chlorides in Which the alkyl groups are long 
chain compounds), and benZethonium chloride. Other types 
of preservatives include aromatic alcohols such as phenol, 
butyl and benZyl alcohol, alkyl parabens such as methyl or 
propyl paraben, catechol, resorcinol, cyclohexanol, 3-pen 
tanol, and m-cresol. The most preferred preservative herein 
is benZyl alcohol. 

[0077] “Treatment” refers to both therapeutic treatment 
and prophylactic or preventative measures. Those in need of 
treatment include those already With the disorder as Well as 
those in Which the disorder is to be prevented. 

[0078] “Mammal” for purposes of treatment refers to any 
animal classi?ed as a mammal, including humans, domestic 
and farm animals, and ZOO, sports, or pet animals, such as 
dogs, horses, rabbits, cattle, pigs, hamsters, gerbils, mice, 
ferrets, rats, cats, etc. Preferably, the mammal is human. 

[0079] A “disorder” is any condition that Would bene?t 
from treatment With the protein. This includes chronic and 
acute disorders or diseases including those pathological 
conditions Which predispose the mammal to the disorder in 
question. Non-limiting examples of disorders to be treated 
herein include carcinomas and allergies. 

[0080] A “therapeutically effective amount” is at least the 
minimum concentration required to effect a measurable 
improvement or prevention of a particular disorder. Thera 
peutically e?fective amounts of knoWn proteins are Well 
knoWn in the art, While the effective amounts of proteins 
hereinafter discovered may be determined by standard tech 
niques Which are Well Within the skill of a skilled artisan, 
such as an ordinary physician. 

[0081] “Viscosity” as used herein may be “kinematic 
viscosity” or “absolute viscosity.”“Kinematic viscosity” is a 
measure of the resistive ?oW of a ?uid under the in?uence 
of gravity. When tWo ?uids of equal volume are placed in 
identical capillary viscometers and alloWed to ?oW by 
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gravity, a viscous ?uid takes longer than a less viscous ?uid 
to ?oW through the capillary. If one ?uid takes 200 seconds 
to complete its ?oW and another ?uid takes 400 seconds, the 
second ?uid is tWice as viscous as the ?rst on a kinematic 
viscosity scale. “Absolute viscosity”, sometimes called 
dynamic or simple viscosity, is the product of kinematic 
viscosity and ?uid density: 

Absolute Viscosity=Kinematic ViscosityxDensity 

The dimension of kinematic viscosity is L2/T Where L is a 
length and T is a time. Commonly, kinematic viscosity is 
expressed in centistokes (cSt). The SI unit of kinematic 
viscosity is mm2/s, Which is 1 cSt. Absolute viscosity is 
expressed in units of centipoise (cP). The SI unit of absolute 
viscosity is the millipascal-second (mPa-s), Where 1 cP=1 
mPa-s. 

[0082] An “antihistamine” as used herein is an agent that 
antagonizes the physiological effect of histamine. The bind 
ing of histamine to its receptors, H1 and H2 results in the 
characteristic allergic symptoms and effects or itching, red 
ness, sWelling etc. Many antihistamines act by blocking the 
binding of histamine to its receptors, H1, H2; hoWever 
others are believed to operate by inhibiting the release of 
histamine. Examples of antihistamines are chlorphe 
niramine, diphenhydramine, promethazine, cromolyn 
sodium, astemizole, azatadine maleate, bropheniramine 
maleate, carbinoxamine maleate, cetirizine hydrochloride, 
clemastine fumarate, cyproheptadine hydrochloride, dex 
brompheniramine maleate, dexchlorpheniramine maleate, 
dimenhydrinate, diphenhydramine hydrochloride, doxy 
lamine succinate, fexofendadine hydrochloride, terphena 
dine hydrochloride, hydroxyzine hydrochloride, loratidine, 
meclizine hydrochloride, tripelannamine citrate, tripelen 
namine hydrochloride, triprolidine hydrochloride. 

[0083] A “bronchodilator” as used herein, describes agents 
that antagonizes or reverses bronchoconstriction, a physi 
ological event that occurs typically in early phase asthmatic 
reactions resulting in decreased lung capacity and shortness 
of breadth. Example bronchodilators include epinephrine, a 
broad acting alpha and beta-adrenergic, and the beta-adren 
ergics albuterol, pirbuterol, metaproterenol, salmeterol, and 
isoetharine. Bronchodilation can also be achieved through 
administration of xanthines, including aminophylline and 
theophylline. 

