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ABSTRACT 

A method for purifying proteins by Protein A chromatogra 
phy is described Which comprises the steps of: (a) adsorbing 
the protein to Protein A immobilized on a solid phase 
comprising silica or glass; (b) removing contaminants bound 
to the solid phase by Washing the solid phase With a 
hydrophobic electrolyte solvent; and (c) recovering the 
protein from the solid phase. 
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PROTEIN PURIFICATION 

[0001] This is a continuation of application Ser. No. 
09/964,216, ?led on Sep. 26, 2001, Which is a continuation 
of application Ser. No. 09/587,820, ?led on Jun. 6, 2000 
(now US. Pat. No. 6,333,398 issued Dec. 25, 2001), Which 
is a continuation of application Ser. No. 08/995,048, ?led on 
Nov. 20, 1997 (now US. Pat. No. 6,127,526 issued Oct. 3, 
2000), Which is a non-provisional application ?led under 37 
CFR 1.53(b)(1), claiming priority under USC Section 119(e) 
to provisional Application Serial No. 60/031,500, ?led on 
Nov. 27, 1996, the contents of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to protein puri? 
cation. In particular, the invention relates to a method for 
purifying CH2/CH3 region-containing proteins, such as anti 
bodies and immunoadhesins, by Protein A af?nity chroma 
tography. 
[0004] 2. Description of Related Art 

[0005] The large-scale, economic puri?cation of proteins 
is increasingly an important problem for the biotechnology 
industry. Generally, proteins are produced by cell culture, 
using either mammalian or bacterial cell lines engineered to 
produce the protein of interest by insertion of a recombinant 
plasmid containing the gene for that protein. Since the cell 
lines used are living organisms, they must be fed With a 
complex groWth medium, containing sugars, amino acids, 
and groWth factors, usually supplied from preparations of 
animal serum. Separation of the desired protein from the 
mixture of compounds fed to the cells and from the by 
products of the cells themselves to a purity suf?cient for use 
as a human therapeutic poses a formidable challenge. 

[0006] Procedures for puri?cation of proteins from cell 
debris initially depend on the site of expression of the 
protein. Some proteins can be caused to be secreted directly 
from the cell into the surrounding groWth media; others are 
made intracellularly. For the latter proteins, the ?rst step of 
a puri?cation process involves lysis of the cell, Which can be 
done by a variety of methods, including mechanical shear, 
osmotic shock, or enZymatic treatments. Such disruption 
releases the entire contents of the cell into the homogenate, 
and in addition produces subcellular fragments that are 
dif?cult to remove due to their small siZe. These are gener 
ally removed by differential centrifugation or by ?ltration. 
The same problem arises, although on a smaller scale, With 
directly secreted proteins due to the natural death of cells 
and release of intracellular host cell proteins in the course of 
the protein production run. 

[0007] Once a clari?ed solution containing the protein of 
interest has been obtained, its separation from the other 
proteins produced by the cell is usually attempted using a 
combination of different chromatography techniques. These 
techniques separate mixtures of proteins on the basis of their 
charge, degree of hydrophobicity, or siZe. Several different 
chromatography resins are available for each of these tech 
niques, alloWing accurate tailoring of the puri?cation 
scheme to the particular protein involved. The essence of 
each of these separation methods is that proteins can be 
caused either to move at different rates doWn a long column, 
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achieving a physical separation that increases as they pass 
further doWn the column, or to adhere selectively to the 
separation medium, being then differentially eluted by dif 
ferent solvents. In some cases, the desired protein is sepa 
rated from impurities When the impurities speci?cally 
adhere to the column, and the protein of interest does not, 
that is, the protein of interest is present in the “How 
through.” 
[0008] Af?nity chromatography, Which exploits a speci?c 
interaction betWeen the protein to be puri?ed and an immo 
biliZed capture agent, may also be an option for some 
proteins. Protein A is a useful adsorbent for af?nity chro 
matography of proteins, such as antibodies, Which contain 
an Fc region. Protein A is a 41 kD cell Wall protein from 
Staphylococcus aureas Which binds With a high af?nity 
(about 10'8 M to human IgG) to the Fc region of antibodies. 

SUMMARY OF THE INVENTION 

[0009] A problem associated With Protein A chromatog 
raphy of contaminated protein preparations has been iden 
ti?ed herein. In particular, it has been observed that in 
Protein Achromatography using a glass or silica surface for 
adsorbing the Protein A (e.g. Where the Protein A is immo 
biliZed on a controlled pore glass column or a silicic acid 
column), contaminants in the protein preparation (such as 
Chinese Hamster Ovary proteins (CHOP), Where the protein 
preparation is derived from a CHO cell) adhere to the glass 
or silica surface of the solid phase. This Was found to occur 
even When the solid phase is coated With a reagent (such as 
glycerol) in an attempt to prevent nonspeci?c adherence 
thereto. An intermediate Wash step has been devised herein 
Which addresses this problem. This Wash step serves to 
remove the contaminants, but not the immobiliZed Protein A 
or the protein of interest bound to the Protein A, from the 
solid phase. In particular, it has been found that hydrophobic 
electrolytes, e.g., tetramethylammonium chloride (TMAC) 
and tetraethylammonium chloride (TEAC), can be used in 
this intermediate Wash step. 

[0010] Accordingly, the invention provides a method for 
purifying a protein, Which comprises a CH2/CH3 region, 
from a contaminated solution thereof by Protein A chroma 
tography comprising the folloWing steps performed sequen 
tially: (a) adsorbing the protein to Protein AimmobiliZed on 
a solid phase comprising silica or glass; (b) removing 
contaminants bound to the solid phase by Washing the solid 
phase With a hydrophobic electrolyte solvent; and (c) recov 
ering the protein from the solid phase. 

[0011] In preferred embodiments, the protein is an anti 
body (eg an anti-HER2, anti-IgE or anti-CD20 antibody) or 
an immunoadhesin (eg a TNF receptor immunoadhesin). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0012] De?nitions: 

[0013] When used herein, the term “Protein A” encom 
passes Protein A recovered from a native source thereof, 
Protein A produced synthetically (eg by peptide synthesis 
or by recombinant techniques), and variants thereof Which 
retain the ability to bind proteins Which have a CH2/CH3 
region. Protein A can be purchased commercially from 
Repligen, Pharmacia and Fermatech. 
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[0014] The Protein A is immobilized on a solid phase. By 
“solid phase” is meant a non-aqueous matrix to Which the 
Protein A can adhere. The solid phase of interest herein is 
one Which comprises a glass or silica surface. The solid 
phase may be a puri?cation column or a discontinuous phase 
of discrete particles. In preferred embodiments, the solid 
phase is a controlled pore glass column or a silicic acid 
column. In certain embodiments, the solid phase is coated 
With a reagent (such as glycerol) Which is intended to 
prevent nonspeci?c adherence of contaminants to the solid 
phase. 

