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METHODS OF PURIFYING RECOMBINANT ADAMTS13 AND OTHER
PROTEINS AND COMPOSTTIONS THEREOF

CROSS REFERENCE TCO RELATED APPLICATIONS
{0601 This application claims benefit of U.S. Provisional Application No. 61/230,308,
filed July 31, 2009, which is hereby incorporated by reference in ifs 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

(ADAMTS3) and other proteins, and compositions comprising such purified proteins.

BACKGROUND OF THE INVERTION
f0003]  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 mors
thrombospondin 1-like (TSP1) domain(s) at the C-terminus and the absence of the RGF
repeat,v transmembrane domain and cytoplasmic tail typically observed in ADAM

metalloproteinases,

[0004] A Disintegrin-Like and Metallopeptidase with Thrombospondin Tvpe ! Motif 13
(ADAMTSI3) is a member of the ADAMTS family. ADAMTS13 has eight thrombospondin
dompins and no hydrophobic transmembrane domain.  Accordingly, it is secreted.
ADAMTS13 cleaves von Willebrand Factor at the Tyr'***.Met %6 bond and requires both
caleium and zinc jons to function. - ADAMTS13 is also known as “von Willebrand
Factor-Cleaving Protease” and “VWFCP.”

{0005]  Deficient ADAMTS13 expression has been implicated in the pathogencéis of
some diseases, e.g, thrombotic disorders such as thrombotic thrombocytopenic purpura
(TTP) (see, e.g., U.8. Patent Publication No. 20070015703). In TTP, deficiency and/or
inhibition of ADAMTS13 resulis 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
ADAMTSI13, 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
ADAMTS13 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.

[0007]  Furthermore, virus contaminants have posed additional challenges in the
purification of ADAMTSI13 proteins, as well as 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 ADAMTSI3 protein from non-ADAMTS13
impurities, The method comprises enriching for ADAMTS13 protein
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by chromatographically contacting the sample with hydroxyapatite under conditions that
allow ADAMTSI3 protein to appear in an eluate from the hydroxyapatite. That is, the
sampie 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 tmpurities are retained. In some preferred embodiments,
recombinant ADAMTS13 protein is purified from supernatant collected from culturing CHO
cells comprising recombinant ADAMTS13 nucleic acid. In some preferred embodiments, the
percent yield in the supernatant or eluate surprisingly is 50% to 100%. The method may
further comprise tandem chromatography comprising chromatographically contacting the
eluate from the bydroxyapatite with a mixed mode cation exchanpe/hydrophobic interaction
resin that binds ADAMTSI13 protein, In some preferred embodiments, the percent vield
AD.AMTSB after enrichment by tandem chromatography is surprisingly at least 60%. -

[0009]  In some embodiments,‘ the method further comprises an optional pre-enrichmment
preparation step to comncentrate 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 cluting the
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 a buffer comprising calcium ions and zinc ions before
cﬁromaiog(aphic contact with the hydroxyapatite. In sbme preferred embodiments, the
sample is concentrated by 10-fold ta 20-fold ultrafiltration, the buffer exchanged by
diafiltration with a molecular cut-off of 30 kDa to a low-conductivity buffer containing
calcium and zinc ions, and the ADAMTS 13 bouvnd and eluted from an anion exchange resin,
such as ANX Sepharose Fast Flow, POROS 50D, or POROS 30PL, prior to tandem
chromatography. The eluate 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;;ya};atite
with a mixed mode cation exchange/hydrophobic interaction resin that binds ADAMTSI3
protein. In some preferred embodiments, the eluate from the pre-enrichment step(s) can

surprisingly provide a percent yield of at least 75%.
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{0010]  In some embodiments, the method further comprises an optional polishing step by
cation exchange chromatography, following chromatographic contact with the hydroxyapatite
or the mixed mode resin. In such embodiments, fotlowing 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 ultrafiltration/diafiltration, by
dialysis, and/or by gel filiration. In some embodiments where ulirafiltration/diafiltration is
used, the cut-off is 10 kDa. In some embodiments, the buffer exchange is carried out by
anion exchange chiromatography on ANX Sepharcse-FF low sub. In some embodiments
where dialysis is used, the dialysis may consist of no more than 2 passes through a single
dialysis modul¢. In gome preferred embodiments, the cation exchange chromatography is
carried out on & Source S column or POROS S column. In some preferred embodimetits, the
percent yield ADAMTS13 afterreducing the baffer condunctivity is surprisingly at least 90%,
and afier polishing by cation exchange chromatography, surprisingly at least 70%.