[0084] A “glucocorticoid” as used herein describes steroi 
dal based agents having anti-in?ammatory activity. Gluco 
corticoid are commonly used to attenuate late phase asth 
matic reaction. Example glucocorticoids include, 
prednisone, beclomethasone dipropionate, triamcinolone 
acetonide, ?unisolide, betamethasone, budesonide, dexam 
ethasone, ?udrocortisone acetate, ?unisolide, ?uticasone 
propionate, hydrocortisone, methylprednisolone, predniso 
lone, prednisone and triamcinolone. 

[0085] A “non-steroidal anti-in?ammatory drug” or 
“NSAID”, as used herein describes agents having anti 
in?ammatory activity that are not steroidal based. Example 
NSAID’s include acetaminophen, aspirin, bromfenac 
sodium, diclofenac sodium, di?unisal, etodolac, fenoprofen 
calcium, ?urbiprofen, ibuprofen, indomethacin, ketoprofen, 
meclofenamate sodium, mefenamic acid, nabumetone, 
naproxen, naproxen sodium, oxyphenbutazone, phenylbut 
zone, piroxicam, sulindac, tolmetin sodium. 
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II. Modes for Carrying out the Invention 

[0086] A. Polypeptide and Antibody Preparation 

[0087] The folloWing description relates primarily to pro 
duction of the polypeptides or antibodies described herein 
by culturing cells transformed or transfected With a vector 
containing nucleic acid encoding the same and puri?cation 
of the resulting protein or antibody. It is, of course, contem 
plated that alternative methods, Which are Well knoWn in the 
art, may be employed to prepare such polypeptides or 
antibodies. For instance, such sequences, or portions thereof, 
may be produced by direct peptide synthesis using solid 
phase techniques [see, e.g., Stewart et al., Solid-Phase 
Peptide Synthesis, W.H. Freeman Co., San Francisco, Calif. 
(1969); Merri?eld, J. Am. Chem. Soc, 85:2149-2154 
(1963)]. In vitro protein synthesis may be performed using 
manual techniques or by automation. Automated synthesis 
may be accomplished, for instance, using an Applied Bio 
systems Peptide Synthesizer (Foster City, Calif.) using 
manufacturer’s instructions. Various portions of the proteins 
or antibodies described herein may be chemically synthe 
sized separately and combined using chemical or enzymatic 
methods. 

[0088] 1. Isolation of DNA Encoding the Proteins 
Described herein 

[0089] DNA encoding the proteins described herein may 
be obtained from a cDNA library prepared from tissue 
believed to possess the corresponding mRNA and to express 
it at a detectable level. Accordingly, such human protein 
encoding DNA can be conveniently obtained from a cDNA 
library prepared from human tissue, such as described in the 
Examples. The protein-encoding gene may also be obtained 
from a genomic library or by knoWn synthetic procedures 
(e.g., automated nucleic acid synthesis). 

[0090] Libraries can be screened With probes (such as 
oligonucleotides of at least about 20-80 bases) designed to 
identify the gene of interest. Screening the cDNA or 
genomic library With the selected probe may be conducted 
using standard procedures, such as described in Sambrook et 
al., Molecular Cloning: A Laboratory Manual (NeW York: 
Cold Spring Harbor Laboratory Press, 1989). An alternative 
means to isolate the gene encoding the desired gene is to use 
PCR methodology [Sambrook et al., supra; Dielfenbach et 
al., PCR Primer: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press, 1995)]. 

[0091] The Examples beloW describe techniques for 
screening a cDNA library. The oligonucleotide sequences 
selected as probes should be of su?icient length and su?i 
ciently unambiguous that false positives are minimized. The 
oligonucleotide is preferably labeled such that it can be 
detected upon hybridization to DNA in the library being 
screened. Methods of labeling are Well knoWn in the art, and 
include the use of radiolabels like 32P-labeled ATP, biotiny 
lation or enzyme labeling. Hybridization conditions, includ 
ing moderate stringency and high stringency, are provided in 
Sambrook et al., supra. 

