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' METHODS FOR REDUCING AGGREGATE LEVELS IN PROTEIN PREPARATIONS
BY TREATMENT WITH THIO-HETEROCYCLIC CATIONS

STATEMENT OF RELATED APPLICATIONS
[0001] This application claims priority U.S. 61/ 761, 646 filed February 6, 2013 the ent1rety of

~which is incorporated herein by reference.
BACKGROUND

[0002] - Embodiments diselosed herein relate to methods for enhancing pnriﬁcatien of proteins,
including antibodies. In particular, embodiments relate to methods for reducing the level of
aggregates. -Sueh methods may be performed in conjunction (sequentially or simultaneously) with
clarification of cell-culture harvest. Embodintents disclosed herein further relate to integration of '
‘these capabilities w1th other punﬁcatmn methods to achieve the desired level of final protein- punty
[0003] Aggregate removal has recognized value in protein punﬁcatlon It has been shown that
low conccntratlons of the yellow fluorescent heterocychc dye ethacridine reduced aggregate content
of antibody preparations (Gan et al J. Chromatography A 1291 (2013) 33-40). Ethacridineis used as
" a prec1p1tat1ng agent in the field of protein purification.

[0004] The thio-heterocyclic cation methylene blue is used to inactivate virus of therapeutic
protein preparatlons produced by fractionation of blood plasma It is also used as an“anti-malarial

~ drug and for treatment of methemoglobmerma and certain cancers.
SUMMARY

[0005] In some aspects, embodiments disclosed herein provide methods of reducing the
aggregate content in a protein preparation comprising a target protein, the methods comprising
contacting the protein preparation with a thio-heterocyclic cation to form a mixture, contacting the
mixture With at least one functionalized solid to remove excess thio-heterocyclic cations, and
optionally contacting the mixture, simultaneously or sequentially, with at least one further

rfuncti(_)nalized solid to further reduce aggregate content of the protein preparation.
' DETAILED DESCRIPTION

[0006] = Methods and kits are provided for the purification of proteins. In certain embodiments

‘the disclosed methods provide for the reduction_of aggregétes from preparations of antibodies or
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other proteins through the contact of such desired proteins with one or more thio-heterocyclic

- cations. In certain embodiments the disclosed methods may be practiced at a range of conductivity

'levels from so- called physwlogical conditlons (about. 12 to about 16 mS/cm) to conduct1v1ty values

up to three or more times-higher than such conditions. Such elevated conduct1v1ty levels may permit S

the methods to be applied to acidic protems without risking the1r precipitation durmg treatment and
thereby increase the d1vers1ty of desired protein species to which the disclosed methods may be
_applied. In certain embodiments the disclosed methods may-be practlced with ultralow
concentrations of the tluo-hetero_eychc cations; such as from abent 0.01% to about 0.0 5%. The
disclosed methods comprise contaeting the treated protein preparation vvith solid materials that
enhance the overall ability of the treatment to reduce aggregate content, usually in parallel with
reducing host protein contamination, and provide the additional advantage of removing excess thio-
heterocyclic cations. In certain embodiments, the thio-heterocyclic cation is methylene blue.
[0007] " In'certain embodiments, the disclosed methods provide for reducing levels of aggregates
which have hi'g_li'mc')lecular*wei-‘ght'in compaiison with the desired protein, such as-'homo-aggregates,"
consisting of multiples of the delsired~protein or multiples of another single-species, and hetero-
aggregates,l consisting of one or moreof the desired protein combined with at least one other species
or combinations of species lacking the desired protein. In certain embodiments, aggregates comprise
_ heter'o-aggregates of the desired: protein and a contaminant and in certain such embodiments the
_contaminant is a nucleic acid, nueleotide, endotoxin, metal ion, protein, lipid, or cell,culture media
component. In certain eml)Odiments, the presence of homo-aggregates of the desired protein is
substantially el‘iminated. In certain embodiments, the presence of hetero-aggregates of the desired
protein and a contaminant is-substantially eliminated. In certain embodiments, the presence of homo-
and hetero-aggregates not including the desired protein are substantially eliminated.
[0008] " Incertain embodiments, the disclosed methods additionally provide for the reduction of
contaminants such as DNA, endotoxin, and virus levels along with reduction of aggregates. In
certain embodiments the disclosed methods is practiced with the additional inclusion of antiviral
agents beyond'the thio-heterocyclic cation itself. 'v _
.[0009] -In certam embodiments, the protem spec1es of interest (e.g., the desired protein to be
puriﬁed) is of recombinant ongm and the protein preparation may mclude a cell—contammg cell
culture harvest, a cell culture supernatant, clarified cell culture supernatant, an eluate from a
chromatography column, or pretein-containjng solution obtained from a previous stage of

purification. In certain-embodiments, the protein preparation contains an antibody and in certain of
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such embodiments the antibody is an IgG, an IgM, or a fragmentary form thereof, or a fusion protein
of an antibody or antibody ﬁagment, such as an.Fc-fusion protein. In certain embodiments, the
desired protein may be a clotting protein, such as Factor VIIL In certain embodiments, the desired
5 ,.protem may be a peptlde hormone, such as human growth hormone | |

i [0010] In certain embodiments, the d15closed methods may be practiced such that the

