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1
ANTIBODY PURIFICATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

Morve than one reissue application has been filed for the
reissue of Pat. No. 5,429,746. The reissue applications are
application Ser. No. 11/140,525 (the present reissue) and

11/804,729 which is a continuation of the reissue applica-
tion Ser. No. 11/140 525.

FIELD OF THE INVENTION

This mvention relates to the field of protein purification.
More specifically, this invention relates to the application of
Hydrophobic Interaction Chromatography (HIC) to the
separation of Immunoglobulin G monomers and to the
integration of HIC into a combination chromatographic
protocol for the purification of IgG antibody molecules.

BACKGROUND OF THE INVENTION

Historically, protein purification schemes have been
predicated on diflerences 1in the molecular properties of size,
charge and solubility between the protein to be purified and
undesired protein contaminants. Protocols based on these
parameters 1nclude size exclusion chromatography, 1on
exchange chromatography, differential precipitation and the

like.

Si1ze exclusion chromatography, otherwise known as gel
filtration or gel permeation chromatography, relies on the
penetration of macromolecules 1n a mobile phase ito the
pores of stationary phase particles. Diflerential penetration
1s a function of the hydrodynamic volume of the particles.
Accordingly, under 1deal conditions the larger molecules are
excluded from the interior of the particles while the smaller
molecules are accessible to this volume and the order of
clution can be predicted by the size of the protein because a
linear relationship exists between elution volume and the log
ol the molecular weight.

Chromatographic supports based on cross-linked dextrans
c.g. SEPHADEX®, spherical agarose beads e.g.
SEPHAROSE® (both commercially available from Phar-
macia AB. Uppsala, Sweden), based on cross-linked poly-
acrylamides e.g. BIO-GEL ® (commercially available from
BioRad Laboratories, Richmond, Calif.) or based on ethyl-
ene glycol-methacrylate copolymer e.g. TOYOPEARL
HW65 (commercially available from Toso Haas Co., Tokyo,
Japan) are useful in forming the various chromatographic
columns for size exclusion, or HIC chromatography in the
practice of certain aspects of this invention.

Precipitation methods are predicated on the fact that in
crude mixtures ol proteins the solubilities of i1ndividual
proteins are likely to vary widely. Although the solubility of
a protein 1 an aqueous medium depends on a variety of
factors, for purposes of this discussion 1t can be said
generally that a protein will be soluble 11 1ts interaction with
the solvent 1s stronger than its interaction with protein
molecules of the same or similar kind. Without wishing to be
bound by any particular mechanistic theory describing pre-
cipitation phenomena, 1t 1s nonetheless believed that inter-
action between a protein and water molecules can occur by
hydrogen bonding with several types of uncharged groups
and/or electrostatically, as dipoles, with charged groups and
that precipitants such as salts of monovalent cations (e.g.
ammonium sulfate) compete with proteins for water mol-
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ecules. Thus at high salt concentrations, the proteins become
“dehydrated” reducing their interaction with the aqueous
environment and increasing the aggregation with like or
similar proteins, resulting in precipitation from the medium.

Ion exchange chromatography involves the interaction of
charged functional groups in the sample with 10nic func-
tional groups of opposite charge on an adsorbent surface.
Two general types of interaction are known. Anionic
exchange chromatography i1s mediated by negatively
charged amino acid side chains (e.g., aspartic acid and
glutamic acid) interacting with positively charged surfaces
and cationic exchange chromatography 1s mediated by posi-
tively charged amino acid residues (e.g., lysine and arginine)
interacting with negatively charged surfaces.

More recently aflinity chromatography and hydrophobic
interaction chromatography techniques have been developed
to supplement the more traditional size exclusion and 10n
exchange-chromatographic protocols. Aflinity chromatogra-
phy relies on the specific interaction of the protein with an
immobilized ligand. The ligand can be specific for the
particular protein of interest in which case the ligand 1s a
substrate, substrate analog, inhibitor, receptor or antibody.
Alternatively, the ligand may be able to react with a number
of related proteins. Such group specific ligands as adenosine
monophosphate, adenosine diphosphate, nicotine adenine
dinucleotide or certain dyes may be employed to recover a
particular class of proteins.

With respect to the purification of antibody molecules,
both specific and generalized afhinity techniques are appli-
cable. The most specific choice of ligand for the aflinity
purification of an antibody i1s the antigen (or an epitope
thereol) to which desired antibody reacts. Many of the
well-known immmunosorbent assays such as the enzyme-
linked immunosorbent assays (ELISA) are predicated on
such specific antigen/antibody aflinity interactions.

However, generalized athinity techniques are also usetul.
For example, Staphylococcal Protein A 1s known to bind
certain antibodies of the IgG class (See: Ey, P. L. et al.
Immunochemistry 15:429-36 (1978)). Alternatively, antis-
era raised 1n heterologous species (e.g. rabbit anti-mouse
antisera) can be used to separate general groups of antibod-

1es. (See, Current Protocols 1n Molecular Biology Supra,
Chap 11.)

Hydrophobic interaction chromatography was first devel-
oped following the observation that proteins could be
retained on afhinity gels which comprised hydrocarbon
spacer arms but lacked the athnity ligand. Although 1n this
field the term hydrophobic chromatography 1s sometimes
used, the term hydrophobic interaction chromatography
(HIC) 1s preferred because 1t 1s the interaction between the
solute and the gel that 1s hydrophobic not the chromato-
graphic procedure. Hydrophobic interactions are strongest at
high 1onic strength, therefore, this form of separation 1s
conveniently performed following salt precipitations or 1on
exchange procedures. Elution from HIC supports can be
cllected by alterations in solvent, pH, 1onic strength, or by
the addition of chaotropic agents or organic modifiers, such
as ethylene or propylene glycol. A description of the general

principles of hydrophobic interaction chromatography can
be found 1n U.S. Pat. No. 3,917,527 and 1n U.S. Pat. No.

4,000,098. The application of HIC to the purification of
specific proteins 1s exemplified by reference to the following

disclosures: human growth hormone (U.S. Pat. No. 4,332,

717), toxin conjugates (U.S. Pat. No. 4,771,128), anti-
hemolytic factor (U.S. Pat. No. 4,743,680), tumor necrosis
factor (U.S. Pat. No. 4,894,439), interleukin-2(U.S. Pat. No.
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4,908,434), human lymphotoxin (U.S. Pat. No. 4,920,196)
and lysozyme species (Fausnaugh, J. L. and F. E. Regnier, J.
Chromatog. 359:131-146 (1986)) and soluble complement
receptors (U.S. Pat. No. 5,252,216). HIC i the context of
high performance liquid chromatography (HPLC) has been
used to separate antibody fragmens (e.g., F(ab'),) from intact
antibody molecules 1n a single step protocol. (Morimoto, K.

et al., J. Biochem. Biophys. Meth. 24:107-117 (1992)).

In addition to atlinity and HIC techniques, one or more of
the traditional protein purification schemes have been
applied to antibody purification. For example, Hakalahti, L.
et al., (J. Immunol. Meth. 117:131-136 (1989)) disclose a
protocol employing two successive 1on exchange chromato-
graphic steps or one employing a single 1on exchange step
followed by a HIC step. Danielsson A. et al. (J. Immunol.
Methods 115:79-88 (1988)) compare single step protocols
based on anion exchange, cation exchange, chromatofocus-
ing and HIC respectively.

Although Proteimn A aflinity column chromatography 1s
widely used, it 1s also appreciated that elution of antibody
from such columns can result 1n leaching of residual Protein
A from the support. Size exclusion HPLC (Das et al.,
Analytical Biochem, 145:27-36 (1985)) and anion exchange

chromatography (EPO345349, published Dec. 13, 1989)
have been suggested as means for dealing with this problem.

It has now been surprisingly discovered that HIC can be
uselully employed to remove contaminating Protein A from
IgG mixtures eluted from Protein A chromatographic sup-
port.

This invention relates to the application of HIC to the
separation of monomeric IgG from mixtures containing
same and to the integration of HIC 1nto a protocol combining
Protein A and 10n exchange chromatography for the purifi-
cation of immunoglobulin G molecules.

BRIEF DESCRIPTION OF THE INVENTION

This mvention relates to a method for separating IgG
monomers from aggregates 1n mixtures containing same by
contacting said mixture with a hydrophobic interaction
chromatographic support and selectively eluting the mono-
mer from the support.

In another aspect the mvention provides for the purifica-
tion of an IgG antibody from conditioned cell culture
medium containing same comprising sequentially subjecting
the medium to (a) Protein A, (b) 1on exchange
chromatography, and (¢) hydrophobic interaction chroma-
tography.

In another aspect the mmvention provides a method for
removing Protein A from a mixture comprising Protein A
and antibodies comprising contacting said mixture with a
hydrophobic interaction chromatography support and selec-
tively eluting the antibody from the support.

DETAILED DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a flow diagram of one process for
purifying an antibody according to this invention.

DETAILED DESCRIPTION OF TH.
INVENTION

This mvention relates to protein purification techniques
which have application to the large scale purification of
immunoglobulin molecules. The mvention 1s particularly
usetul because 1t permits the recovery of monomeric IgG of
>95% protein purity. The mvention may be applied to the
purification of a number of different 1immunoglobulin G
molecules.

L1l
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Antibody-like proteins are proteins which may be purified
by the protocol described herein, such protocol being modi-
fied 1f necessary by routine, non-inventive adjustments that
do not entail undue experimentation. Such proteins include
1sotypes. allotypes and alleles of immunoglobulin genes,
truncated forms, altered antibodies, such as chimeric
antibodies, humanized antibodies and the like, chemically
modified forms such as by PEG treatment, and fusion
proteins containing an immunoglobulin moiety. These pro-
teins are referred to as antibody-like because they possess or
retain suflicient immunoglobulin protein properties (e.g. F
determinants) to admuit to purification by the process of this
invention. Unless specifically 1dentified otherwise, the term
antibody or immunoglobulin protein also includes antibody-
like proteins.

