METHOD FOR PURIFYING RECOMBINANT ADAMTS13 AND COMPOSITIONS
OBTAINABLE BY THE METHOD

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Application No. 61/230,308,
filed July 31, 2009, which is hereby incorporated by reference in its entirety, and to which

application we claim priority.

FIELD OF INVENTION
{6002] The present invention relates generally to methods of purifying recombinant A
Disintegrin-Like And Metallopeptidase with ThromboSpondin Type 1 Motif 13

(ADAMTS13) and other proteins, and compositions comprising such purified proteins.

BACKGROUND OF THE INVENTION
[0063] The metalloproteinase gene family, ADAM (a disintegrin and metalloproteinase),
includes members that are membrane-anchored proteases with diverse functions. ADAMTS
family members are distinguished from ADAMs by the presence of one or more
thrombospondin I-like (TSP1) domain(s) at the C-terminus and the absence of the BEGF
repeat, transmembrane domain and cytoplasmic tail typically observed in ADAM

metalloproteinases.

[0604] A Dismtegrin-Like and Metallopeptidase with Thrombospondin Type 1 Motif 13
(ADAMTS13) is a member of the ADAMTS family. ADAMTS13 has eight thrombospondin
domains and no hydrophobic transmembrane domain. Accordingly, it is secreted.
ADAMTS13 cleaves von Willebrand Factor at the Tyr'®™.-Met'®® bond and requires both
calcium and zinc ioﬁs to function. ADAMTSI3 is also known as “von Willebrand

Factor-Cleaving Protease” and “VWFCP.”

[0005] Deficient ADAMTS13 expression has been implicated in the pathogenesis of
some diseases, e.g., thrombotic disorders such as thrombotic thrombocytopenic purpura
(TTP) (see, e.g., U.S. Patent Publication No. 20070015703}, In TTP, deficiency and/or
inhibition of ADAMTSI3 results in extensive microscopic thomboses that form in small
blood vessels throughout the body (thrombotic microangiopathy). Red blood cells passing

through the microscopic clots experience shear stress, which causes damage to the red blood
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cell membrane, and which in turn leads to intravascular hemolysis and schistocyte formation.
Thromboses also cause reduced blood flow, which can result in end organ damage.
Symptoms typically include neurological problems, such as hallucination, bizarre behavior,
altered mental status, stroke, or headaches; kidney failure; fever; and thrombocytopenia (low
platelet count), resulting in bruising or purpura; and microangiopathic hemolytic anemia,
involving anemia and jaundice. Current therapy involves plasmapheresis fo reduce

circulating antibodies against ADAMTS13, and/or replenishing blood levels of the enzyme.

[0006] Therefore, a strong need exists for providing methods of purifying recombinant
ADAMTS13, particularly on a commercial production scale, which may be used as a
therapeutic agent. Purification of ADAMTS13 has proven difficult and various approaches
have been attempted, including chromatography. A chromatographic material that binds non-
ADAMTSI13 protein, allowing the ADAMTS13 protein to appear in the eluate or supernatant,
would provide a useful approach for purification. A chromatography material that binds
ADAMTSI13 protein, while non-ADAMTS13 impurities either remain in solution or bind
much more strongly, also presents an attractive approach, and may be used in tandem with

other approaches. The instant disclosure provides such approaches.

[0067] Furthermore, virus contaminants have posed additional challenges in the
purification of ADAMTSI13 proteins, as well ag other proteins and recombinant proteins.
One conventional approach involved treating a sample to be purified with a solvent-detergent
mixture in solution. Incubation of the sample with the solvent-detergent chemicals led to
deactivation of lipid-coated viruses. This in-solution treatment, however, inefficiently
required transfer of the sample to at least one other vessel, e.g., to facilitate removal of the
solvent-detergent chemicals after treatment. Further, some proteins including ADAMTS13
are sensitive to the solvent-detergent chemicals, resulting in aggregate formation. The instant
disclosure provides an approach involving immobilization of the protein during the solvent-

detergent treatment to address such problems of virus inactivation.

SUMMARY

[0008] Disclosed is a method for purifying recombinant A Disintegrin-like and
Metallopeptidase with Thrombospondin Type 1 Motif 13 (ADAMTS13) protein (particularly,
human ADAMTS13) from a sample comprising ADAMTS13 protein and non-ADAMTS13
impurities. It has surprisingly been found that hydroxyapatite chromatography can be used
under conditions suitable for purifying ADAMTSI13 protein from non-ADAMTS13
impurities. The method comprises enriching for ADAMTS13 protein
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by chromatographicaliy contacting the sample with hydroxyapatite under conditions that
allow ADAMTSI3 protein fo appear in an elnate from the hydroxyapatite. That is, the
sample is subjected to chromatography with hydroxyapatite under conditions that allow the
ADAMTS13 protein, preferably a substantial portion of the ADAMTS13 protein, to not bind
the hydroxyapatite, while impurities are retained. In some preferred embodiments,
recombinant ADAMTS13 protein is purified from supemnatant collected from evituring CHO
cells comprising recombinant ADAMTS13 nucleic acid. In some preferred embodiments, the
percent yield in the supernatant or eluate sarprisingly is 50% to 100%. The method may
further comprise tandem chromatography comprising chromatographically contacting the
eluate from the hydroxyapatite with a mixed mode cation exchange/hydrophobic interaction
resin that binds ADAMTSI3 protein, In some preferred embodiments, the percent vield
AD;AMTSIB after enrichment by tandem chromatography is surprisingly at least 60%. -

[0009]  In some embodjments,l the method further comprises an. optional pre-enrichment
preparation step to concentrate ADAMTSI3 in the sample and/or bind the ADAMTSI3
protein to anion exchange resin. For example, the method may further comprise
- chromatographically contacting the sample with an anion exchange resin and eluting ﬂm
ADAMTS13 protein from the anion exchange resin before chromatographic contact with the
hydroxyapatite; and/or concentrating the ADAMTS13 protein in the sample by ultrafiliration
before chromatographic contact with the hydroxyapatite; and/or stabilizing the ADAMTSI3
protein by diafiltration exchange into 2 buffer comprising calcium fons and zinc jons before
chromatographic contact with the hydroxyapatite. in some preferred embodiments, the
sample is concentrated by 10-fold to 20-fold ultrafiliration, the buffer exchanged by
diatiltration with a molecular cut-off of 30 kDa to a low-conductivity buffer containing
calcium and zinc ions, and the ADAMTS 13 bound and eluted from an anion exchange resin,
such as ANX Sepharose Fast Flow, POROS 50D, or POROS 50PI, prior to tandem
chromatography. The cluate pool from the anion exchange chromatography step is in some
- preferred embodiments diluted 1:4 with hydroxyapatite-dilution buffer to reduce conductivity
to 6 mS/cm before tandem chromatography with hydroxyapatite, comprising chromatography
with hydroxyapatite followed by chromatography using the cluate from the hydro;;yap.atite
with a mixed mode cation exchange/hydrophobic interaction resin that binds ADAMTSI13
protein. In some preferred embodiments, the eluate from the pre-enrichment step(s) can

surprisingly provide a percent vield of at least 75%.
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{0016]  In some embodiments, the method further comprises an optional polishing siep by
cation exchange chromatography, following chromatographic contact with the hydroxyapatite
or the mixed mode resin. In such embodiments, following contact with the hydroxyapatite or
the cation exchange/hydrophobic interaction resin, the method may further comprise a step of
preparing the ADAMTS13 protein for cation exchange by reducing buffer conductivity. In
some embodiments, this preparing step is performed by ultrafiliration/diafiltration, by
dialysis, and/or by gel fillration. In some embodiments where vltvafiltration/diafiltration is
used, the cut-off is 10 kDa. In some embodiments, the buffer exchange is carried owd by
anion exchange chromatography on ANX Sepharose-FF low sub. In some embodiments
where dialysis is used, the dialysis may consist of ne more than 2 passes through a single
dialysis module. In gome preferred embodiments, the cation exchange chromatography is
¢arried out on 2 Source S column or POROS S column. In some preferred embodimenits, the
percent yield ADAMTS13 after reducing the buffer conductivity is surprisingly at least 90%,
and after polishing by cation exchange chromatography, surprisingly at least 70%.

[0611]  In some embodiments, the method further comprises subjecting the ADAMTS13

protein to an optional virus inactivation step, €.g., to deactivate viruses and/or remove viruses
and viral particles. In some embodiments, the virus inactivation step comprises adding a
solvent-detergent mixture comprising a non-iopic detergent and an organic solvent to the
ADAMTS12 protein, Jn some prefemed embodiments, the ADAMTSI3 protein is

immobilized, e.g., immobilized on a cation exchange resin. In some embodiments, the

solvent-detergent mixture comprises 1% TRITONX-100, 0.3% Tri-N-butyl phosphate, and

0.3% TWEEN 80; and/or solvent-detergent treatment lasts for 30 minutes at 12°C to 18°C.

Alternatively or in addition, the virns imactivation step may comprise filkering the

ADAMTS13 protein with & nanofilter fo remove viruses and/or viral particles. In some such

embodiments, nanofiltration is carried-ovt through a 20 N or 35 N filter, before and/or afier

solveni-detergent treatment, In some embodiments, the virus inactivation step is performed

afier the preparing step, described above, and/or after the tandem chmmétogmph}-‘ step;

and/or after polishing cation exchange chromatography, described above. In some preferred

embodiments, the percent vield ADAMTS13 after virns inactivation is surprisingly at least

95%.

[6012]  In some embodiments, the method further comprises eluting the ADAMTS13
proiein from the cation exchanpe resin. In some preferred embodiments, gradient elution is

used, e.g., gradient clution comprising a first buffer having fow salt conceniration and a



WO 2011/012726 ) PCT/EP2010/061192

second buffer having higher salt concentration. In some more preferred embodiments, step
elution is used, even more preferably, the step elution involves elution the ADAMTS13
protein from the resin with a storage buffer. For example, the storage buffer may have a pH
of greater than 7.0 and comprise less than 10 mM calcium ions, a buffering compound,
0.05% non-ionic detergent, and & salt. In some more preferred embodiments, the method
comprises no subsequent concentration or buffer exchange step, following elution from the

resin with the storage buffer.

[0013] In 2 particularly preferred ambodimént, a method for purifying réaombinaﬁt
ADAMTS13 protein from a sample comprising ADAMTSIZ protein and non-ADAMTS13
impurities is provided, the method comprising chromatographically contacting the sample
with hydroxyapatite under conditions that aliow the ADAMTSI3 protein to appear in an
eluate or a supernatant from the hydroxyapatite; aud then chromatographically contacting
said eluate with a cation exchange/hydrophobic intcfaction resin that binds the ADAMTS13

protein, preferably as tandem chromatography.

[0614] I another particularly preferred embodiment, chromatography steps described
above are preceded by chromatographically contacting the sample with an anion exchange
resin and eluting the ADAMTSI3 protein from the anion exchange resin; andfor
concentrating the ADAMTS13 protein in the sample by ultrafiltration, and stabilizing the
ADAMTS13 protein by diafiltration exchange into a buffer comprising calcium ions and zinc ‘_

ions before chromatoe graphic contact with the hydroxyapatite.

[0015]  In another particularly preferred embodiment, following contact with the
hydroxyapatite or the cation exchange/hydrophobic interaction resin, the method farther
comprises the step of preparing the ADAMTS13 protein for cation exchange by reducing
buffer conductivity, wherein the preparing step is performed by ultrafiltration/diafiltration;
and/or by dialysis consisting of no more than 2 passes through = single dislysis module;

and/or by gel filtration.

[0016] - In still another particularly preferred embodiment, the method comprises
obtaning & sample from superpatant collecied from culturing CHO cells comprising
recombinant ADAMTS13 nucleic acid; c¢hromatographically contacting the sample with an
anion exchange resin and eluting the ADAMTS13 protein from the anion exchange resin
before  chromatographic contact with the hydroxyapatite; and/or concentrating the

ADAMTS13 protein in the sample by ulirafiltration; and stabilizing the ADAMTSI3 protein



by diafiltration exchange into a buffer comprising calcium ions and zinc ions before
chromatographic contact with the hydroxyapatite; followed by chromatographically
contacting the sample with hydroxyapatite under conditions that allow the ADAMTS13
protein to appear in an eluate or a supernatant from the hydroxyapatite; and then
chromatographically contacting the eluate with a cation exchange/hydrophobic interaction
resin that binds the ADAMTS13 protein; followed by preparing the ADAMTS13 protein for
cation exchange by reducing buffer conductivity, e.g., by ultrafiltration/diafiltration; and/or
by dialysis consisting of no more than 2 passes through a single dialysis module; and/or by
gel filtration, optionally further comprising one or more virus inactivation steps. In some
such embodiments, the virus inactivation step comprises adding a solvent-detergent mixture
comprising a non-ionic detergent and an organic solvent to the ADAMTS13 protein, wherein
the ADAMTS13 protein is immobilized on a cation exchange resin and the solvent-detergent
mixture comprises 1% TRITONX-100, 0.3% Tri-N-butyl phosphate, and 0.3% TWEEN 80.
In still another embodiment, the virus inactivation step uses, as well as or instead of the
solvent-detergent treatment, a nanofilter to remove viruses and/or viral particles. In some
preferred embodiments, the percent yield ADAMTS13 of the overall procedure outlined
above is surprisingly 22-24% or more, and in even more preferred embodiments, aggregates

surprisingly are reduced by 50%.

[6017]  In some embodiments where the ADAMTS13 has been immobilized on a cation
exchange resin, the method further comprises eluting the ADAMTS13 protein from the resin
using step elution with a storage buffer having a pH of greater than 7.0 and comprising less
than 10 mM calcium ions, a buffering compound, 0.05% non-ionic detergent, and a salt; or
using gradient elution comprising a first buffer having low salt content and a second buffer

having higher salt content.

[6018] Disclosed is a composition comprising a recombinant ADAMTSI13 protein
prepared according to any embodiment of the methods described herein. In some
embodiments, the composition is a pharmaceutical composition, e.g., a composition
comprising purified ADAMTS13 protein and a pharmaceutically acceptable carrier.

[0019] Further disclosed is a method for inactivating virus contaminants in a protein
sample, where the protein may be any protein from a source that may have viral
contaminants. In preferred embodiments, the protein is recombinant protein, particularly
proteins sensitive to aggregation when exposed to organic solvents and detergents, In some
embodiments, the protein may be ADAMTS13 protein, in particular
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recombinant ADAMTSI3, or a different protein (in particular, g different recombinant
protein), In some embodiments, the recombinant protein is a bloed coagnlation factor, In
some embodiments, the protein is, e.g., one or more of Factor VIII, Factor II, Factor Viia,
Factor 1X, thrombin, von Willebrand factor, anti-MIF antibody, or another protein being
purified by chromatography. The viral inactivation may be camried out in conjunction with
protein purification or not. In some embodiments, the method comprises immobilizing the
protein on a support; and treating the immobilized protein with a detergent-solvent mixture
comprising a nos-ionic detergent and an organic sclvent. In some preferred embodiments;
the support is a chromatographic resin. In even more preferred embodiments, the detergent-
solvent mixture comprises 1% Triton X-100, 0.3% Tri-N-butyl phosphate, and 0.3%
Polysorbate 80 (Tween. 80). The solveni-detergent mixture treatinent can continue for a
prolonged time, e.g., for 30 minutes to 1 hour, while the protein remains immobilized on the
chromatographic resin, e.g., on a cation exchange resin; and/or solvent-detergent treatment
may occur at 2°C to 10°C This approach to virus inactivation surprisingly can reduce the
formation of protein aggregates during treatment with a detergent-solvent mixtwre by a
signiﬁcam_t amount, ¢.g., by more than 50%, as compared to freatment with a2 solvent-
detergent mixture while the protein is not immobilized in solution. In some preferred
embodiments, the procedure is followed by eluting the protein from the support with a buffer,
such as gradient elution where small amomnts of aggregates that do form are further rTemoved
in the late eluting fraction. In some preferred embodiments, the procedure is followed by
cluting the protein with a storage buffer. In some more preferred embodiments, the chution
buffer comprises a concentration of 0.1% Tween 80. In some even more preferred
embodiments, the method comprises no subsequent conceniration or buffer exchange step,
following ¢lution from the resin with the storage buffer. In some preferred entbodiments,

aggregates surprisingly are reduced by 50%.