[0015] The protein of interest herein is one Which com 
prises a CH2/CH3 region and therefore is amenable to 
puri?cation by Protein A chromatography. The term “CH2/ 
CH3 region” When used herein refers to those amino acid 
residues in the Fc region of an immunoglobulin molecule 
Which interact With Protein A. In preferred embodiments, the 
CH2/CH3 region comprises an intact CH2 region folloWed by 
an intact CH3 region, and most preferably comprises a Fc 
region of an immunoglobulin. Examples of CH2/CH3 
region-containing proteins include antibodies, immunoad 
hesins and fusion proteins comprising a protein of interest 
fused to, or conjugated With, a CH2/CH3 region. 

[0016] The “intermediate Wash step” is a step performed 
after the protein of interest is loaded on the solid phase and 
adsorbed to the Protein A, but before the protein is recovered 
from the column. The intermediate Wash step serves to 
remove contaminants nonspeci?cally bound to the solid 
phase, Without signi?cantly eluting the protein of interest 
from the solid phase. In the intermediate Wash step, the solid 
phase is Washed With a hydrophobic electrolyte solvent (eg 
the hydrophobic electrolyte solvent is passed through the 
Protein A column, Where the solid phase is a column). 

[0017] The “hydrophobic electrolyte solvent” in the inter 
mediate Wash step is that Which is able to elute contaminants 
bound to the solid phase, Without signi?cantly eluting the 
immobiliZed Protein A or the protein of interest adsorbed 
thereto. Preferably the hydrophobic electrolyte solvent is an 
aqueous carrier (eg a buffer) comprising one or more 
hydrophobic electrolytes. Examples of hydrophobic electro 
lytes include the alkylamines; tetramethylammonium chlo 
ride (TMAC), tetraethylammonium chloride (TEAC), tetra 
propylammonium chloride and tetrabutylammonium 
chloride. 

[0018] A “buffer” is a buffered solution that resists 
changes in pH by the action of its acid-base conjugate 
components. The “equilibration buffer” herein is that used to 
prepare the solid phase (With immobiliZed Protein A) for 
loading the protein of interest. The equilibration buffer is 
preferably isotonic and commonly has a pH in the range 
from about 6 to about 8. The equilibration buffer of the 
example Was 25 mM Tris, 25 mM NaCl, 5 mM EDTA, pH 
7.1. The “loading buffer” is that Which is used to load the 
mixture of the CH2/CH3 region-containing protein and con 
taminants onto the solid phase to Which the Protein A is 
immobiliZed. Often, the equilibration and loading buffers are 
the same. The “elution buffer” is used to elute the CH2/CH3 
region-containing protein from the immobiliZed Protein A. 
Preferably the elution buffer has a loW pH and thereby 
disrupts interactions betWeen Protein A and the protein of 
interest. Preferably, the loW pH elution buffer has a pH in the 
range from about 2 to about 5, most preferably in the range 
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from about 3 to about 4. Examples of buffers that Will 
control the pH Within this range include phosphate, acetate, 
citrate and ammonium buffers, as Well as combinations of 
these. The preferred such buffers are citrate and acetate 
buffers, most preferably sodium citrate or sodium acetate 
buffers. Other elution buffers are contemplated including 
high pH buffers (eg those having a pH of 9 or more) or 
buffers comprising a compound or composition such as 
MgCl2 (2 mM) for eluting the protein of interest. 

[0019] The term “antibody” is used in the broadest sense 
and speci?cally covers monoclonal antibodies (including 
full length monoclonal antibodies), polyclonal antibodies, 
multispeci?c antibodies (e.g., bispeci?c antibodies), and 
antibody fragments so long as they retain, or are modi?ed to 
comprise, a CH2/CH3 region as herein de?ned. 

[0020] “Antibody fragments” comprise a portion of a full 
length antibody, generally the antigen binding or variable 
region thereof. Examples of antibody fragments include Fab, 
Fab‘, F(ab‘)2, and Fv fragments; single-chain antibody mol 
ecules; diabodies; linear antibodies; and multispeci?c anti 
bodies formed from antibody fragments. 

[0021] 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 that may be present in 
minor amounts. Monoclonal antibodies are highly speci?c, 
being directed against a single antigenic site. Furthermore, 
in contrast to conventional (polyclonal) antibody prepara 
tions Which typically include different antibodies directed 
against different determinants (epitopes), each monoclonal 
antibody is directed against a single determinant on the 
antigen. The modi?er “monoclonal” indicates the character 
of the antibody as being obtained from a substantially 
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 recombinant 
DNA methods (see, e.g., US. 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. 

[0022] 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 identical With or homologous to corresponding 
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; and 
Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 

(1984)). 
[0023] The term “hypervariable region” When used herein 
refers to the amino acid residues of an antibody Which are 
responsible for antigen-binding. The hypervariable region 
comprises amino acid residues from a “complementarity 
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determining region” or “CDR” (i.e. residues 24-34 (L1), 
50-5 6 (L2) and 89-97 (L3) in the light chain variable domain 
and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy 
chain variable domain; Kabat et al., Sequences of Proteins of 
Immunological Interest, 5th Ed. Public Health Service, 
National Institutes of Health, Bethesda, Md. (1991)) and/or 
those residues from a “hypervariable loop” (i.e. residues 
26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain 
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 
(H3) in the heavy chain variable domain; Chothia and Lesk 
J. Mol. Biol. 196:901-917 (1987)). “Framework” or “FR” 
residues are those variable domain residues other than the 
hypervariable region residues as herein de?ned. 

[0024] “HumaniZed” forms of non-human (e.g., murine) 
antibodies are chimeric antibodies Which contain minimal 
sequence derived from non-human immunoglobulin. For the 
most part, humaniZed antibodies are human immunoglobu 
lins (recipient antibody) in Which hypervariable region resi 
dues of the recipient are replaced by hypervariable region 
residues from a non-human species (donor antibody) such as 
mouse, rat, rabbit or nonhuman primate 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 may comprise residues 
Which are not found in the recipient antibody or in the donor 
antibody. These modi?cations are made to further re?ne 
antibody performance. In general, the humaniZed antibody 
Will comprise substantially all of at least one, and typically 
tWo, variable domains, in Which all or substantially all of the 
hypervariable loops correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin sequence. The 
humaniZed antibody optionally also Will comprise at least a 
portion of an immunoglobulin constant region (Fc), typi 
cally that of a human immunoglobulin. For further details, 
see Jones et al., Nature 321:522-525 (1986); Riechmann et 
al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. 
Biol. 2:593-596 (1992). 