The immunoglobulin molecules of this invention can be
i1solated from a number of sources, including without
limitation, serum of immunized animals, ascites tluid, hybri-
doma or myeloma supernatants, conditioned media derived
from culturing a recombinant cell line that expresses the
immunoglobulin molecule and from all cell extracts of
immunoglobulin producing cells. This invention 1s particu-
larly usetul for the purification of antibodies from condi-
tioned cell culture media of a variety of antibody producing
recombinant cell lines. Although one may expect some
variation from cell line to cell line and among the various
antibody products, based on the disclosure herein, 1t 1s well
within the purview of one of ordinary skill 1n this an to adapt
the invention herein to a particular combination of antibody
protein and producing cell line.

Generally, genes encoding proteins such as antibodies
may be cloned by incorporating DNA sequences coding for
the desired regions of the polypeptide into a recombinant
DNA vehicle (e.g., vector) and transforming or transfecting
suitable prokaryotic or eukaryotic hosts. Suitable prokary-
otic hosts 1nclude but are not limited to Escherichia,
Streptomyces, Bacillus and the like. Suitable eukaryotic
hosts mclude but are not limited to yeast, such as Saccha-
romyces and animal cells i culture such as VERO, Hel a,
mouse C12°7, Chinese hamster ovary (CHO), WI-38, BHK,
COS, MDCK, myeloma, and insect cell lines. Particularly
preferred hosts are CHO cell lines deficient 1n dihydrofolate
reductase such as ATCC CRL 1793, CRL 9096 and other cell
lines described herein below. Such recombinant techniques
have now become well known and are described 1n Methods
in Enzymology, (Academic Press) Volumes 65 and 69
(1979), 100 and 101 (1983), and the references cited therein.
An extensive technical discussion embodying most com-
monly used recombinant DNA methodologies can be found
in Mamniatis, et al., Molecular Cloming, Cold Spring Harbor
Laboratory (1982) or Current Protocols i Molecular
Biology, Greene Publishing, Wiley Interscience (1988,1991,

1993).

One way of obtaiming a DNA fragment encoding a desired
polypeptide such as an antibody molecule 1s via cDNA
cloning. In this process, messenger RNA (mRNA) 1s 1solated
from cells known or suspected of producing the desired
protein. Through a series of enzymatic reactions, the mRNA
population of the cells 1s copied 1nto a complementary DNA
(cDNA). The resulting cDNA 1s then inserted into cloning
vehicles and subsequently used to transform a suitable
prokaryotic or ecukaryotic host. The resulting cDNA
“library” 1s comprised of a population of transformed host
cells, each of which contain a single gene or gene fragment.
The entire library, in theory, provides a representation
sample of the coding information present in the mRNA
mixture used as the starting material. The libraries can be
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screened using nucleic acid or antibody probes 1n order to
identify specific DNA sequences. Once 1solated, these DNA
sequences can be modified or can be assembled 1nto com-
plete genes.

Specific fragments of an antibody gene can be engineered
independently of the rest of the gene. DNA fragments
encoding Complementarity Determining Regions (CDRs)
can be tegrated into DNA framework sequences from
heterologous species to vyield altered antibodies. These
altered antibodies have significant utility in the treatment of

undesirable physiological conditions. For example, PCT/
(GB91/013554 (published as W(092/04381) discloses the pro-
duction of “humamzed” antibodies useful for the treatment

and prevention of Respiratory Syncytial Virus (RSV) infec-
tion. Alternatively, the entire variable region of antibody
gene can be fused to the constant domain of a second
antibody to form an altered antibody otherwise known as a

“chimeric antibody”. For example, PCT/US92/06194
(published as WQ093/02108) discloses a monkey/human

chimeric antibody reactive with the human CID4 receptor.

Once the antibody gene or gene fragment has been cloned,
the DNA may be introduced into an expression vector and
that construction used to transform an appropriate host cell.
An expression vector 1s characterized as having expression
control sequences as defined herein, such that when a DNA
sequence ol interest 1s operably linked thereto, the vector 1s
capable of directing the production of the product encoded
by the DNA sequence of interest in a host cell contaiming the
vector. With specific reference to this invention, 1t 1s possible
to assemble fragments of a single coding sequence such that
upon expression an antibody molecule 1s formed. A particu-
larly eflicacious application of this protocol to recombinant
antibody production 1s found in the Harnis, et al. PCT
Applications W(0O92/04381, published Mar. 19, 1992, cited
above, and 1n the Newman et al. PC'T Application W0O93/
02108, published Feb. 4, 1993, cited above.

After the recombinant product 1s produced 1t 1s desirable
to recover the product. If the product 1s exported by the cell
producing 1t, the product can be recovered directly from the
cell culture medium. If the product 1s retained intracellularly,
the cells must be physically disrupted by mechanical, chemi-
cal or biological means 1n order to obtain the intracellular
product.

In the case of a protein product, the purification protocol
should not only provide a protein product that 1s essentially
free of other proteins, by which 1s meant at least 80% and
preferably greater than 93% pure with respect to total
protein 1n the preparation, but also eliminate or reduce to
acceptable levels other host cell contaminants, DNA, RNA,
potential pyrogens and the like. Furthermore, 1n the context
of antibody production by recombinant expression system, 1t
1s appreciated that aggregation of the 150,000 dalton IgG
product mnto higher molecular weight species can occur.
Accordingly, for purposes of product purity and standard-
ization 1t 1s also useful to separate the native 150,000 dalton
monomeric species from higher molecular weight aggre-
gates and other mistolded forms. While 1t 1s appreciated that
the 150,000 dalton IgG species 1s composed of four polypep-
tide chains (2 heavy chains and 2 light chains), the 150,000
dalton species 1s referred to herein as a “monomer” or
“monomeric IgG™.

As mentioned above, a variety of host cells may be used
for the production of the antibodies of this invention. The
choice of a particular host cell 1s well within the purview of
the ordinary skilled artisan taking 1into account, inter alia, the
nature of the antibody, 1ts rate of synthesis, 1ts rate of decay
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and the characteristics of the recombinant vector directing
the expression of the antibody. The choice of the host cell
expression system dictates to a large extent the nature of the
cell culture procedures to be employed. The selection of a
particular mode of production, be 1t batch or continuous,
spinner or air lift, liquid or immobilized can be made once
the expression system has been selected. Accordingly, flu-
1d1zed bed bioreactors, hollow fiber bioreactors, roller bottle
cultures, or stirred tank bioreactors, with or without cell
microcarriers may variously be employed. The criteria for
such selection are appreciated 1n the cell culture art. They are
not detailed herein because they are outside the scope of this
invention. This invention relates to the purification of anti-
bodies given their existence 1n a conditioned cell culture
medium, hybridoma supernatant, antiserum, myeloma

supernatant or ascites tluid.

As mentioned above this invention relates, inter alia, to
application of hydrophobic interaction chromatography
(HIC) to the separation and purification of antibody mol-
ecules. Hydrophobic molecules i an aqueous solvent will
self-associate. This association 1s due to hydrophobic inter-
actions. It 1s now appreciated that macromolecules such as
proteins have on their surface extensive hydrophobic
patches 1n addition to the expected hydrophilic groups. HIC
1s predicated, 1n part, on the interaction of these patches with
hydrophobic ligands attached to chromatographic supports.
A hydrophobic ligand coupled to a matrix 1s variously
referred to heremn as an HIC support, HIC gel or HIC
column. It 1s further appreciated that the strength of the
interaction between the protein and the HIC support 1s not
only a function of the proportion of non-polar to polar
surfaces on the protein but by the distribution of the non-
polar surfaces as well and the chemistry of the HIC support.

A number of chromatographic supports may be employed
in the preparation of HIC columns, the most extensively
used are agarose, silica and organic polymer or co-polymer
resins. Uselul hydrophobic ligands include but are not
limited to alkyl groups having from about 2 to about 8
carbon atoms, such as a butyl, propyl, or octyl; or aryl
groups such as phenyl. Conventional HIC products for gels
and columns may be obtained commercially from suppliers
such as Pharmacia LKB AB, Uppsala, Sweden under the
product names butyl-SEPHAROSE®, phenyl or butyl-
SEPHAROSE® CL-4B, butyl-SEPHAROSE® FF, octyl-
SEPHAROSE® FF and phenyl-SEPHAROSE® FF; Tosoh
Corporation, Tokyo, Japan under the product names TOYO-
PEARL ether 650, phenyl 6350 or butyl 650 (Fractogel);
Miles-Yeda, Rehovot, Israel under the product name alkyl-
agarose, wherein the alkyl group contains from 2—10 carbon
atoms, and J. T. Baker, Phillipsburg, N.J. under the product
name Bakerbond WP-HI-propyl.

L.L

It 15 also possible to prepare the desired HIC column using,

conventional chemistry. (See: for example, Er-el. Z. et al.
Biochem. Biophys. Res. Comm. 49:383 (1972) or Ulbrich,

V. et al. Coll. Czech. Chem. Commun. 9:1466 (1964)).

Ligand density 1s an important parameter in that 1t influ-
ences not only the strength of the interaction but the capacity
of the column as well. The ligand density of the commer-
cially available phenyl or octyl phenyl gels 1s on the order
of 40 umoles/ml gel bed. Gel capacity 1s a function of the
particular protein 1n question as well as pH, temperature and
salt type and concentration but generally can be expected to
fall 1n the range of 3-20 mg/ml of gel.

The choice of a particular gel can be determined by the
skilled artisan. In general the strength of the interaction of
the protein and the HIC ligand increases with the chain
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length of the alkyl ligands but ligands having from about 4
to about 8 carbon atoms are suitable for most separations. A
phenyl group has about the same hydrophobicity as a pentyl
group, although the selectivity can be quite different owing
to the possibility of pi1-p1 orbital interaction with aromatic
groups on the protein. Selectively may also be aflected by
the chemistry of the supporting resin.