{04206]  In yet still another particularly preferred embodiment, a method for inactivating
virus contaminants i a protein sample is provided, the method comprising: immobilizing the
protein on a chromatographic resin; and treafing fhe imtnobilized protein with a solvent-
detergent miixture comprising 1% Triton X-100, 0.3% Tri-N-buty! phosphate, and 0.3%
Polysorbate 80, for 30 minutes to 1 hour. In some such e-mboéiments_, the method further
comprises eluting the protein with a storage buffer having a pH of greater than 7.0 and
comprising less than 10 mM calctom jons, a buffering compound, 0.05% non-ionic detergent,

and a salt.



[0020a] In one aspect, there is provided an in vifro method for inactivating lipid-enveloped
virus contaminants in a protein solution in the purification of a therapeutic protein
composition, said method comprising:
providing a protein solution comprising a therapeutic protein and possibly comprising lipid-
enveloped virus contaminants;
immobilizing said therapeutic protein on an ion exchange resin in vitro, wherein said protein
is directly immobilized on said ion exchange resin;
wherein said immobilization is not in the presence of a solvent-detergent mixture, said
mixture comprising a non-ionic detergent and an organic solvent; and
subsequently treating said therapeutic protein, while said therapeutic protein remains
immobilized on said ion exchange resin, with a solvent-detergent mixture comprising a non-
ionic detergent and an organic solvent at concentrations and for a time period suitable to
effect inactivation of said lipid-enveloped virus contaminants;
wherein said solvent-detergent treatment results in reduced formation of aggregates of said
therapeutic protein compared to solvent-detergent treatment when the therapeutic protein is
not immobilized;
whereby said lipid-enveloped virus contaminants are inactivated.
[0021] These and other aspects of the disclosure are described in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 depicts a flow diagram of exemplary steps of the method for purifying
recombinant a disintegrin-like and metallopeptidase with thrombospondin type 1 motif 13
(ADAMTS13) from a sample comprising ADAMTS13 and non-ADAMTS13 impurities, in
accordance with the instant invention. The order of the steps set forth in FIG. 1 may be re-
ordered, and/or one or more steps omitted, as disclosed herein and as understood by one of
skill in the art.
[0023] FIGS. 2A-D depict variations in purification runs on a cation exchange column.
FIG. 2A depicts a procedure involving cation exchange chromatography with step elution,
following virus inactivation; FIG. 2B depicts a procedure involving cation exchange
chromatography with step elution, but without a preceding virus inactivation; FIG. 2C depicts
a procedure involving cation exchange chromatography with gradient elution, followed by
virus inactivation on the chromatographic column; and FIG. 2D depicts a procedure
involving cation exchange chromatography with gradient elution, but without a preceding
virus inactivation.

DETAILED DESCRIPTION

[0024] One aspect of the invention relates to a method for the purification of recombinant
A Disintegrin-Like and Metallopeptidase with Thrombospondin Type 1 Motif 13
(ADAMTS13) protein from a sample, which may also comprise non-ADAMTS13 impurities.
The protein sample may also include virus contaminants, ‘which may be removed and/or
inactivated by one or more virus inactivation steps.
[0025]  As used herein “A Disintegrin-Like and Metallopeptidase with Thrombospondin
Type 1 Motif 13,” “ADAMTS13,” “ADAMTS13 protein,” “ADAMTS13 polypeptide,” and
“recombinant ADAMTS13” are interchangeable (unless otherwise specified) and refer to a
recombinant mammalian ADAMTS13 protein, which also may be a biologically active
derivative or fragment of a full-length ADAMTS13 protein. The amino acid sequence of
full-length human and murine ADAMTS13 proteins have respective UniProtKB® accession
numbers of Q761L.X8 and Q769J6. Structural details and sequence information on human
ADAMTSI13 can be found in Zheng et al. ((2001) J. Biol. Chem. 276:41059-63).
[0026] The term “biologically active derivative or fragment thereof” as used herein
means any polypeptides with a biological function similar, or substantially similar, to that of
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ADAMTS13. The polypeptide sequences of the biologically active derivatives or fragments
thereef may comprise deletions, additions, and/or substitution of one ot more amino acids
whose absence, presence, and/or substitution, respectively, do nmot have any substantial
negative impact on one or more biclogical activities of the ADAMTS13 protein. For
example, alternative splicing gives rise to a 130kDa species that is a biologically active
fragment of the full-length protein. The biological activity of said polypeptides may be
measured by well-known methods, for example, methods. testing the proteolytic activity of
ADAMTS13 on von Willebrand Factor (vWF), and/or subsequent reduction and/or delay in
downstream effects. By “downstream effects” is meant one or more biological, biochemical,
or physiological manifestations of the a,c;,tion of ADAMTSI3 protein on its native
substrate(s}, whether the effect is a direct cause of ADAMTS13 fanetion, or an indirect canse
thereof, e.g., an effect resulting from a cascade of events following ADAMTS13 activity.
Assays include, without Himifation, methods testing the reduction and/or delay of platelet
adhesion to the endothelium, the reduction and/or delay of platelst aggregation, the reduction
and/or delay of the formation of platelel strings, the reduction and/or delay of thrombus
formation, the reduction and/or delay of thrombus growth, the reduction and/or delay of
vessel occlusion, the proteslytical cleavage of vWF (e.g, FRETS-VWF73 (Peptides
International, Louisville, KY}), and/or the disintegration of thrombi (see, ¢.g., U.S. Palent
Nos. 7,270,976, entitled “Methods for measuring ADAMTSIB activity and protein on
platetets and in plasma,” col. 6, line 55 to col. 10, line 34, and col. 12, line 1 to col. 18, line
25 and 7,468,238, entitled “Self~quenching honioﬂuorOphore- compositions for detecting
enzyme aclivity” col. 11, line 26 to col. 16, line 50; see also 11.5. Patent Publication Nos.
20070015703, entitled “ADAMTS13-containing compositions having thrombolytic activity”
at paragraphs [0036], [0043]-{0045], and [6053], and 20070065893, entitled “Substrates
specific to von willebrand factor cleaving protease and method of assaying the activity ™; and
Buropean Application No. 199042141, entitled “Method for Detection of Condition in
Consciousness Disorder Patient and Kit for the Detection”, which are incorporated herein by
reference with respect to assays for ADAMTSI3 polypeptides and derivatives and/or
fragments thereof).

[6827]  Recombinant ADAMTSI3, e.g, recombinsnt human ADAMTSI13, may be
cxpressed by any method koown in the art. One specific example is disclosed in WO
02/42441, which is incorporated herein by reference with respect to the method of prepasing

a recombinant ADAMTS13 nucleotide sequence (see page 14, line 6 to page 18. line 4). In
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some embodiments, recombinant ADAMTS1!3 is produced according to the following
process: (i) preparing a recombinant ADAMTS13 nucleotide sequence by genefic
engineering, e.g via reverse trasscription of RNA and/or ampliﬁcaﬁon of DNA; (i)
introducing the recombinant ADAMTS13 nucleotide sequence into eukaryotic cells, e.g., by
transfection, such as via electroporation or microinjection; (iii) cultivating the fransformed
cells, e.g., in 2 continuous or batch-wise manner; (iv) allowing the expression of recombinant
ADAMTS13, e.g., constitatively or upon induction; and {v) isolating samples comprising the
expressed recombinant ADAMTSI3, e.g., fom the culture medium or by harvesting the
~ transformed cells; and (vi) purifying the ADAMTSI3 protein from the sample, according to

methods disclosed berein.

[6028]  Recombinant ADAMTS13 may be produced by expression in a suitable host
system, preferably an eukaryotic host system, and more preferably a system characterized in
that it can produce a pharmacologically effective ADAMTS13 molecule. Examples of
enkaryotic cells include, without limitation, mammalian cells, such as CHO, COS, HEK 293,
BHK, SK-Hep, and HepG2. In a preferred embodiment, CHO cells are used and the cells
secrete recombinant ADAMTS13 profcin into the culture medium, There is o particular
limitation to the reagents or conditions used for recombinantly expressing ADAMTS13 and

any system known in the ast or commercially available may be employed.

[06297  “Sample™ as used herein_ refers to any composition comprising ADAMTSI3
protein and ron-ADAMTS13 impurities. A skdlled artisan will recognize that sam;ﬁi‘e as used
herein may be the result of producing recombinant ADAMTSI3 as described above.
Accordingly, the sample may comprise supernatant collected fiom culturing transformed
cells, which express recombinant ADAMTS13; buffers comprising ADAMTS13 at one or
more steps of a process of purifying recombinant ADAMTS13 protein from culture medivum;
and/or transformed cells harvested from cell culture. Altematively, the sample may be blood,

plasma, or & fraction of blood or plasma,

[0030]  In some embodiments, ADAMTS13 is purified from a sample comprising 100 L
cell colture supernatant, However, a skilled artisan will recognize that the methods of the
mvention may be scaled up ds appropriate, e.g., for large scale production. Accordingly, in
some embodiments, the method comprises purifying ADAMTS13 protein on a commercial
production scale, e.g., from an at least about 250 L sample, an af least about 500 L sample, or
an af least about 1,000 L sample. ' .

S10-
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16031 “Non-ADAMTS13 impurities” as used herein generally refers to process-related
impurities. Impurities may include, ¢.g., host cell impurities (such as contaminating host cell
proteins, also referred to as host cell anﬁgens) and other biomolecular impurities such as
DNA, RNA, and cell debris; media component(s); solvenmts; detergents; and. the like.
Additionally, non-ADAMTS13 impurities also include product-related impurities, e.g.,
derivatives or fragments of ADAMTSI3 protein, which. are not hiologically active, or
aggregates of ADAMTS13 protein. In the case of blood or plasma, non-ADAMTSIA
impurities may include other proteins normally found in blood or plasma, e.g., albumin,
immunoglobulins, etc. As used herein “aggregates™ refers to structures comprising more than
one ADAMTSI3 polypeptide molecule, or more than one of any other protein molecule,
which corresponds to high molecular weight structures or oligomeric structures, such as
dimmers, trimers, and other multimers of the macromolecule. “Non-ADAMTS13 impurities”
may also include virus contaminants, “Virus contamina“nts“'refers to any impurities resuiting
from and/or derived from a virus, including, e.g., virus particles, viras proteins, viral DNA,

viral RNA, or fragments thereof.

[0032]  The terms “pwrifying,” “purified,” “to pﬁrify” and the like refer to removing,
isolating, or separating ADAMTS13 from non-ADAMTS13 impurities. For example,

recmﬁbinant ADAMTS13 protein expressed in plant, bacterial, yeast, or mammalian host
-_ cells may be purified by the removal of non-ADAMTS13 impurities comprising, e.g., host
cell proteins. The percent purity may refer to the percent of ADAMTS13 protein versus host
cell protein (e.g., CHO protein). “Substantially purified” recombiham- A_DAMTSES, is at
least about 60% free, preferably af least about 75% free, and more preferably at least about
90% free (or about 95%, about 99%, or about 99.9% free) from non-ADAMTS13 impurities.
In particular, “substantially purified” recombinant ADAMTS13 is at least about 60% free,
preferably at least about 75% free, and more preferably at least aboﬁt 90% free (or sbout
95%, about 99%, or about 99.9% frec) from host cell proteins, Host cell proteins can be
detected, for example, by immunochemical methods using polyclonal antisera, as discussed

in more detaif below,

[0033]  The removal of contaminants may also result in enrichment of the ADAMTS13
protein. “Enrichment,” “enriching,” and “to enrich” as used herein refer 10 an increase in the
percent of recombinant ADAMTSI13 in the sample.  Accordingly, ~enrichment of
ADAMTS!3 protein occurs when the percent of ADAMTSI3 is increased in a sample after

some manipulation of the sample, e.g., subjecting the sample to one or more chromatographic
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steps. In one embodiment, ADAMTS13 is sufficiently enriched when there is at least about
10-fold reductibn 1o about 115-fold reduction of non-ADAMTS13 impurities, particularty
‘host cell proteins. In one embodiment, ADAMTS13 is sufficiently enriched when there is at
least about 20-fold (e.g., about 30-fold, about 40-fold, about 50-fold, about 60-fold, about 70-
fold, about éO"-fold, about 90-fold, about 100-fold, ete) reduction of non-ADAMTSI3

impurities, and in particular, the reduction ocours with respect to host ceil proteins.

[0034] A skilled artisan will be able to use methods available in the art to determine the
fold reduction of non-ADAMTS13 impurities, particularly host cell proteins, For example,
an assay for non-ADAMTS13 impurities may be utilized. In ore embodiment, the sample is
conditioned supernatant collected from the cultivation of transformed cells expressing
recombinant ADAMTS13 and the assay to determine fold reduction of mon-ADAMTS13
impurities measures levels of host cell proteins. In one particular embodiment, the
transformed cells are transformed CHO cells, and the assay is an enzyme-linked-
immumosorbent serologic . assay. that measures CHO proteins. Fold reduction of non-
ADAMTSI3 impurifies may be calculated, eg., as the amount of non-ADAMTS13
impurities in the sample over the amount of non-ADAMTSI3 impurities eluted, as the
impurity level in 2 load (e.g., in ppm) divided by the impurity level in the elvate {e.g., in
ppm}. |

[0035]  Host cell proteins may be deiected, e.g., by immunochemical methods using
polyclonal axlﬁsex;a a.gainst protein components of the host ccll and/or recombinant vector
system used to manufacture ADAMTSI3. Generally, antisera may be raised dgainst antigen
derived from the host cell, wherein the host cell comprises an expression vector that is used
in the manufacturing process but that lacks the gene coding for ADAMTS13. Host cell
impurities may be extracted, using the method(s) identical and/or substantially similar to
those described herein. Purified (or partly purified) host cell antigens obtained using the
method(s) identical and/or substantially similar to those described herein may then be used
for the preparation of antisera against protein components of the host cell and recombinant
vector system used to manufacture ADAMTS13. The host cell proteins can be detected using
the antisera in an immunoassay, for example, in an ELISA or by westem blot analysis. Host
cell protein impurities may also be detected by separating the saniple to be analyzed by 2D
gel electrophoresis and silver staining and/or colloidal gold staining to detect proteins
present. HPLC may also be used io quantify the levels of host cell impurities; however,

HPLC methods are not as sensitive as the immunoassay or silver staining methods.
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Preferably, host cell impurities are reduced to below detectable levels using, e.g,, ORE OT more

of these analyiical methods.

[0036]  As used hetein, the term “about” denotes an approximate range of plus or minus

10% form a specified value.
[0037] Enrichment of ADM 7513

{0038} Generally, the invention provides a method of purifying recombinant ADAMTSI3
protein (preferably human ADAMTSI3 protein) from a sample comprising ADAMTSI3
protein and non-ADAMTS13 impurities, wherein the method comprises chromatographically
contacting the sample with (i) hydroxyapatite or (if) hydroxyapatite and a mixed mode cation
-exchange/hydrophobic interaction resin in tandem, so as to enrich the amount of ADAMTSI3
in the sample. “Chromatographically contacting™ as used herein refers to contacting a sample
or other mixture to be separated with 2 chromatographic resin using any mode of
chromatography described herein and/or known in the art, Modes inciude, without limitation,
batch-mode and column chromatbgraphy The cohtacting is effected by exposing and/or
incubating the sample on, in or within the resin, filtering the sample through the resm, or by

any other means, The buffer used for chromatogmphy often is a phosphate buffer.