[0092] Sequences identi?ed in such library screening 
methods can be compared and aligned to other knoWn 
sequences deposited and available in public databases such 
as Genbank or other private sequence databases. Sequence 
identity (at either the amino acid or nucleotide level) Within 
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de?ned regions of the molecule or across the full-length 
sequence can be determined using methods knoWn in the art 
and as described herein. 

[0093] Nucleic acid having protein coding sequence may 
be obtained by screening selected cDNA or genomic librar 
ies using the deduced amino acid sequence disclosed herein 
for the ?rst time, and, if necessary, using conventional 
primer extension procedures as described in Sambrook et al., 
supra, to detect precursors and processing intermediates of 
mRNA that may not have been reverse-transcribed into 
cDNA. 

[0094] 2. Selection and Transformation of Host Cells 

[0095] Host cells are transfected or transformed With 
expression or cloning vectors containing the proteins or 
antibodies described herein for production and cultured in 
conventional nutrient media modi?ed as appropriate for 
inducing promoters, selecting transforrnants, or amplifying 
the genes encoding the desired sequences. The culture 
conditions, such as media, temperature, pH and the like, can 
be selected by the skilled artisan Without undue experimen 
tation. In general, principles, protocols, and practical tech 
niques for maximizing the productivity of cell cultures can 
be found in Mammalian Cell Biotechnology: A Practical 
Approach, M. Butler, ed. (IRL Press, 1991) and Sambrook 
et al., supra. 

[0096] Methods of eukaryotic cell transfection and 
prokaryotic cell transformation are knoWn to the ordinarily 
skilled artisan, for example, CaCl2, CaPO4, liposome-me 
diated and electroporation. Depending on the host cell used, 
transformation is performed using standard techniques 
appropriate to such cells. The calcium treatment employing 
calcium chloride, as described in Sambrook et al., supra, or 
electroporation is generally used for prokaryotes. Infection 
With Agrobacterium tumefaciens is used for transformation 
of certain plant cells, as described by ShaW et al., Gene, 
231315 (1983) and WO 89/05859 published 29 Jun. 1989. 
For mammalian cells Without such cell Walls, the calcium 
phosphate precipitation method of Graham and van der Eb, 
I/irology, 521456-457 (1978) can be employed. General 
aspects of mammalian cell host system transfections have 
been described in US. Pat. No. 4,399,216. Transformations 
into yeast are typically carried out according to the method 
ofVan Solingen et al., J. Bact., 1301946 (1977) and Hsiao et 
al., Proc. Natl. Acad. Sci. (USA), 7613829 (1979). HoWever, 
other methods for introducing DNA into cells, such as by 
nuclear microinjection, electroporation, bacterial protoplast 
fusion With intact cells, or polycations, e.g., polybrene, 
polyornithine, may also be used. For various techniques for 
transforming mammalian cells, see KeoWn et al., Methods in 
Enzymology, 1851527-537 (1990) and Mansour et al., 
Nature, 3361348-352 (1988). 

[0097] Suitable host cells for cloning or expressing the 
DNA in the vectors herein include prokaryote, yeast, or 
higher eukaryote cells. Suitable prokaryotes include but are 
not limited to eubacteria, such as Gram-negative or Gram 
positive organisms, for example, Enterobacteriaceae such as 
E. coli. Various E. coli strains are publicly available, such as 
E. coli K12 strain MM294 (ATCC 31,446); E. coli X1776 
(ATCC 31,537); E. coli strain W3110 (ATCC 27,325) and 
K5 772 (ATCC 53,635). Other suitable prokaryotic host 
cells include Enterobacteriaceae such as Escherichia, e.g., 
E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmo 

Mar. 8, 2007 

nella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia 
marcescans, and Shigella, as Well as Bacilli such as B. 

subtilis and B. licheniformis (e.g., B. licheniformis 41P 
disclosed in DD 266,710 published 12 Apr. 1989), 
Pseudomonas such as P. aeruginosa, and Streptomyces. 
These examples are illustrative rather than limiting. Strain 
W3110 is one particularly preferred host or parent host 
because it is a common host strain for recombinant DNA 
product fermentations. Preferably, the host cell secretes 
minimal amounts of proteolytic enZymes. For example, 
strain W3110 may be modi?ed to effect a genetic mutation 
in the genes encoding proteins endogenous to the host, With 
examples of such hosts including E. coli W3110 strain 1A2, 
Which has the complete genotype tonA; E. coli W3110 strain 
9E4, Which has the complete genotype tonA ptr3; E. coli 
W3110 strain 27C7 (ATCC 55,244), Which has the complete 
genotype tonA ptr3 phoA E15 (argF-lac)169 degP ompT 
kanr; E. coli W3110 strain 37D6, Which has the complete 
genotype tonA ptr3 phoA E15 (argF-lac)169 degP ompT 
rbs7 ilvG kanr; E. coli W3110 strain 40B4, Which is strain 
37D6 With a non-kanamycin resistant degP deletion muta 
tion; and an E. coli strain having mutant periplasmic pro 
tease disclosed in US. Pat. No. 4,946,783 issued 7 Aug. 
1990. Alternatively, in vitro methods of cloning, e.g., PCR 
or other nucleic acid polymerase reactions, are suitable. 