Adsorption of the proteins to a HIC column 1s favored by
high salt concentrations, but the actual concentrations can
vary over a wide range depending on the nature of the
protein and the particular HIC ligand chosen. Various ions
can be arranged 1n a so-called soluphobic series depending
on whether they promote hydrophobic interactions (salting-
out eflects) or disrupt the structure of water (chaotropic
ellect) and lead to the weakening of the hydrophobic inter-
actions. Cations are ranked in terms of increasing salting out
elfect as Ba++<Ca++<Mg++<Li+<Ca+<Na+<K+<R-b+
<NH_+, while anions may be ranked in terms of increasing
chaotropic effect as PO,—<SO,—<CH,COOQO-<C] <Br-
<NO,-<ClO,-<I-<SCN-. Accordingly, salts may be formu-
lated that influence the strength of the interaction as given by
the following relationship:

(NH,4)>S0,>Na,SO,>NaCl>NH,Cl>NaBr->NaSCN

In general, salt concentrations of between about 0.75 and
about 2M ammonium sulfate or between about 1 and 4M
NaCl are usetul.

The mfluence of temperature on HIC separations 1s not
simple, although generally a decrease 1n temperature
decreases the interaction. However, any benefit that would
accrue by increasing the temperature must also be weighed
against adverse eflects such an increase may have on the
stability of the protein.

Elution, whether stepwise or in the form of a gradient, can
be accomplished 1n a variety of ways: (a) by changing the
salt concentration, (b) by changing the polarity of the solvent
or (¢) by adding detergents. By decreasing salt concentration
adsorbed proteins are eluted 1n order of increasing hydro-
phobicity. Changes 1n polarity may be affected by additions
of solvents such as ethylene or propylene glycol or (1s0)
propanol, thereby decreasing the strength of the hydropho-
bic interactions. Detergents function as displacers of pro-
teins and have been used primarily in connection with the
purification of membrane proteins.

Although 1t has been discovered that HIC chromatogra-
phy can be used alone to separate monomeric IgG (MW
150,000) from aggregates and misfolded species, as men-
tioned above, HIC 1s particularly useful when used in
combination with other protein punfication techniques. That
1s to say, 1t 1s preferred to apply HIC to mixtures that have
been partially purified by other protein purification proce-
dures. By the term “partially purified” 1s meant a protein
preparation 1 which the protein of interest 1s present in at
least 5 percent by weight, more preferably at least 10% and
most preferably at least 45%. By the term “mixture” 1s
meant the desired monomeric IgG antibody molecule in
combination with undesirable contaminants such as, without
limitation, one or more of: immunoglobulin aggregates,
misfolded species, host cell protein, residue material from
preceding chromatographic steps such as Protein A when
employed. Accordingly, the application of HIC can also be
appreciated 1n the context of an overall purification protocol
for immunoglobulin proteins such as athinity purified mono-
clonal antibodies. It has been found to be useful, for
example, to subject a sample of conditioned cell culture
medium to partial purification prior to the application of
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HIC. By the term “conditioned cell culture medium™ 1is
meant a cell culture medium which has supported cell
growth and/or cell maintenance and contains secreted prod-
uct. A sample of such medium 1s subjected to one or more
protein purification steps prior to the apphcatlon of a HIC
step. The sample may be subjected to atlinity chromatogra-
phy employing Staphylococcus Protein A as a first step. For
example, PROSEP-A® (BioProcessing Ltd., U.K.) which
consists of Protein A covalently coupled to controlled pore
glass can be usefully employed. Other useful Protein A
formulations are Protein A SEPHAROSE® Fast Flow
(Pharmacia) and TOYOPEARL 650M Protein A
(TosoHaas). As a second step, 10n exchange chromatography
may be employed. In this regard various anionic or cationic
substituents may be attached to matrices 1n order to form
anionic or cationic supports for chromatography. Anionic
exchange substituents include diethylaminoethyl(DEAE),
quaternary aminoethyl(QAE) and quaternary amine(Q)
groups. Cationic exchange substituents include carboxym-
cthyl (CM), sulifoethyl(SE), sulfopropyl(SP), phosphate(P)
and sulfonate(S). Cellulosic 1on exchange resins such as
DE23, DE32, DE32, CM-23, CM-32 and CM-32 are avail-
able from Whatman Ltd Maidstone, Kent, U.K.
SEPHADEX®-based and cross-linked 1on exchangers are
also known. For example, DEAE-, QAE-, CM-, and
SP-SEPHADEX® and DEAE-, Q-, CM-and
S-SEPHAROSE® and SEPHAROSE® Fast Flow are all
availlable from Pharmacia AB. Further, both DEAE and CM
derivitized ethylene glycol-methacrylate copolymer such as
TOYOPEARL DEAE-650S or M and TOYOPEARL
CM-650S or M are available from Toso Haas Co.,
Philadelphia, Pa. Because elution from 1on exchange sup-
ports usually involves addition of salt and because, as
mentioned previously, HIC 1s enhanced under increased salt
concentrations, the introduction of a HIC step following an
ionic exchange chromatographic step or other salt mediated
purification step 1s particularly preferred. Additional purifi-
cation protocols may be added including but not necessarily
limited to further i1onic exchange chromatography, size
exclusion chromatography, viral mactivation, concentration
and freeze drying.

For purposes of illustration only, this invention was
applied to the punification of several antibodies of the IgG
1sotype. More specifically, to a humanized antibody useful
for the treatment of RSV infection described by Harris et al.;
1992, Intl. Patent Publication Number W(/92/04381, pub-
lished Mar. 19, 1992 (heremafter “RSHZ-19”) and a chi-
meric antibody specifically reactive with the CD4 antigen
described by Newman et al. Int’] Patent Publication Number
W093/02108, published Feb. 4, 1993 (hereinafter
CH-CD4). The construction of recombinant systems for the
production of RSHZ-19 and the CH-CD4 chimeric antibod-
ies are detailed 1n the above mentioned PCT Applications,
the contents of which are incorporated herein by reference
for purpose of background and are summarized as follows.

An expression plasmid containing the RSHZ-19 coding
sequence was cotransiected with pSV2dhir into a dhir-
requiring Chinese Hamster Ovary cell line (CHO-DUXBII).
The transfection was carried i growth medium and
employed the calcium coprecipitation/glycerol shock proce-
dure as described 1n: DNA Cloning, D. M. Glover ed. (Chap.
15, C. Gorman). Following transfection, the cells were
maintained 1 growth medium for 46 hours under growth
conditions (as described above) prior to the selection pro-
cedure.

The selection and co-amplification procedure was carried
out essentially as described by R. J. Kauiman, et al. (Mol.
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Cell. Biol. 5:1750-1739 (1983)). Forty-si1x hours post trans-
tection the cells were changed to selective medium MEM
ALPHA (041-02571), 1% stock glutamine, 1% stock pen/
strep (043-05070) and dialyzed bovine fetal call serum
(220-6300AT) (Gibco, Paisley, Scotland). The cells were
maintained in the selective medium for 810 days until
dhir+ colonies appeared. When the colonies were estab-
lished the cells were changed into a selective medium
contaiming methotrexate (A6770, Sigma Chem. Co., St.
Louis, Mo.). The methotrexate concentration was nitially
0.02 uM and was increased stepwise to 5 uM. During the
amplification procedure aliquots of growth medium from
growing cells were assayed for RSHZ-19 production by
human IgG. Any antibody secreting recombinant cell line
may be used to supply the conditioned medium for purifi-
cation according to this invention, a particular cell line
certainly 1s not required.

A transtected CHO cell line capable of producing RSHZ -
19 can be cultured by a variety of cell culture techniques. For
the application of this mvention the particular method of
culturing 1s not critical.

As mentioned previously, the particular recombinant pro-
duction system and the particular cell culturing protocol 1s
outside the scope of this invention. The system and protocol
discussed above are representative of the many options
available to the skilled artisan and they are included herein
for purposes of illustration only. The purification protocol
which 1s the subject of this invention 1s applicable, with only
routine modification, to a variety of recombinant antibodies
and antibody-like proteins regardless of how they are pro-
duced or cultured. For example a chimeric monoclonal
antibody to CD4 was also purified by the process of this
invention.

The purified antibodies obtained by practicing the process
of this mvention have the following properties: 1) greater
than 97% antibody protein by weight; 2) stable to proteolytic
degradation at 4° C. for at least three months; 3) low (<0.1
E.U./mg protein) endotoxin; 4) low (<1 pg/mg protein)
DNA; 5) non-antibody protein <5% by weight; and 6)
virally mmactive. The following examples further illustrate
this invention but are not offered by way of limitation of the
claims herein.

EXAMPLE 1

INTRODUCTION

The procedure outlined below was developed for the
isolation and purification of a monoclonal antibody against
Respiratory Syncytial Virus (RSV). This antibody 1s a
“humanized” IgG expressed in CHO cells, and grown 1n a

stirred tank bioreactor. The antibody 1s more fully described
in PCT W0O92/04381 and 1s otherwise referred to herein as

RSHZ 19. The process 1s designed to prepare RSHZ-19 of
>95% purity while removing contaminants derived from the
host cell, cell culture medium, or other raw materials. The
process 1n its most preferred embodiment consists of three
purification steps (Protein A athnity, cation exchange, and
hydrophobic interaction chromatography), two viral nacti-
vation steps, and a diafiltration step to exchange the product
into a final butler of choice (outlined 1 FIG. 1). All steps are
carried out at room temperature (18°-25° C.). All bufllers are

prepared with WFI and filtered through either a 0.2 micron
filter or a 10,000 MWCO membrane before use. Bufller

formulations are listed 1in Table 1. Tables 2, 4, 6 and 8 show
the column parameters for examples IA, IB, IC and ID
respectively. Tables 3, 5 and 7 and 9 provide a purification
summary for examples 1A, IB, IC and ID respectively.
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The first step 1n the process (Protein A atlinity chroma-
tography on ProSep A) can be rapidly cycled to accommo-
date varying amounts of cell-free culture fluid (CCF), and
has a capacity of approximately 15 grams RSHZ-19 per liter
of ProSep A. For example, 500 liters CCF containing
400—500 grams of IgG can be processed 1n 5 or 6 cycles. The
downstream steps of the process (Cation Exchange Chro-
matography (CEC) and Hydrophobic Interaction Chroma-

tography (HIC) are scaled to accommodate approximately
130-140 grams RSHZ-19 per cycle. Thus, a 500 liter culture

containing 400-500 grams of RSHZ-19 1s processed in three
downstream cycles after capture on ProSep A.