[6039] In some embodiments, fhe sample is chromatographically contacted with
hydroxyapatite under conditions that allow the ADAMTS13 protein to appear in the eluate
from the hydroxyapatite. By “under conditions™ refers to one or more parameters or
‘variabies under which thé chromatography is carried out, including, e.g., column height,
packing, buffer (pH, salt concentration, ionic strength, etc), temperature, pressure, and the
like. That is, the sample is subjected to chromatography with hydroxyapatitc under
conditions that allow ADAMTSI3 protsin, preferably a substantial portion of the
ADMATSI13 protein in the sample, to not bind to the hydroxyapatide. If column
chromatography is used, the ADAMTS13 protéin,jarefembly a substantial portion thereof,
will flow through the column, thereby enriching for ADAMTSI3 in buffer coming off the
column, as the flow-through fraction or cluate, while non-ADAMTSL3 impurities are
retained. If batch chrbmatography is used, the supernatant or supemnatant fraction will
comprise the ADAMTSI3 protein, br a éubstantial portion thereof. “Fluate” is used
interchangeably herein with “flow through”, “flow through fraction™, “supernatant®, or
supema_tan’g fraction,” The efuate (or supernatant) can be collected. Such eollection occurs,

e.g., by centrifugation, sedimentation, filtration, ete. of the chromatographic resin after the
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sample is exposed to the resin and incubation completed. The eluate (or supernatant)
collected fiom the hydroxyapatite may be further subjected to one or more steps according to

tha invention.

[0040] In some embodiments, for example, the method fuither comprises
chromatographically contacting the eluate from the hydroxyapatite with a mixed mode resin,
such as a cation exchange/hydrophobic interaction resin, which binds the ADAMTSIS
protein.  That is, the ADAMTS13 protein sample may be subjected to tandem
chromatography, first with hydroxyapatite, preferably under conditions where a substantial
portion of ADAMTSI3 protein does not bind the bydroxyapaiite, followed by
chromatography with 2 mixed mode cation exchange/hydrophobic interaction resin that binds
the ADAMTS13 protein. Additional details regarding the hydroxyapaptite chromatography
“step, and the optional tandem step of mixed mode chromategraphy. using a cation exchange/

hydrophobic interaction resin, are provided below.
[0041] (a) Hydvoxyapatite Chromatography

[6042] The hydroxyapatite chromatography step involves any method of chromatography
wiﬂl lyydroxyapatite, as déscribed.hm‘ein, as known in the aﬁ, or as can be appreciated by one
..of gkill in the art, especially in light of disclogures herein. Methods of chromatography with
hydroxyapatite are well-known in the art. Hydroxyapatite has a chemical formula of
Cayo(POs)s (OH): and is a major constitnent of bone and tooth mineral, as well as other
biological structures. Hydroxyapatite may be obtained from such natural sources or may be
' synthesized by well-known methods. Hydroxyapatite is widely used as a chromatographic
medium or support, particularly for chromatographic separations of proteins. The parficle
size penerally is pot critical and may vary widely. Typical particle sizes range from about 1
o to about 1,000 um in diameter, preferably from about L0 yum to about 100 pun in diameter.
The porosity may also vary widely. In preferred smbodiments, the average pore diameter
ranges from about 100 A to about 10,000 A, more preferably from about 500 A to about
3,000 A, even more preferably 500 A to 3,000 A.

10043 Varicus hydroxyapatite chromatographic media are available commercially, and
any available form of the material can be used in the practice of the methods disclosed herein.
Non-limiting examples of commercially available ceramic hydroxyapatite matetial that may

be used include MACRGO-PREP™, Hydroxyapatite Types | and II (Biorad, Hercules, CA),
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and HA ULTROGEL® (PALL, Ann Arbor, MI). Tn one embodiment, the sample is subject to
chromatography with Hydroxyapatits type I (Biorad, Hercules, CA).

[0044] Surprisingly, it was discovered that upon chromatographically contacting a sanaple
with hydroxyapatite, a significani or substantial portion of noil-ADAMTSIS impurities in the
sample bind hydrogyapatite, while a significant or substantial portion of the ADAMTSI3
profein remains in solution. Accordingly, as discussed above, treatment of the sample with
bydroxyapatite may be performed in batch-mode or in column chromatography mode
according to well-known methods, and sufficiently enriched ADAMTS13 protein collected in

the supernatant-or in the eluate, respectively.

[0045]  As used herein, “substantial portion” refers 10 a recovery yield in the supernatant .
ar eluate of about 30% to about 100% {e.g., about 40% to about 90%, e.5., about 50% to
about 80%, e.g., about 60% to about ?O%) of recombinant ADAMTS]3 protein froth the
sample compared to that prior to the hydroxyapatite chromatography step, For example,
recovery yield in the supematant or eluate of about 30% to about 100% indicates that the
sample was subject to chromatography with hydroxyapatite under conditions that allow a

substantial portion of ADAMTSI3 protein to flow through.

[0046] in preferred embodiments, the sample w0 be subjected to hydroxvapafite
chromatography has a low conductivity, e.g., between about 3 mS/cm and about 15 mS/em at
room temperature, preferably less than about 10 mS/om at room temperature. In one
embodiment, the sample has a conductivity of 6 mS/em at room temperature, In another
embodiment, the sample has a conductivity of 7 mS/cm at reom temperature. A skilled
artisan will readily appreciate that condactivity of the sample may be adjnsted with a salt
solution comprising neutral salts, e.g., sodium chloride, potassivm chloride, sodium sulfate,
sodium phosphate, potassium phosphate, and the like, and can be suitably buffered with about
20 mM phosphate buffer. The sample preferably has a pH between about 6.5 and about 9.0,
and preferably, has a pH between 7 and 8. The sample may remain in contact with the
hydroxyapatite for any length of time that will allow sufficient binding of non-ADAMTSI3
impurities, e.g., for about 5 minutes to about 24 hours. Enriched ADAMTS13 may be
collected in the supernatant fraction or the flow through fraction, which may include eluate

from subseguent washes, particularly the first wash.

[6647) In one embodiment, subjecting the sample to chromatography with hydroxyapatite
under conditions that allow a substantial portion of ADAMTS!3 protein fo remain in the
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supernatant or eluate results in enriched ADAMTS13, .2, a‘c_)out 103-fold reduction to about
115-fold reduction of non-ADAMTSI13 impurities, particularly host cell proteins, compared
to the sample prior to chromatography with hydroxyapatite; In ome embodiment,
chromatography with hydroxyapatite reduces host cell proteins in the sample by at least about
20-fold (e.g., about 30-fold, about 40-fold, about 50-fold, about 60-fold, about 70-fold, about
80-fold, about 90-fold, e.g., about 100-fold, eic.).

[6048] In preferred embodiments, subjecting the sample to chromatography with
hydroxyapatite under conditions that allow a substantiz] portion of ADAMTS!3 protein to
remain in the supernatant or eluate results in about 90% to about 99% removal of
non-ADAMTS13 impurities, particularly host cell proteins. In one embodiment, subjecting
the sample to chromatography with hydroxyapatite results in at least about 90% {e.g., about.
91%, about.Q?.%, aboul 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99%, about 99.5%, efc.} removal of non-ADAMTS13 tmpurities, particularly removal
of host cell proteins. Accordingly, methods disclosed herein comprising enriching for
ADAMTS13 protein by subjecting the sample to chromatography with hydroxyapatite under
conditions that allow a substantial portion of the ADAMTSI3 protein to remain in the
supernatant of eluate may also provide a buffer comprising ADAMTSI3 protein that is

substantially purified.

[0049]  Exemplary column conditions that allow a substantial pertion of ADAMTSI3 to
flow through a hydroxyapatite chromatography column are provided in the examples below.
Generally, to allow a substantial portion of ADAMTSI13 protein to flow through during
chromatography with hydroxyapatite, the chromatography column preferably will have a bed
height between about 5 cm io about 30 cm, e.g., 20 om to 30 em. Additionally, prior to
- subjecting the sampie to chromatography with hydroxyapatite, e.g., before loading the sample
onto the hydroxyspatite columnp, the column may first be washed, activated, and/or
equilibrated respectively with well-known wash, activation, and/or eguilibration buffers,
particularly those suggested by the manufacturer of the hydroxyapatite. In one embodiment,
the column is activated and equilibrated with the same buffer, e.g., a buffer comprising 20
mM Na/K POy, having a pH of 7.0 and having a conductivity of 5.5, mS/om at room

temperature.

10050) (b} Mived mode cation exchange/hydrophobic interaction chromatography
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[0051]  In one embodiment, ADAMTS13 protein is enriched by tandem. chromatography
with the hydroxyapatite followed by a mixed mode cation exchange/hydrophobic interaction
resin that binds ADAMTS13 protein. Tt has been surprisingly discovered that ADAMTS13
binds the mixed mode cation exchange/hydrophiobic interaction resin while non-ADAMTS13
impurities either remain in solution or bind much more strongly to the mixed mode cation
cxchange/hydrophobic interaction vesin.  Accordingly, treatment of the sample with
‘hydroxyapatite followed by ireatment with a mixed mode cation exchange/hydrophabic
interaction resin may be performed in successive batch-mode or in. successive column
chromatography mode according to well-known methods and sufficiently enriched
ADAMTS13 protein may be collected in the final supernatant fraction or final eluate pool
after subjecting the sample to tandem batch-mode chromatography or tandem columm
chromatography, respectively. Accordingly, as described herein, ADAMTS13 protein is
entiched by subjecting the sample to chromatography with hydroxyapatite under conditions
that allow a substantial portion of ADAMTS13 protein io remain in the supernatant or to flow
throngh a column comprising hydroxyapatite as the eluate.  After treatmenmt with
hydroxyapatite, the collected supematant or eluate comprising enriched ADAMTS13
optionally is subjected to batch-mode or column chromatography with a mixed mode cation
exchange/hydrophobic interaction resin. In one embodiment, the supematant or eluate from
the hydroxyapatite step is fed into a chromatography column comprising the mixed mode
cation excha§1ge/h.yc;r_opiiobic Interaction fesin. Batch-mode or column chromatography with
a mixed mode cation exchange/hydrophobic interaction resin can be carried out by any
method described berein, known in the art, or as can be appreci:ﬁed by one of skill in the art,
especially in light of disclosures herein. A preferred mixed mode cation
exchange/hydrophobic interaction resin, switable for use after chromatography with
hydroxyapatite, is sepharose-based mafrix comprising a hydrophilic linker. The hydrophilic
linker may comprise a functional ligand, e.g., vm a thio-ether group. The hydrophilic ligand
may be negatively-charged and may further comprise a hydrophobic group, e.g., a
hydreearbon, A hydrophilic ligand further comprising a hydrophobic group can create a
mixed mode ligand, that is, a ligand with mulémodal functionality, suiiable for performing
mixed mode chromatography, as described herein. In some embodiments, the ionic capacity
of the mixed mode cation exchange/hydrophobic interaction resin may be between about 0.07
mM/AnL to about 0.09 mM/ml. and have a pH stability between about 2 to about 14.
Generally, ADAMTS13 will bind the mixed mode cation exchange/hydrophobic interaction

resin via tonic, hydrogen, and/or hydrophobic bonds.
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j0052}  Examples of commercially available mixed mode cation exchange/hydrophobic
interaction resins that may be used in. accordance with the methods desctibed herein include,
without limitation, CAPTO™ MMC medium (GE Healthcare) and SamptiQ SAX (Agilent
Technologies, Sants Clara, CA). In a prefared embodiment, the mixed mode cation
exchange/hydrophobic interaction resin is CAPTO™ MMC. CAPTO™ MMC is =
multimodal weak cation exchanger based on rigid, highly crogs-linked, beaded agarose with a
mean particle size of about 75 um. It comprises ligands with multimodal functionality that
bind proteins at high salt concentrations. I has a typical flow velocity of aboui 600 cm/h for
an about 1 m diameter column, with about 10 cm to about 20 cm bed height at abont 20°C,
using process buffers with the about same viscosity as waier at less than about 3 bar (about
0.3 MPa).

[0053]  During chromatography with a mixed mode cation exchahge/h.ydrophobic
interaction resin, ADAMTS13 binds o the mixed meode cation exchange/hydrophobic
interaction resin and is further isolated from non-ADAMTSI3 impurities (e.g., host-cell
proteins present in the sample pre-enrichmént), Where the mixed mode chromatography step
is performed on & colwmnn, the cation exchangefhydrophbbic interaction resin absorbs
ADAMTS13 protein, while contaminating non-ADAMTS13 ingpurities are removed from the:
process stream and separated from the ADAMTS13 protein in the sample by flowing through
the chromatography columa,

[0054] The inixed mode cation exchange/hydrophobic interaction resin t¢ which
ADAMTS13 is adsorbed is then washed, e.g., to remove loosely-bound contaminants or
impurities and/or to adjust buffer conductivity in preparation for elution of ADAMTS13 from
the resin. That is, after the sample is chromatographically contacted with hydroxyapatite, and
the collected supernatant or cloafe comprising ADAMTS13 is chromatographically contacted
with mixed mode cation/hydrophobit interaction resin snd adsorbed thereto, the mixed mode
cation/lrydrophobic interaction resin is washed with wash buffer. Generally, the wash buffer
will comprise a buffering ion phosphate and 2 neutral salt and will have a high pH such that
binding of ADAMTS13 to the mixed mode cation/hydrophobic interaction resin is weakened
as relevant parameters of the buffer are increased, e.g., with increasing salt. conceniration
and/or pH of the buffer. In one embodiment, the ADAMTS13-bound mixed mode
cation/aydrophobic interaction resin is first washed with an equilibration buffer, e.g., an
equilibration buffer comprising about 2¢ mM phosphate and about 25-mM NaCl dnd having a

pH of about 7.0 &t room temperatore, Subsequent washes may be performed with a wash
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buffer, comprising, e.g., about 20 mM phosphate, about 80 mM NaCl and having a pH of
about 8.0 at room temperature.  The ADAMTS13-bound mixed mode cation/hydrophobic
interaction resin may be subject to a final wash with a buffer comprising, ¢.g., 50 mM Na/K
PO, and 160 mM NaCl, and having a pH of 8.0, and a conductivity of 16.5 mS/cm at room

temperaiure.

{0055]  After hydroxyapatite chromatography, followed by mixed mode chromatography
with a cation exchange/hydrophobic interaction resin that binds ADAMTS13 protein, and
optional washing, recombinant ADAMTS13 protein is eluted from the mixed mode
chromatography resin with an elution buffer. Generally, the eludon buffer will comprise
about 3 mM to about 100 mM buffering ioms, e.g., 20 mM to 50 mM buffering ions.
Exemplary buffers include, but are not limited to, phosphaie, iris, HEPES, imidazole,
histidine, MES, citrate, Gly-Gly, #ris/acetate, and the like, The elution buffer also generally
comprises moncvalent or divalent cations, such as, but not limited to, sodium, potassium, or
cajcium jons, preferably at high concenfrations in salt form (e.g., with Cl, PQu, SO4, or OAc
anions, and the like.). In a prefared ermbodiment, the elution buffer comprises sodium jons
at high concentration, e.g., at greater than about 700 mM Na®. The elution buffer may have a
pH ranging from about 7 to about 11. In one embodiment, the elution buffer comprises 50
mM Na/K PO;, 1,000 mM NaCl and has & pH of 8.0 and a conductivity of 93 mS/cin at room

temperature,

[6056]- Exemplary conditions that allow enviched ADAMTSI3 lobtained from =a
hydroxyapatite column {o bind fo a mixed mode cation exchange/hydrophobic interaction
resin it a column and fo be isolated from non-ADAMTS13 impurities are provided in the
examples below. Generally, the bed height of the mixed mode cation exchange/hydrophobic
chromatography coiumn mey be about 1 cm to about 100 cm, or even higher depending on-
the sample volume. Fusther, the ratio of the hydroxyapatite chromatography column volume
to the column volume of the mixed mode cation exchange/hydrophobic interaction
chromatography column may be about 1011, depending, e.p., on amounats of non-ADAMTS13
impurities in the sample compared to the amount of ADAMTSI13.