' conductivity of the sample is at a sufficiently high level to substantlally avoid precipitation of the
desired protein from the sample. Conduotivity'may be adjusted by addition of salts or diluents |
according to methods known in the art. In certain embodiments, the conductivity is about SmS/cm,
~ about 10 mS/cm, about 15mS/cm or about 20mS/cm greater than the level determined to be needed
- to avoid substantial precipitation of the desired protein. In certain embodirnents; the .eonductivity is

greater than about 20mS/cm, about 25 mS/cm, about 30 mS/cm, about 35mS/cm about 40 mS/cm,

about 45ms/cm or greater than about 45 mS/cm. The ab111ty of the methods to remove certam subsets .-

of contamlnants at elevated conductivities represents oné of the surpnsmg features of the d1sclosed
methods, since charge interactions in these system are known to be reduced at elevated
conductivities. At conductivities of about 25 mS/cm and higher, for example, only a minority of
negatively. charged proteins are known to bind to electropositive surfaces. Apart from the present
methods, apphcat1on of many electropos1t1ve agents to preparatlons of IgG antibodies occurs at
conductivities less than about 5 mS/cm, and usually with the additional operating requirement of
b. alkaline pH., Such an operating pH is not a requirement of the present methods. It will be apparent to
the person of ordinary skill in the art that elevated conductivity may have the effect of weakening |
internal electrostatic associations within aggregates and thereby increase the ability of the method to
achieve dissociation of aggregates ’and/or removal of conta.minants associated with the desired
protein. . _ _
[0011]  In certain embodiments, the thio-heterocyclic cation is methylene blue (IUPAC name: [7-
(dimethylamino)phenothiazin—3;ylidene]-dnnethylaaamum, an analogue, or a salt thereof. Analogues
of methylene blue may also servelas'the thio-heterocyclic cation, such analogues being described in
U.S. Patent No. 7,176,308, the entire disclosure of which is incorporated herein by reference in its
~ entirety. Methylene blue is also known as basic blue 9. Other thio-heterocyclic catlon sources
include methylene green, i.e., , basic green 5, Lauth’s violet i.e., thionin. Oxidized forms of methylene
blue may be employed as well, such as the thiazins methylene azure A, methylene azure B, and
methylene azure.C. In some embodiments, the thio-heterocyclic cation may be any member of the

phenothiazin-3-ylidene-dimethylazanium structural class with any counter anion.
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[0012] In certain embodimenté, the thio-_hetero_cyciic cation may be provided at subsfantially the
lowest concentration sufficient to promote the desired ’degree of feducﬁon of ag_gregates. In certain
~ embodiments, the concentration of the thio-heterocyclic cation may be less than (on a weight per
volume basis) 1%, 0.5%, 0.25%, 0.1%, 0.05%, 0.04%, 0.025%, or 0.001%. In certain embodiments
" the electropositive organic additive is previded in conceﬁtr.ationslof 0.01;0.04% o 0.02-0.025%,
" (0013} In certain embodiments, the disclosed methods may be practiced at pH levels 'chosen to
avoi‘d»" or limit precipitation of the desired protein while reducing the amount of aggregates in the
~ sample. The pH le\;el'may be adjusted by conventional means and 'ma‘y be chosen in conjunction
with the selection of the conductivity. In certain embodiments, the pH of the sample is between
approximately 4 and approximately 9, between approximately 5 and approximately 8, or between
approximately 6 and approximately 7.5. " |
[0014] In certain embodiments the sample is additionally contacted with.an antiviral agent
' “beyond the thio- heterocychc cation 1tse1f In certain of such embodnnents ‘the antiviral agent may be
a non-multlvalent organic cation, such as a benzalkonium chlonde chlorhexidine, ethacridine, or tri
(n-butyl) phosphate. Such antiviral agents may be present in an amount less than approximately 1%
(W/v), less than approx1mately 0.1% (w/v), or less than approxunately 0. Ol% (wW/v) or less than |
. approxunately 0.001%.
| [0015] In certain embodiments, the method addltlonally 1ncludes the step of contactmg the
sample with a ureide in an amount sufficient for the ureide to be undissolved in the sample. The
supernatant containing the desired proteln may then be separated from the balance of the sample
including precipitated contammants In certain of such embodiments the ureide is supplied prior to -
the step of contacting the sample with the electroposmve organic addmve in others the ureide is
supplied substantially simultaneously with the step of contacting the sample with the electropositive

orgamc additive, and in yet others the ureide is. supplied after the step of contacting the sample with

- the electropos1t1ve organic additive. In certain such embodiments, the ureide may be any of uric -

acid, hydantoin (imidazolidine-2,4-dione), allantoin (2,5-Dioxo-4-imidazolidinyl) urea, alcloxa,
aldioxa, hemocane, ureidohydantoin, S-ureidohydantoin), glyoxylureide, glyoxylic acid diureide, 2,5-
| dioxo-4-imidazolidinyl urea (allantoin), imidazolydinyl urea, Vdiimidazolydinyl urea, and a purine. In
certain embodiments the ureide is allantoin and in some such cases the allantoin is present in | _
concentrations greater than 0.56% (w/v), 1%, 1.5%, 2%, or greater. In certain embodiments the
ureide is uric acid and in some such cases the uric acid is present in concentrations greater than |