[0025] As used herein, the term “immunoadhesin” desig 
nates antibody-like molecules Which combine the “binding 
domain” of a heterologous “adhesin” protein (eg a receptor, 
ligand or enZyme) With the effector functions of an immu 
noglobulin constant domain. Structurally, the immunoad 
hesins comprise a fusion of the adhesin amino acid sequence 
With the desired binding speci?city Which is other than the 
antigen recognition and binding site (antigen combining 
site) of an antibody (ie is “heterologous”) and an immu 
noglobulin constant domain sequence. The immunoglobulin 
constant domain sequence in the immunoadhesin is prefer 
ably derived from y1, y2, or y4 heavy chains since immu 
noadhesins comprising these regions can be puri?ed by 
Protein A chromatography (Lindmark et al., J. Immunol. 
Meth. 6211-13 (1983)). 

[0026] The term “ligand binding domain” as used herein 
refers to any native cell-surface receptor or any region or 
derivative thereof retaining at least a qualitative ligand 
binding of a corresponding native receptor. In a speci?c 
embodiment, the receptor is from a cell-surface polypeptide 
having an extracellular domain Which is homologous to a 
member of the immunoglobulin supergenefamily. Other 
receptors, Which are not members of the immunoglobulin 
supergenefamily but are nonetheless speci?cally covered by 
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this de?nition, are receptors for cytokines, and in particular 
receptors With tyrosine kinase activity (receptor tyrosine 
kinases), members of the hematopoietin and nerve groWth 
factor receptor superfamilies, and cell adhesion molecules, 
e.g. (E-, L- and P-) selectins. 

[0027] The term “receptor binding domain” is used to 
designate any native ligand for a receptor, including cell 
adhesion molecules, or any region or derivative of such 
native ligand retaining at least a qualitative receptor binding 
ability of a corresponding native ligand. This de?nition, 
among others, speci?cally includes binding sequences from 
ligands for the above-mentioned receptors. 

[0028] An “antibody-immunoadhesin chimera” comprises 
a molecule Which combines at least one binding domain of 
an antibody (as herein de?ned) With at least one immunoad 
hesin (as de?ned in this application). Exemplary antibody 
immunoadhesin chimeras are the bispeci?c CD4-IgG chi 
meras described in Berg et al., PNAS (USA) 88:4723-4727 
(1991) and ChamoW et al., J. Immunol. 153:4268 (1994). 

Modes for Carrying Out the Invention 

[0029] The process herein involves purifying a CH2/CH3 
region-containing protein from contaminants by Protein A 
chromatography. In preferred embodiments, the protein to 
be puri?ed using Protein A chromatography is an antibody, 
an immunoadhesin or a protein fused to, or conjugated With, 
a CH2/CH3 region. Techniques for generating such mol 
ecules Will be discussed beloW. 

[0030] 1. Antibodies 

[0031] Antigen Selection and Preparation 

[0032] The antibody herein is directed against an antigen 
of interest. Preferably, the antigen is a biologically important 
polypeptide and administration of the antibody to a mammal 
suffering from a disease or disorder can result in a thera 
peutic bene?t in that mammal. HoWever, antibodies directed 
against nonpolypeptide antigens (such as tumor-associated 
glycolipid antigens; see US. Pat. No. 5,091,178) are also 
contemplated. Where the antigen is a polypeptide, it may be 
a transmembrane molecule (e.g. receptor) or ligand such as 
a groWth factor. Exemplary antigens include those proteins 
described in section (3) beloW. Preferred molecular targets 
for antibodies encompassed by the present invention include 
CD proteins such as CD3, CD4, CD8, CD19, CD20 and 
CD34; members of the ErbB receptor family such as the 
EGF receptor, HER2, HER3 or HER4 receptor; cell adhe 
sion molecules such as LFA-1, Mac1, p150,95, VLA-4, 
ICAM-1, VCAM and (xv/[33 integrin including either otor [3 
subunits thereof (eg anti-CD11a, anti-CD18 or anti-CD11b 
antibodies); groWth factors such as VEGF; IgE; blood group 
antigens; ?k2/?t3 receptor; obesity (OB) receptor; mpl 
receptor; CTLA-4; protein C etc. 

[0033] Soluble antigens or fragments thereof, optionally 
conjugated to other molecules, can be used as immunogens 
for generating antibodies. For transmembrane molecules, 
such as receptors, fragments of these (eg the extracellular 
domain of a receptor) can be used as the immunogen. 
Alternatively, cells expressing the transmembrane molecule 
can be used as the immunogen. Such cells can be derived 
from a natural source (eg cancer cell lines) or may be cells 
Which have been transformed by recombinant techniques to 
express the transmembrane molecule. 
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[0034] Other antigens and forms thereof useful for pre 
paring antibodies Will be apparent to those in the art. 

[0035] (ii) Polyclonal Antibodies 

[0036] Polyclonal antibodies are preferably 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 antigen to a protein that is immu 
nogenic in the species to be immunized, e. g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or soy 
bean trypsin inhibitor using a bifunctional or derivatiZing 
agent, for example, maleimidobenZoyl sulfosuccinimide 
ester (conjugation through cysteine residues), N-hydrox 
ysuccinimide (through lysine residues), glutaraldehyde, suc 
cinic anhydride, SOCl2, or R1N=C=NR, Where R and R1 
are different alkyl groups. 

[0037] Animals are immuniZed against the antigen, immu 
nogenic conjugates, or derivatives by combining, e.g., 100 
pig or 5 pig of 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 antigen or conjugate in Freund’s com 
plete adjuvant by subcutaneous injection at multiple sites. 
Seven to 14 days later the animals are bled and the serum is 
assayed for antibody titer. Animals are boosted until the titer 
plateaus. Preferably, the animal is boosted With the conju 
gate of the same antigen, but conjugated to a different 
protein and/or through a different cross-linking reagent. 
Conjugates also can be made in recombinant cell culture as 
protein fusions. Also, aggregating agents such as alum are 
suitably used to enhance the immune response. 

[0038] (iii) Monoclonal Antibodies 

[0039] Monoclonal antibodies may be made using the 
hybridoma method ?rst described by Kohler et al., Nature, 
256:495 (1975), or may be made by recombinant DNA 
methods (US. Pat. No. 4,816,567). 

[0040] In the hybridoma method, a mouse or other appro 
priate host animal, such as a hamster or macaque monkey, is 
immuniZed as hereinabove described to elicit lymphocytes 
that produce or are capable of producing antibodies that Will 
speci?cally bind to the protein used for immuniZation. 
Alternatively, lymphocytes may be immuniZed in vitro. 
Lymphocytes then are fused With myeloma cells using a 
suitable fusing agent, such as polyethylene glycol, to form a 
hybridoma cell (Goding, Monoclonal Antibodies: Principles 
and Practice, pp.59-103 (Academic Press, 1986)). 