[0057]  Additionally, a skilled artisan will recognize that, for embodiments comprising
tandem chromatography with hydroxyapatite and a mixed mode cation exchange/
hydrophobic interaction resin, the resins and buffers used for washing, activation, and/or
equilibrating will in certain embodiments be selected to be compatible with both columns, In

one embodiment, the columns are activated separately. In another embodiment, the columns
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are equilibrated, loaded, and washed once in tandem, followed by one or more second or
subseguent wash{es) and elution(s) applied only to the mixed mode cation exchange/
hydrophobic interaction resin. In one embodiment, the buffers for activating and
equilibrating the mixed mode cation exchange/hydrophobic interaction chromatography
column are the same as those used to activate and equilibrate the hydroxyapatite cohumm. In
one embodiment, the buffer for activating and equilibrating the mixed mode cation
exc’nmgc/hydmphobic‘ interaction chromatography coluran is a buffer comprising 20 mM

Na/K. POy and having 2 pH of 7.0 and 2 conductivity of 5.5. mS/cm at room temperature,

10658)  In preferred embodiments, the sample is subjected to tandem chromatography
with hydroxyapaﬁte and mized mode cation exchange/hydrophobic interaction resins under:
conditions that allow a substantial portion of ADAMTS!3 protein to flow through the
hydroxyapatite resin, followed by being bammdvénd then eluted from the mixed mode cation
exchange/hydrophobic interaction resin.  In more preferred smbodiments, this tandem
chromatography results: in sufficiently enriched ADAMTS13. In some embodiments,
subjecting a sample, e.g., conditioned supernatant collected from the cultivation of
transformed host cells expressing recombinant ADAMTS13, which may be pre-enriched, to
the tandem cbhromatography described herein yields about 40% to about 80% ADAMTS13
{e.g., between about 45% to about 75%, e.g., between about 50% to sbout 70%, e.g., about
55% to about 65%) and/or about 40% to about 90% activity {(e.g., between about 45% to
sbount 85%, e.g., between about 50% to ébout B0%, e.g., about 55% to about 75%).

s8] In some embodiments, the tandem chromatography removes about 90% to about
99% host cell impurities. In one embodiment, tandem chromatography as described herein
increases the purity of ADAMTS13 by at least about 600 fold, e.g., by at least about 630-
fold, e.z., by at least about 700-fold, e.g., by at least about 800-fold, e.g., by at least about
900-fold, e.g., by at least about 1,000-fold; e.g., by at least about 1,100-fold, e.g., by at least
about 1,200-fold, e.g., by at least about 1,300-fold, e.g., by at least about 1,400-fold, or by at
least sbout 1,500-fold compared to the purity of ADAMTS13 prior to subjecting the sample

10 tandem chromatography.

[0660] ‘In‘someAembodimcnts, subjecting a sample, e.g., conditioned supernatant coliected
from the cultivation of transformed host cells expressing recombinant ADAMTS13, which
may be pre-cmriched, preferably by UF/DF and/or anion exchange, to the tandem
chromatography described hérein results in a sample with about 600 to about 1,500 ppm non-
ADAMTSI3 impurities {e.g., host cell antigens). For example, the tandem chromatography
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may result in a sample with about 750 to about 1250 ppm non-ADAMTSI13 impuritics,
preferably a sample with less than about 1,000 ppm non-ADAMTS13 impurities.

10061]  In some embodiments, the tandem chromatography results in an about 1,000-fold
reduction to an about 3,000-fold reduction of non-ADAMTS13 impuritics (in particular, host
cell antigens) compared o the sample prior to the tandem chromatography. In some
embodiments, subjecting conditioned supernatant collected from the culéivation of
transformed host cells expressing recombinant ADAMTS13, which may be pre-enriched, o
the tandem chromatography described herein reduces non-ADAMTS13 impurities {e.g., host
céll antigens) by at least about 1,000-fold, e.g., by at least about 1,300-fold, e.g., by at least.
about 1,500-fold, e.g., by at least about 2,000-fold, e.g., by at least about 2,500-fold; e.g., by
af least about 3,000-fold, etc.

[0062] Accordingly, in preferred embodiments, the elution buffer from the mixed mode
cation exchange/hydrophobic interaction resin, which comprises recombinant ADAMTS13,

provides a composition comprising ADAMTS13 protein that is substantially purified.
[8063] FPre-enrichment Preparation of the Sample

[0064]  In some embodiments, the method disclosed herein further comprises preparing
the sample comprising ADAMTSI3 for enrichment by chromatography with hydroxyapatite
or tandem chromafography with hydroxyapatite and mited mode cation
-exchenge/hydrophobic interaction resin. Tn this optional pre-enrichment step, the
ADAMTS13 in the sample may be either or both 7 (a) concentrated by
ulirafiltration/diafiltration (UF/DF); and/or (b) chromatographically contacted with an ion
exchange resin, to which ADAMTS13 binds and from which it subsequently is ehuted.

[0065] (@)  Pre-envichment ultrafiltration/diafiliration (UF/DF)

18066]  In an optional pre-enrichment step, ADAMTSI3 in a sample is concentrated hy
pre-entichment ultrafilration, and the buffer of the sample exchanged by diafilwation. The
pre-enrichment ultrafiltration/diafilration step typically is performed prior to enrichment of
ADAMTSI3 by chromatography with hydroxyapatite or tandem chromatography with
hydroxyapatite followed by a mixed mode cation exchange/hydrophobic interaction resin as
described zbove. The pre-enrichment ultrafiltration/diafiliration step typically is performed
prior to any pre-enrichment anion exchange chromatography (if performed). Tlis
pre-enrichment unltrafiltration/diafiltration (UF/DF) step may be effective in removing small-

molecular weight components, e.g., small-molecular weight components of the cell culture
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media. Such components may bind to a subsequent chromatography colummn and decrease the
capacity of the column for ADAMTS13. Accordingly, pre-enrichment UF/DF can optimize
loading for later chromatography steps. In one embodiment, small-molecular weight
components below about 30 kDa are removed, or at least a substantial portion thereof. In
some embodiments, small-molecular oemﬁonents removed {or substantially removed) are
components of below about 60 kDa, below ahout 55 kDa, below about 50 kDa, below about
45 kDa, below about 40 kDa, below about 35 kDa, below about 30 kDa, below about 25 ka,
below about 20 kDa, ete.

[0867) The pre-enrichment ultrafiltration/diafiltration step also is used in certain
embodiments to exchange ADAMTSI3 into an appropriate buffer sohition for subsequent
processing and/or to further concentrate the sample. In one embodiment, the é.ppropriat'e
buffer solution is a low conductivity buffer appropriate for pre-enrichment anion exchange
cﬁromatogaphy, if such anion exchange chromatography is to be performed. For example,
the low condustivity buffer will have a conductivity of less than about 10 mS/cm, e.g., about
7 mS/em to about 8 mS/em, e.g., 7 mS/em at room temperature, and may have a pH equal to

ot greater than about 7.0. -

[6068]  In another embodiment, the appropriate buffer solution is an enrichment buffer
appropriate for enrichment by chromatography with hydroxyapatite, which may be followed
with chromatography on a mixed mode cation exchange/hydrophobic Interaction resin. For
example, the enrichment buffer may comprise 20 mM Na/K POy and have a pH of about 7 at
room temperature. In another émbodiment, the appropriate buffer solution also comprises
calcium and/or zimc ions, either or both of which siabilize ADAMTSi3 protein. In one
embodiment, the appropriate buffer solution comprises calcium jons at a concentration of less
than about 10 mM, e.g., 2 mM. In ancther embodiment, the appropriate buffer solution is

supplemented with zinc ions at 2 concentration of less than about 50 uM, e.g., 5 uM.

100691  In some embodiments, the appropriate buffer solution comprises a buffering agent
that has buffering capacity in solutions with 2 pH equal to or greater than about 7.0. Tn one
embodiment, the buffering agent is selected from the group consisting of phosphate, tris,
HEPES, imidazole, histidine, MES, citrate, Gly-Gly, Tris/acetate, etc. T

{6070  The sample obtained after this pre-enrichment UF/DF step may be used in
subsequent purification steps, e.g., the sample may be.a UF/DF concentrated pool comprising

host cell proteins to be removed by chromatography with hydroxyapaﬁtc; or hydroxyapatite

_22.



WO 2011/012726 PCT/EP2010/061192

chromatography followed by mixed mode chromatography on a cation exchange/
hydrophobic interaction resin. In some embodiments, the sample following the pre-
enrichment UF/DF step has been concentrated by about 10 fold to about 20 fold, e.g., by
about 15 fold, compared to the sample before the pre-entichment UF/DF step.

10871) (b)  Pre-enrichment Anion Exchange Chromeaography

[0672}  Another optional pre-enrichment step comprises pre-enrichment chromatography,
which may be performed prior to enrichment of ADAMTS13 by chromatography with
hydroxyapatite or tandem chromatography with hydroxyapatite followed by a mixed mode
cation exchange/hydrophobic interaction resin. A skilled artisan will recognize that the pre-
enrichment chromatography may be performed after the optional pre-enrichment
ultrafiliration/diafiliration step. Aliema;tively, the pre-enrichment chromatography may be
performed by.itself, i.e., without the optional pre-enrichment ultrafiltration/diafiltration step.

[0073] In some embodiments, the pre-enrichment chromatography step comprises
chromatographically contacting the sample comprising ADAMTS13 with an anion exchange
resin and eluting the ADAMTSI13 protein fromlthe anion exchange resin. That is, the
ADAMTSlS ié bound to an anion exchangﬁ resin and suobsequently eluted therefrom. As
used herein, the term “anion exchangs resin” refers to any resin snitable for anion exchange
chromatography and that has a net positive charge, e.g., due to a positively-charged group (at
nentral pH). Examples include, but are not hmited to, diethylaminoethane (DEAE),
dimethylethanolamine (DMAE), polyethyleneimine (PEI), quaternary aminoethane (QAE),
trhneﬂxy[a_?ninoethyl {TMAE), gquartermnary ammonium {QY, and the like, and combinations
thereof.

[0074]  In one embodiment, the amion exchange resin also has one or moie of the
following features: large pores, perfusion ﬂc;w behavior, and convective flow behavior. Non-
limiting examples of commercially available anion exchange resins that may be used in the
pre-envichment step disclosed herein include Q-Sephavose Fast Flow (GE Healtheare,
Piscataway, NJ), ANX-Sepharose Fast Flow low sub (GE Healtheare), DEAE-Sepharose Fast
Flow (GE Healthcare), DEAE-Toyopear! (Tosoh Bioscience LLC, Grove City, OH), QAE-
Toyopear! (Tosoh. Bioscience LLC), POROS® O (Applied Biosystems, Foster City, CA),
POROS® 50D (Applied Biosystems), POROS® S0P! (Applied Biosystems), Convective
Interaction Media (CIM®; BIA Separation), Fractogel-DMAE (Capito! Scientific Inc., Austin,
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TX), Fractogel EMD-TMAE (Capital Scientific Inc., Aunstin, TX), Matrex Cellufine DEAE
{Chisso Cosp., Rye, NY), and the like,

[0075} ' During pre-envichment anion exchange chromatography, ADAMTS13 binds fo

the anion exchange resin and is isolated from non-ADAMTSI3 impurities (e.g,, host-cell

components that may be present in the pre-enrichment UF/DF concentrated pool). Generally,

the anion-exchange resin absorbs ADAMTSL3 protein, while non-ADAMTS13 impurities

with isoclectric points greater than the operating pH are removed from the process stream by

flowing through the anion exchange column. Non-ADAMTS13 impurities with isoclecttic

points below the operating pH bind more strongly, preferably much more strongly, fo the

resin, such that they preferably do not co-elute with the ADAMTS13 protein. The column to

which ADAMTS13 is adsorbed is thén washed prior to elution, ¢.g., i6 remove loosely-bound

impurities or contaminants and/or to adjust the conductivity of the buffer in preparation for

clution. Typically, bound ADAMTS13 is eluted from the anion exchange resin by increasing

the ionic strength of the buffer. In one embodiment, ADAMTSI13 is eluted by step elution.

Generally, the loaded sample and wash buffer have a pH of between about 7 io abow 9, c.z.,

7.7, and a conductivity of less than about 10 mS8/cm (e.g., 6.5 mS/om) at room temperature.
The elution buffer(s) may have a pH of about 6 to about 9 (e.g., 7) and have a conduetivity of
greater than about 10 mS_fém {e.g., 16.5 mS/em) at room temperature,

[0076] = Typically, the eluate from-the anion exchange chromatography step vields about
60% o dbout 120% ADAMTSII activity (e.g., vields about 7% or about 80% to about
107% ADAMTS activity) and/or comprises recombinant ADAMTS13 with a purity of about
20% to about 70%, (e.g., & purity of about 30%, about 40%, about 50%, about 60%, etc). In
cne embodiment, anton exchange chromatography reduces non-ADAMTS13 impurities by
about 2-fold to about 5-fold. In a preferred embodiment, the percent yield after pre-

enrichment preparation can be about 75%.

(0077}  The eluted ADAMTSI3 may then be enriched by subjecting the sample to
chromatography with hydroxyapatite that allows a substantial portion of ADAMTS13 protein
to flow through or subjecting the sample to tandem chromatography with hydroxyapatite
under conditions that allow a substantial portion of ADAMTSI3 protein to flow through,
followed by chromatography with a mixed mode cation exchange/hydrophobic interaction
resin that binds ADAMTS 13 protein, as described above.
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[6078} Virus Inactivation . K

{06791 A skilled artisan wili Tecognize that methods of virus inactivation may be
particularly vseful in purifying recombinant ADAMTSI3 from samples that comprise or
potentially comprise virus contaminants (impurities resulting from and/or derived from
viruses, including, e.g., virus pariicles, virus protgin, viral DNA, viral RNA, and fragments
thereof). Accordingly, in one embodiment, the method disclosed herein further comprises at
feast ope virus inactivation step. The term “virus inactivaiion™ réfers to either or both the
sttuation wherein viruses are mainfained in the solution but are deactivated or inactivated
-'{a'g.., rendered noen-viable, for exzzmple, by dissolving the lipid coat of lipid-enveloped
viruses); and io the physical removal of the viruses and/or virs conteminants {from the
sample (for example, by size exclusion). Thus, in the context of the disclosure herein, “virus

inactivation” refers to either or both viral deactivation and viral removal.