0.0025% (w/v), 0.005%, 0.01%, 0.05%, 0.1%, 1% or greater.
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- [0016] In certain embodiments, methods may additionally include a step of contacting the
sample with a ureide in an amount where the ureide is fully dissolved. In certainj such embodiments,
the soluble ureide > may be urea, imidazolydinal urea, or another ureide. In certain embod1ments the
ureide is urea and in some such cases the urea is present in concentrations greater than 0. S M or
- greater than 1 M, or greater than 2 M, or greater than 4 M, or than 6M or greater than 8 M. The
ability to perform methods herein comblmng th10 heterocychc cations with ureides, including
methylene blue, is surpnsmg, where avoidance of precipitation is a partlcular goal of the method
_Th1s result contrasts with known ethacndme precipitation methods Highly soluble ureides such. as.
- urea have the general effect of increasing the solubility of many compounds, which is to say their
presence opposes the formation of precipitates. |
[0017] In certain embodiments the utility of the disclosed methods may be enhanced by
._acceleratmg sedimentation of cell debris in cell culture harvests, and substantlally reducmg levels of
DNA, endotoxm and virus, when present. Expenmental data indicates that the ab111ty of some
ureides to preferent1ally interact with aggregates, endotoxin, and virus contribute to these results, and
that low levels of d1ssolved ureldes may contribute to the higher antibody recovery in companson to
treatment w1th multivalent cations in the absence of ureides. Followmg treatment, sohd materials
may be removed by sedimentation or\ﬁltratlon, leaving the substantially aggregate-free protein in the
supernatant. |
[0018] In certain embodiments, the disclose(l methods may be practiced with the additional step
- of contacting the sample with a soluble organic modulator such as a nonionic organic polymer,
organic solvent, surfactant, or ureide. In certainof such embodiments the step of contacting the
sample with the organic modulator occurs prior to the step of contacting the sample with the
| electropositive organic additive. In o‘thers_, the step of contacting the sample with the organic |
modulator occurs substantially simultaneously with the step of contacting the sample with the
electropositive organic additive. In yet others, the step of contacting the sample with the organic
modulator occurs after the step of contacting the sample with the electropositive organlc additive. In
certain embodi_ments, the organic modulator is a nonionic orgam'c polymer such as polyethylene
glycol, polypropylene glycol and polybutylene glycol and in certain of snch embodiments the
nonionic organic polymer has an average molecular weight of approximately 1000 D or less, 500 D
or less, 250 D or less, or 100 D orless. In certain embodiments, the organic modulator is an organic
solvent such as ethylene glycol, propylene glycol, l)utylene glycol, dimethylsulfoxide, ethanol, or

phenoxyethanol. In certain embodiments, the organic modulator. is provided at a concentration of
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approXimately 1% (w/v) or greatef. In certain embodiments, the organic modulator is a surfactant
such as Tween, triton, CHAPS, CHAPSO or octyl glucoside and in certain of such embodiments the
surfactant is proyided ata concentration of approx'imately 1% (v&/v) or less, approxiinately 0. 1% or -
less or approximately 0. 02% (w/v) or less. In certain embodiments, the orgamc modulator is a urelde
‘provided in a subsaturatmg amount and in certam of such embodlments the ureide is urea, hydantoin,
or allantoin. I A ' _ :
[0019] = Incertain embodiment's,‘ the disclosed methods may be practiced with the aid of a kit
.designed to carry out the disclosed methods. Such kit may provide instructions and reagents useful
for the practice of the disclosed methods such one or more of multivalent organic cations, ureides, |
organic modulators, antiviral agents, and reagents for the adjustment' of conductivity.’ The kit may
provide materials in amounts and concentrations adapted. to the practice of the disclosed methods for
use in the puriﬁ‘cation of proteins Such kits may be adapted for use with certain proteins' such as
1gG or IgM antlbodles and may be adapted to quantities sultable for certain scales of protein
preparat1on and punﬁcatlon
A [0020] In certain em_bod1ments, the disclosed methods may be followed by contact of the sample
' with solid materials with the intent of the solids having the effect of selectively removing the excess -
thio- heterocychc cations or other sample components from the sample prior to additional processmg :
‘In one such example a negatively charged solxd such as used for conducting the techmque of cation
exchange chromatography might be mcluded to scavenge excess thio-heterocyelic cations. In another
such example, a hydrophobic solid such as used for conducting the technique of hydrophobic
interaction chromatography might be employed. In ‘another _such example, a negatively charged
~ hydrophobic chromatography solid might be employed. In another type of example, a solid bearing a
| positive charge might be used to scavenge DNA, or pH indicator dyes, or phospholipids, or other
components from the sample. o
[0021] In certain embodiments, the disclosed methods may beA combined with conventional
protein puriﬁcation methods to achieve hilgher levels' of purification or to remove other contaminants.
For example, the disclosed methods may be practiced in preparatlon for conventional purification
methods mvolvmg precipitation, chromatography, and liquid-liquid extraction methods. It is within
the ability of a person of ordmary Sk.lll in the art to develop appropnate COIlthlOI’lS for these methods
and integrate them with the disclosed methods described herein to achieve the des1red punﬁcatlon of |

a product.:
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[0022] In §eﬁain embodiments, operating conditions may be varied with respect to pH, and/or:by
the presence of chelating agenté, organic polymers or solvents, surfactants, chaotropes, and various
species of salts in order to modulate the degree to which aggregates are reduced and the desired
protein remains in solution. | _ . R
10023] In some embodiments, there are provided m‘ethodsﬂof reducing the aggregate content in a

protein preparation comprising a target protein, the method comprising: contacting the protein

preparaﬁon with a thio-heterocyclic cation to form a mixture, contacting the mixture with at leastone = -

| _ functionalized solid to remove excess thio-heterocyclic cations, and optionally éontacting th_e

mixture, simultéhe_oﬁsly or sequentially, with ét least one further functionalized solid to further

reduce éggregate content of the protein preparation. In one such embodiment, solid particles
 functionalized to provide elevated hydrophobicity and negative charge may Be included to scavenge
~excess thio-heterocyclic cations, at the same time that solid particles functionalized to provide a - ‘

© positive charge'may be included to bind aggregates that contain an integrated DNA component. In

one such embodiment, a solid functionalized to provide electropositivity may further include other

chemical functionalities, such as hydrogeh bonding, hydrophobicity, and/or metal affinity.