[6811]  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
ADAMTS13 protein. In some preferred 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 16°C.

Alternatively or in addition, the virus imactivation step may comprise filtering the

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

embodiments, nanofiltration is carried out through a 20 N or 35 N filter, before and/or after

solvent-detergent treatment. In some embodiments, the viras inactivation step is performed

afier the preparing step, described above, and/or after the tandem chmmétogmphy step;

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

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

95%4.

[8012]  In some cmbodiments, the method further comprises ehuting the ADAMTS13
protein from the cation exchange resin. In some preferred embodiments, gradient elution is

used, e.g., gradient clution comprising a first buffer having low salt concentration and a
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second buffer baving higher salt concentration. In some more preferred embodiments, step
elution is used, cven more preferably, the step ehution involves elution the ADAMTSI13
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 defergent, and & salt. In some more preferred embodiments, the method
comprises no subsequeni concentration or buffer exchange step, following elution from the

resin with the storage buffer.

[0813] In a particularly preferred embodimént, a method for purifying récombinaﬁt
ADAMTSI3 protein from a sample comprising ADAMTSI3 protein and non-ADAMTS13.
impurities is provided, the method comprising chromatographically contacting the sample
with hydroxyapatite under conditions that allow the ADAMTSI3 protein to appear in an
cluate or a supematant from the hydroxyapatite; and then chromatographically contacting
said cluate with a cation exchange/hydrophobic interaction resin that binds the ADAMTS13
proiein, preférably as tandem chromatography.

[0014] In another particularly preferred embodiment, chromatography steps described
above are preceded by chromatographically contacting the sample with an anion exchange
resin and eluting the ADAMTS13 protein from the anion exchang_e regin; and/or
concentrating the ADAMTS13 protein in the sample by ultrafiliration, and stabilizing the
ADAMTS13 protein by diafiltration exchiange info a buffer comprising calcium ions and zine _»

ions before chromatographic contact with the hydroxyapatite.

[60158]  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 ADAMTSI3 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 dialysis module;

and/or by gel filtration.

[00i6}] ~ In still another particularly preferred embodiment, the method comprises
obtaining a sample from supernatant collected from culturing CHO cells comprising
recombinant ADAMTS13 nucleie acid; chromatographically contacting the sample with an
apion exchange resin and eluting the ADAMTS13 protein from the anion exchange tesin
before chromatographic contact with the hydroxyapatite; and/or concentrating the

ADAMTES13 protein in the sample by ulirafiitration; aund stabilizing the ADAMTS13 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 ADAMTSI13
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 ADAMTSI13 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 fo remove viruses and/or viral particles. In some
preferred embodiments, the percent yield ADAMTSI13 of the overall procedure outlined
above is surprisingly 22-24% or more, and in even more preferred embodiments, aggregates

surprisingly are reduced by 50%.

[0017] 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.

[0018] Disclosed is a composition comprising a recombinant ADAMTS13 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 ADAMTS 13 protein, in particular
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recombinant ADAMTS13, or a different protein (in particular, a different recombinant
protein), In some embodiments, the recombinant protein is a blood coagnlation factor. In
some embodiments, the protein is, e.g., one or more of Factor VIII, Factor II, Factor Viia,
Factor IX, thrombin, von Willebrand factor, anti-MIR antibody, or another protein being
purified by chromatography. The viral inactivation may be carried out in conjunction with
protein purification or not. In some embodiments, the method comprises immobilizing the
protein on a support; and freating the immobilized protein with a detergent-solvent mixture
comprising a non-ionic detergent and an organic solvent. 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 solvent-detergent mixture treatiment ¢an continue for a
prolonged time, e.g., for 30 minutes fo 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 fo 10°C This approach to virus inactivation surprisingly can reduce the
formation of prc-teiﬁ aggregates during treatment with a detergent-solvent mixture by a
signiﬁca'm_t amousnt, ¢.g., by more than 50%, as compared fo freatment with a solvent-
detergent mixture while the profein is not immobilized in soluion. In some preferred
embodiments, the procedure is followed by eluting the protein from the support with a buffer,
such as gradient elution where small amounts of aggregates that do form are further removed
m the late eluting fraction. In some preferred embodiments, the procedure is followed by
eluting the protein with a storage buffer. In some more preferred embodiments, the elution
buffer comprises a conceatration of 0.1% Tween 80. In some even more preferred
embodiments, the method comprises no subsequent conceniration or buffer exchange step,
following elution from the resin with the storage buffer, In some preferred enibodiments,

aggrepates surprisingly are reduced by 50%.