The hydrophobic interaction chromatography step (HIC)
has been demonstrated to remove residual Protein A that
leaches from the Protein A column during elution (See:
examples IA-D). In addition, aggregates of IgG can be
removed over HIC, as shown 1n examples IC and ID.

The process description 1s normalized for any scale; linear
flow rates listed are independent of column diameter, load-
ing ratios are 1n mass per unit column volume. Examples are
provided for the operation and the recovery at 1 gram, 40
gram, and 125 gram scales. (Examples IA-ID).

Purification Process Description
Removal of Cells from Culture

To harvest the culture fluid, the cells are removed using a
tangential-flow microfiltration device (Prostak) equipped
with a 0.65 micron filter or equivalent. The product 1s
recovered in the permeate. For small volume cultures,
centrifugation can be used.

Afhmty Capture by Protein A Chromatography

The IgG 1s recovered from the CCF by adsorption chro-
matography on a column of ProSep A (BioProcessing Ltd.)
previously equilibrated with PBS. The medium 1s applied to
the column at a flow rate up to 1000 cm/hr at a load ratio of
up to 15 grams IgG per liter column volume. After loading
the column, 1t 1s washed with at least 3 column volumes of
PBS containing 0.1 M glycine. The RSHZ-19 1s eluted with
a low pH bufler by applying approximately 3 column
volumes of Elution Bufler.

The Protein A chromatography removes a large propor-
tion of cell and media derived impurities (particularly pro-
tein and DNA 1n the flow-through and wash fractions), and
concentrations RSHZ- 19 1n the elution bufler for further
processing.

Viral Inactivation at Acid pH (Optional)

The Protein A column eluate 1s collected and adjusted to
pH 3.5 by the addition of 2.5M HCI. The solution 1s
transierred to a second vessel and held at pH 3.5 for at least
thirty minutes to provide viral inactivation, and readjusted to
pH 5.5 by the addition of Tris bufler. The resulting solution
1s filtered through a prefilter (Millipore Polygard or
equivalent) and a sterilized 0.2 um filter (Millipore Millipak
or equivalent), and held in sterile containers at 4° C., or
frozen and held at -70° C.

The pH 3.5 treatment provides viral inactivation, and the
pH 3.5 adjustment prepares the solution for cation exchange
chromatography (CEC). The pH 3.5 treatment can be omiut-
ted 11 desired.

Cation Exchange Chromatography

The pH mnactivated Protein A eluate 1s further purified by

CEC chromatography on column of CM SEPHAROSE FF

(Pharmacia LKB). The sample 1s applied to the equilibrated
column at a flow rate of 150 cm/hr and a load ratio of =20
grams protem per liter CM SEPHAROSE. After loading, the
column 1s washed with 3 to 5 column volumes of Equili-
bration Buffer. The product i1s eluted with 3-5 column
volumes of Elution Bufter.
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The cation exchange chromatography step removes pro-
tein and non-protein impurities.

Viral Inactivation with Guanidine
The cation exchange eluate 1s adjusted to approximately

2.0M guanidine hydrochloride by the slow addition (with > Buffer Name

mixing) ol one-half volume of Guanidine Stock Solution.
The rate of reagent addition 1s adjusted so that 1t 1s added
over a 5—15 minute period. The solution 1s transferred to a
second vessel, and 1s held for thirty minutes to achieve viral
inactivation. After holding, an equal volume of Ammonium
Sulfate Stock Solution 1s slowly added (with mixing), and
the hydrophobic interaction chromatography (HIC) step 1s
performed immediately. The rate of reagent addition 1s
adjusted so that 1t 1s added over a 5—15 minute period.

The guanidine treatment provides a second viral 1nacti-
vation step, when an acid 1nactivation step 1s employed, and
keeps the RSHZ-19 soluble after ammonium sulfate addi-
tion; the addition of ammonium sulfate serves to dilute the
guanidine and prepare the solution for HIC.

Hydrophobic Interaction Chromatography

The guanidine-treated solution 1s further purified by appli-
cation to an HIC column consisting of TOYOPEARL
Phenyl-650M previously equilibrated with Equilibration
Bufler. The guanidine-treated solution 1s applied to the
column at a flow rate of 150 cm/hr and a load ratio of =20
grams protein per liter Phenyl-650M. After loading, the
column 1s washed with 3 to 5 column volumes of Equili-
bration Bufler. A linear gradient of decreasing ammonium
sulfate 1s applied at a flow rate of 100-150 cm/hr, and the
RSHZ-19 elutes as one major peak with impurities eluting
later 1n the gradient. The slope of the gradient i1s approxi-
mately 20 column volumes, starting at 100% Equilibration
Bufler and ending at 100% Gradient Buflfer (1.3 to OM
ammonium sulfate). The peak 1s collected until the absor-
bance decreases to 20% of the maximum peak absorbance,
then collection of the product fraction i1s ended. After the
gradient ends, the column 1s washed with approximately 3
column Volumes of Strip Bufler.

The HIC chromatography step removes additional protein
and non-protein impurities, most notably residual Protein A,
IgG aggregates, and host DNA.

Concentration, Diafiltration and Final Filtration

The HIC elute 1s concentrated to approximately 10 mul-
ligram per mulliliter using a tangential-tflow ultrafiltration
device (such as a Mllhpore CUF) outfitted with a 30,000
molecular weight cut-off filter, diafiltered into a suitable
formulation bufler and filtered through a sterilized 0.2
micron filter (Millipore Millipak or equivalent) into steril-
1zed containers.

In-Process Assays

Process intermediates are assayed for total protein con-
centration by OD280 or Bradiord assay, RSHZ-19 concen-
tration by HLPC, sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-PAGE). Aggregated product 1is
assessed by size exclusion HPLC on TSK3000 SWXL., and
Protein A residue 1s assayed using an ELISA.

Pooling Criteria

The eluate fractions from the Protein A capture and cation
exchange steps are pooled based on the UV ftracing on the
chromatogram, and the entire peak 1s collected. The eluate
from the HIC step 1s pooled based on the UV tracing, and the
main peak 1s pooled until the UV reading on the tailing side
of the peak reaches 20% of the peak maximum. The HIC tail
fraction contains the majority of the Protein A and aggre-
gated 1gG’s.
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TABLE 1

Buffer Formulations

Composition

PBS 20 mM sodium phosphate,
150 mM sodium chloride, pH 7
PBS/glycine PBS plus 0.1M glycine

ProSep Elution Buffer
CM SEPHAROSE

Equilibration Buffer
CM SEPHAROSE

Elution Buffer
Guanidine Stock Solution

25 mM citrate, pH 3.5
10 mM citrate, pH 3.5

40 mM citrate, 100 mM

sodium chloride, pH 6

6M guanidine hydrochloride,

50 mM sodium phosphate, pH 7
2.6M ammonium sulfate, 530 mM
sodium phosphate, pH 7

2.0M ammonimum sulfate, 530 mM
sodium phosphate, pH 7

1.3M ammonium sulfate, 50 mM
sodium phosphate, pH 7

50 mM sodium phosphate, pH 7
1.0M ammonmum sulfate, 50 mM
sodium phosphate, pH 7

50 mM sodium phosphate, pH 7
0.2M NaOH

2.6M Ammonium Sulfate
Stock Solution

2.0M Ammonium Sulfate
Stock Solution

Phenyl-650 Equilibration
Bufter

Phenyl-650 Gradient Buffer
Butyl-650 Equilibration Buffer

Butyl-650 Gradient Buffer
HIC Strip Bufler

Example IA. RSHZ-19 Purification at 1 Gram Scale Using
TOYOPEARL Phenyl-650M

A 5.0 liter (20 cm diameter by 16 cm length) ProSep A
afhinity column was equilibrated with PBS (see Table 1) at
5.2 liter/min. 100 liters of conditioned culture medium
containing 0.8 grams per liter of RSHZ-19 monoclonal
antibody was clarified by microfiltration as described above,
and applied to the column at a flow rate of 3.2 liter/min.
After the load, approximately 15 liters of PBS/glycine was
applied to the column at the same flow rate. The IgG was
cluted by applying 15-20 liters of ProSep A elution bufler.
Fractions of the non-bound peak and the elution peak were
collected and assayed for IgG content using an HPLC assay.
The eluate was approximately 15 liters in volume, and
contained approximately 5 milligrams protein per milliliter.

Immediately after elution, the sample was adjusted to pH
3.5 by the addition of 2.5M hydrochloric acid, held for
approximately 30 minutes, and adjusted to pH 5.5 by the
addition of approximately 350 milliliters of 1M Tris base.
After neutrahzmg to pH 5.5, the sample was filtered through
a 0.1 micron Polygard CR ﬁlter in tandem with a sterile 0.2
micron Millipak 200, into a sterile container. The filtrate was
stored at 4° C. Samples of the filtrate were analyzed for IgG
content using an HPLC assay, and for total protein by
absorbance at 280 nanometers. The samples were also
analyzed for Protein A content by an ELISA procedure. This

pH 3.5 treated and filtered Prosep A eluate was used as the

CM SEPHAROSE load 1n Examples IA, B and C.