[0024] In some embodiments, the thio-heterocyclic cation is methylene blue.

[0025] - In one or more of the preceding embodiments, the thio-heterocyclic cation is present in a

' cdncentration range selected from thé groubéorfsisting of: (a) from about 0.001% to about 1%; (b)
from about 0.01 to about 1%, and (c) from about 0.02 to about 0.03%, including any interniediate
value or range of values. - | -

[0026] In one or more of the preceding'.embodiments, allantoin is present in a concentration
range selected from the gfoup consisting of: (a) from about 0.6 to about 50%; (b) from about 1 to
about 10%; and (c) from about 1 to about 2%, including any intermediate value or range of values.
[0027] In one or more of the preceding embodiments, an operating conductivity is within a range
selected from the group consisting of: (a) from about 0.1 {o about 50 mS/cm; (b) from about 1 to |
‘about 30 mS/cm; and (c) from about 5 to about 15 mS/ cm, including any intermediate value or range
of values. |

'[0028]  In one or more of the preceding embodiments, an operating pH is in a range selected -
from the group consisting of: (a) from about 4 to.ab'out 10; (b) from about 5 to about 9; from about 6

to.about 8, and from about 6.5 to 7 .5, including any intermediate value or range of values.
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[0029] ° In one or more of the preceding embodiments, the mixture further comprises au antiviral
| agent other than the thio-heterocyclic cation, the antiviral agent selected from the group consisting of
chlorhexidine, benzalkonimr_l chloride, ethacridine, and tn'(n-butyl)phosphate. ‘
[0030] In some embodirhents, the tllio-heterocyclic_catioh tnay be used in combination with
allantoin. Allantoin may improve the ability of methylene b.l-ue to accomplish aggregate reduction.

- [0031] 'Ih one or more of the preceding embodiments the mixture further comprises allantoin in

- a concentratlon rangmg from one of the, group con51stmg of (a) from about 0 6% to about 50%, (b)

L

B from. about 0 7% to about 25%, (c) from about 0. 8% to about 10%, (d) from. about 0.9% to about 5%,
and (e) from about 1% to about 2%, mcludmg any intermediate value or range of values.

- [0032] . In one or more of the preceding embodiments, a surface of the at least one functionalized
- solid provides a chemical interaction selected from the group consisting of:‘ electrostatic interactions, -
hydrophobic interactions, hy-drogen bonding, and metal affinity. |
[0033]  Inoneor more of the preceding embodiments, the at least one functionalized solid is
particulate. o | ' ‘ .

[0034] In one or more of the preceding embodiments, the target protein comprises one selected
from the group consisting of a recombinant protein, an antibody, a growth hormone, and a clotting
factor. | | '

[0035] In 'oneor tnore of the preceding embodiments, the protein pfeparation is one selected
.' from the grou}a consisting of a'cell-containing cell culture harvest, P substantially cell-free cell
culture hart/est, and a partially purified protein. |

[0036] In some embodiments, there are provided kits for the convenient practice of the methods |
, disclosed_herein‘ Such kits may include instructions, reagents, and optionally any pre-packed
equipment in the form of pre-packed chromatography devices or simple containers.

[0037] Terms are defined below so that the disclosed methods may be understood more readity.
Additional deﬁnitions are set forth throughout the detailed description.

[0038] . “Aggregate(s)” refers to an association of two or more molecules that is stable at
physiological conditions and may remain stable over a wide range of pH and conductivity conditions.
Aggregates frequently comprise at least one biomolecule such as a protein, hucleic acid, or lipid and
another molecule or metal ion. The assomatlon may occur through any type or any combination of
chemical interactions. Aggregates of antlboches may be cla531ﬁed into two categories:
: “‘Homoaggregates refers to a stable association of two or more protems of identical composition;

“Hetero-aggregates” refers to a stable association of one or more proteins of identical or different
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composition, optionally associated with one or more non-protein molecules. The non-protein
component may consist of one more entities from the group consiSting of a nucleotide, an endotoxin,‘
" a metal ion, a lipid, or a cell culture media component. ‘
[0039] "Antlbody" refers to an- 1mmunoglobu11n composrte or fragmentary form thereof. The
term may mclude but is not limited to polyclonal or monoclonal antibodies of the classes IgA IgD,
IgE, IgG and IgM derived from human or other mammalian cell lines, including natural or
genetically modified forms such as humamzed human smgle-cham chrmene synthetrc
' recombmant hybrld mutated grafted and in v1tro generated antibodies. “Antlbody” may also
include compos1te forms including but not limited to fusion proteins containing an 1mmunoglobuhn
moiety. "Antibody" may also include antibody fragments such as Fab, F(ab'),, Fv, scFv, Fd, dAb, Fc
and other cornpositions, whether or not they retain antigen-binding funct,ion..‘ |
10040) “Endotoxin” refers to a toxic heat-stable lipopolysaccharide substance present in tne '
~outer rnernbrane of graanegative bacteria that is released from the cell upon lysis. .
[0041] “Non-ionic organic. polymer” refers to a naturally occurring or syntnetic hydrocarbon
composed of linked repeating organic subunits that lack charged groups. It may be linear, dominantly
linear with some branehjng, or dominantly branched. Examples suitable to practice the disclosed ‘
methods include but are not limited to polyethylene glycol ‘(PEG), polypropylene glycol, and
polyvinylpyrrolidone (PVP). PEG has a structural formula HO-(CH,-CH;-0),-H. Examples include,
but are nof limited to compositions with an average poiymer molecular werght ranging from less tnan
100 to more than 1000 daltons. o |
[0042])  “Thio-heterocyclic cation” refers to an organic cation comprising 3r1ngs ina o0p1anar
arrangement, bearing at least one thiol group and at least one amino group, bearing at least one
positive charge where the positive charge may.reside with the thiol or with an amino group. One

example is methylene blue.