[0080] If performed, viras inactivation may occur once or more than once throughout the
entire purification process. Additionally, it may occur prior or subsequent to subjecting the
sample to chromatography with hydroxyapatite. In some embodiments, virns inactivation
occurs prior and subsequent to the optional step of polishing by cation exchange
chromatography, described in more detail below, However, a skilled artisan will recognize
that virus inactivation may optionally occur, if at all, at any step during the purification

process. Further, a skilled artisan can recognize the appropriate timing for virus inactivation,

[0081] Methods of rendering lipid-enveloped vifuses non-viable are well-kmewn in the
art. Generally, methods of deactivating (or inactivating) lipid-enveloped viruses in a sample
. comprise adding a solvent-detergent mixture to the sample (see, e.g., Edwards, et al. {1987)
“Tri(; n-ButyI) phosphate/detergent treatment of licensed therapeutic and experimental blood
derivatives” Vox Sang 52: 53-59 (see especially pages 54-55); and U.S. Patent Nos.
4,540,573 (col. 7, line 9 to col. 12, line 42); 4,764,369 (col. 7, line 17 to col. 12, line 47);
4,939,176 (col. 3, line 59 to col. 10, line 14); 5,151,499 (col. 2, line 59 to col. 11, line 38);
6,090,599 (col. 4, line 20 to col. 8, line 67); 6,468,733 (col. 5, line 12 to col. 9, line 36); and
6,881,573 (col. 5, Iine 63 ta col. 14, lime 9); each of which is incorporated herein by
reference). The solvent-detergent combination used to deactivate lipid-coated viruses may be
any solvent-detergent combination known in the art and preferably comprises a non-ionic
detergent and an orgamic solvent. Non-limiting examples include Tri-N-butyl phosphate
(TnBP) and TRITON X-100™, as well as TWEEN 80™ (CAS 9005-65-6), polyoxyethylenc

sorbitan monooleate, sodium cholate, and the like. The concentration of the solveni(s) and/or
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detergent(s) may be those commonly used in the art, for example, greater than about 0.1%
TnBP and greater than about 0.1% TRITON X-100™,

{0082}  In some embodiments, the conditions under which the solvent-detergent mixture
inactivates the viruses comprise ab{;ut 10 to about 100 mp/ml of solvent-detergent, at a pH
level ranging from about 5 to about 8, and a temperature ranging from about 2 °C to about
37°C, preferably from about 12 °C to about 25°C, for about 30 minutes to about 24 hours,
preferably about 30 minutes to about 1 hour. In some embodiments, the mixture is slightly
shaken or stired during the treatment. In one embodiment, the virus inactivation step
comprises adding a solvent-detergent mixhure (¢.g., as solvent-detergent mixture comprising
0.3% ToBP, 1% TRITON X-100™, and 0.3% TWEEN $0™) to the sample for at least 1
hour, at 15°C to 25°C. In another embodiment, the sataple is treated with a solvent-detergent
mixture comprising 0.3% TnBP, 1% TRITON X-iﬂ(}m, and 0.3% TWEEN 80™ for 30
minutes at 12°C to 16°C. Other solvent-detergent combinations and/or suitzhle conditions
may be used, as will be apparent to one versed in the art, such as combinations of palysorbate
or cholate and tri-n-butyl phosphate. Such combinations may require longer treatment times,

€.8., 2hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, § howrs, or more.

[G083] Inactivation can be brought about by any means known in the art. For example,
inactivation can be stopped by dilution, preferably by dihution with cold dilution buffer. For
cxample, in some embodiments, inactivation is stopped by dilution with one volume of cold
dilution bulfer comprising. about 20 mM MES, and having a pH of about 6 at room

temperature,

100841 After deactivating lipid-coated viruses with the solvent—deiergént combination, the
solvent-defergent mixture may be removed. For example, the solvent-detergent mixture may
be removed via chromatography or other suitable means. In some embodiments,
chromatography with a solvent-detergent removal (SDR) resin is used, such as, eg.,
HyperDd™ tesin (Biosepra Inc., MA) (see, e.g., U.S. Patent No. 6,468,733 (col. 3, line 12 t0

col. 9, line 36), incorporated herein in its entirety by reference).
(0085}  Inactivating Virus Contaminants with Immobilized Pratein

[0086] In some embodiments, virus inactivation comprises viral deactivation with
solvent-detergent while the protein is immobilized. Such 3 procedure may be used in virus
inactivation of the ADAMTS13 polypeptide described herein, as well as for other proteins.

Other proteins may include, without limitation, any protein or biologic from a source that
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may have viral contaminants, including immune sysiem proteins (antibodies, monoclonal
antibodies, fusion proteins, Fe¢ fusions, major histocompatibility antigens, T cell receptor),
enzymes (oxidoreductases, transferases, hydrolases, iyéses, isomerases, ligases), structural
proteins, fibrous proteins (such as cytoskeletal proteins, like actin, Am2/3, coronin,
dystrophin, keratin, myoéin, spectrin, Tau protein, tubulin and extraceliular matrix proteins,
like coliagen, elastin, F~spondin), globular proteins, plasma proteins (seruin albumin and
serum amyloid P component), coagulation factors (like complement proteins, Factor V1II,
Factor XIII, fibrin, inrotein C, protein S, protein Z, protein Z-related protease inhibitor,
thrombin, von Willebrand Factor), C-reactive protein, hemoproteins, cell adliesion proteins
{cadherin, ependymin, integrin, NCAM, selectin), transmembrane traﬁsport proteins (CFTR,
glycophorin D, scramblase), ion channels {acetylcholine recepior potassium channel),
synport/antiport proteins {glucose transporier), hormones and growih factors (epidermal
growth factor insulin, insulin-like growth factor, oxytocin), receptors (U‘anémembrmlc
receptors, G-protein-coupled receptor, rhodopsin, intracellnlar receptors like estrogen
receptor), DNA-binding proteins (histones), transcription regulation proteins {c-myc FOXP2,
FOXP3, Myol), p33), nutrient storape/transport proteins (ferritin), chaperone proteins,
macromolecular complexes (nucleoéome, ribonucleoprotein, signal recognition particle,
spliceosome), and the like. In preferred embodiments, the protein is recombinant protein,
particularly proteins sensitive fo aggregation when exposed to organic solvents and
detergetns. In some embodiments; the protein is ADAMTS13 protein, in particular
recombinant ADAMTS13, or a different protein (in pﬁticular, e{ different recombinani
protein). In some embodiments, the recombinant protein s 2 blood coﬁgulatibn factor. In
gsome embodiments, the protein i3, e.g.,0ne or more of Factor VIH, Factor I, thrombin,
Factor V1o, Factor IX, von Willebrand factor, anti-MIF antibodies, and in particular proteins
amenable to chromatographic purification and/or proteins sensitive to treatment with solvent-
detergent, Accordingly, another aspect of the instant imvention is directed at virus
inactivation of an immobilized protein. Preferably, virus inactivation is carried out in
conjunction with a protein purification procedure, such that the procedure involves wvirus

inactivation of a protein preparation by immobilizing the protein being purified.

[0087] The conventional solvent-detergent virus inactivation step applied in downstream
processes for purifylng various proteins, such as those described above, generally involves
adding the solveni-detergent mixture in solution to the saraple being purified, &.g., in a batch

procedure. In the bateh procedure, a sample comprising the protein {s treated with the
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solvent-detergent mixture (e.g., 2 mixture comprising about 1% Triton X-100, about 0.3% tri-
‘N-butyl phosphate, and about (.3% Polysofbate 80) int a stirred vessel (e.g., a tank for large
seale purifications). After dissolution of the solveni-detergent chemicals, the treated sample
solution can be pumped into a second stirred vessel, where by definition the actual virus
inactivation takes place, as here the protein solufion is incubated to allow such dcactiv;ition 1o

take place (e.g., for about 30 minutes fo about one hour).

FO0BE] In contrast, some embodiments of the instant invention invelve virns inactivaiion
of a compwsttien comprising a protein, e.g., & protein being purified, where the protein is
immobilized. The process comprises contacting the compaosition comprising the protein of
interest with a solvent-detergent mixfure while the protein is immobilized, rather than the
target protein being in solution. In preferred embodiments, the protein is immobilized on a
chromatographic resin,  Virus inactivation where the protein’ is immobilized on a
chromatographic resin, e.g., on a chromatographic column, is referred 1o herein as “on-
column” virus inactivation. The purification of ' ADAMTS13 on Poros S, described in the
Examples below, provides one embodiment of this process, where virus imactivation is
carried out on-column. One of skill in the art will recognize that the protein may be
immobilized onto various supports, by & variety of means. For example, protein may be
bound to any solid or semi-solid support, .including a plass slide, beads, matrix, or
membranes. Imimobilization may result from any process whereby the protein is fixed to the
support relative to other components of the protein solution. Immobilization maﬁf oceur dug
to one or more types of bonds between the groups on the support and groups on the protein,
such as, e g., by covalent linkage, hydrogen bonds, elecirostatic interactions, van der Wasls

forces, and the like, or combinations thereof.

[0089] Virus inactivation of immobilized protein on a chromatographic column can
simplify purification. For example, rather than requiring more than one vessel (such as a two
tank system wused in large scale purifications), chromatographic purification and vims
inactivation may be camied out in the same vessel, eg, on the same chromatographic
column.© This simplifies the downstream processes of protein purification, e.g., reducing
time, conserving reagenis, andfor increasing efficiency. In some embodiments, the
chromatographic column is a cation exchange resin. In some embodiments, the

chromatographic column is an anton exchange resin.

[0090]  An additional and surprising benefit of certain embodiments of viras inactivation

of immobilized protein is the reduction in aggregate formaton. Some proteins show
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sensitivity towards solvent-detergent mixtures, e.g., forming aggregates when contacted with
the solvent-detergent reagents in solution. Without being limited to a particular theory or
hypothesis, contacting the sensitive protein with the solvent-detergent mixture while it is
immobilized, ¢.g.. while the protein is bound to a chromatographic resin, can prevent the
formation of aggregates based simply on the physical inability of the immobilized protein
molecules to contact cach other. In some embodiments, the inactivation results in the
formation of less than about 20% aggregates, less than about 18%, less than about 15%, less
than about 12%, less than about 10%, or less than about 5% aggregates. And, in certain
emhodimeﬁts, the leve] of aggregation is reduced by af least about 10%, about 20%, about
50% or about 100% as compared to the level of aggregation when the protein preparation is

subjected to virus inactivation where the protein is not immobilized.

{009t}  In one preferred embodiment, the protein is loaded onto a chromatographic resin
.. and the solvent-detergent treatment is used as a wash step, preferably a wash step that
continues for a long enough - incubation period to allow inactivation of lipid-enveloped
virnses. For example, the wash step preferably continues for about 30 mimites to about one
* hour. The solvent-detergent mixture will comprise non-ionic detergent and organic solvent at

concentrations suitable to effect such virus inactivation, as described above. For example, in

some embodiments, the solvent-detergent mixture comprises 1% Triton X-100, 0.3% tri-N-

butyl phosphate, and 0.3% Polysorbate80.  Additional details for some particular
~ embodiments are provided below, with respect to ADAMTS13 purification.

{0092] Virus inactivation may also comprise viral removal, e.g., by filtration, such as
nanofiliration using a nanofilier. Such viral removal may occur alone, or in combination with
viral deactivation (inactivation), e.g., the viral deactivation step comprising treatment with a
solvent-detergent mixture as described above. When virus inactivation comprises both virat
deactivation and viral removal, viral removal may occur prior to and/or subsequeni to the
viral deactivation by solvent-detergent treatment. Generally, viral removal from a sample
involves filtering the sample, e.g., passing the sample through a filter having a pore size that
maintains ADAMTS13 in the sample, while allowing viruses and virus contaminants to flow
throvgh. In one em_bodimmt, the pore size of the filter is between about 15 nm and about 50
nim,. Filtration also can be catried out by nanofiltration using a 20 N or 35 N filter (Planava,
~ Asahi Kasei). In some embodiments, pre-filiers are used to prevent fouling the nanofilter,

e.g., an about 2 pM filter, or a 0.2 u PVDF or PES membrane may be used

[0093]  Polishing by Cution Exchange Chromatography
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{0694]  In some embodiments, the method farther comprises, after cliromatography with
hydroxyapatite (or tandem chromatography with hydroxyapatite followed by a mixed mode
cation exchange/hydrophobic interaction resin), the optional step of polishing the sample
comprising ADAMTS13 by chwomatography on a cation exchange resin. In this step, the
conductivity of the buffer comprising ADAMTS13 may be reduced prior to polishing, if

necessary 0 achieve an appropriate conductivity for the cation exchange chromatography.
{0095} (o} Reducing Buffer Conductivity

[6096]  After chromatography with hydroxyapatite or taﬁdem chromatography with
hydroxyapatite followed with a mixed mode cation exlchan ge/hydrophebic interaction resin,
the buffer comprising ADAMTS13 protein may be prepared for cation exchange by reducing
the conductivity of thé buffer, e.g., by removing ionic components {e.g., sodium chioride). In
" some embodiments, buffer conductivity is reduced to less th'aﬁ about 5 mS/cm and/or the pH
is reduced to about 6.0. The conductivity of the buffer may be reduesd by any method
~ known in the arf, described herein, or as can be appreciated by one of skill in the art,
especially in light of the disclosures herein. Non-limiting examples include
wltrafilration/diafiliration {e.g., with crossflow cassettes or hollowfiber modules), gel
filtration, dialysis, etc.

(66971 In one embodiment, the ADAMTS13 protein is prepared for cation exchange by
ultrafiltration/diafiltration with a membrane having an about 10 kDa cut-off, against a cation
exchange equilibration buffer (e.g, 2 buffer comprising 20 mM MES, pH 6.0 at room
temperature). In some embodiments, the nitrafilration/diafiltration membrane.is a PES
membrane, having an about 10 kDa to an about 50 kDa cutoff, e.g., an about 20 kDa cutoff,
an about 30 kDa cutoff], an about 40 kDa aui-off, ete, Using such an approach, the buffer pH
may be reduced from about 8.0 to about 6.0; and/or the conductivity of the buffer may be
reduced o belew abont 2 mS/cm at room temperature. In some such embodiments, the
buffer for the diafiltration mey comprise 20 mM MES and may have a pH of 6.0 at room
temperature and/or a conductivity of (.6 mS/cim at room temperature. In some embodiments,
the conductivity of the buffer for diafiltration may be identical, or substantially identical, 1o

the cation exchange equilibration buffer to be used.

[0098] In one embodiment, preparing the buffer comprising ADAMTSI3 for cation
exchange 18 performed by dialysis, e.g., vsing dialyzer hardware comprising hemodialysis

modules, such as a hollowfiber hemodialysis module (Aquamax series, PES chemistry of the
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Hollowfibers, Edwards Lifesciences, Unierschleiheim, Germany). Generally, ahout 2 m?* of
filter area is used for about 5 L of sample; and the sample buffer and dialysis buffer are run in
reverse flow with respect to each other. In some embodiments, the dialysis consists of no
more than fwo passes through a single dialysis module. By “single dialysis module” is meant
one unit or structure through which dialysis is performed. A dialysis module generally
comprises an open-ended bundle of hollow fiber membrane potted in a tubular housing io
create two distinct flow chambers, lumen and extracapillary, each with inlet and outlet port
access. A semi-permeable hollow fiber membrane separates the two chambers and
selectively permits passage based on size and concentration gradient of solutes while
restricting other solutes from passing between the 2 chambers. By operating the module in a
counter-current flow mode, the solutes passing through the membrane are quickly swept
away and diluted into a large volume of dialysate solution ("sweep"), maintaining the largest
concentration gradient possible. Accordingly, dialysis may be perfoﬁned in a single pass

sweep through a single dialysis module.