[0041] The hybridoma cells thus prepared are seeded and 
groWn in a suitable culture medium that preferably contains 
one or more substances that inhibit the groWth or survival of 
the unfused, parental myeloma cells. For example, if the 
parental myeloma cells lack the enZyme hypoxanthine gua 
nine phosphoribosyl transferase (HGPRT or HPRT), the 
culture medium for the hybridomas typically Will include 
hypoxanthine, aminopterin, and thymidine (HAT medium), 
Which substances prevent the groWth of HGPRT-de?cient 
cells. 

[0042] Preferred myeloma cells are those that fuse effi 
ciently, support stable high-level production of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. Among these, preferred 
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myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 and MPC-11 mouse tumors avail 
able from the Salk Institute Cell Distribution Center, San 
Diego, Calif. USA, and SP-2 or X63-Ag8-653 cells avail 
able from the American Type Culture Collection, Rockville, 
Md. USA. Human myeloma and mouse-human heteromy 
eloma cell lines also have been described for the production 
of human monoclonal antibodies (KoZbor, J. Immunol, 
133:3001 (1984); Brodeur et al., Monoclonal Antibody Pr0 
duction Techniques and Applications, pp. 51-63 (Marcel 
Dekker, Inc., NeW York, 1987)). 
[0043] Culture medium in Which hybridoma cells are 
groWing is assayed for production of monoclonal antibodies 
directed against the antigen. Preferably, the binding speci 
?city of monoclonal antibodies produced by hybridoma cells 
is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enZyme 
linked immunoabsorbent assay (ELISA). 

[0044] After hybridoma cells are identi?ed that produce 
antibodies of the desired speci?city, af?nity, and/or activity, 
the clones may be subcloned by limiting dilution procedures 
and groWn by standard methods (Goding, Monoclonal Anti 
bodies." Principles and Practice, pp.59-103 (Academic 
Press, 1986)). Suitable culture media for this purpose 
include, for example, D-MEM or RPMI-1640 medium. In 
addition, the hybridoma cells may be groWn in vivo as 
ascites tumors in an animal. 

[0045] The monoclonal antibodies secreted by the sub 
clones are suitably separated from the culture medium, 
ascites ?uid, or serum by conventional immunoglobulin 
puri?cation procedures such as, for example, Protein A 
SEPHAROSETM, hydroxylapatite chromatography, gel elec 
trophoresis, dialysis, or af?nity chromatography. Preferably 
the Protein Achromatography procedure described herein is 
used. 

[0046] DNA encoding the monoclonal antibodies is 
readily isolated and sequenced using conventional proce 
dures (e.g., by using oligonucleotide probes that are capable 
of binding speci?cally to genes encoding the heavy and light 
chains of the monoclonal antibodies). The hybridoma cells 
serve as a preferred source of such DNA. Once isolated, the 
DNA may be placed into expression vectors, Which are then 
transfected into host cells such as E. coli cells, simian COS 
cells, Chinese hamster ovary (CHO) cells, or myeloma cells 
that do not otherWise produce immunoglobulin protein, to 
obtain the synthesis of monoclonal antibodies in the recom 
binant host cells. 

[0047] The DNA also may be modi?ed, for example, by 
substituting the coding sequence for human heavy- and 
light-chain constant domains in place of the homologous 
murine sequences (US. Pat. No. 4,816,567; Morrison, et al., 
Proc. Natl Acad. Sci. USA, 81:6851 (1984)), or by 
covalently joining to the immunoglobulin coding sequence 
all or part of the coding sequence for a non-immunoglobulin 
polypeptide. 
[0048] Typically such non-immunoglobulin polypeptides 
are substituted for the constant domains of an antibody, or 
they are substituted for the variable domains of one antigen 
combining site of an antibody to create a chimeric bivalent 
antibody comprising one antigen-combining site having 
speci?city for an antigen and another antigen-combining site 
having speci?city for a different antigen. 
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[0049] In a further embodiment, monoclonal antibodies 
can be isolated from antibody phage libraries generated 
using the techniques described in McCafferty et al., Nature, 
348:552-554 (1990). Clackson et al., Nature, 352:624-628 
(1991) and Marks et al., J. Mol. Biol, 222:581-597 (1991) 
describe the isolation of murine and human antibodies, 
respectively, using phage libraries. Subsequent publications 
describe the production of high affinity (nM range) human 
antibodies by chain shuf?ing (Marks et al., Bio/Technology, 
10:779-783 (1992)), as Well as combinatorial infection and 
in vivo recombination as a strategy for constructing very 
large phage libraries (Waterhouse et al., Nuc. Acids. Res., 
21:2265-2266 (1993)). Thus, these techniques are viable 
alternatives to traditional hybridoma techniques for isolation 
of monoclonal antibodies. 

[0050] (iv) HumaniZed and Human Antibodies 

[0051] AhumaniZed antibody has one or more amino acid 
residues introduced into it from a source Which is non 
human. These non-human amino acid residues are often 
referred to as “import” residues, Which are typically taken 
from an “import” variable domain. HumaniZation can be 
essentially performed folloWing the method of Winter and 
co-Workers (Jones et al., Nature, 321:522-525 (1986); 
Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et 
al., Science, 239:1534-1536 (1988)), by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such “humanized” antibod 
ies are chimeric antibodies (US. Pat. No. 4,816,567) 
Wherein substantially less than an intact human variable 
domain has been substituted by the corresponding sequence 
from a non-human species. In practice, humaniZed antibod 
ies are typically human antibodies in Which some CDR 
residues and possibly some FR residues are substituted by 
residues from analogous sites in rodent antibodies. 

[0052] The choice of human variable domains, both light 
and heavy, to be used in making the humaniZed antibodies 
is very important to reduce antigenicity. According to the 
so-called “best-?t” method, the sequence of the variable 
domain of a rodent antibody is screened against the entire 
library of knoWn human variable-domain sequences. The 
human sequence Which is closest to that of the rodent is then 
accepted as the human FR for the humaniZed antibody (Sims 
et al., J. Immunol, 151:2296 (1993)). Another method uses 
a particular frameWork derived from the consensus sequence 
of all human antibodies of a particular subgroup of light or 
heavy chains. The same frameWork may be used for several 
different humaniZed antibodies (Carter et al., Proc. Natl. 
Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immunol, 
151:2623 (1993)). 

[0053] It is further important that antibodies be humaniZed 
With retention of high affinity for the antigen and other 
favorable biological properties. To achieve this goal, accord 
ing to a preferred method, humaniZed antibodies are pre 
pared by a process of analysis of the parental sequences and 
various conceptual humaniZed products using three-dimen 
sional models of the parental and humaniZed sequences. 
Three-dimensional immunoglobulin models are commonly 
available and are familiar to those skilled in the art. Com 
puter programs are available Which illustrate and display 
probable three-dimensional conformational structures of 
selected candidate immunoglobulin sequences. Inspection 
of these displays permits analysis of the likely role of the 
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residues in the functioning of the candidate immunoglobulin 
sequence, i.e., the analysis of residues that in?uence the 
ability of the candidate immunoglobulin to bind its antigen. 
In this Way, FR residues can be selected and combined from 
the recipient and import sequences so that the desired 
antibody characteristic, such as increased affinity for the 
target antigen(s), is achieved. In general, the CDR residues 
are directly and most substantially involved in in?uencing 
antigen binding. 