[0098] In addition to prokaryotes, eukaryotic microbes 
such as ?lamentous fungi or yeast are suitable cloning or 
expression hosts for vectors encoding the proteins or anti 
bodies described herein. Saccharomyces cerevisiae is a 
commonly used loWer eukaryotic host microorganism. Oth 
ers include Schizosaccharomyces pombe (Beach and Nurse, 
Nature, 2901140 [1981]; EP 139,383 published 2 May 
1985); Kluyveromyces hosts (US. Pat. No. 4,943,529; Fleer 
et al., Bio/Technology, 91968-975 (1991)) such as, e.g., K. 
lactis (MW98-8C, CBS683, CBS4574; Louvencourt et al., 
J. Bacteriol., 154(2): 737-42 [1983]), K. fragilis (ATCC 
12,424), K. bulgaricus (ATCC 16,045), K. wickeramii 
(ATCC 24,178), K. waltii (ATCC 56,500), K. drosophilarum 
(ATCC 36,906; Van den Berg et al., Bio/Technology, 81135 
(1990)), K. thermotolerans, and K. marxianus; yarrowia (EP 
402,226); Pichia pastoris (EP 183,070; Sreekrishna et al., J. 
Basic Microbiol, 281265-278 [1988]); Candida; Tricho 
derma reesia (EP 244,234); Neurospora crassa (Case et al., 
Proc. Natl. Acad. Sci. USA, 7615259-5263 [1979]); Schwan 
niomyces such as Schwanniomyces occidentalis (EP 394,538 
published 31 Oct. 1990); and ?lamentous fungi such as, e.g., 
Neurospora, Penicillium, Tolypocladium (WO 91/00357 
published 10 Jan. 1991), and Aspergillus hosts such as A. 
nidulans (Ballance et al., Biochem. Biophys. Res. Commun, 
1121284-289 [1983]; Tilbum et al., Gene, 261205-221 
[1983]; Yelton et al., Proc. Natl. Acad. Sci. USA, 811 
1470-1474 [1984]) and A. niger (Kelly and Hynes, EMBO 
J., 41475-479 [1985]). Methylotropic yeasts are suitable 
herein and include, but are not limited to, yeast capable of 
groWth on methanol selected from the genera consisting of 
Hansenula, Candida, Kloeckera, Pichia, Saccharomyces, 
Torulopsis, and Rhodotorula. A list of speci?c species that 
are exemplary of this class of yeasts may be found in C. 
Anthony, The Biochemistry ofMethylotrophs, 269 (1982). 
[0099] Suitable host cells for the expression of glycosy 
lated form of the polypeptides and antibodies described 
herein are derived from multicellular organisms. Examples 
of invertebrate cells include insect cells such as Drosophila 
S2 and Spodoptera Sf9, as Well as plant cells. Examples of 
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useful mammalian host cell lines include Chinese hamster 
ovary (CHO) and COS cells. More speci?c examples 
include monkey kidney CV1 line transformed by SV40 
(COS-7, ATCC CRL 1651); human embryonic kidney line 
(293 or 293 cells subcloned for growth in suspension 
culture, Graham et al., J. Gen I/irol, 36:59 (1977)); Chinese 
hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, 
Proc. Natl. Acad. Sci. USA, 77:4216 (1980)); mouse sertoli 
cells (TM4, Mather, Biol. Reproal, 23:243-251 (1980)); 
human lung cells (W138, ATCC CCL 75); human liver cells 
(Hep G2, HB 8065); and mouse mammary tumor (MMT 
060562, ATCC CCL51). The selection of the appropriate 
host cell is deemed to be Within the skill in the art. 