400 malliliters of pH 3.5 treated and filtered ProSep A
cluate were loaded directly onto a 220 milliliter (4.4 cm
diameter x 15 cm length) column of CM SEPHAROSE FF
at 38 mL/min, which had been previously equilibrated with
CM Equilibration bufler. After loading, the column was
washed at 38 mL/min with approximately 700 milliliters of
CM Equilibration Bufler. The IgG was eluted by applying
CM Elution Buffer at 38 mlL/min. The IgG came of the
column after approximately 1 bed volume of Flution Builer
had passed. The entire peak was collected as CM
SEPHAROSE eluate. Fractions of the CM non-bound, elu-
ate and strip fractions were collected and analyzed for IgG
content, total protein content, and Protein A content as
described previously. The eluate was approximately 160

milliliters 1n volume, and contained approximately 12 mul-
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ligrams protein per milliter. This CM SEPHAROSE eluate
was split mto two equal portions of approximately 80

milliliters, and was used 1n Examples IA and IB for the HIC

load.
To 80 mulliliters of CM SEPHAROSE eluate was added

(slowly with constant stirring) a total of 40 mualliliters of
Guanidine Stock Solution. This brought the guanidine con-
centration to 2M for viral mactivation. While stirring the
guanidine-treated solution, a total of 120 milliliters of 2.6M
Ammonium Sulfate Stock Solution was added. The resulting
solution was 1.0M in guanidine and 1.3M 1in ammonium
sulfate. The ammonium sulfate treated solution was applied
to an 80 mL column (3.2 cm diameterx10 cm length) of
TOYOPEARL Phenyl-650M, previously equilibrated with
Phenyl Equilibration Builer. The flow rate was 20 mL/min
throughout the run. After loading, the column was washed
with approximately 350 mulliliters of Phenyl Equilibration
Bufler. The IgG was eluted by applying a linear gradient
starting at 85% Equilibration/15% Gradient bufler and end-
ing at 0% Equilibration/100% Gradient builer, in 1819
column volumes. This represents a starting ammonium
sulfate concentration of approximately 1.1M and an ending
concentration of OM. The slope of this gradient was approxi-
mately a 4.7% increase 1n elution buller per column volume,
or —0.061 M ammonium sulfate per column volume. The IgG
began to elute from the column at approximately 7 column
volumes and ended at approximately 13 column volumes
into the gradient (ammonium sulfate concentration of
approximately 0.7 to 0.3M). The eluted fraction was col-
lected until the UV absorbance on the tailing side of the peak
decreased to 20% of the peak height, then collection was
switched to another vessel (tail fraction). At the end of the
gradient, approximately 250 mL of HIC Strip Bufler was
applied to regenerate the column. Fractions of the Phenyl
non-bound, eluate, tail and strip fractions were collected and
analyzed for IgG content, total protein content, and Protein
A content as described previously. The eluate was approxi-
mately 300 muilliliters mm volume, and contained approxi-
mately 2.4 milligrams protein per milliter.

Table 2 summarizes the column parameters for this
example. The product and protein recovery data for each
step are shown 1n Table 3, along with the Protein A content,
expressed as nanograms Protein A per milligram IgG (ng/
mg). As seen in Table 3, the Protein A reduction over
Phenyl-650M 1s approximately 4-fold, and the recovery is
approximately 94%.

TABLE 2

Column Parameters at 1 eram scale using Phenvyl-650M

Column Column
Volume dia x length Load
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TABLE 3

Purification Summary for Example IA,
1 gram scale using Phenyl-650M

Total
RSHZ- Total Step Protein
Volume 199 Protein®  Yield A°
Step (Liters) (Grams) (Grams) (%) (ng/mg)
Cell-free 100 80.3 n.d. — 0
Culture Fluid
ProSep A 15.8 73.8 80.4 92 20.2
Eluate
CM SEPHA- (0.4)4 (1.87)  (2.04)¢
ROSE? Load
CM SEPHA- 0.16 20.1 1.88 100 14.5
ROSE Eluate
Phenyl-650M¢ 0204 ©.72¢  (0.83)
Load
Phenyl-650M 0.31 0.68 0.73 94 3.5
Eluate
(Phenyl Tail 0.59 0.075 0.10 — 133)°
Cumulative 86
Recovery
(o)
“by HPLC
"by Absorbence at 280 nm + 1.27 mL mg ' em™
‘by ELISA

dOnly a portion of the total eluate from the previous column was carried

forward, as described in the text above
“Protein A migrates primarily i the Tail fraction

Example IB. RSHZ-19 Purification at 1 Gram Scale Using
TOYOPEARL Butyl-650M

This preparation used the same CM SEPHAROSE eluate
as described 1n Example IA, and the HIC step was per-
formed using TOYOPEARL Butyl-650M 1nstead of Phenyl-
650M. The preparation of the CM SEPHAROSE cluate 1s
described i Example IA above. To 80 milliliters of CM
SEPHAROSE eluate was added (slowly with constant
stirring ) a total of 40 milliliters of Guanidine Stock Solution.
This brought the guanidine concentration to 2M for viral
inactivation. While stirring the guanidine-treated solution, a
total of 120 malliliters of 2.0M Ammomum Sulfate Stock
Solution was added. The resulting solution was 1.0M 1n
guanidine and 1.0M 1n ammonium sulfate. The ammonium
sulfate treated solution was applied to a an 80 mL column
(3.2 cm diameterx10 cm length) of TOYOPEARL Butyl-
650M, previously equilibrated with Butyl Equilibration
Bufler. The flow rate was 20 mL/min throughout the run.
After loading, the column was washed with approximately
350 malliliters of Butyl Equilibration Bufler. The IgG was

cluted by applying a linear gradient starting at 65%

Equilibration/35% Gradient bufler and ending at 20%
Equilibration/80% Gradient bufler, in 12-13 column vol-

Flow Rates

Step (liter) (cm) Ratio

ProSep A 5.0 20 x 16 16.0 g Ig(G per 1000
liter bed volume

CM SEPHAROSE FF 0.22 44 x 15 9.1 g protein per 150
liter bed volume

Phenyl-650M 0.08 3.2 x 10 10.4 g protein per 150

liter bed volume

(cm/ hr) (mL/min)

5200

38

20
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umes. This represents a starting ammonium sulfate concen-
tration of approximately 0.65M and an ending concentration
of approximately 0.2M. The slope of this gradient was
approximately a 3.3% increase 1n elution bufler per column
volume, or —0.033M ammonium sulfate per column volume.
The IgG began to elute from the column at approximately 2
column volumes and ended at approximately 9 column
volumes into the gradient (ammonium sulfate concentration
of approximately 0.58 to 0.35M). The eluate fraction was
collected until the UV absorbance on the tailing side of the
peak decreased to 10% of the peak height, then collection
was switched to another vessel. At the end of the gradient,
approximately 250 mL of Butyl Gradient Buifler was
applied, and a small peak eluted and was collected. Approxi-
mately 250 mL of HIC Strip Bufler was applied to regen-
erate the column. Fractions of the Butyl non-bound, eluate,
tail and strip fractions were collected and analyzed for I1gG
content, total protein content, and Protein A content as
described previously. The eluate was approximately 400
milliliters 1n volume, and contained approximately 1.5 mul-
ligrams protein per milliter.

Table 4 summarizes the column parameters for this
example. The product and protein recovery data for each
step are shown 1n Table 5, along with the Protein A content,
expressed as nanograms Protein A per milligram IgG (ng/
mg). Although the recovery of IgG 1s lower compared to
Example IA (79% v. 94%), the Protein A content 1s reduced
approximately 20-fold using Butyl-650M as an HIC step.

TABLE 4

Column Parameters at 1 gram scale using Butyl-650M
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TABLE 5-continued

Purification Summary for Example 1B,
1 gram scale using Butyl-650M

Total
RSHZ- Total Step Protein
Volume 199 Protein®  Yield A°

Step (Liters) (Grams) (Grams) (%) (ng/mg)
Mass Balance 95
(% of load)
“by HPLC
®by Absorbence at 280 nm + 1.27 mL mg~! em™}
‘by ELISA

0Only a portion of the total eluate from the previous column was carried

forward, as described above
“Protein A migrates primarily in the Tail fraction

tTail contains 3% of the load
Estrip contains 13% of the protein that was loaded

Example IC. RSHZ-19 Purification at 40 Gram Scale Using
TOYOPEARL Phenyl-650M

This preparation used the same ProSep A eluate as
described 1n Example 1A, and the downstream steps were

scaled-up to accommodate approximately 40 grams of
protein, using TOYOPEARL Phenyl-650M as the HIC

medium. The preparation of the CM SEPHAROSE Load 1s
described 1n Example 1A above. 7.8 liters of pH 3.5 treated
and filtered ProSep A eluate were loaded directly onto a 4.2