[0054] Alternatively, it is noW possible to produce trans 
genic animals (e.g., mice) that are capable, upon immuni 
Zation, of producing a full repertoire of human antibodies in 
the absence of endogenous immunoglobulin production. For 
eXample, it has been described that the homoZygous deletion 
of the antibody heavy-chain joining region (JH) gene in 
chimeric and germ-line mutant mice results in complete 
inhibition of endogenous antibody production. Transfer of 
the human germ-line immunoglobulin gene array in such 
germ-line mutant mice Will result in the production of 
human antibodies upon antigen challenge. See, e.g., Jakobo 
vits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); 
Jakobovits et al., Nature, 362:255-258 (1993); Bruggermann 
et al., Year in Immuna, 7:33 (1993); and Duchosal et al. 
Nature 355:258 (1992). Human antibodies can also be 
derived from phage-display libraries (Hoogenboom et al., J. 
Mol. Biol, 227:381 (1991); Marks et al., J. Mol. Biol, 
222:581-597 (1991); Vaughan et al. Nature Biotech 14:309 
(1996)). 
[0055] (v) Antibody Fragments 

[0056] Various techniques have been developed for the 
production of antibody fragments. Traditionally, these frag 
ments Were derived via proteolytic digestion of intact anti 
bodies (see, e.g., Morimoto et al., Journal of Biochemical 
and Biophysical Methods 24:107-117 (1992) and Brennan et 
al., Science, 229181 (1985)). HoWever, these fragments can 
noW be produced directly by recombinant host cells. For 
eXample, the antibody fragments can be isolated from the 
antibody phage libraries discussed above. Alternatively, 
Fab‘-SH fragments can be directly recovered from E. coli 
and chemically coupled to form F(ab‘)2 fragments (Carter et 
al., Bio/Technology 10:163-167 (1992)). According to 
another approach, F(ab‘)2 fragments can be isolated directly 
from recombinant host cell culture. Other techniques for the 
production of antibody fragments Will be apparent to the 
skilled practitioner. In other embodiments, the antibody of 
choice is a single chain Fv fragment (scFv). See W0 
93/ 16185. 

[0057] (vi) Multispeci?c Antibodies 

[0058] Multispeci?c antibodies have binding speci?cities 
for at least tWo different antigens. While such molecules 
normally Will only bind tWo antigens (i.e. bispeci?c anti 
bodies, BsAbs), antibodies With additional speci?cities such 
as trispeci?c antibodies are encompassed by this expression 
When used herein. 

[0059] Methods for making bispeci?c antibodies are 
knoWn in the art. Traditional production of full length 
bispeci?c antibodies is based on the coeXpression of tWo 
immunoglobulin heavy chain-light chain pairs, Where the 
tWo chains have different speci?cities (Millstein et al., 
Nature, 305:537-539 (1983)). Because of the random assort 
ment of immunoglobulin heavy and light chains, these 
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hybridomas (quadromas) produce a potential mixture of 10 
different antibody molecules, of Which only one has the 
correct bispeci?c structure. Puri?cation of the correct mol 
ecule, Which is usually done by affinity chromatography 
steps, is rather cumbersome, and the product yields are loW. 
Similar procedures are disclosed in WO 93/08829, and in 
Traunecker et al., EMBO J., 10:3655-3659 (1991). 

[0060] According to another approach described in 
WO96/27011, the interface betWeen a pair of antibody 
molecules can be engineered to maximiZe the percentage of 
heterodimers Which are recovered from recombinant cell 
culture. The preferred interface comprises at least a part of 
the CH3 domain of an antibody constant domain. In this 
method, one or more small amino acid side chains from the 
interface of the ?rst antibody molecule are replaced With 
larger side chains (e.g. tyrosine or tryptophan). Compensa 
tory “cavities” of identical or similar siZe to the large side 
chain(s) are created on the interface of the second antibody 
molecule by replacing large amino acid side chains With 
smaller ones (eg alanine or threonine). This provides a 
mechanism for increasing the yield of the heterodimer over 
other unWanted end-products such as homodimers. 

[0061] Bispeci?c antibodies include cross-linked or “het 
eroconjugate” antibodies. For example, one of the antibodies 
in the heteroconjugate can be coupled to avidin, the other to 
biotin. Such antibodies have, for example, been proposed to 
target immune system cells to unWanted cells (US. Pat. No. 
4,676,980), and for treatment of HIV infection (WO 
91/00360, WO 92/200373, and EP 03089). Heteroconjugate 
antibodies may be made using any convenient cross-linking 
methods. Suitable cross-linking agents are Well knoWn in the 
art, and are disclosed in US. Pat. No. 4,676,980, along With 
a number of cross-linking techniques. 

[0062] Techniques for generating bispeci?c antibodies 
from antibody fragments have also been described in the 
literature. For example, bispeci?c antibodies can be pre 
pared using chemical linkage. Brennan et al., Science, 229: 
81 (1985) describe a procedure Wherein intact antibodies are 
proteolytically cleaved to generate F(ab‘)2 fragments. These 
fragments are reduced in the presence of the dithiol com 
plexing agent sodium arsenite to stabiliZe vicinal dithiols 
and prevent intermolecular disul?de formation. The Fab‘ 
fragments generated are then converted to thionitrobenZoate 
(TNB) derivatives. One of the Fab‘-TNB derivatives is then 
reconverted to the Fab‘-thiol by reduction With mercaptoet 
hylamine and is mixed With an equimolar amount of the 
other Fab‘-TNB derivative to form the bispeci?c antibody. 
The bispeci?c antibodies produced can be used as agents for 
the selective immobiliZation of enZymes. 

[0063] Recent progress has facilitated the direct recovery 
of Fab‘-SH fragments from E. coli, Which can be chemically 
coupled to form bispeci?c antibodies. Shalaby et al.,]. Exp. 
Med, 175:217-225 (1992) describe the production of a fully 
humaniZed bispeci?c antibody F(ab‘)2 molecule. Each Fab‘ 
fragment Was separately secreted from E. coli and subjected 
to directed chemical coupling in vitro to form the bispeci?c 
antibody. The bispeci?c antibody thus formed Was able to 
bind to cells overexpressing the ErbB2 receptor and normal 
human T cells, as Well as trigger the lytic activity of human 
cytotoxic lymphocytes against human breast tumor targets. 