[0100] 3. Selection and Use of a Replicable Vector 

[0101] The nucleic acid (e.g., cDNA or genomic DNA) 
encoding the polypeptides and antibodies described herein 
may be inserted into a replicable vector for cloning (ampli 
?cation of the DNA) or for expression. Various vectors are 
publicly available. The vector may, for example, be in the 
form of a plasmid, cosmid, viral particle, or phage. The 
appropriate nucleic acid sequence may be inserted into the 
vector by a variety of procedures. In general, DNA is 
inserted into an appropriate restriction endonuclease site(s) 
using techniques knoWn in the art. Vector components 
generally include, but are not limited to, one or more of a 
signal sequence, an origin of replication, one or more marker 
genes, an enhancer element, a promoter, and a transcription 
termination sequence. Construction of suitable vectors con 
taining one or more of these components employs standard 
ligation techniques Which are knoWn to the skilled artisan. 

[0102] Recombinant production of the polypeptides or 
antibodies may be accomplished not only directly, but also 
as a fusion polypeptide With a heterologous polypeptide. The 
heterologous portion may be a signal sequence or other 
polypeptide having a speci?c cleavage site at the N-terminus 
of the mature protein or polypeptide. In general, the signal 
sequence may be a component of the vector, or it may be a 
part of the DNA encoding the polypeptide or antibody that 
is inserted into the vector. The signal sequence may be a 
prokaryotic signal sequence selected, for example, from the 
group of the alkaline phosphatase, penicillinase, lpp, or 
heat-stable enterotoxin II leaders. For yeast secretion the 
signal sequence may be, e.g., the yeast invertase leader, 
alpha factor leader (including Saccharomyces and Kluyvero 
myces ot-factor leaders, the latter described in US. Pat. No. 
5,010,182), or acid phosphatase leader, the C. albicans 
glucoamylase leader (EP 362,179 published 4 Apr. 1990), or 
the signal described in WO 90/13646 published 15 Nov. 
1990. In mammalian cell expression, mammalian signal 
sequences may be used to direct secretion of the protein, 
such as signal sequences from secreted polypeptides of the 
same or related species, as Well as viral secretory leaders. 

[0103] Both expression and cloning vectors contain a 
nucleic acid sequence that enables the vector to replicate in 
one or more selected host cells. Such sequences are Well 
knoWn for a variety of bacteria, yeast, and viruses. The 
origin of replication from the plasmid pBR322 is suitable for 
most Gram-negative bacteria, the 2p. plasmid origin is suit 
able for yeast, and various viral origins (SV40, polyoma, 
adenovirus, VSV or BPV) are useful for cloning vectors in 
mammalian cells. 

[0104] Expression and cloning vectors Will typically con 
tain a selection gene, also termed a selectable marker. 
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Typical selection genes encode proteins that (a) confer 
resistance to antibiotics or other toxins, e.g., ampicillin, 
neomycin, methotrexate, or tetracycline, (b) complement 
auxotrophic de?ciencies, or (c) supply critical nutrients not 
available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

[0105] An example of suitable selectable markers for 
mammalian cells are those that enable the identi?cation of 
cells competent to take up the DNA sequence encoding the 
polypeptides or antibodies described herein, such as DHFR 
or thymidine kinase. An appropriate host cell When Wild 
type DHFR is employed is the CHO cell line de?cient in 
DHFR activity, prepared and propagated as described by 
Urlaub et al., Proc. Natl. Acad. Sci. USA, 77:4216 (1980). A 
suitable selection gene for use in yeast is the trp1 gene 
present in the yeast plasmid YRp7 [Stinchcomb et al., 
Nature, 282:39 (1979); Kingsman et al., Gene, 7:141 (1979); 
Tschemper et al., Gene, 10:157 (1980)]. The trp1 gene 
provides a selection marker for a mutant strain of yeast 
lacking the ability to groW in tryptophan, for example, 
ATCC No. 44076 or PEP4-1 [Jones, Genetics, 85:12 
(1977)]. 
[0106] Expression and cloning vectors usually contain a 
promoter operably linked to the such DNA sequences to 
direct mRNA synthesis. Promoters recogniZed by a variety 
of potential host cells are Well knoWn. Promoters suitable for 
use With prokaryotic hosts include the [3-lactamase and 
lactose promoter systems [Chang et al., Nature, 275:615 
(1978); Goeddel et al., Nature, 281:544 (1979)], alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel, 
Nucleic Acids Res., 8:4057 (1980); EP 36,776], and hybrid 
promoters such as the tac promoter [deBoer et al., Proc. 
Natl. Acad. Sci. USA, 80:21-25 (1983)]. Promoters for use in 
bacterial systems also Will contain a Shine-Dalgamo (S.D.) 
sequence operably linked to such DNA sequences. 