liter (25 cm diameterx8.5 c¢m length) column of CM

Column Column
Volume dia x length Load Flow Rates
Step (Liter) (cm) Ratio (cm/hr) (mL/min)
CM SEPHAROSE FF 0.22 44 x 15 9.1 g protein per 150 3%
liter bed volume
Butyl-650M 0.08 3.2 x 10 10.4 g protein per 150 20
liter bed volume
SEPHAROSE FF which had been previously equilibrated
TABIE 5 with CM Equilibration buffer at 1.2 L/min. After loading, the
4> column was washed at 1.2 [/min with approximately 8 liters
Purification Summary for Example 1B, of CM Equilibration Bufier. The IgG was eluted by applying
1 gram scale using Butyl-650M CM Elution Buffer at 1.2 L/min. The IgG came off the
column after approximately 1 bed volume of Flution Builer
RTSDIE ol St Dot had passed. The entire peak was collected as CM
l o b O 50 SEPHAROSE eluate. The column fractions of the CM
Volume 19 Protein®  Yield A
Step (Liters)  (Grams) (Grams) (%)  (ng/mg) non-bound and elua‘Fe were collected and E}nalyzed for IgG
content, total protein content, and Protein A content as
Cell-free 100 80.3 n.d. — 0 described previously. The eluate was approximately 3.7
Culture Fluid liters 1n volume, and contained approximately 6—7 milli-
ProSep A 15.%8 73.%8 80.4 92 20.2 - it
Eluate 55 grams protein per milliter. B
OM SEPHA. (0.4 187 (2.04) To 5.6 .hters of CM SEPHAROS: elua.te was addeFI
ROSEC T 0ad (slowly with constant stirring) a total of 2.8 liters of Guani-
CM SEPHA- 0.16 2.01 1.88 100 14.5 dine Stock Solution (3.2 kilogram by weight). This brought
ROSE Eluat: ) ) ) the guamidine concentration to 2M for viral mactivation, at
Butyl-650M (0.21) (0.76)7  (0.86) 60 a volume of 8.3 liters. While stirring the guanidine-treated
Eiﬂdl_ﬁtm 0t 0 6o " 6 . 0 solution, a total of 8.3 liters (9.7 kg by weight) of 2.6M
EluZte | | | | Ammonium Sulfate Stock Solution was added. The resultmg
(Butyl Tail 0.40 003 003 . 31 4) 80: ution was 1.0M 1n guanidine and 1.3M 1n ammonium
(Butyl Strip 053 010 010 _ n.d.)e sulfate, with a final volume of 16.7 liters. The ammonium
Cumulative 73 65 sulfate treated solution was applied to a 4.6 liter column (18
Recovery cm diameterx18 cm length) of TOYOPEARL Phenyl-650M,

previously equilibrated with Phenyl Equlibration Bufler.



US RE40,070 E

17

The flow rate was 0.5-0.6 L/min throughout the run. After
loading, the column was washed with approximately 14
liters of Phenyl Equilibration Bufler. The I1gG was eluted by
applying a linear gradient starting at 100% Equilibration
Bufler and ending at 100% Gradient bufler, 1n 20 column
volumes. This represents a starting ammonium sulfate con-
centration ol approximately 1.3M and an ending concentra-
tion of OM. The slope of this gradient was approximately a
3% 1increase in elution bufler per column volume, or
—0.065M ammonium sulfate per column volume. The IgG
began eluting from the column at approximately 7 column

volumes and ended at approximately 12 column volumes

Step

CM SEPHAROSE FF

10

Phenyl-650M

Step

Cell-free Culture

Fluid
ProSep A
Eluate

CM SEPHAROSE®

L.oad

CM SEPHAROSE

Eluate
Phenyl-650M

Phenyl Tail
Formulated
Product

Cumulative Recovery

(%)

Mass Balance (% of load)

“by HPLC
b

‘by ELISA

Eluate (Product)

by Absorbence at 280 nm + 1.27 mL mg ! cm™

18

Table 6 summarizes the column parameters for this
example. The product and protein recovery data for each
step are shown 1n Table 7, along with the Protein A content,
expressed as nanograms Protein A per milligram IgG (ng/
mg) and the IgG aggregate content, expressed as % of total
IgG. As seen 1n Table 7, the Protein A reduction over
Phenyl-650M 1s approximately 3-fold, and the recovery 1is

approximately 90%. IgG aggregates were reduced from
0.5% 1n the CM SEPHAROSE eluate to 0.06% 1n the
formulated product.

TABLE 6

Column Parameters at 40 gram scale

Column Column
Volume dia x length Load Flow Rates
(liter) (cm) Ratio (cm/hr)  (L/min)
4.2 25 x 85 8.9 g protemn per 150 1.2
liter bed volume
4.6 18 x 18 10.4 g protein per 140 0.6
liter bed volume
TABLE 7
Purification Summary for Example IC: 40 gram scale
Total Total  Step IgG
Volume RSHZ-19% Protein® Yield Protein A° Aggregate
(Liters) (Grams) (Grams) (%) (ng/mg) (%)
100 80.3 n.d. — 0 n.d.
15.8 73.8 80.4 92 20.2 n.d.
(7.840¢  (36.00¢  (37.3)¢
5.71 36.5 37.3 100 21.4 0.5%
15.4 32.8 33.6 90 8.0 <0.05
24.6 2.5 3.0 — 78.0 5.1)°
2.0 32.8 32.0 100 6.5 0.06
83
97

|

dOnly a portion of the total ProSep A Eluate was carried forward
*Protein A and IgG aggregates migrate primarily in the tail fraction

into the gradient (ammonium sulfate concentration of
approximately 0.85 to 0.5M). The eluate fraction was col-
lected until the UV absorbance on the tailing side of the peak
decreased to 20% of the peak height, then collection was
switched to another vessel (tail). Fractions of the Phenyl
non-bound, eluate and tail and strip fractions were collected
and analyzed for IgG content, total protein content, and
Protein A content as described previously. The eluate was
approximately 15.4 L i volume, and contained approxi-
mately 2.2 milligrams protein per milliter.

The Phenyl Fluate was concentrated to approximately 16
mg/mL using a tangential flow ultrafiltration apparatus
(CUF, Millipore Corp.) equipped with 30,000 MWCO
Omega membranes (Filtron Corp.) and bufler exchanged by
continuous diafiltration against a suitable formulation butfer.
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Example ID. RSHZ-19 Purification at 125 Gram Scale
Using TOYOPEARL Phenyl-650M

A 5.5 liter (20 cm diameter by 18 cm length) ProSep A
afhinity column was equilibrated with PBS (see Table 1) at
4.8 liter/min. 450 liters of conditioned culture medium
containing 0.94 grams per liter of RSHZ-19 monoclonal
antibody was clarified by microfiltration as described above,
and applied 1n four separate 90-95 liter portions and one 40
liter portion to the column at a flow rate of 4.8 liter/min (and
so throughout). Each cycle on the column ran as follows:
After the load, approximately 17 liters of PBS/glycine was
applied to the column at the same flow rate. The IgG was
cluted by applying 15-20 liters of ProSep A Elution bufler.
Fractions of the non-bound peak and the elution peak were
collected and assayed for IgGG content using an HPLC assay.

The eluate from each cycle was approximately 9 liters 1n
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volume, and contained approximately 5—10 milligrams pro-
tein per milliliter. Immediately after elution, the ProSep A
cluates were adjusted to pH 3.5 by the addition of 2.5M
hydrochloric acid, held for approximately 30 minutes, and
adjusted to pH 5.5 by the addition of approximately 250
milliliters of 1M Tris base. After neutralizing to pH 5.3, the
cluates were pooled together, and filtered through a 0.1
micron Polygard CR filter in tandem with a sterile 0.2
micron Millipak 200, 1n 5 liter aliquots 1n sterile containers.
The filtrate was stored at 4° C. Samples of the filtrate were
analyzed for IgG content using an HPLC assay, and for total
protein by absorbance at 280 nanometers. The samples were
also analyzed for Protein A content by an ELISA procedure,
and IgG aggregates by HPLC.

The downstream steps were scaled-up to accommodate
approximately 120-140 grams of protein. 16.3 liters of pH
3.5 treated and filtered ProSep A eluate containing approxi-
mately 130 grams of protein was loaded directly onto a 14.4
liter (35 c¢cm diameterx1l5 cm length) column of CM
SEPHAROSE FF at 2.4 L/min, which had been previously
equilibrated with CM Equilibration bufler. After loading, the
column was washed at 2.4 L/min with approximately 45
liters of CM Equilibration Bufler. The IgG was eluted by
applying CM Elution Bufler at 2.4 L/min. The IgG began to
clute from the column after approximately 1-2 bed volumes
of Elution Builer had passed. The entire peak was collected
as CM SEPHAROSE eluate. Fractions of the CM non-
bound and eluate were collected and analyzed for IgG
content, total protein content, and 1gG aggregate. The eluate
was approximately 21 liters in volume, and contained
approximately 120 grams protein.

To 19.4 liters of CM SEPHAROSE ecluate was added
(slowly with constant stirring) a total of 9.7 liters of Guani-
dine Stock Solution. This brought the guanidine concentra-
tion to 2M for viral 1inactivation, at a volume of 29.1 liters.
While stirring the guanidine-treated solution, a total of 29.1
liters of 2.6M Ammonium Sulfate Stock Solution was
added. The resulting solution was 1.0M 1n guanidine and
1.3M 1n ammonium sulfate, with a final volume of 58.2
liters. The ammonium sulfate treated solution was applied to

a 12.4 liter column (30 cm diameterx18 cm length) of

Step

ProSep A

CM SEPHAROSE FF

Phenyl-650M

Step
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TOYOPEARL Phenyl-650M, previously equilibrated with
Phenyl Equilibration Buffer. The flow rate was 1.1-1.3
L/min throughout the run. After loading, the column was
washed with approximately 37 liters of Phenyl Equilibration
Bufler. The IgG was eluted by applying a linear gradient
starting at 80% Equilibration Bufler/20% Gradient Builer
and ending at 20% Equilibration Bufler/80% Gradient
bufler, 1n 12 column volumes. This represents a starting
ammonium sulfate concentration of approximately 1.0M
and an ending concentration of approximately 0.26M. The
slope of this gradient was approximately a 5% increase 1n
Gradient builer per column volume, or —0.065M ammonium
sulfate per column volume. The IgG came off the column
essentially 1n the middle of the gradient, with the peak

containing approximately 0.8M ammonium sulfate. The
cluate fraction was collected until the UV absorbance on the
tailing side of the peak decreased to 20% of the peak height,
then collection was switched to another vessel (tail). Frac-
tions of the Phenyl non-bound, eluate and tail and strip
fractions were collected and analyzed for IgG content, total
protein content, and IgG aggregate. The eluate was approxi-
mately 29 L 1 volume, and contained approximately 100
grams protein.