[0064] Various techniques for making and isolating bispe 
ci?c antibody fragments directly from recombinant cell 
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culture have also been described. For example, bispeci?c 
antibodies have been produced using leucine Zippers. Kos 
telny et al., J. Immunol, 148(5):1547-1553 (1992). The 
leucine Zipper peptides from the Fos and Jun proteins Were 
linked to the Fab‘ portions of tWo different antibodies by 
gene fusion. The antibody homodimers Were reduced at the 
hinge region to form monomers and then re-oxidiZed to form 
the antibody heterodimers. This method can also be utiliZed 
for the production of antibody homodimers. The “diabody” 
technology described by Hollinger et al., Proc. Natl. Acad. 
Sci. USA, 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispeci?c antibody fragments. The 
fragments comprise a heavy-chain variable domain (VH) 
connected to a light-chain variable domain (VL) by a linker 
Which is too short to alloW pairing betWeen the tWo domains 
on the same chain. Accordingly, the VH and VL domains of 
one fragment are forced to pair With the complementary VL 
and VH domains of another fragment, thereby forming tWo 
antigen-binding sites. Another strategy for making bispeci?c 
antibody fragments by the use of single-chain Fv (sFv) 
dimers has also been reported. See Gruber et al., J. Immu 
n0l., 152:5368 (1994). Alternatively, the antibodies can be 
“linear antibodies” as described in Zapata et al. Protein Eng. 
8(10):1057-1062(1995). Brie?y, these antibodies comprise a 
pair of tandem Fd segments (VH—CH1—VH—CH1) Which 
form a pair of antigen binding regions. Linear antibodies can 
be bispeci?c or monospeci?c. 

[0065] Antibodies With more than tWo valencies are con 
templated. For example, trispeci?c antibodies can be pre 
pared. Tutt et al. J. Immunol. 147160 (1991). 

[0066] 2. Immunoadhesins 

[0067] The simplest and most straightforWard immunoad 
hesin design combines the binding domain(s) of the adhesin 
(eg the extracellular domain (ECD) of a receptor) With the 
hinge and Fc regions of an immunoglobulin heavy chain. 
Ordinarily, When preparing the immunoadhesins of the 
present invention, nucleic acid encoding the binding domain 
of the adhesin Will be fused C-terminally to nucleic acid 
encoding the N-terminus of an immunoglobulin constant 
domain sequence, hoWever N-terminal fusions are also 
possible. 

[0068] Typically, in such fusions the encoded chimeric 
polypeptide Will retain at least functionally active hinge, 
CH2 and CH3 domains of the constant region of an immu 
noglobulin heavy chain. Fusions are also made to the 
C-terminus of the Fc portion of a constant domain, or 
immediately N-terminal to the CH1 of the heavy chain or the 
corresponding region of the light chain. The precise site at 
Which the fusion is made is not critical; particular sites are 
Well knoWn and may be selected in order to optimiZe the 
biological activity, secretion, or binding characteristics of 
the immunoadhesin. 

[0069] In a preferred embodiment, the adhesin sequence is 
fused to the N-terminus of the Fc domain of immunoglo 
bulin G1(IgG1). It is possible to fuse the entire heavy chain 
constant region to the adhesin sequence. HoWever, more 
preferably, a sequence beginning in the hinge region just 
upstream of the papain cleavage site Which de?nes IgG Fc 
chemically (i.e. residue 216, taking the ?rst residue of heavy 
chain constant region to be 114), or analogous sites of other 
immunoglobulins is used in the fusion. In a particularly 
preferred embodiment, the adhesin amino acid sequence is 
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fused to (a) the hinge region and CH2 and CH3 or (b) the 
CH1, hinge, CH2 and CH3 domains, of an IgG heavy chain. 

[0070] For bispeci?c immunoadhesins, the immunoadhes 
ins are assembled as multimers, and particularly as het 
erodimers or heterotetramers. Generally, these assembled 
immunoglobulins Will have known unit structures. A basic 
four chain structural unit is the form in Which IgG, IgD, and 
IgE exist. A four chain unit is repeated in the higher 
molecular Weight immunoglobulins; IgM generally exists as 
a pentamer of four basic units held together by disul?de 
bonds. IgA globulin, and occasionally IgG globulin, may 
also exist in multimeric form in serum. In the case of 
multimer, each of the four units may be the same or different. 

[0071] Various exemplary assembled immunoadhesins 
Within the scope herein are schematically diagrammed 
beloW: 

[0072] (a) ACL-ACL; 
[0073] (b) ACH-(ACH, ACL-ACH, ACL-VHCH, or 
VLCL-ACH); 

[0074] (c) ACL-ACH-(ACL-ACH, 
VLCL-ACH, or vLcL-vHcH) 

[0075] (d) ACL-VHCH-(ACH, or ACL-VHCH, or 

ACL-VHCH, 

VLCL-ACH); 
[0076] (e) VLCL-ACH-(ACL-VHCH, or VLCL-ACH); 

and 

[0078] Wherein each A represents identical or different 
adhesin amino acid sequences; 

[0079] VL is an immunoglobulin light chain variable 
domain; 

[0080] VH is an immunoglobulin heavy chain vari 
able domain; 

[0081] CL is an immunoglobulin light chain constant 
domain; 

[0082] CH is an immunoglobulin heavy chain con 
stant domain; 

[0083] n is an integer greater than 1; 

[0084] Y designates the residue of a covalent cross 
linking agent. 

[0085] In the interests of brevity, the foregoing structures 
only shoW key features; they do not indicate joining (J) or 
other domains of the immunoglobulins, nor are disul?de 
bonds shoWn. HoWever, Where such domains are required 
for binding activity, they shall be constructed to be present 
in the ordinary locations Which they occupy in the immu 
noglobulin molecules. 

[0086] Alternatively, the adhesin sequences can be 
inserted betWeen immunoglobulin heavy chain and light 
chain sequences, such that an immunoglobulin comprising a 
chimeric heavy chain is obtained. In this embodiment, the 
adhesin sequences are fused to the 3‘ end of an immuno 
globulin heavy chain in each arm of an immunoglobulin, 
either betWeen the hinge and the CH2 domain, or betWeen 
the CH2 and CH3 domains. Similar constructs have been 
reported by Hoogenboom, et al., Mol. Immunol. 28:1027 
1037 (1991). 
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[0087] Although the presence of an immunoglobulin light 
chain is not required in the immunoadhesins of the present 
invention, an immunoglobulin light chain might be present 
either covalently associated to an adhesin-immunoglobulin 
heavy chain fusion polypeptide, or directly fused to the 
adhesin. In the former case, DNA encoding an immunoglo 
bulin light chain is typically coexpressed With the DNA 
encoding the adhesin-immunoglobulin heavy chain fusion 
protein. Upon secretion, the hybrid heavy chain and the light 
chain Will be covalently associated to provide an immuno 
globulin-like structure comprising tWo disul?de-linked 
immunoglobulin heavy chain-light chain pairs. Methods 
suitable for the preparation of such structures are, for 
example, disclosed in Us. Pat. No. 4,816,567, issued 28 
Mar. 1989. 