[0107] Examples of suitable promoting sequences for use 
With yeast hosts include the promoters for 3-phosphoglyc 
erate kinase [HitZeman et al., J. Biol. Chem, 255:2073 
(1980)] or other glycolytic enZymes [Hess et al., J. Adv. 
Enzyme Reg, 7:149 (1968); Holland, Biochemistry, 17:4900 
(1978)], such as enolase, glyceraldehyde-3-phosphate dehy 
drogenase, hexokinase, pyruvate decarboxylase, phosphof 
ructokinase, glucose-6-phosphate isomerase, 3-phospho 
glycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. 

[0108] Other yeast promoters, Which are inducible pro 
moters having the additional advantage of transcription 
controlled by groWth conditions, are the promoter regions 
for alcohol dehydrogenase 2, isocytochrome C, acid phos 
phatase, degradative enZymes associated With nitrogen 
metabolism, metallothionein, glyceraldehyde-3-phosphate 
dehydrogenase, and enZymes responsible for maltose and 
galactose utiliZation. Suitable vectors and promoters for use 
in yeast expression are further described in EP 73,657. 

[0109] Transcription from vectors in mammalian host 
cells may be controlled, for example, by promoters obtained 
from the genomes of viruses such as polyoma virus, foWlpox 
virus (UK 2,211,504 published 5 Jul. 1989), adenovirus 
(such as Adenovirus 2), bovine papilloma virus, avian 
sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B 
virus and Simian Virus 40 (SV40), from heterologous mam 
malian promoters, e.g., the actin promoter or an immuno 
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globulin promoter, and from heat-shock promoters, provided 
such promoters are compatible With the host cell systems. 

[0110] Transcription of nucleic acid encoding the polypep 
tides or antibodies herein by higher eukaryotes may be 
increased by inserting an enhancer sequence into the vector. 
Enhancers are cis-acting elements of DNA, usually about 
from 10 to 300 bp, that act on a promoter to increase its 
transcription. Many enhancer sequences are noW knoWn 
from mammalian genes (globin, elastase, albumin, ot-feto 
protein, and insulin). Typically, hoWever, one Will use an 
enhancer from a eukaryotic cell virus. Examples include the 
SV40 enhancer on the late side of the replication origin (bp 
100-270), the cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, 
and adenovirus enhancers. The enhancer may be spliced into 
the vector at a position 5' or 3' to the coding sequence, but 
is preferably located at a site 5' from the promoter. 

[0111] Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal, human, or nucleated cells 
from other multicellular organisms) Will also contain 
sequences necessary for the termination of transcription and 
for stabilizing the mRNA. Such sequences are commonly 
available from the 5' and, occasionally 3', untranslated 
regions of eukaryotic or viral DNAs or cDNAs. These 
regions contain nucleotide segments transcribed as polyade 
nylated fragments in the untranslated portion of the mRNA 
encoding the polypeptides or antibodies described herein. 

[0112] Still other methods, vectors, and host cells suitable 
for adaptation to the synthesis of the polypeptide or anti 
bodies described herein in recombinant vertebrate cell cul 
ture are described in Gething et al., Nature, 293:620-625 
(1981); Mantei et al., Nature, 281 :40-46 (1979); EP 117,060; 
and EP 117,058. 

[0113] 4. Detecting Gene Ampli?cation/Expression 

[0114] Gene ampli?cation and/or expression may be mea 
sured in a sample directly, for example, by conventional 
Southern blotting, Northern blotting to quantitate the tran 
scription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA, 
77:5201-5205 (1980)], dot blotting (DNA analysis), or in 
situ hybridization, using an appropriately labeled probe, 
based on the sequences provided herein. Alternatively, anti 
bodies may be employed that can recognize speci?c 
duplexes, including DNA duplexes, RNA duplexes, and 
DNA-RNA hybrid duplexes or DNA-protein duplexes. The 
antibodies in turn may be labeled and the assay may be 
carried out Where the duplex is bound to a surface, so that 
upon the formation of duplex on the surface, the presence of 
antibody bound to the duplex can be detected. 