{00991 In some embodiments, a combination of these approaches is used, e.g., UF/DF
with dialysis may be used to effect concentration of the sampie and buffer exchange in
preparation for polishing by cation exchange chromatography. In still other embodiments,

buffer exchange may be carried out by anion exchange chromatography.
[09108) (b} Cation Exchange Chromatography

-‘[GOIM} As indicated above, the method disclosed herein may optionally comprise
polishing the sample by chromatography on a cation exchange resin. As used herein, the
term “cation exchange resin” refers fo any resin switable for cation exchange chromatography
and that has a net negative charge, e.g., due to a negatively-charged group (at neuiral pH).
Examples include, but are not limited to, a carboxyl group, a carboxymethyl (CM) group, a
sulphoalkyl group (SP, SE). a methylsulfonate {8} group, a sulfated ester of cellulose,
heparin, and the Yke, and combinations thereof This step generally is designed to
concentrate the ADAMTS13 product, put the product in a pre-formulation buffer, and further
reduce non-ADAMTSI3 impurities, including process-related impurities (e.g., host cell
proteins, such as CHO proteins, hosi cell DNA, such as CHO DNA, reagents of the solvent-
detergent mixture, efc), as well as product-related impurites (e.g., aggregates and non-

373
biologically active fragments of ADAMTS13),
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[6030Z] In ome embodiment, the cation exchange resin also has one or more of the
following features: large pores, perfusion flow behavior, and convestive flow behavior. Nop-
lmiting examples of commercially available cation exchange resins that may be used in the
polishing step disclosed herein include POROS® & (Applied Biosystems), Convective
Interaction Metia: 4G 5

_ ,' BIA Separaiton}, Toyopear] Gigacap S (Tosch Bioscience,
Montgomeryville, PA}, Toyopear? G1gacap CM {Tesoh), Toyopearl SP (Tosocha), Toyopear
CM {(Tesoh), MacroPrep S (Bio-rad, Hercules, CA), UNOsphereS (Bio-rad, Hercules, CA),
MacroprepCM ((Bio-rad, Hercules, CA), Fractogel EMD 803 (Merck), Fractogel EMD COO
(Merck), Fractogel EMD SE Hicap (Merck), Cellufine Sulfate (Chisso), CM and SP Trisacryl
(Pall), CM and 8 H}@erD (Pail), Mustang 5 (Pall), 5 and CM Sepharose CL (GE Healthcare),
8 and CM Sepharose EF (GE Healthcare), S and CM CAPTO™ (GE Healthcare), MonoS
(GE Healtheare), Source 8 (GE Healtheare), and the like,

100183} Chromatography on a cation exchange resin is a well-known method in the art. Tn
' some embodiments, the cation exchange column has & maximum load of about 0.2 fo about
0.5 mg ADAMTS13/mL. In a preferred embodiment, the column is loaded with at least 0.3
mg ADAMTS15/ml. Generally, during chromatography on a cation exchange resin,
ADAMTS13 binds te the cation exchange resin and the buffer and certain impurities are
aliowed to flow through. The column to which ADAMTS13 is adsorbed then can be washed,
eg., to remove loosely-bound contaminants ‘or impurities and/or to adjust the buffer in
preparation for elution of ADAMTSI3 from the cation exchange resin. ADAMTSI3 then

can be eluted in the eluate,

[00104] In some embodiments, the elnate oObtained from the cation exchange
chromatography step contains a hi g.her amount of agoregates of ADAMTS13 than desired. In
some embodiments, for example, the eluate comprises more than about 15 % aggregates,
which are believed to be infrodnced afier the concentration and buffer exchange with the

dialyzer step, and/or the cation exchange chromatography siep.

[00105] To allow the production of ADAMTS13 with & si@iﬁcantly lower percentage of
aggregates, certain conditions can be used with the cation exchsnge resin, as detailed further
in Figure 2 with respect to the cation exchange resin Poros S. For example, in some
embodiments, & combinafion comprising purification by cation exchange chromatography
followed by on-colurnn solvent-detergent virus inactivation is used, for example as deseribed
in more detail above. This combination preferably results in lower amounts of aggregates

appearing with the ADAMTS13 polypeptide in the eluate. In more preferred embodiments,
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the elution. procedure comprises a gradient elution (rather than a step elution), which can
.fu.rther remove aggregates of ADAMTS13, e.g., in the descending part of the elution peak. In
even more preferred embodiments, the concentration of Tween 80 in the elution buffer is
greater than about 0.05%, for example about 0.06%, about 0.07%, about 0.08%, about 0,09%,
preferably about 0.1%, about 0.11%, about 0.12%, about 0.13%, about 0.14%, or about
0.15%. The increased concentration is believed to have a further stabilizing effect on
ADAMTS13, further preventing formation of high molecular weight stroctures during the
clution of ADAMTS13 from the resin. By “stabilizing the ADAMTS13 protein™ or
“stabilizing effect on ADAMTS13” is meant tending to promote the native structure of
ADAMTSI3, particularly, in an intact and/or monomeric form, or a substantially intact
andfor monomeric form, rather than a tragmented or aggregated form. Stabilizing may also
tefer to the tendency of the obtained ADAMTSI3 to resist fragmentation, loss of native
structure, and/or aggregation in the face of otherwise destabilizing conditions, such as

varying temperatures, varying pH, ionic strengths, and the like.

The ADAMTS_B protein also may be stabilized by a matrix used during harvest, e.g., where
virus inactivation by solvent-detergent treatment is performed on @ concentrated harvest,
Furthermore, aggregates that do form can be removed by the later purification steps, such as
capture on an anion exchange chromatography column {such as ANX Sepharose, as
described herein); and/or polishing by chromatography (such as tandem chromatography with
Hydroxyapatite/Capto MMC, as described herein), "

[60166] Using one or more modifications described sbove can result in an eluate
comprising lower amounts of aggregates of ADAMTSI3 polypeptide. For example, in
preferred embodiments, the cluate from the cationic exchange column may comprise less
than about 20%, less than about 18%, less than sbout 15%, less than about 12%, less than

about 10%, or less than about 5% aggregates.

[0107] A final step of chromatograpﬂfr on a cation exchange resin comprises eluting the
ADAMTS13 protein with an elution buffer. In some embodiments, bound ADAMTS13 is
eluted from the cation exchange resin by increasing the ionic strength of the buffer. The
buffer comprising ADAMTS13 used to chromatographically contact the cation exchange
resin generally has a conductivity of less than about 10 mS/cm, at room temperature, e.g., less
than 5 mS8/em. Further, the buffer comprising ADAMTS13 uged to chromatographically
contact the cation exchange resin generally has a pH of less than about 7.0, at room

temperature e.g,, 6.0. The elution buffer used to eluie the ADAMTS13 protein from the
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cation exchange resin can have an ionic strength below such buffers. The resin may also be
washed with a buffer having a pH equal to, or substantially equal to, the pH of the intended

storage buffer.

[0198] In a preferred embodiment, the ADAMTS13 protein is eluted from the cation
exchange resin with a storage buffer. Generally, by storage buffer is meant a buffer having a
pH between about 5 and about 9, at room teraperature and comprising caleiwm, & buffering
-compound, and a salt. The pH of the storage buffer may be greater than about 7.0 {e.g., about
7.5) &t room temperature. The storage buffer may comprise less than about 10'mM Ca™
(e.g., 2 mM Ca™); the buffering compound may be selected from the group consisting of
phosphate, tris, HEPES, histidine, imidazole, gly-gly, MES, tricine, acetate, and the like; and
the salt may be selected from the group consisting of NaCl, KCl, CaCly, MgCl,, and the like.
In a preferred embodiment, the storage buffer has a pH of greater than 7.0 and comprises less
than 10 mM calcinm ioné, 2 buffering compound, and & salt In a2 more prefermred
embodiment, the storage buffer further comprises a non-ionic detergent, e.g., about 4.01 o
about 0.5% non-tonic detergent, e.g. 0.05% non-ionic detergent. In even more preferred
embodiments, the eluate is subjected to no subsequent concentrafion nor buffer exchange

steps following elution from the cation exchange resin with the storage buffer.

{0109}  In one particular embodiment, Source S (GE healthcare) is used as the cation
exchangé resin of the polishing step, for example, a Source S column with a bed height of
.about 20 cm. In such embodiments, the column may be activated with about 2 column
volornes of about 2 M NaCl and equilibrated with about 6 column volumes of a buffer
comprising about 20 mM MES, about 10 mM NaCl, and about 2mM CaCls, having a pH of
about § at room femperature, The buffer comprising ADAMTS13 may be contacted with the
column at a conductivity below about Sl mS/cm at room temperature, and the column
subsequently washed with the equilibration buffer, and finally the c¢luate comprising
ADAMTS13 protein collected. Afier collection, the eluate may be concentrated and buffer
exchanged for storage buffer, eg. by anion exzchange chromatography, diafiliration,
ultrafilfration, dialysis, and the like.

{6119} In another particuiar embodiment, POROS® 8 is nsed as the cation exchange resin
in polishing the sample comprising ADAMTS13 protein. In this embodiment, the buffer
comprising ADAMTS13 used to chromatographically contact the cation exchange resin may
have a condnctivity of less than about 5 mS/em and a pH between about 6.1 and about 6.4,

ADAMTS13 may be ehited using gradient elution, although step elution may preferably
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provide a more concentrated product. If gradient elution is performed, two buffers may be
used, e.g., 4 first buffer that has a low salt content (e.g., little to no salt) and a second buffer
that has a higher salt content {e.g., about 500mM) such that the eluate pool may bave a salt
concentration of about 200 mM. If step elution is performed, the elution buffer may
comprise a storage buffer, e.g., a storage buffer i:aviug about 300 mM NaCl, ghout 2 mM
CaCly, about 20 mM histidine, about 0.05% Tween 80, and may have a pH of aboui 7.5, at
room ternperature. In some such embediments, no buffer exchange is necessary afier the
POROS® S step, 1.e., the ADAMTS13 fractions obtained from the POROS® S already areina
buffer and at a concentration suitable for siorage. In still other embodiments, the
ADAMTS13 fractions obtained from the POROS® S column may be subject to further |

concentrating and/or buffer exchange steps.

[G111] Generally, purifying recombinant ADAMTSI3 protein according to -some
embodiments of the methods disclosed herein yields compositions of pure ADAMTS13
protein.  In one embodiment, purifying recombinant protein according to the disclosed
method yields ADAMTSI3 protein that is at least about 90% pure, e.g., af least about 95%
pure, e.g., at least about 98% pure; e.g., or af least about 99% pure. Yields of at least about
20% may be obtained according io. some embediments of the disclosed method. Tn one
embodiment, the method provides yields of at least about 5%, e.g., about 30%, e.g., about
10%, e.g., about 20%, e.g., about 40%, e.g., about 50%, e.g., about 60%, e.g., about 70%,
e.g., ahout 8%, e.g., about 90%, or e.g., about 95%. In some embodiments, the method
provides ADAMTSI3 protein having specific activity ranging from about 500 unitsmg
ADAMTS13 to gbout 1,000 vnits/mg ADAMTS13. In another embodiment, the method
provides ADAMTS13 protein having a specific activity ranging from about 1,200 wnits/mg
ADAMTSI3 UV 280 protein fo about 2,400 units/mg ADAMTSI3 UV 280 protein. In
another embodiment, wherein the recombinant ADAMTS13 protein is produced by CHO
cells transformed with recomabinant ADAMISIZ nucleic acid, purifying recombinant
ADAMTS13 according fo the disclosed method produces a composition that has less than

about 1,000 ppm of host cell impurities. In some embodiments, the method provides at least

about 2 mg/mL ADAMTS13 protein in a storage buffer.
[0112)  Compositions Comprising Recombinant ADAMTS13 Protein

[O113] The present invenfion further provides compositions comprising recombinant
ADAMTSI13 purified according to s method disclosed herein. The compositions disclosed

herein may be useful for storage of purified recombinant ADAMTS13. For example, in some
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embodirnents, the purified ADAMTS13 protein is stored frozen, e.g., at less than about -60°C
The compositions disclosed herein also may be useful for therapeutic administration of the
ADAMTS13 protein, and/or to prepare compositions for therapeutic administration, in
particular, parenteral administration. For example, in some embodiments, the purified
ADAMTS13 obtained according to methods described herein is in the form of a bulk drug
substance, ie; in a form ready for formulation into compositions for therapeutic

administration.

[0114] Accordingly, another aspect of the invention relates 1o pharmacentical
composiﬁcms where the purified recombinant ADAMTSE3 protein is mixed with gxcipient(s)
or other phammacentically acceptable carriers. In preferred embodiments, the
pharmaceutically acceptable carrier is pharmaceutically inert, A pharmaceutically imert
carrier is one that does not react, or does not react substantiallv, with the active
pharmaceutical, and/or in particular, does not affect, or does not substantially affect, the
desired pharmaceatical properties of the active. The pharmaceutical compositions may be
prepared in any manner known in the art eg., by conventional mixing, dissolving,
granuiating, dragee-mak}'ng, levigating, emmisifying, encapsulating, entrapping, Iyophilizing,
and the like.

[0215]  Depending on the condition being treated, these pharmaceutical compositions may
be formulated and administered systemically or locally. Techmiques for formulation and
administration may be found in the latest edition of "Remington's Pharmaceut.ic.al Sciences"
(Mack Publishing Co, Easton Pa). Suitable routes may, for example, include oral or
fransmucosal administration; as well as parenteral delivery, including intramusenlar
administration, snobeutanecouns administration, intramedullary administration, intrathecal
administration, infraventricular administration, intravenous administration, intraperitoneal

administration, intranasal administration, and the like.

[0116]  Phammaceufical compositions suitable for use in the present invention include '
compositions comprising ADAMTS13 as the active ingredient in an effective amount 1o
achieve an intended purpose. An “effective amount™ of ADAMTS13 as used herein can refer
to that amount that augments, enhances, improves, increases, or produces a biological effect
of native ADAMTS13. Biological effects of native ADAMTSI3 include vWF-cleaving
protease activity, based on the action of ADAMTS13 in cleaving von Willebrand ‘factor, a
jarge protein involved in blood clotting. An “effective amount” will include an amount of

ADAMTS13 that results in decreased levels of platelet aggregation, e.g., reducing levels in
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an individual suffering from 4 blood clotting disorder to levels more comparable to an
individual not suffering from the blood clotting disorder. Blood clotting disorders include,
but are not limited to, thrombotic thrombocytopenic purpura (TTP) also known as
Moschcowitz. syndrome, Upshew-Schulman syndrome (familial form of TTP), and stroke.
An “effective amount” also includes the amount to achieve a prophylactic and/or therapeutic
benefit in treating one or more blood clotting disorders and associated conditions.
Determination of certain effective amounts is well within the capability of those skilled in the
art.

{0117} The present invention provides methods, pharmaceutical compositions, and kits
for treating and/or preventing blood clotting disorders and associated conditions in animal
subjects. The term “animal subject” as used herein includes humans as well as other

mammals.

[0118]  The term “freating and/or preventing” as used herein includes achieving a
therapeutic benefit and/or a prophylactic benefit, respectively. By therapentic benefit is
meant the reversal or amelioration of the underlying bilood clotting disorder being treated.
For example, in a TTP patient, therapeutic benefit inciudes eradicating or ameliorating one or
more of the conditions and/or symptoms associated with TTP, such that an improvement is
observed in the patient, notwithstanding the fact that the patient may still be afflicted with the
underlying disorder. For example, treattnent can provide a therapeutic benefit not only when
formation of thromboses is reduced or eradicated, but also when an improvement is observed
in the patient with respect to symptoms that accompany TTP, such as reduced headaches,

lowered fever, and/or delayed kidney failure.

[0119]  For prophylactic bencfit, a pharmaceutical- composition of the present invention
may be administered to a patient at risk of developing a blood clotting disorder, including, for
example, 4 patient reporting one or more of the symptoms or conditions commonly associated

with bloed clotting disorders like TTP, even though a diagnosis may not yet have been made.