[0088] Immunoadhesins are most conveniently con 
structed by fusing the cDNA sequence encoding the adhesin 
portion in-frame to an immunoglobulin cDNA sequence. 
HoWever, fusion to genomic immunoglobulin fragments can 
also be used (see, eg Aruffo et al., Cell 61:1303-1313 
(1990); and Stamenkovic et al., Cell 66:1133-1144 (1991)). 
The latter type of fusion requires the presence of Ig regu 
latory sequences for expression. cDNAs encoding IgG 
heavy-chain constant regions can be isolated based on 
published sequences from cDNA libraries derived from 
spleen or peripheral blood lymphocytes, by hybridiZation or 
by polymerase chain reaction (PCR) techniques. The 
cDNAs encoding the “adhesin” and the immunoglobulin 
parts of the immunoadhesin are inserted in tandem into a 
plasmid vector that directs efficient expression in the chosen 
host cells. 

[0089] 3. Other CH2/CH3 Region-Containing Proteins 

[0090] In other embodiments, the protein to be puri?ed is 
one Which is fused to, or conjugated With, a CH2/CH3 region. 
Such fusion proteins may be produced so as to increase the 
serum half-life of the protein and/or to facilitate puri?cation 
of the protein by Protein A chromatography. 

[0091] Examples of biologically important proteins Which 
can be conjugated this Way include renin; a groWth hormone, 
including human groWth hormone and bovine groWth hor 
mone; groWth hormone releasing factor; parathyroid hor 
mone; thyroid stimulating hormone; lipoproteins; alpha-1 
antitrypsin; insulin A-chain; insulin B-chain; proinsulin; 
follicle stimulating hormone; calcitonin; luteiniZing hor 
mone; 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 
human urine or tissue-type plasminogen activator (t-PA); 
bombesin; thrombin; hemopoietic groWth factor; tumor 
necrosis factor-alpha and -beta; enkephalinase; RANTES 
(regulated on activation normally T-cell expressed and 
secreted); human macrophage in?ammatory protein (MIP 
1-alpha); a serum albumin such as human serum albumin; 
Muellerian-inhibiting substance; relaxin A-chain; relaxin 
B-chain; prorelaxin; mouse gonadotropin-associated pep 
tide; a microbial protein, such as beta-lactamase; DNase; 
IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), 
such as CTLA-4; inhibin; activin; vascular endothelial 
groWth factor (VEGF); receptors for hormones or groWth 
factors; Protein A or D; rheumatoid factors; a neurotrophic 
factor such as bone-derived neurotrophic factor (BDNF), 
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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); transform 
ing groWth factor (TGF) such as TGF-alpha and TGF-beta, 
including TGF-Bl, TGF-[32, TGF-[33, TGF-[34, or TGF-[35; 
insulin-like groWth factor-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; osteoinductive factors; 
immunotoxins; a bone morphogenetic protein (BMP); an 
interferon such as interferon-alpha, -beta, and -gamma; 
colony stimulating factors (CSFs), e.g., M-CSF, GM-CSF, 
and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10; superox 
ide dismutase; T-cell receptors; surface membrane proteins; 
decay accelerating factor; viral antigen such as, for example, 
a portion of the AIDS envelope; transport proteins; homing 
receptors; addressins; regulatory proteins; integrins such as 
CD11a, CD11b, CD11c, CD18, an ICAM, VLA-4 and 
VCAM; a tumor associated antigen such as HER2, HER3 or 
HER4 receptor; and fragments of any of the above-listed 
polypeptides. 
[0092] 4. Protein Puri?cation 

[0093] The protein to be puri?ed using the method 
described herein is generally produced using recombinant 
techniques. Methods for producing recombinant proteins are 
described, e.g., in US. Pat. Nos. 5,534,615 and 4,816,567, 
speci?cally incorporated herein by reference. In preferred 
embodiments, the protein of interest is produced in a CHO 
cell (see, e.g. WO 94/11026). Examples of proteins Which 
can be puri?ed using the process described herein include 
humaniZed anti-HER2 antibody (WO92/22653); humaniZed 
anti-IgE antibody (Presta et al. J. Immunol. 151:2623-2632 
(1993)); chimeric anti-CD20 antibody (WO94/11026); and 
TNF receptor immunoadhesin (AshkenaZi et al. Proc. Natl. 
Acad. Sci (USA) 88:10535-10539 (1991)). 

[0094] When using recombinant techniques, the protein 
can be produced intracellularly, in the periplasmic space, or 
directly secreted into the medium. If the protein is produced 
intracellularly, as a ?rst step, the particulate debris, either 
host cells or lysed fragments, is removed, for example, by 
centrifugation or ultra?ltration. Where the protein is 
secreted into the medium, the recombinant host cells may be 
separated from the cell culture medium by tangential ?oW 
?ltration, for example. 

[0095] Protein A immobiliZed on a solid phase is used to 
purify the CH2/CH3 region-containing protein. The solid 
phase is preferably a column comprising a glass or silica 
surface for immobiliZing the Protein A. Preferably, the solid 
phase is a controlled pore glass column or a silicic acid 
column. Sometimes, the column has been coated With a 
reagent, such as glycerol, in an attempt to prevent nonspe 
ci?c adherence to the column. The PROSEP ATM column, 
commercially available from Bioprocessing Limited, is an 
example of a Protein A controlled pore glass column Which 
is coated With glycerol. 

[0096] The solid phase for the Protein A chromatography 
is equilibrated With a suitable buffer. For example, the 
equilibration buffer may be 25 mM Tris, 25 mM NaCl, 5 
mM EDTA, pH 7.1. 

[0097] The contaminated preparation derived from the 
recombinant host cells is loaded on the equilibrated solid 
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phase using a loading buffer Which may be the same as the 
equilibration buffer. As the contaminated preparation ?oWs 
through the solid phase, the protein is adsorbed to the 
immobiliZed Protein A and, as discovered herein, other 
contaminants (such as Chinese Hamster Ovary Proteins, 
CHOP, Where the protein is produced in a CHO cell) bind 
nonspeci?cally to the solid phase. 

[0098] The next step performed sequentially entails 
removing the contaminants bound to the solid phase by 
Washing the solid phase With a hydrophobic electrolyte 
solvent in an intermediate Wash step. In preferred embodi 
ments, the hydrophobic electrolyte in this Wash solvent is 
TEMAC and/or TEAC. While a single hydrophobic elec 
trolyte may be present in the Wash solvent, in certain 
embodiments, tWo or more such electrolytes may be used. 
The hydrophobic electrolyte is preferably added to a pH 
buffered solution having a pH in the range from about 4 to 
about 8, and preferably in the range from about 5 to about 
7. Suitable buffers for this purpose include Tris, phosphate, 
MES, and MOPSO buffers. The preferred ?nal concentra 
tion for the hydrophobic electrolyte in the Wash solvent is in 
the range from about 0.1 to about 1.0M, and preferably in the 
range from about 0.25 to about 0.5 M. 