N~
\{'\| _ 5 _rl\-l/

Cl‘ CH3

[0043] “Organic solvent” refers to naturally occurring or synthetic organic compound existing Lo
. in a liquid state. Examples suitable to practlce the disclosed methods include but are not limited to

.'v_:-'ethylene glycol propylene glycol, d1methy1 -sulfoxide, ethanol and phenoxyethanol
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[0044]  “Organic polymer” refers to a naturally occuring synthetic polymer of an organic -
monomer. Examples include but are not limited to polyethylene glycol, polypropylene glycol,
dextran, or cellulose, among others. |

[0045] = “Polynucleotide” refers to a biopolymer composed of multiple nucleotide monomers
covalently bonded in a chain. DNA (deoxyn'bonucleic acid) and RNA (ribonucleic acid) are

examples of polynucleotides. o |

[0046]  “Protein” refers to any of a group éf complex organic macromolecules that contaiﬁ

. carb'on,ﬁ- hydrogen, oxygen, njtrogén, ,énd,ﬁfsually_ sulfur and are composed principally of one dr more -
chaigé of amino acids linked b}’/‘peptid(c béunds’. The protéiﬁ may.be of natural or recombinant origin. | ‘
- Proteins may be modified with non-amino acid moieties such as through glycosylation, pegylation, or
conj‘ugatioh with other chemical moieties. Examples of proteins include but iare not limited to
antibodies, clotting factors, enzymes, and peptide hormones.

[0047] “Undis#olvéd ureide” refers to a solution containing an amount of ureide in excess of its
maximum solubility under the conditions prevailing in a particular protein preparaﬁon. In certain
e'mbodiments, the disclosed methods provides a sample with a ureide present in an amount greater
than such ureide’s solubility'in such sample under the conditions for such.sample such that some
fraction of such ureides is present in an undissolved form in the Sample. -
'[0048] “Surfactant” includes “sﬁrface active agents” such as a class of organic molecules that .
generaHy comprise a hydrophobfc portion and a hydrophilic portion, causing them to be referred to

as amphiphilic. At sufficient concentrations in aquedus solutions, suﬁactants may self-associate into
clusters with th¢ hydrophobic portions concentrated at the center to minimize contact with water,-and
the hydrophilic portibns radiating outwards to. maximize contract with water. In the presence of
biological preparations, especially those containing materials that have a hydrophobic character or
possess areas of hydrophobic chafacter, the hydrophobic portion of surfactants fend to associate
spontaneously with some portions of the hydrophobic material and increase their solubility through

- the influence of the hydrophilic portion of the surfactant. They may also be used to modulate
hydrophobic interactioné that occur between differing hydrophobic materials both dissolved in an
aqueous solvent. Examples of surfactants suitable for practicing certain embodiments of the disclosed
‘methbds include buf are not liriﬁted ‘vcov nonionic surfactants such 'as‘po.ly,sorbat(\ev surfactants (e.g., = |
. Tween 20, Polybxyethyléne (20) sorbitan mOnolaurate, and Tween 80, Polybxyethylene' (20) sorbitan
_bmonooleate) and Triton (e.g., polyethylene glycol p—'(vl,l ,3,3’-tetramethy_1b{1tyl)—phenyl ether), and
zwitterionic surfactants such as CHAPS (3-[(3-Cholamidopropyl)dimethylammoﬁio]-1-

10
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propanesulfonate) CHAPSO 3-[(3- cholamidOpropyl) dimethylammomo] 2-hydroxy-1- ]
propanesulfonate) and octyl glucoside (e.g., (2R 35,45,5R,6R)-2- (hydroxymethyl) 6- octoxyoxane— '
3,4,5-triol). ‘
. [0049]  “Virus” or “virion” refers to an ultramicroscopic (roughly 20'to 300 nm in diameter),
metabolically inert, infectious agent thal replicates only within the cells of liviné‘r hosts, mainly
bacteria, plants, and ammals composed of an RNA or DNA core, a protem coat, and, in more
complex types, a surroundma envelope. ' » 4
[0050] In preparation for using the disclosed methods accordmg to certain embodiments, it will
- be necessary to select a thio-heterocychc cation Experimental data reveal methylene blue to be
desnable for 1ts effectivity in reducing aggregates, in addition its ability to inactivate virus. Its use as.
an anti-malarial drug and therapeutic agent for treatment of methemoglobmema highlights its - '
compatibility with in vivo human 'use, and it is listed in the U.S. Phannaclopeia.
[0051] ' In the course' of evaluation of thio-heterocyclic cations for use in certain embodiments,
the conditlons for application may be investigated as follows The use of thio- heterocyclic cations
' potentially imposes some restnctions on the conditions that may be used to practice the method in
certain embodiments. For example, it may be desirable to employ conditions that substantially
_prevent strong interactions between the thio-heterocyclic cations and the protein of interest. A simple
method to obtain an approximation-of such conditions is to apply the protein of interest to an anion
' exchanger and elute it in a salt gradient. .A salt concentration just above the threshold at which the
protein ehites roughly identifies the minimum conductivity at which the method may be effectively
practiced. This concentration will be influenced by pH, which may be modeled by the same means.
Given that the method is applied to a- cell culture supernatant, an IgG antibody may not require the
" addition of salt or modification of pH to avoid significant losses. IgM antibodies inay require the
* addition of salt, even to conductivity values approaching 30 mS/cm (about 2 times higher than
physiolo gical). In certain embodiments involving the use of undissolved ureides and electropositive
organic additives, IgG applications may be conducted at lower than physiological conductivity,
4 'polentially including values of 1 mS/cm or less, in which case substantial amounts of host proteins-
© - may be 'retno\)ecl in conjuncti_on' with dissociating aggregates; Such applications may require that the
concentration of ilie tliiorheterocyCIic cat‘ions’be increased to comp_enséte for the amount that is los
. 'thr'olugh binding to host proteins. Lower operating conductivities in such circumstances may also
enhance removal of DNA, endotoxin, and virus. In certain embodiments, the disclosed methods will