[0120]  In addition to the active ingredient, pharmaceatical compositions may comprise
suitable pharmaceutically acceptable carriers such as excipients and auxiliaries that facilitate

processing of the active compounds into preparations wiich can be used pharmaceutically,

[0121}  Pharmaceutical formulations for parenteral administration generally comprise
aqueous solutions of the active ingredient in water-soluble form. In some embodiments,

- suspensions of the active may be prepared as appropriate oily injection suspensions. Suitable
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lipophilic solvents or vehicles include oils such as sesame oil, or synthetic fatty acid esters,
such as ethyl oleate or triglycerides, or liposomes. Agqueous injection suspensions may
confain substances that increase the viscosity of the suspension, such as sodium
carboxymethy! cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents that increase solubility of the active, e.g., to allow for the

preparation of highly concentrated solutions.

{0122]  For injection, the pharmaceutical compositions of the invention may be
formulated in aqueous solutions, preferably m pbysioiogica]ly compatible buffers such as
Hanks' solution, Ringer's solution, or physiologically buffered saline. For tissue or celinlar
administration, penetrants appropriate to the particular barrier to be permeated are used in the

formulation, Such penetrants are generally known in the art.

[0123]  Pharmaceutical preparations for oral use can be obtained by combining the active
with a solid excipient, optionally grinding & resulting mixture, and processing the mixtare of
granvles, afier adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients include carbohydrate or protein filiers such as sugars, including lactose,
sucrose, mannitol, or sotbitol; starch from corn, wheat, Tice, potato, ete; cellulose such as
methyl cellulose, hydroxypropylmethyl-celinlose, or sodium carboxymethylcellulose; gums
including arabic and tragacanth; and proteins such as gelatin and collagen. If desired,
disintegrating or solubilizing agents may be added, such as the cross-linked polyvinyl
pyrrolidone, agaz, alginic acid, or a salt thereof such as sodium alginate. Carriets may also be
used that allow the pharmaceutical compositions to be formulated as tablets, pills, capsules,
liquids, gels, syrups, slurries, solutions, suspensions, dragees, and the like, for oral and/or

nasal ingestion by a patient to be treated,

[0124]  Pharmaceutical preparations that can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a coating such as
glveerol or sorbitol. The push-fit capsules can contain the active mixed with fillers or
binders, such as lactose or starches; lubricants, such as talc or magnesium stearate; and,
optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended
in suitable liguids, such as oils, liguid paraffin, or fiquid polyethylene glycol, with or without

stabilizers.
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{0125}  Compositions comprising ADAMTS13 or other protein prepared according to a
method described herein may formulated with a pharmaceutically acceptable carrier, placed

in an appropriate container {or kit), and labeled for treatment of an indicated condition.

10126] Examples

[0127]  The following examples are provided for illustrative purposes and are not

intended to Hmit the scope of the invention.

[6128] Example 1

(031297 FIG. 1 provides an exemplary method for purifying ADAMTSI3 protein,
- according 10 certain émbodiments of the invention as disclosed herein. In the Example
provided, recombinant ADAMTS13 protein is purified from supernatant collected from
culturing CHO cells comprising a recombinant ADAMTS13 nucleotide sequence, In this
example, the sample is ceil culture supernatant comprising about 2 wnits/ml (approximately 2
pg/mLl) ADAMTS13 protein,

[6136) As shown in FIG. 1, a sample comprising ADAMTSI3 and non-ADAMTS13
impurities may first be subject to an optional pre-enrichment preparation: (a) as shown in step
101, the sample may be concentrated by ultrafiltration (about 10-fold to about 20-fold) and
the buffer exchanged by‘ diafiltration (molecular weight cut-off of about 30 kDa); and (b) as
shown m step 102, the ADAMTSI3 protein can be bond to and ‘eiuted from an anion

exchange resin, prior to further enrichment.
[0131]  Pre-emrichment Preparation of the Sample
[0132] {a)  Pre-enrichment ultrafiltration/diafiliration (UF/DF)

{0133}  As shown in FIG. I, step 101, to oplimize loading for pre-enrichment anion
exchange chromatography, the cell culture supernatant is concenttl‘ated by about 10 fold to
about 20 fold and diafilirated nsing a PES membrane (about 30 kDa to about 50 kDa cutoff
Pall Omega) to a low-conductivity buffer containing calcium and zine ioms, which are
considered to stabilize ADAMTS13. The buffer for the cell culture supernatant diafiltration
is 20 mM Tris, 0.1% Polysorbate 80, 85 mM NaCl, 2 mM CaCly, SpM ZnuCly, with a pH of
7.7 at room temperature,
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(0134} (b)  Pre-enrichment Anion Exchange Chromatography
{0135] As shown in FIG. 1, step 102, pre-enrichment anion exchange chromatography

may be performed using ANX Sepharose Fast Flow low sub fromi GE Healthcare. This anion

exchangé resin may be nsed according to the following conditions (Tables 1-2).

{0136] Column load: max. 0.5 mg ADAMTTS13 Ag/mi resin; Bed height: 20 cm

Table 1
1 Colemu Flow rate
Step Buffer Volume (CV) (era/h)
Column ANK-HS 2 100
activahon
Equilibration | ANX-Equi & 100
Concentrated and
Load diafilizated CCS
‘Wash 1 ANX-W1 25 100
12.5% ANX-
Wash 2 EluB/87.5%ANXEl |3 100
A
12.5% ANX-
Ehziion EluB/87.5%ANXE] 1 100
gradient uA to 100% ANX-
EluB
Post slution ANX-HS 3 100

[06137] Alternafively, step eclution can be used with 2.8 column volumes of a buffer
comprising 48% ANX-EluR and 52% ANX-Elna, as detailed in Table 2. Other potentially

suitable buffers are indicated also.
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Table 2

Buffer { Formulation

20 mM Tris, 0.1%
Polysorbate 80, 50 mM NaCl,
2 mM Cally, 5uM ZnCly,
pH=7.7 (room temp.)

20 mM Tris, 0.1%

ANX-WI Polysorbaie 80, 50 mM NaCl,
pH=7.7 {room temp.)

20 mM Na/& PQs, pH=7.0

ANX-Bqui

ANX-EluA

{room temp.)}

20 mM Na/K PO4, 400 mM
ANX-ElB. NaCl, pH=7.0 (room temp.)
ANX-IIS 2 M NaCl

[0138] Different resins may be used from that indicated in FIG. 1, step 102. For
example, POROS 50D dnd POROS 50P1 from Applied Biosystems, Foster City, CA can be
used, The eluate from the pre-enrichment anion exchange chromatography using this resin
can provide recombinant ADAMTSI3 with a purity of about 20% to about 70%, and the

percent yield after this pre-enrichment preparation of the sample can be at least about 75%.
[013%1  Enrichment of ADAMTSI3

t0140]  As shown in FIG. 1, steps 103 and 104, respectively, ADAMTS13 may then be
enriched via polishing steps (a) and (b). The sample comprising ADAMTS13 is subjeéted to
tandem chromatography, first with hydroxyapatite on a Hydroyapatite Type I column
(Biorad, Hercules, CA}, step 103, followed by mixed mode chromatography on a cation
exchange/hydrophobic interaction resin CAPTO™ MMC (GE Healthcare), sicp 104, More
specifically, the eluate pool from the pre-enrichment anion exchange chromatography of step
102 is diluted 1:4 with hydroxyapatite-dilution buffer to reduce the conductivity to. about 6
mS/cm. The dilated etuate pool is subjecied to tandem chromatography with hydroxyapatite
under conditions that allow 2 substantial portion of ADAMTS13 protein to flow through, step
103, followed by a mixed mode cation exchange/hydrophobic interaction vesin that binds
ADAMTS13 protein, step 104. The conditions for the tandem chromatography are provided
below and in Tables 3-4.

[0141] Column 1: Resin: Hydroxyapatite Type I (Biorad) (HA); load: max. 2 mg total
protein/nL resin; bed height: 20-30 cm.
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[0142] Column 2: Resin: Capto MMC (GE Healtheare); foad: 3 — 6 mg ADAMTS13/ml
resin; bed height: 10 cm.

16143} Ratio Column volume HA:-MMC = 10:1.
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Table 3
Colnmn Flow rate
Step Buffer Volame (CV) | (cw/l)
Activation .
(MMC) MMC-Elution 3 {MMC) S0 MMC)
Equilibration | HA-Equi. 4 (HA) 50 (HA)
Equilibration { HA-Equi. CL{HA) 30-(HA)
. Diluted Captore Eluate (1:5 diluted with
Load HA-Egui) < 6mS/cm conductivity 20-30L 30(HA)
Re- .
- 5
 cquilibration HA-Egui. 0.5 (HA) 30 (HA)
Wash. 1 : ;
(MMC} MMC-Equi, 3 (MMC) 50 (MMC)
Wash 2 .
(MMC) MMC-Wash 4 (MMC)Y 50 (MMCO)
Elution 75% MIMC elution buffer/
(MMC) 259, MMC wash buffer 4 (MMC) 50 (MMC)
Table 4
Buifer Formnlation ‘Conductivity
YA Dilution 20 mM Na/& POs, pH 7.0
(room temp.)
SR 20 mM Na/K PGy, 25 mM | About 5.5 mS/em  (room
TANDEM-Equi. NaCl, pH 7.0 (room temp.) | temp.)
, 50 mM Na/K POy, 160 mM | About 165 mS/um (room
MMC-Wash NaCl, pH 8.0 (room temp,) | temp.)
50 mM Na/K POy 10001 . .
MMC-Elution mM NaCl, pH 8.0 (room About 93 mS/em  (room
temp.)
terp. ) _
HA-Elution 300 mM K POy, pH 7.0 About 33 mS/em {room
{room temp.) temmp.)
{0144]  The percent yield ADAMTSI3 after enrichment by tandem chromatography may
be at least 60%. _
[6145] Virus Inactivation
[146] As shown in FIG. 1, step 105, the sample can be subjected to solvent-detergent

freatment fo mactivate contaminating viruses or viral particles; and/or the sample is filiered to

remove such viruses or viral particles. Also as shown in FIG. 1, virus inactivation step 105

can be carried out at various points in the procedure, for example, before the tandem
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chromatography steps 103 and 104, or after a step involving concentration and buffer
exchange, step 106, described below.

[0147] For virus inactivation by solvent-detergent treatment, the sample is treated with a
solvent-detergent mixture comprising 1% TRITON X-100®, 0.3% Tri-N-butviphosphate, and
0.3% polysorbate 80, for 30 minutes at about 12°C to about 16°C (specifically to inactivate

lipid-enveloped virnses). Additional details are provided below in Example 2.

{0148] Alternatively, or in additién, the sample is subjected to filtration, e.g.,
nanofiliration through a 0.2 pm particle filier. For example, the mixture afier solvent-
detergent freatment is diluted with 1 volume of a polishing equilibration buffer, described
below, and filtered through a 0.2 pm PVDF or PES membrane, Filiration can be carried out
before and/or aftersolvént-detergent treatment. Filtration after the treatment may be used to
remove particulate matter that may have formed during the treatment. Filtration also can be
carried out by nanofiltration using & 20 N filter {Planova, Asahi Kasei), as also shown in FIG.
1, where the virus inactivation step 105 is carried out before the tandem chromatography
steps 103 and 105. A further virus inactivation step 105 can be carried out after the sample

'has been polished By cation exchange chromatagraphy, as described below,
[0149]  The percent vield ADAMTS13 from this virus inactivation may be at least 95%.
{0150}  Polishing by Cation Exchange Chromatography

[6151]  Following enrichment, the‘ADAMTSIS may be polished by chromatography on a
cation exchange resin, and the conductivity of the buffer comprising ADAMTS13 may be
reduced prior to polishing, to achieve an appropriate conductivity for the cation exchange
chromatography. Accordingly, post-enrichment steps may involve (a) reducing buffer
conductivity; followed by (b) cation exchange chromatography.

[0152] {a) Reducing Buffer Conduciivity

f[0153]  As shown in FIG. 1, step 106, preparation for cation exchange chromatography
may involve concentration and buffer exchange, using UF/DF, with a cut-off of 10 kDa, and
Dialyzer hardware. In the fllustrated embodiment, the Dialyzer hardware used for tuffer
exchange involves a hollowfiber hemodialysis module (Aquamax series, PES chemistry of
the Hollowfibers, Edwards Lifesciences, Unterschieibeim, Germany) having 0.3 — 1.9 m®
filter area. During operation, the following parameters are monitored on-line: pressure
(before the module, after the module, and trans-membrane pressure), conductivity, and

temperature. The dialyzer cartridge is connected with two pumps, one feeding the sample
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(through the hollow fibers) and one feeding the dialysis buffer (surrounding the hollow fibers,
in reverse flow direction). Approximately 2 m? of filter area is used for about 5 L of sample;
and the fluid flow is fixed in the following way: 40 m/min (sample flow or 20 mb/min/m®
filter area), 60 ml/min {(dialysis buffer flow, reverse flow). Before and afier dialysis, the
Lollowfiber module 1s rinsed with dialysis buffer and the post-dialysis rinse added 1o the
collected product. After dialysis, the sample has about the same volume as before, althongh

il is slightly concentrated.

10154] The percent yield ADAMTS!3 after reducing the buffer conductivity in this way
may be about 0%. :

{0155]  In other embodiments, buffer exchange may be carried out by anion exchange

chromatography on ANX Sepharose-FF low sub, as in step 102,
[0i56]  Cation Exchange Chromatography

[0157]  .As sbown in FIG. 1, step 107, after enrichment of ADAMTSI3 protein (and the
optional concentration and buffer exchange step 106 and/or the virus inactivation step 105),
th.f._e‘ san_l_ple may be polished by cation exchange chromatography. The buffer comptising
ADAMTS13 protemn is polished either on a -Source $ column (GE Healtheare) or a POROS®
S column, such as on POROS?® 50 HS column (Applied Biosystems).

[0158]  The conditions for pelishing on the Source 30S column are provided in Table 5

and buffers for the polishing step are provided in Table 6.

[0159]  Resin: Sowrce 30 § (GE Healtheare); Column load: max. 0.2 (0.5) mg
ADAMTS13/ml resin; Bed height: 20 cm.
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| Table 5
Colamn Flow rate
Step Buffer Volume (CV) (ezm.h)
Column 2 M NaCl 2 32
activation
Equilibration SOS-Equi. - & 32
Load ) 32
Wash SOS-Equi. 3 32
100% SOS8-Equi/0% |
Elution SOS-Elu. to 0% < 19
(gradient) SOS-Equi./100%
SOS-Elu
Post ehution | SO8-Elu, 3 32
Table 6
Buffer Formulation Comments
$0S-Equi. 20 ;M MES, pH 6.0 room Bvuifsr'mgy contain 10 mM
temp.) Nall, 2 mM CaCly
20 mM MES, 500 mM NaCl,
308-Elu. 2 mM CaCly, pH 6.0 {room
temp.)
[0160]  The eluate pool from the Source § columm is concentrated and diafiltrated against
storage buffer,
. 10161}  The conditions for polishing on the POROSY S column are provided in Table 7

Resin: POROS® 8 (Applied Biosystems, Foster City, CA); Colunin load: max. 12
mg ADAMTS13/ ml resin: Bed height: 20 cm.