[0099] FolloWing the intermediate Wash step of the pre 
ceding paragraph, the protein of interest is recovered from 
the column. This is normally achieved using a suitable 
elution buffer. The protein may, for example, be eluted from 
the column using an elution buffer having a loW pH, e.g. in 
the range from about 2 to about 5, and preferably in the 
range from about 2.5 to about 3.5. Examples of elution 
buffers for this purpose include citrate or acetate buffers. 

[0100] The eluted protein preparation may be subjected to 
additional puri?cation steps either prior to, or after, the 
Protein A chromatography step. Exemplary further puri? 
cation steps include hydroxylapatite chromatography; dialy 
sis; af?nity chromatography using an antibody to capture the 
protein; hydrophobic interaction chromatography (HIC); 
ammonium sulphate precipitation; anion or cation exchange 
chromatography; ethanol precipitation; reverse phase 
HPLC; chromatography on silica; chromatofocusing; and 
gel ?ltration. 

[0101] The protein thus recovered may be formulated in a 
pharmaceutically acceptable carrier and is used for various 
diagnostic, therapeutic or other uses knoWn for such mol 
ecules. 

[0102] The folloWing examples are offered by Way of 
illustration and not by Way of limitation. The disclosures of 
all citations in the speci?cation are expressly incorporated 
herein by reference. 

EXAMPLE 1 

[0103] The PROSEP ATM column (Bioprocessing, Ltd) 
has Protein A immobiliZed on a glycerol coated-controlled 
pore glass column. The glycerol coating reduces the glass 
surface available for non-speci?c interactions With contami 
nants but, as demonstrated herein, contaminants can still 
adhere to the column. 

[0104] Protein A chromatography Was the initial chroma 
tography step in the puri?cation of the CH2/CH3 region 
containing protein; humaniZed anti-HER2 antibody 
(humAb4D5-8) (Carter et al. Proc. Natl. Acad. Sci. 89: 
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4285-4289 (1992)). This anti-HER2 antibody Was produced 
recombinantly in CHO cells. Following protein production 
and secretion to the cell culture medium, the CHO cells Were 
separated from the cell culture medium by tangential ?oW 
?ltration (PROSTACKTM). In this expression system, the 
most prevalent contaminants Were found to be Chinese 
Hamster Ovary Proteins (CHOP). 

[0105] The PROSEP ATM column Was equilibrated With 
25 mM Tris, 25 mM NaCl, 5 mM EDTA, pH 7.1 (Buffer A). 
Protein A chromatography Was performed by applying the 
Harvested Cell Culture Fluid (HCCF) from the CHO cells 
directly to the equilibrated PROSEP ATM column using 
Buffer A as the loading buffer. The column Was then Washed 
With Buffer A to Wash out the HCCF and unbound proteins. 
The anti-HER2 antibody Was eluted from the Protein A 
column by Washing the column With Buffer B having a loW 
pH (2.5-3.5). Buffer B Was 25 mM sodium citrate, pH 2.8. 
The loW pH of Buffer B disrupted the interactions betWeen 
Protein A and the anti-HER2 antibody. It also disrupted the 
non-speci?c interactions betWeen the eXposed glass surfaces 
of the column and non-speci?cally bound contaminating 
CHOP. This resulted in a level of CHOP contamination in 
the eluted anti-HER2 containing protein pool of ~4000 ppm 
(Table 1). 

TABLE 18 

CHOP 

Sample Conditions (,ug/ml) (ppm) 

HCCF Load 760 1,461,538 
Antibody Pool No Wash 32 4,270 
Antibody Pool TMAC, pH 5.0 Wash 3 408 
Antibody Pool TEAC, pH 5.0 Wash 2 317 
Antibody Pool TMAC, pH 7.1 Wash 4 537 
Antibody Pool TEAC, pH 7.1 Wash 5 620 

3The Wash buffer Was 25 mM Tris, 25 mM NaCl, 5 mM EDTA including 
either 0.5 M TMAC or TEAC at the indicated pH. Following the Wash, 
the protein Was eluted at pH 2.8. 

[0106] In order to address this problem concerning con 
taminants in the eluted protein pool, an “intermediate Wash 
step” Was evaluated. Prior to eluting the antibody from the 
column, the Protein A column Was Washed With Wash buffer 
(at varying pH’s) to Which various concentrations of TMAC 
or TEAC Were added (Table 1). 

[0107] As shoWn in Table 1, the intermediate Wash step 
using a buffer containing either TMAC or TEAC Was 
effective at loWering the level of CHOP in the eluted 
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antibody pool. The concentration of either TMAC or TEAC 
Was preferably at least 0.25 M. Accordingly, it Was found 
that preferred TMAC or TEAC concentrations in the Wash 
solvent are from about 0.1 to about 1.0 M, and preferably 
from about 0.25 to about 0.5 M. 

[0108] As to variations in the pH of the Wash solution, it 
Was found that the loWer the pH, the greater removal of 
CHOP in the Wash step. HoWever, at pH’s beloW 7.0, protein 
may also be partially eluted during the Wash step. Therefore, 
preferred pH’s for the intermediate Wash step are from about 
4 to about 8, and preferably from about 5 to about 7. 

1. A method for purifying a protein, Which comprises a 
CH2/CH3 region, from a contaminated solution thereof by 
Protein A chromatography comprising: 

(a) adsorbing the protein to Protein A immobiliZed on a 
solid phase comprising silica or glass; 

(b) removing contaminants bound to the solid phase by 
Washing the solid phase With a hydrophobic electrolyte 
solvent; and 

(c) recovering the protein from the solid phase. 
2. The method of claim 1 Wherein the protein is an 

antibody. 
3. The method of claim 1 Wherein the protein is an 

immunoadhesin. 
4. The method of claim 1 Wherein the hydrophobic 

electrolyte solvent comprises tetramethylammonium chlo 
ride (TMAC). 

5. The method of claim 1 Wherein the hydrophobic 
electrolyte solvent comprises tetraethylammonium chloride 
(TEAC). 

6. The method of claim 1 Wherein the solid phase is a 
controlled pore glass column. 

7. The method of claim 1 Wherein the solid phase is a 
silicic acid column. 

8. The method of claim 1 Wherein the contaminants are 
Chinese Hamster Ovary Proteins (CHOP). 

9. The method of claim 1 Wherein the concentration of the 
hydrophobic electrolyte in the hydrophobic electrolyte sol 
vent is in the range from about 0.1 to about 1.0 M. 

10. The method of claim 1 Wherein the pH of the 
hydrophobic electrolyte solvent is in the range from about 4 
to about 8. 

11. The method of claim 1 Wherein step (c) comprises 
eluting the protein using an elution buffer having a pH in the 
range from about 2.0 to about 5.0. 

* * * * * 