generally support antibody recovery greater than 95%, and usually 98-99%. Conductivity and pH

11
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- conditions of the sample should typically be 'est‘ablisl.led Befere édding eithe}' the ureide or the thio-‘

heterocyclic cations. | o o ' -

[0052] In certain embodiments, one effective means of evaludting conditions for clarified cell

~ culture supernatants cbntaining IgG monoclonal antibodies is to cover a range 0f 0.01 to 0.1% thio-

heterocyclic cations, and conductivities.ranging from~ha1f-physiological to 2 times physiological. The

ranges may be extended further if results indicate it may be helpful to do so, or narrowed and

evaluated at finer increments. - .

‘ '[0053] In certam embodxments 4 convenient starting point for developmg a punﬁcatlon |
‘procedure according to the d1sclosed methods for clarified cell culture supernatants is to use0.025% |

_methylene blue. 4
[0054}  Incerfain embodiments, it may be advantageous to begin by disldersing an orgahic
tﬂodulatdr in the protein preparation before adding the .electropositive organic additive, since that
practice may'improlve ahtibedy reeovery.. Long incubation befdre_ addition of the electropositive
organic additive ap_peérs to be unnec'es'sary; 15 minutes or less is adjequate; although there appears to
Be ne disadVantage‘ to longer ineubation. Experimental data generally indicate that addition of
allantoin in a supersaturating amount of about 1% increases the recovery of IeG. -

[0055] In certain embodiments, it is recommended that the fhio-heterocyclic cations cation be
dissolved, for esample in water or buffer; prior to its addition to the sample, to facilitate their rapid
distribution tlifouéhout the protein preparation. Care should be taken to avoid persistent local
exce‘s'ses, for example by gradually infusipg the dissolved thio-heterocyclic cations into a well-
mixing suSpedSion. Incubation time should be at least 15 minutes, or about 30 mihutes, but need not
be greater than about 60 minutes. | '

- [0056] - The method may generally be practiced at ambient temperature but may be conducted at
higher or lower temperatures, for example rranging from 4° to 37°C . Experimental datd indicate that
the temperature does not subsfanﬁally alter the obtained results, which will leave the stability
fequirelﬁents of the protein itself as a governing factor in selection of operating temperature.

10057] | In certain embodiments, the thio-heterocyclic cations is dissolved of dispersed for
"-example in water or buffer, and the pH adjusted prior to its addition to the sample ThlS is because

.certain preparatlons of thlo heterocychc cations, such as free-base forms, are alkahne and have the .

} potentlal to substantial altering the experimental conditions in an unintended manner.

'[0058] . In certain embodiments iﬂvolving the use of both superSteﬂnated ureides and thio-

 heterocyclic cations, it may generally be advantageous to begin by dispersing the ureide in the
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protein preparatron before adding the thio- heterocychc cat1ons, since experrence with the ureide
' allantom indicates that this practrce may improve antrbody recovery Long mcubatlon before addrtron
- of the electroposrtrve organic add1t1ve appears to be unnecessary; 15 minutes or Iess is adequate
although there appears to be no drsadvantage to longer incubation. _
[0059] . Multiple options exist for rnonitoring the aggregate dissociation or removal achieved by -
the method, whether during method development or manufacturing. The simplest is to conduct
analytical size exclusion chromatography on a column with suitable selectivity and mom'tor ata UV
-wavélength of 280 nm. This may reveal HMW (high molecular weight) aggregates, sinee: they
usually include hydrodynamic dimension that reasonably conform to multiples of the size of the non-
aggregated prod_uct. Hetero-aggregates are commonly overlooked by this method since their
hydrodynamic dimensions may be only modestly greater than those of the non-aggregated product.
In such cases, the heteromorphlc composition of the aggregate may be revealed by calculatlng the
ratio of UV absorbance at 254 nm to absorbance at 280 nm, then comparing that value agarnst the
absorbance ratio for purified protein that is believed to be totally free of associated contaminants.
Hetero-aggregates containing DNA, for example, will be revealed by an elevated ratio of 254/280. If
the chromatograph offers the capability, methylene blue content may be monitored simultaneously at
655 nm. This may be helpful for documenting the removal of methylene blue through the subsequent
puriﬁcatron process'. Multiple wavelength monitoring may also be used in conjunction with other
chromatography methods. Methylene blue may alternatively be monitored by reversed phase high
performance liquid chromatography. - ' | s
[0060] In certain embodiments, the disclosed methods may be integrated with treatment to
remove the thio-heterocyclic cations and potentrally other components of the sample prior to
subsequent purification. Such treatments may include exposure of the sample to solids bearing
“chemical moieties that are complementary in their nature to the characteristics of the thio-
heterocyclic cations with the goal that they sequester the thio-heterocyclic cations from the remainder
of the sample. Sinee thio?lteterocyclic cations are understoo_d to be positively charged and
hydrophobic, it follows that negatively charged surfaces, including hydrophobic negatively charged )
' surfaces, should be especially uéeful for sequestering excess thio-heterocyclic cations. Solids of other
surface composition may be irrcluded to sequester other cornponents of the sample.
[0061] In eertain embodiments, the _diSclosed methods may be integrated with one or more
purification methods, including but not limited to protein A and other forms of biological affinity