[0115] Gene expression, alternatively, may be measured 
by immunological methods, such as immunohistochemical 
staining of cells or tissue sections and assay of cell culture 
or body ?uids, to quantitate directly the expression of gene 
product. Antibodies useful for immunohistochemical stain 
ing and/or assay of sample ?uids may be either monoclonal 
or polyclonal, and may be prepared in any mammal. Con 
veniently, the antibodies may be prepared against the 
polypeptides described herein or against a synthetic peptide 
based on the DNA sequences provided herein or against 
exogenous sequence fused to DNA encoding such polypep 
tides and antibodies and encoding a speci?c antibody 
epitope. 
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[0116] 5. Puri?cation of Polypeptide 

[0117] Forms of may be recovered from culture medium 
or from host cell lysates. If membrane-bound, it can be 
released from the membrane using a suitable detergent 
solution (e.g. Triton-X 100) or by enzymatic cleavage. Cells 
employed in expression of the polypeptides or antibodies 
described herein can be disrupted by various physical or 
chemical means, such as freeze-thaW cycling, sonication, 
mechanical disruption, or cell lysing agents. 

[0118] It may be desired to purify the polypeptides or 
antibodies described herein from recombinant cell proteins 
or other polypeptides. The folloWing procedures are exem 
plary of suitable puri?cation procedures: by fractionation on 
an ion-exchange column; ethanol precipitation; reverse 
phase HPLC; chromatography on silica or on a cation 
exchange resin such as DEAE; chromatofocusing; SDS 
PAGE; ammonium sulfate precipitation; gel ?ltration using, 
for example, Sephadex G-75; protein A Sepharose columns 
to remove contaminants such as IgG; and metal chelating 
columns to bind epitope-tagged forms of the polypeptide or 
antibody. Various methods of protein puri?cation may be 
employed and such methods are knoWn in the art and 
described for example in Deutscher, Methods in Enzymol 
ogy, 182 (1990); Scopes, Protein Puri?cation: Principles 
and Practice, Springer-Verlag, NeW York (1982). The puri 
?cation step(s) selected Will depend, for example, on the 
nature of the production process used and the particular 
polypeptide or antibody produced. 

[0119] B. Antibody Preparation 

[0120] In certain embodiments of the invention, the pro 
tein of choice is an antibody. Techniques for the production 
of antibodies, including polyclonal, monoclonal, human 
ized, bispeci?c and heteroconjugate antibodies folloW. 

[0121] 1) Polyclonal Antibodies. 

[0122] Polyclonal antibodies are generally raised in ani 
mals by multiple subcutaneous (sc) or intraperitoneal (ip) 
injections of the relevant antigen and an adjuvant. It may be 
useful to conjugate the relevant antigen to a protein that is 
immunogenic in the species to be immunized, e.g., keyhole 
limpet hemocyanin (KLH), serum albumin, bovine thyro 
globulin, or soybean trypsin inhibitor, using a bifunctional or 
derivatizing agent, e. g., maleimidobenzoyl sulfosuccinimide 
ester (conjugation through cysteine residues), N-hydrox 
ysuccinimide (through lysien residues), glutaraldehyde, suc 
cinic anhydride, SOCl2, or RlN=C=NR, Where R and R1 
are independently loWer alkyl groups. Examples of adju 
vants Which may be employed include Freund’s complete 
adjuvant and MPL-TDM adjuvant (monophosphoryl Lipid 
A, synthetic trehalose dicorynomycolate). The immuniza 
tion protocol may be selected by one skilled in the art 
Without undue experimentation. 

[0123] The animals are immunized against the antigen, 
immunogenic conjugates, or derivatives by combining, e.g., 
100 pg or 5 pg or the protein or conjugate (for rabbits or 
mice, respectively) With 3 volumes of Freund’s complete 
adjuvant and injecting the solution intradermally at multiple 
sites. One month later, the animals are boosted With 1/5 to 1/10 
the original amount of peptide or conjugate in Freund’s 
complete adjuvant by subcutaneous injection at multiple 
sites. Seven to fourteen days later, the animals are bled and 
the serum is assayed for antibody titer. Animals are boosted 


























