The Phenyl Eluate was concentrated to approximately 10

mg/ml. using a tangential flow ultrafiltration apparatus
(CUF, Millipore Corp.) equipped with 30,000 MWCO
Omega membranes (Filtron Corp.) and bufler exchanged by
continuous diafiltration against a suitable formulation bufler.
The product was analyzed for IgG content, total protein,
Protein A and IgG aggregate.

Table 8 summarizes the column parameters for this
example. The product and protein recovery data for each
step are shown 1n Table 9, along with the Protein A content,
expressed as nanograms Protein A per milligram IgG (ng/
mg) and the IgG aggregate content, expressed as % of total
IgG. As seen 1n Table 9, the Protein A reduction over CM
SEPHAROSE and Phenyl 650M 1s approximately 7-fold,
and the cumulative recovery 1is appr0x1mately 70%. IgG
aggregates were reduced from 0.4% 1n the CM

SEPHAROSE cluate to 0.06% 1n the formulated product.

TABLE 8

Column Parameters at 125 gram scale

Column Column

Volume dia x length Load Flow Rates

(liter) (cm) Ratio (cm/hr)  (L/min)
5.0 20 x 18 14-16 g RSHZ-19 915 4.8
per liter bed volume
14.4 35 x 15 8.4 g protemn per 150 24

liter bed volume
12.4 30 x 18 8.6 g protemn per 100 1.2

liter bed volume

TABLE 9
Purification Summarv for Example ID: 125 gram scale
Total Total Step IgGG
Volume RSHZ-192 Protein® Yield Protein AS Aggregate

(Liters) (Grams) (Grams) (%) (ng/mg) (%)
416 392 477¢ — 0 n.d.
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TABLE 9-continued

Purification Summary for Example ID: 125 gram scale

22

Total Total  Step IgG
Volume RSHZ-19% Protein® Yield Protein A° Aggregate

Step (Liters) (Grams) (Grams) (%) (ng/mg) (%0)
ProSep A 48.7 375 384 96 11.7 0.4
Eluate
CM SEPHAROSE® (16.3)4 (1254 (12994 —
Load
CM SEPHAROSE 20.6 116 117 93 n.d. 0.4
Eluate
Phenyl-650M 29.1 98.1 99.8 RS n.d. <0.05
Eluate
Formulated 9.29 89.8 91.1 92 1.7 0.06
Product
Cumulative Recovery 70

(%)

by Reversed-Phase HPLC

b —1

by Absorbence at 280 nm + 1.27 mL mg™' cm

C

by Bradford assay

dDownstream process capacity is approximately 140 grams; only a portion of the total ProSep

A eluate i1s carried forward

650M resin (lot #65PHMO1 H). The flow rate was main-

TABLE 10 20 tamned at 2 mL/min for all steps. The column was equili-
Purity analysis: 125 Gram Scale brated with 20 m; _qui_.ibration buffer (1M ammonium
sulfate, 50 mM sodium phosphate, pH 7.0). The product was
Aggregates Purity” Activity” prepared for loading on the column by taking 5 mL partially
Step (% of Total 1g&) (% of Total Area) (%) purified CH-CD4 monoclonal antibody (17 mg/mL concen-
CCF not applicable not done 80)° 35 tration by absorbance at 280 nm), adding 2.5 mL 6M
Eﬁggfuifm g'j gz'i 13; guanidine HCI, 50 mM sodium phosphate, pH 7.0, mixing,
Phenyl Eluate <0.05 08 3 99 holding for 30 minutes, and then adding 7.5 mLL 2M ammo-
Final product 0.06 99.7 115 nium sulfate, 50 mM sodium phosphate, pH 7.0. The final
“Determined by scanning densitometry of reducing SDS-PAGE; sum of 40 ammonium sulfate concentration of the load was 1M, the
area of Heavy and Light chains of IgG final guanidine HCI concentration was 1M, the final volume
bCalculated ratio of activity (de‘Femlined byl Bovine RS Virus binding after samples were taken was 12 mL, and the final concen-
ELISA) to RSHZ-19 concentration (determined by A280) ‘ _ ‘
“Calculated ratio of activity, by bovine RS virus ELISA, to RSHZ-19 con- tration of product was 5.6 mg/mL. This material was then
centration by HPLC loaded on the column at 2 mI./min and then eluted with a 10
45 column volume linear gradient of Equilibration builer to 50
mM sodium phosphate, pH 7.0. Fractions of approximately
EX AMPI E 11 4 mlL were taken as the product eluted from the column.

The results are shown i Table 11. All of the product
5o eventually eluted 1n the gradient. Protein A also eluted and
The anti-CD4 monoclonal antibody CH-CD14 was made was enriched 1n later fractions from the gradient. To achieve
by cell culture techniques and partially purified using Pro- a reduction in Protein A in the final product, it was necessary
tein A and 1on exchange chromatography in a fashion similar ~ to exclude some of the fractions at the end of the gradient,
to that used m Example I, except that an anion exchange  thus reducing the yield of product. A two-fold reduction in
resin was employed. An Amicon column (1 cm diameter by °° Protein A was possible with an 86% vyield of product and a

10 cm high) was packed with 8 mL of Phenyl TOYOPEARL three-fold reduction was possible with a 50% yield.

TABLE 11
Cumulative
Specific Cumulative Protein A
Fraction Volume Product  Protemn A Protein A Product Removal
No. (mL) (mg/mL) (ng/mL) (ng/mg) Yield Factor®
0 Load 5.8 200.7 35

12



US RE40,070 E

23

TABLE 11-continued

Cumulative
Specific Cumulative
Fraction Volume Product  Protein A Protemn A Product
No. (mL) (mg/mL) (ng/mL) (ng/mg) Yield
Eluate

1 5.5 0.04 0.0 0 0%

2 3 0.31 0.0 0 2%

3 4.2 1.32 6.4 4 10%

4 4.2 3.1 16.9 5 28%

5 4 4 68.3 10 51%

6 4.2 3.4 80.9 14 72%

7 4.2 2.3 94.1 19 86%

8 4.2 1.3 793 22 94%

9 4.2 0.71 49 9 24 9R8%
10 4.2 0.36 32.8 26 100%
11 4 0.19 22.9 27 101%
12 4 0.11 13.5 27 102%
13 9.6 0.05 8.5 28 102%

24

Protein A

Removal

Factor®

8.6
7.0
3.3

ho Lo W W A oy

“Removal factor 1s calculated by pooling eluate fractions from start of eluate to desired

fraction and dividing imitial Protein A 1 load by Protemn A ng/mg in pooled eluate frac-
tions. For example, the factor 8.6 is calculated by dividing the sum of Protein A in frac-
tions 1-3 by the sum of product in fractions 1-3 to get ng/mg. This number i1s then

divided by 35 ng/mg 1n the load to obtain ¥.6.

EXAMPLE IIB:

CH-CD4 monoclonal antibody was partially purified, and
prepared for loading on the HIC column as described in
example IIA. The same column, tlowrate, equilibration and
loading described 1n example IIA were used. In this
example, after the column was loaded and washed with
Equilibration builer, 1t was washed with 18 mL Wash buller
(1M ammonium sulfate, 50 mM sodium citrate, pH 3.3).
This was followed by another washing with 13.5 mL Equili-
bration bufler (described 1n example IIA). The column was
cluted with a gradient and then washed with water as
described 1 example IIA. The column eluate was divided

into 14 mL fractions which were then analyzed for product

and Protein A.

The results are presented 1n Table 12. Protein A could be
reduced by 6 fold at 90% vield, and by 8 fold at 78% vyield.

TABLE 12
Cumulative
Specific Cumulative
Fraction Volume Product  Protein A Protein A Product

No. (mL) (mg/mL) (ng/mL) (ng/mg) Yield

0 L.oad 5.80 167.1 29

12
Eluate

1 14 1.50 0 0.0 30%

2 14 2.35 13.6 3.5 7TR%

3 14 0.38 8.3 5.2 R5%

4 14 0.18 0 5.0 9%

5 9 0.13 0 4.9 01%

L As in footnote “a” to Table 11.

Comparing the results of example IIB with example I1IA
it can be seen that Protein A was reduced by 6 to 8 fold with
about 80% vield when the pH 3.5 wash was included, but
reduction was only about 2 fold with 80% yield of CH-CDH
without the pH 3.5 wash.
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EXAMPLE IIC:

This example was performed similar to example IIB,
except that the scale was increased. Equilibration and Wash
buflers are described 1n example IIB. The column was 5 cm
in diameter and 28 cm high and the tlowrate was 50 mL/min.

CH-CD4 monoclonal antibody was prepared and partially
purified, as described 1n example IIA. The partially purified
product (440 mL) was mixed with 220 mLL 6M guanidine
HCI for 31 min. Then, 660 ml, 2M ammonium sulfate, 50
mM sodium phosphate, pH 7.0 was added. The final ammo-
nium sulfate concentration was 1M and the final antibody
concentration was 5.3 mg/mlL. After sampling, the load
volume was 1,290 mlL..

The column was equilibrated with 2 column volumes of
Equilibration bufler and then loaded on the column. The
column was then washed with 630 mlL of Equilibration

buffer, 1,000 mL of Wash bufler, 800 mL of Equilibration
bufler, and then eluted with a 5 column volume gradient

Protein A

Removal
Factor!