chromatography, anion exchange chromatography, cation exchange chromatography, hydrophobic
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. mteract1on chromato graphy, unmoblhzed metal afﬁmty chromatography, hydroxyapatlte or other

mlxed mode chromato graphy, and/or non-chromatographic methods such as precipitation and liquid-
liquid extraction. It is within the purview of a person of ordmary skill in the art to develop
appropriate conditions for the various methods and integrate them with the disclosed methods herein

to achieve the necessary purification of a particular antibody.
EXAMPLES

’ [0062] - Example 1. Independent effects of methylene blue versus ethacridine. Cell culture
harvest containing and 1gG1 monoclonal antibody at a concentration of about 2 g/L was clarified by
centrifugation and microfiltration. Aggregate content was 21% and host‘protein content was 371,459 |
parts per million of IgG. In a control series of experiments, different aliquots of clarified harvest

were mlxed w1th 0. Ol%, O 02%, or 0.04%. ethacndme and- mcubated stunng for 2 hours. In another

- series, methylene blue was added to separate ahquots at the same concentrat1ons Solid particles

. synthesized from a negatively charged polymer bearing hydrophobic butyl groups (MacroPrep tbutyl,

" Bio-Rad Laboratories) were added to a level of 5% vol/vol, and incubated mixing for 16 hours.
Solids were removed by centrifugation. Aggregate content and host protein content were reduced in
both series, but more by methylene blue. For ethacridine, aggregates were reduced to 17%, versus
16% with methylene blue, with very little difference with respect to the concentration of ethacridine
* or methylene blue. For ethacridine, host protein was reduced to 327,621, 315,180, and 307,014 ppm
across the range from 0.01 to 0.04%. For methylene blue, the corresponding IValues were 259,357,
240,059, 221,8"10 ppm, showing an average 24% better performance by methylene blue. IgG
: rec_overy was 91% in both groups. Another distinction was observed between ethacridine-treated and
methylene blue-treated harvest: in samples treated with ethacridine, a portion of free antibody light
chain appeared to dimerize spontaneously. This was not observed with methylene blue, and the
phenomenon was not investigated further, however, the presence of the sulfur atom on methylene
blue has been postulated as playing a potential role. | '
[0063] Example 2. Methylene blue mixed with allantoin. Cell culfure harvest containing and
IgG1 monoclonal antibody at a concentration of about 2 g/L was clarified by centrifugation and
microfiltration. Aggregate content was 6.8% and host protein content was 406, 239 ppm of IgG.
Allantoin was added i in an amount of 1% w/v. Methylene blue was added in an amount of 0.02% and
~the mixture incubated for 2 hours. Positively charged particles (Bio- Works TREN high) were added
in an amount of 2.5% v/v, and negatively charged particles (Blo—Rad Macroprep high S) were added
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in the same proportlon and mcubated rmxmg for 16 hours. Solids were removed by centrifugation
~and mlcroﬁltratlon Aggregates were reduced to 3.3% and host protein was reduced to 143,362 ppm
with an IgG- recovery of 91%. The mixture was passed through a pa1r of depth ﬁlters (PB1 and PCl
Sartorius). Aggregates were reduced to 2.1%. }-Iost proteins were reduced to 43,360 ppm, with an
IgG recovery of 86%. ‘ . ' '
[0064] Example 3. Aggregate reductron of an IgG contammg cell culture harvest. An IgG cell-
culture harvest containing about 21% aggregates was treated by titrating the pH to 8.0, adding
k allantoin to a final concentration of 1% w/v, followed by addition of methylene blue in an amount of
0.025%. The mixture was incubated strrrmg at room temperature for 1 hour. A 4:1 rmxture of Bio-
Works TREN-high and Macroprep t-Butyl particles were equilibrated to 50 mM tris, 100 mM NaCl,
pH 8.0, the particles were settled and a volume of mixed particles amounting“ t0 5% of the volume of
the 1gG preparation was added to the preparation. The mixture was incubated stirring for 4 hours and
~ the solids ‘were _removed by centrifugation. A sample removed for analysis revealed that aggregates
were reduced from the original 21% t0 2.1%. DNA was reduced hy more than 99% (AccuBlue,
Biotium) and host proteins were reduced by 81% (host protein ELISA, Cygnus). The mixture was
 passed through a pair of depth filters (PB1 and PC1, Sartorius). Aggregates were further reduced to
less than 0.5 %, and host proteins were reduced by a total of 91% compared to the original harvest.
[0065] Example 4. Aggregate reduction of an IgM-containing c‘ell culture harvest. An IgG cell
culture harvest containing about 23% aggregates was treated by addition of NaCl in an amount to
produce a final conductivity of 20 mS/cm, followed by addition of allantoin in a final proportion of
1%, followed by addition of methylene blue in-an amount of 0.025%. The mixture was incubated /
stirring at room temperature for 2 hours. A 1:1:1:1 nrixture of Macroprep High S, Macroprep High Q,
Macroprep t-But)d, and Chelex 100 (Bio-Rad), was equilibrated to 50 mM sodium phosphate, 200
mM NaCl, pH 7.2, the particles were settled and a volume of mixed particles amounting to 5 % of the
volume of the IgM preparation was added to the preparation. The preparation was incubated stirring
| for 4 hours, and the solids were removed by centn'fugation followed by membrane filtration through
a 0.22 micron membrane. Aggregate content was reduced from the original 23% to less than 1%.
DNA was reduced by more than 99%, andAhost cell protein contarrrination,was reduced by 47%.
[0066] | It will be understood by the person of ordinary skill in the art how to scale up or scale
down the results from experiments such as those described in the above examples, to whatever |