Table 7
Step Buffer Column Vobame Flowrate
€V) (cxa/h)
Column activation 2M NaCl 5V 50
Equilibration Poros ey 50
Equi. (until pH and
conductivity give flat
and stable signals)
Load MMC-Eluate conductivity less that 5 | 32
after solvent- mS/em (room temp.)
defergent treatment
and dilution

T
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Re-equilibration Poros Equi. ICV 32
Wash 1 Poros Wash 1 5CV 32
Wash2 . Poros Wash 2 TV 32
Elution Poros Elu. S5CV 19
Post chition 2M NaCl ICV 32
TFable 8
Poros Heui, 20mM MES Acid, 30mM NaCl, 0.1% Tween 80, pH 6.0
(room temp.), about 3.9 mS/cm conductivity at 25°C
Poros Wash 1 - 20mM L-Histidine, 5mM NaCl, 2mM CaCl;, 0.05% Tween
80, pH 6.0 (room temp.). about 1.9 mS/cm conductivity a
2SOC .
20mM L-Histidine, 5mM NaCl, 2mM CaCly, 0.05% Tween
Poros Wash 2 80, pH 7.5 (room temp.), 1.9 mS/em conductivity at 25°C
Poros Flu. 20mM L-Histidine, 300mM NaCl, 2mmM CaCl,, 0.05%
Tween 80, pH 7.5 (reom terap.), about 18mS/em
conductivity at 25°C

[6163] The eluate pool from the POROS® § column is concentrated and diafiltrated

against storage buffer.

[0164]  The percent yield ADAMTSI3 after this further polishing step may be at least
about 70%, and after the buffer exchange, at least abows 0%,

[8165] As shown in FIG. 1, step 108, a purified ADAMTS13 protein is obtained in
according to the method described above. The ADAMTS frozen and stored, e.g., at less than

about - 60°C. The yield of the entire process may be about 22% to about 24% or mare,

[0166] Exampie2

[0167]  FIG. 2 provides a summary of various conditions that can be used with cation
exchenge chromatography step 107 of FIG 1. In particular, comparison of the ADAMTS13
product obtained from the various runs indicates that the conditions of FIG. 2C reduce

contaminating agpregates,
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[0168] As shown in FIG. 24, variation A is a combination of viral inactivation nsing
solvent-detergent (S/D) treatment, as discussed in more detail below, followed by a cation
exchange chromatography on Poros S applying a siep ¢hation. As shown in FIG. 2B,
variation B involves cation exchange chromatography on Poros 308, with step dilution, but
without being preceded by vitus inactivation. Both varnations A and B can be performed

according a procedure outlined in Table 9,

Table 9
Buffer Flow
volmme | Buffer Composition rate Observations
{CY) {em/h)
Activation 3 2 W NaCl - 50
. 20mM MES Aecid, 30 mM
Bquilibration | 6 NaCl. pH 6.0 (room temp) | 0
. : Coiumn load max. 6
Product dbout 12 | S0 veatedand dilwted ) 4, mg ADAMTS13/ml
| toading product solution resn
20 mM MES acid, 30 mM |,
Wash 1 10 NaCl, pH 6.0 (room temp.) 32
! 20 mM Histidine, 30 mM
{. NaCl, 2 mM CaCly, 0.05%
Wash 2 8 Tween 80, pH 7.0 {(room 32
temp.)
Pooling starts after
the U'Vasp signal rises
| 20mM Histidine, 200 mM significanlyand |
NaCl, 2 mM CaCl, 0.05% pooling ends after the
1 Step elution 5 o i 25 UVags sipnal drops
Twee_n 80, pH 7.5 {room bhelow 5% of the
temp.) UV signal at the
peak maximram
{approximately ! CV)

[6169] In variation A, the conditioned (didiyzed) eluate from step 106 is subjected i0 a
solvent-detergent virus inactivation step 105. The eluate is first fltered through a filter with
0.2 p pore size to remove particular matter. Then fhe filtrate is supplemented with a solvent-
detergent mixture to final concentrations of 1% Triton X-100, 0.3% tri-n-butyt phosphate and
0.3% Polysorbate 80 {Tween 80) from stock solutions. The inactivation is performed at
temperatures ranging from sbout 12°C to about 25°C in 4 time frame of about 30 minutes fo
gbout one hour under shight stirring or shaking. ‘The inactivation is stopped by diluting the
solution with one volume of cold dilution buffer (20 mM MES, pH 6.0, reom temp.). To
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protect the column, the solvent-detergent freated and diluted solution is fillered again with 2
0.2 p filter, for example, to remave particulate matter that may have formed during the virus

inactivation treatment.

[0170]  The solvent-detergent inactivated and diluted product solution is then subjev;tcd 10
cation exchange chromatography step 107 on Poros 50HS, using step dﬂutich:
Chromatographic details are outlined in Table 9 above, The resulting cluate pool provides
the ADAMTE3 protein in the form of bulk drug substance, which can be stored frozen at
less than ~60°C.

017%] In variation B, the cation exchange chromatography step 107 is carried out on the
conditioned (dialyzed) eluate from step. 106, without the solvent-detergent virus nactivation

step 105. Details for the cation exchange chromatography are as detailed above.

[0172] -~  As shown in FIG. 2C, variation C is 2 combination isvolving purification by
cation exchange chromatography on Pores S0HS, using gradient elution, followed by on-
column solvenbdétergent virus inaciivation. This varation surprisingly reduces aggregates
otherwise found with purified ADAMTS13 protein. Chromatographic details that may be

used with variation C are cutlined in Table 10 below.
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Table 16
Buffer Fiow
veolume | Buffer composition rate Commenfs
(CV) {em/h)
Activation 5 1 2 M NaCl 50
R 20 mM MES acid, 30 mM
Equilibration | 6 NaCL pH 6.0 {room temp,) 50
. . Colomn load max. 6
Product gbout§ | Dizlyzed eluato pocl ofthe | ., mg ADAMTS 13/ml
loading Capto MMC purification rosin
20mM MES acid, 30 mM n
Wash 1 10 Na(l, pH 6.0 {room temp.) 32
20 mM MES acid, 30 mM
NaCl, 1% Triton X-100,
Wash 2 1,5 0.3% TNBP, 03% (.3% 32
Tween 80, pH 6.0 (room
tmep.)
20 mM MES acid, 30 mM
. NaCl, 1% Triton X-100, S/D Treatment: 1
Wash 3 2.1 (.3% TNBP, 03% 0.3% 20 hour contact time
| Tween 80, pH 6.0 {room with 8/D chemicals
| temnp.)
: 20 mM MES acid, 30 mM Removal of 8/D
H ] n
Wash 4 10 NaCl, pH 6.0 room temp.) | > chemicals
. 20 mM Histidine, 30 mM
Wash 3 g WaCl, 2 mM CaCls, 0.1% 32 Condigioning cohumn
{buffer A} Tween 80, pH 7.0 (room ' for elution
temp.)
Pooling starts after
Gradient from 100% buffer the %Vgggt?gn af:l 1I8Es
A 10 100% buffer B (20 mM Signmicantly an
. i Histidine, 300 mM NaCl, 2 pooling end after the
Step BEltion. | 10 mM CaCly, 0.1% Tween 80, 32 UVage signal drops
H 7.5 (room temp.) within below 3% of the
{’0 v P- UVagg signal at the
. peak maximwm
{about 2—3 CV)
(6173}  In variation C, the load material is the elnate pool of the cation exchange polishing

step 104 and preferably has a conductivity below 4.5 mS/em, achieved by diylasis or buffer

exchange by gel filtration. Notably, the cation exchange chromatography on Poros S is

adapted to include an on-column solvent-detergent treatment, which involves virus

inactivation of virus immobilized on the chromatographic column, as discussed above. The

on-colmn virus inactivation comprises a wash for one hour with the solvent-detergent
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mixtre at 2°C to 10°C. Afier the on-column treatment, the wash buffer is changed to.

efficiently wash out solvent-detergent chemicals prior to elution.

[0174]  Elution is changed from step elution with 200 mM NaCl to a gradient elution,
which iz believed to facilitate separation ©f monomeric and oligomeric species of
ADAMTS13, particularly in the descending part of the cluiton peak. Aggregates are
removed in the late eluting fraction, thereby further removing aggregates otherwise found
with purified ADAMTS13 protein. As a further adaptation to stabilize monomeric
ADAMTSI3 protein, the concentration of Tween 80 in the elution buffer is increased from
0.05% to 0.1% in the wash and elution buffers. This is believed to further prevent formation
of aggregates during the elution of ADAMTS13 from the Poros S résin. The details of the
chromatographic procedure on Poros S, including vires inactivation by on-column solvent-

. detergent treatrnent, are outlined in Table 10 above,

{0175]  As shown in FIG. 2D, variation D serves as a control. In variation D, step 107
polishing via cation exchange chromatography is performed on Poros 50 HS again with
pradient elution and increased Tween 80 in the elwion buffer, but without on~column virus
inactivation by solverit-detergent treatment. A virus inactivation solvent-detergent treatment
step 105 is performed instead on concentrated harvest prior to cation exchange. The

chromatographic details are provided in Table 11 below,
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Table 11
Buffer | Flow
volume | Buffer composition rate Comments
(€V) {cm/h)
Acptivation 5 2 M NaCl 50
ey e 20 mM MES acid, 30 mM
Equilibration | 6 NalCl, pH 6.0 {room temp.) >0
. Column load max. 8
Product _ Dialyze eluate pool of the ;
loading oW 6 |~ nto MMC purification | >~ me ;“DMTSB’M
20 mM MES acid, 30 mM
fash 1 10 NaCl, pH 6.0 (room temp.) |32
20-mM Histidine, 30 mM
Wash 2 16 NaCl, 2 mM CaCl;, 0.1% 33 Conditioning column
{buffer A) Tween 80, pH 7.0 {room far elution
ternp.)
Pooling starts after
Gradient from 100% buffer the {.Jﬁv’-g" ;‘gnaém“
A to 100% buffer B (20 mM ' Slg“i‘. can dia’;l "
Step elution | 10 Histidine, 300 mMNeCL2 | ,, UVasy sigmal Grops
°p : mM CaCly, 0.1% Tween 80, 280 Signa, darop
- below 5% of the
pH 7.5 {room temp.) within UFVoer i
10 CV . 230 s&gr':lal at the
peak maximum
(about 2 -3 CV)

[3176] In variation D, the load material is the eluate pool of the cation exchange
polisking step 104 and preferably has a conductivity of below 4.5 mS/om, achieved by
divlasis or buffer exchange by gel filtration. The cation exchange chromatography step 107
on Poros S again uses gradient elution, fnstead of step elution, as well as 0.1% Tween 80 in
the wash and elution buffers, as described sbove. The details of the chromatographic

procedure on Poros § with gradient elution are ontlined in Table 11, above,

orrn Example 3

[0178] Experimenis at lab scale, using 100 L fermenter scale, were performed with the
on-column solvent-detergent virns inactivation, to determine potential impact of this
procedure on the performance of cation exchange chromatography step 107, The dafa are
presented in Table 12.
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Table 12
Solvent- Specifi |
Sample | detergent | Yield Poros S* | ¢ ;CHO {iCP Agoregates
.. impurity
proeedure activity
ng
% ng gH o5
|waty | a1z | Unitsm [CHO b 1, % | mon
g Al13 | HCP/ . ;
Ag Frets A o P/ multimers | dimers | ome |
Unitg | 5 Unit mg t
: A1z |8
Al3
Ag
Solvent-
detergent
treatment
immediately
1 before 1} g9 100 1696 049 [346 {97 70 | 833
chromatopra
phy on
Poros 8
(variation
A)
no solvent/
detergent -
2 freatment 133 154 1894 0.58 |519 (1.3 4.6 94.1
(variation | :
B)
3 Solvent- 89 95 931 0.60 13561 110 2.3 96.7
detergent
freatment
4 E’;‘;:gi“g“ 87 117 905  |039 354 |10 37 | 953
(variation
®)
5 Solvent- 65 a3 764 1021 163 108 1.5 9.7
6 detergent 81 108 845 0.38 1324 107 1.5 97.8
{reatment at
the
7 Seentta® | 66 131 [741 {031 |231 |02 Lt | 987
(variation
D)

*Yields above 100% reflects an assay problem with the chromatographic load fraction on Poros
508.

AI3 Ago ADAMTS13 antigen

A13 Frets: ADAMTS13 Frets Units

CHO HCP: Chinese hamster ovary host ecll proteins
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[6179]  As shown in Table 12, performing virus inactivation via sofventu&etcrgant
treatment in solution, prior to cation exchange chromatography on Poros 8, can result in the
formation of high amounts of aggregates (Variation A of FIG.2A and Sample 1). H the
solvent-detergent ireatment is omitted and the same procedure carried out, aggregate

formation is significantly reduced (Variation B of FIG. 2B and sa:niple'Z).

{0180 Performing the solvent-detergent treatment on-colummn, that is, contacting the

- ADAMTS 13 with the solvent-detergent mixture while it is immobilized on the surface of the
resin, alse can prevent the formation of aggregates. In addition, the small amounts of
aggregates that do form can fusther be removed by gradient elution in the late eluting fraction
(Vasiation C of FIG. 2C; samples 3 and 4).

[0181] For comparison, & standard sotvent-detergent treatment in solution is carried out
the puriﬁcation process, followed by cation exchange chromatography on Poros § without
solvent-detergent treatment neither immediately before nor on-column (Variation D of- FIG.
2D, samples 5, 6, and 7). This procedure also cen produce ADAMTS13 with a low content
of aggfegates.

[0182] Al patenis and patent publications referred to herein are hereby incorporated by

reference.

[0183]  Certain modifications and improvements will occur to those skilled inthe art upon
a reading of the foregoing description. [t should be vaderstood that all such modifications
and improvements have been deleted herein for the sake of conciseness and readability but

are prolﬁeriy within the scope of the following claims.
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CLAIMS

1. An in vitro method for inactivating lipid-enveloped virus contaminants in a protein
solution in the purification of a therapeutic protein composition, said method comprising:

providing a protein solution comprising a therapeutic protein and possibly comprising
lipid-enveloped virus contaminants;

immobilizing said therapeutic protein on an ion exchange resin in vitro, wherein said
protein is directly immobilized on said ion exchange resin;

wherein said immobilization is not in the presence of a solvent-detergent mixture, said
mixture comprising a non-ionic detergent and an organic solvent; and

subsequently treating said therapeutic protein, while said therapeutic protein remains
immobilized on said ion exchange resin, with a solvent-detergent mixture comprising a non-ionic
detergent and an organic solvent at concentrations and for a time period suitable to effect
inactivation of said lipid-enveloped virus contaminants;

wherein said solvent-detergent treatment results in reduced formation of aggregates of
said therapeutic protein compared to solvent-detergent treatment when the therapeutic protein is
not immobilized;

whereby said lipid-enveloped virus contaminants are inactivated.

2. The method according to claim 1, wherein said therapeutic protein is at least one selected
from ADAMTSI13, Factor VIII, Factor Vlla, Factor IX, von Willebrand factor, and anti-MIF
antibody.

3. The method according to claim 1 or claim 2, wherein said ion exchange resin is selected
from the group consisting of cation exchange resin, anion exchange resin, and mixed mode resin.

4. The method according to any one of claims 1-3, wherein said solvent-detergent mixture
comprises 1% Triton X-100, 0.3% Tri-N-butyl phosphate, and 0.3% Polysorbate 80.

5. The method according to any one of claims 1-4, wherein incubation in said solvent-
detergent mixture continues for 30 minutes to 1 hour.
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6. The method according to any one of claims 1-5, further comprising eluting said

therapeutic protein from said ion exchange resin with a storage buffer,

7. The method according to claim 6, wherein said storage buffer has a pH of greater than 7.0
and comprises less than 10 mM calcium ions, a buffering compound, 0.05% non-ionic¢ detergent,

and a salt.

8 The method according to any one of claims 1-7, wherein said ion exchange resin is a

cation exchange resin; and

wherein there is no ultrafiltration, diafiltration, or buffer exchange step subsequent to the

eluting step from the cation exchange resin with the storage buffer.

9. The method according to any one of claims 1-7, wherein said ion exchange resin is an
anion exchange resin.
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