8.1
5.6
5.8
5.9

from 0.75M ammonium sulfate, 50 mM sodium phosphate,
pH 7.0, to 50 mM sodium phosphate, pH 7.0. Fractions were
collected during elution.

r

The results are presented in Table 13. Protein A was
reduced 100 fold with a yield of 70%, or by 30 fold with an

antibody vield of 80%.
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TABLE 13
Cumulative
Specific Cumulative
Fraction Volume Product  Protein A Protemn A Product

No. (mL) (mg/mL) (ng/mL) (ng/mg) Yield

0 Load 5.30 198 37

1290
Eluate

1 581 0.03 0 0.0 0%
2 304 3.60 0 0.0 16%
3 243 5.40 0 0.0 35%
4 238 4.50 0 0.0 51%
5 237 3.40 2.4 0.1 63%
6 239 2.2 4.7 0.4 71%
7 256 1.2 4.8 0.6 75%
8 252 0.7 7.6 0.9 78%
9 240 0.4 5.3 1.1 79%
10 250 0.4 5.7 1.4 81%
11 202 0.4 4.38 1.5 82%
12 210 1 148.5 6.8 85%

EXAMPLE IID

Partially purified CH-CD4 monoclonal antibody was pre-
pared as shown in example IIA. Equlibration and Wash 25
buflers are described in example I1IB. Four milliliters of 6M
guanidine HCI, 50 mM sodium phosphate, pH 7.0 was added
to 8 mL of a 9.5 mg/mL solution of partially purified
CH-CD4 monoclonal antibody and incubated for 30 min-
utes. Then, 12 mL of 2M ammonium sulfate, 50 mM sodium ;g
phosphate, pH 7.0 was added slowly. The column was 0.5
cm 1n diameter and 20 cm high (4 mL) and the flowrate for
all steps was 0.5 mL/min. The column was rinsed with 2
column volumes each of water and Equilibration bufler.
Then, 22 mL of the load solution was passed through the
column, followed by 2 column volumes of Equilibration
builer, followed by Wash builer until the pH of the column
elfluent was 3.5. This was followed by Equilibration bufler
until the effluent pH was 7.0. The column was eluted with
0.3M ammonium sulfate, 50 mM sodium phosphate, pH 7.0.
After the UV ftrace started to rise, 12.6 mL of eluate were
collected and analyzed for product and Protein A. The yield
of product was 80% and the Protein A was reduced from 28
ng/mg to 6 ng/mg, a reduction of 4.7 fold.

What 1s claimed 1s:

[1. A method for purifying monomeric IgG antibody from 45
a mixture comprising said monomeric antibody and at least
one of immunoglobulin aggregates, mistolded species, host
cell protein or protein A comprising contacting said mixture
with a hydrophobic interaction chromatographic support and
selectively eluting the monomer from the support.} 50

2. [The method according to claim 1] 4 method for
purifying monomeric IgG antibody from a mixture compris-
ing said monomeric IgG antibody and at least one of
immunoglobulin aggregates, misfolded species, and protein
A, wherein said method comprises the steps of: (i) contact-
ing said mixture with a hyvdrophobic interaction chromato-
graphic support and (ii) selectively eluting the monomeric
IgG antibody from the support wherein the monomeric IgG
1s selected from the group consisting of anti-RSHZ-19 and
CH-CDA4.

[3. The method according to claim 1 wherein the HIC ©Y
support 1s selected from the group consisting of alkyl ~,_
agarose, aryl-agarose, alkyl-silica, aryl-silica alkyl organic
polymer resin and aryl organic polymer resin.}

[4. The method according to claim 3 wherein the support
1s selected from the group consisting of butyl-, phenyl-, and 65
octyl-agarose and butyl-, phenyl- and ether- organic polymer
resin. |
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Protein A
Removal
Factor®

282
107
66
41
33
27
25

[5. The method according to claim 4 wherein the support
is phenyl-organic polymer resin.]

[6. The method according to claim 4 wherein the support
is butyl-organic polymer resin.]

[7. The method according to claim 1 wherein the antibody
is selectively eluted with a low salt buffer.]

8. The method according to claim [7] 2 wherein the
antibody 1s selectively eluted with a gradient decreasing 1n
salt to 50 mM phosphate, pH7.0.

9. A method for the purification of an IgG antibody from
conditioned cell culture medium containing same compris-
ing sequentially subjecting the medium to (a) Protein A
allinity chromatography, (b) ion exchange chromatography,
and (c¢) hydrophobic interaction chromatography.

[10. The method according to claim 9 wherein the ion
exchange chromatography employs a support selected from
the group consisting of CM-23—, CM-32-, CM-52- cellu-
lose; CM-and, SP-cross-linked dextrans, CM- and S-argose;
CM-organic polymer resin; DEAE-QAE-Q-cross-linked
dextians; DEAE-QAE-,Q- linked agarose; and DEAE
organic polymer resins and is by a buffered salt solution.]

[11. The method according to claim 10 wherein the
support is CM-agarose Fast Flow and the salt is NaCl. ]

[12. The method according to claim 10 wherein the
buflered salt solution 1s 40 mM citrate containing, 100 mM,
NaCl, pH 6.0.]

13. The method according to claim 9 wherein the hydro-
phobic interaction chromatographic employs a support
selected from the group consisting of alkyl,., -4-agarose,
aryl-agarose, alkyl-silica, aryl-silica, alkyl-organic polymer
resin and aryl-organic polymer resin.

14. The method according to claim 13 wherein the support
1s selected from the group consisting of butyl-, phenyl- and
octyl-agarose and butyl-, phenyl- and ether-organic polymer
resin.

15. The method according to claim 14 wherein the support
1s phenyl-organic polymer resin or butyl-organic polymer
resin.

16. The method according to claim 9 wherein the support

1s phenyl- or butyl-organic polymer resin and the antibody
1s selectively eluted with a low salt bufler.

17. The method according to claim 16 wherein the anti-
body 1s selectively eluted with a gradient decreasing to 50
mM sodium phosphate bufler, pH 7.0.

18. The method according to claim 9 wherein the Protein
A chromatography employs as a support Protein A linked to
controlled pore glass and elution 1s by a low pH bufler.
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19. The method according to claim 18 wherein said builer
1s 25 mM citrate, pH 3.5.

20. A method for puritying antibody from a conditioned
cell medium comprising:

(a) adsorbing the antibody onto a Protein A chromato-
graphic support;

(b) washing the adsorbed antibody with at least one
buil

er;

(¢) eluting the antibody from step (b);

(d) adsorbing the antibody from step (¢) onto an 1on
exchange chromatographic support;

(¢) washing the absorbed antibody with at least one bufler;
(1) selectively eluting the antibody from step (e);

(g) adsorbing the eluate of step (1) onto a hydrophobic
interaction chromatographic support;

(h) washing the adsorbed antibody with at least one
budl

er;

(1) eluting the adsorbed antibody; and

(1) recovering the antibody.

21. The method according to claim 20 which includes one
or more optional steps of mnactivating viruses 1f present.

22. The method according to claim 21 wheremn a viral
inactivation step 1s performed after step (1) and before step
(8)-

23. The method according to claim 22 wherein said viral
inactivation step comprises treatment of the eluate with
guanidine hydrochloride for a period of time suilicient to
inactivate virus followed by the addition of an ammonium
sulfate solution.

24. The method according to claim 23 wherein the guani-
dine hydrochloride 1s present at 2.0M and following treat-
ment eluate from step (1) 1s adjusted to 1.3M ammonium
sulfate.

25. The method according to claim 22 whereimn an addi-
tional viral nactivation step 1s performed after step (c) and
betore step (d).

26. The method according to claim 25 wherein said
additional viral inactivation step comprises treatment of the
cluate of step (¢) with acid.

277. The method according to claim 26 wherein the pH of

the eluate 1s adjusted to pH 3.5 and maintained at that pH for
a period of time suflicient to inactivate virus, and terminat-
ing the treatment by adjusting the pH to 5.5.

28. The method according to claim 20 wherein the 10n
exchange support of step (d) i1s selected from the group
consisting of carboxymethyl (CM), sulfoethyl (SE), sulio-
propyl (SP), phosphate(P), diethylaminoethyl (DEAE), qua-
ternary aminoethyl (QAE), and quaternary (Q), substituted
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cellulosic resins, cross linked dextrans, agarose and organic
polymer resins.

29. The method according to claim 28 wherein the cat-
ionic support 1s CM-agarose.

30. The method according to claim 20 wherein the hydro-
phobic interaction chromatographic support 1s selected from
the group consisting of alkyl ., ~q-agarose, aryl-agarose,
alkyl-silica, aryl-silica, alkyl-organic polymer resin and
aryl-organic polymer resins.

31. The method according to claim 30 wherein the support
1s selected from the group consisting of butyl-, phenyl- and
octyl-agarose and phenyl-, ether- and butyl-organic polymer
resins.

32. The method according to claim 31 wherein the support
1s phenyl- or butyl-organic polymer resins.

33. The method according to claim 20 wherein said
protein 1s recovered by pooling and concentrating the pro-
tein containing fractions from chromatography step (1) by
ultrafiltration.

34. The method according to claim 20 wherein the chro-
matographic support of step (a) 1s Protein A linked to
controlled pore glass.

35. The method according to claim 20 wherein the
absorbed antibody of step (h) 1s washed with two butlers, a
first equibration bufler and a second low pH wash buliler.

36. The method according to claim 35 wherein the pH of
the second bufler 1s less than 4.0.

37. The method according to claim 36 wherein the second
bufler 1s 1M ammonium sulfate, 50 mM sodium citrate, pH
3.5.

[38. A method of removing Protein A from a mixture
comprising Protein A and IgG antibodies comprising con-

tacting the mixture with a hydrophobic interaction chroma-
tography support and selecting eluting the antibody from the

support. ]
39. [The method according to claim 38] A4 method for

removing Protein A from a mixture comprising Protein A and
[gG antibodies comprising contacting said mixture with a
hvdrophobic interaction chromatography support and selec-
tively eluting the antibody from the support which includes
washing the support prior to elution with a bufler having a
pH less than 7.0.

40. The method according to claim 39 wherein the pH of
the wash bufler 1s less than 4.0.

41. The method according to claim 40 wherein the builer
is [(] IM ammonium sulfate, 50 mM sodium citrate, pH

3.5D]
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