volume required to meet their particular requirements.
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[0067] All references cited herein are incorporated by reference in their-entirety and for all

purposes to the same extent as if each individual pubhcatlon or patent or patent application was

' spec1ﬁcally and 1nd1v1dua11y indicated to be incorporated by reference in its entirety for all purposes. - B

To the extent publications and patents or patent applications incorporated by reference contradict the
disclosure contairied in the specification, the epeciﬁcation is intended to supersede and/or take
. precedence over any such contradxctory material. | ‘
[0068]  All numbers expressing quantities of ingredients, chromatography condmons and S0
forth used in the specification and claims are-to be understood as being modified in all instances by
the term "about." Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the specification and attached claims are approximations that may vary depending upon the desired
performance sought to be obtained by the present disclosed methods. | _
N [0069] Many modlflcatlons and vanatxons of the dlsclosed methods may be made without
departmg from its spirit and scope as w111 be apparent to those skilled in the art. The specific
embodunents descnbed herein are offered by way of example only and are not meant to be limiting
in any way: It is intended that the spemﬁcatlon and examples be considered as exemplary only, with

the true scope and‘spi'rit of the disclosed methods being indicated by the following claims.
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CLAIMS

o 1 A method of reducrng the aggregate content in a proteln preparatlon comprismg a target

o .proteln the method compnsmg

contactlng the proteln preparation w1th a th1o-heterocychc catlon to form a mixture;

contacting the mixture with at least one functionalized solid to remove excess thio-

" heterocyélic catlons and

‘ optionally contactmg the mixture, 31multaneously or sequentlally, with at least one
further-functionalized solid to,further reduce aggregate content of the protein preparation.
2. The method of claim 1, wherein the thio-heterocyclic cation is methylene blue.

.3. The method of any one of claims 1 or2, wherein the thio-heterocyclic cation is present in
a concentration range selected frorn the group consisting of: (a) from about 0.001% to about 1%;
(b) from about 0.01 to about 1%, and (c) from about 0.02 to about 0 03%.

" 4, Themethod of any one of claims 1 to 3, wherein allantom is present in a concentration
range selected from the group consisting of: (a) from about 0.6 to about 50%; (b) from about 1 to
about 10%; and (c) from about 1 to about 2%. |
5. The method of any one of claims 1 to 4, vtfherein an operating conductivity is within a
range selected from the group consisting of: (2) from about 0.1 to about 50 mS/cm; (b) from
about 1 to about 30 mS/cm; and (c) from about 5-to about 15 mS/cm.

'6. The method of any one of claims 1 to 5, wherein an operating pH is in a range selected
from the group consisting of: (a) from about 4 to about 10; (h) from about 5 to about 9; (c) from
about 6 to about 8, and (d) from about 6.5 to about 7.5.

. The method of any one of claims 1 to 6, wherein the mixture further comprises an

‘antiviral agent other than the thio-heterocyclic cation, the antiviral agent selected from the group
consisting of chlorhexidine, benzalkonium chloride, ethacridine, and tri(n-butyl)phosphate.

8. The method of claim 1, wherein the mixture further comprises allantoin in a '
concentration ranging from one of the group consisting of (a) from about 0.6% to about 50%, (b) 4'

- from about 0.7% to about 25%, (c) from about 0.8% to about 10%, (d) from about 0.9% to about

5%, and (e) from about 1% to about 2%.

9. The method of any one of claims 1 to 8, wherem a surface of the at least one

functionalized solid provides a chemical interaction selected from the group consisting of:

electrostatic interactions, hydrophobic interactions, hydrogen bonding,'and metal affinity.
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lO. ~ The method of any one of claims l to 9, wherem the at least one funcuonahzed solid is

R »partlculate

) 11.. - The method of any one of clalms 1 to 10, wherem the target protem compnses one

K selected from the group consisting of a recombmant protem an ant1body, a growth hormone and
- a clottmg factor. . : '_ . . ' ' | |
12. The method of any one of clalms 1to 11, wherein the protem preparatlon is one selected
from the group cons1st1ng of a-cell- contalmng cell culture harvest, a substantlally cell-free cell
culture harvest, and a partlally purlﬁed protem '

13 A k1t prov1d1ng for the convenient pract1ce of the method of any of one. of claims 1 to 12.
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