[0820]  In yet still anofher patticularly preferred embodiment, a method for inactivating
virns contaminants in a protein sample is provided, the method comprising: immobilizing the
protein on a chromatographic resin; and treafing the immobilized protein with a solvent-
detergent mixture comprising 1% Triton X-100, 0.3% Tri-N-butyl phosphate, and 0.3%
Polysorbate 80, for 30 minutes to 1 hour. In some such -einbodiments_, the method further
comprises eluting the protein with a storage buffer having a pH of greater than 7.0 and
compeising less than 10 mM celeiom ions, a buffering compound, 0.05% non-ionic detergent,

and a sait.



[0020a] In one aspect, there is provided an in vitro method for inactivating lipid-enveloped
virys 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 _
{00221 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 Q76L.X8 and Q769J6. Structural details and sequence information on human
ADAMTS13 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 biclogically active derivatives or fragments
thereof may comprise deletions, additions, and/or substitution of one or more amino acids
whose absence, presence, and/or substitution, respectively, do not have any substantial
negative impact on oné 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-kmown. 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,
of physiclogical manifestations of the a:;,tion of ADAMTSI3 protein on its native
substrate(s}, whether the effect is a direct canse of ADAMTS13 fanction, or an indirect canse
thereof, e.g., an effect resulting from a cascade of events following ADAMTS13 activity.
Assays inclunde, without limitation, methods testing the reduction and/or delay of platelet
adhesion to the endothelinte, the reduction and/or delay of platelet aggregation, the reduction
and/or delay of the formation of platelef 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 proteolytical cleavage of vWF (e.g., FRETS-VWEF73 (Peptides
International, Louisville, KYY), and/or the disintepration of thrombi (see, ¢.g., U.S. Patent
Nos. 7,270,976, entitled “"Methods for measuring ADAMTSI3 activity and protein on
platefets and in plasma,” col. 6, line 55 to col. 10, line 34, and col. 12, line 1 to col. 18, kine
25 and 7,468,238, entitled “Self~quenching homofluorophore compositions for detecting
enzyme activity”™ col. 11, line 26 to col. 16, line 50; see also U.B. Patent Publication Nos.
20070015703, entitled “ADAMTS13-containing compositions having thrombolytic activity”
at paragraphs [0036], [0043]-[0045], and [0053], and 20070065893, entitled “Substrates
specific to von willebrand factor cleaving protease and method of assaying the activity ™ and
Furopean 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 andior
fragments thereof),

[0627] Recombinant ADAMTS13, e.g, recombinant buman ADAMTSI3, may be
expressed by any method known in the art. One specific example is disclosed in WO
02/42441, which is incorporated herein by reference with respect to the method of preparing

a recombinant ADAMTS13 nucleotide sequence (see page 14, line 6 to page 18. line 4). In
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some embodiments, recombinant ADAMTS13 is produced according to the following
process: (i) preparing a recombinant. ADAMTS13 nucleotide sequence by genetic
engineering, e.g via reverse frauscription of RNA and/or ampliﬁcaﬁon of DNA; (i)
introducing the recombinant ADAMTS13 nucleotide sequence into enkaryotic cells, e.g., by
wransfection, such as via electroporation or microinjection; (iii) cultivating the transformed
cells, e.g., in a continuous or batch-wise manner; (iv) allowing the expression of recombinant
ADAMTS13, e.g., constitutively or upon induction; and (v) isolating samples comprising the
expressed recombinant ADAMTS13, e.g., from the culinre medium or by harvesting the
. transformeg cells; and (vi) purifying the ADAMTS13 protein from the sample, according to

methods disclosed herein.

[0028]  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
eukaryatic cells include, without limitation, mamimalian cells, such as CHO, COS, HEK 293,
RHK, SK-Hep, and HepG2. In a preferred embodiment, CHO cells are used and the cells
secrete recombinant ADAMTS13 profein into the culture médi‘um. There is no particular
limitation to the reagents or conditions used for recombinantly expressing ADAMTS13 and

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

[0629]  “Sample” as used herei_n refers to any composition comprising ADAMTS]3
protein and non-ADAMTS13 impurities. A skilled artisan will recognize that samﬁl’e-as used
herein may be the result of producing recombinant ADAMTSI3 as described above.
Accordingly, the sample may comprise supernatant collected from 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 medium;
and/or transformed cells harvested from cell culture, Alternatively, the sample may be blood,

plasma, or & fraction of blood or plasma,

[6030]  In some embodiments, ADAMTS13 is purified from a sample comprising 100 L
cell culture supematant. However, a skilled artisan will recognize that the methods of the
invention may be scaled up ds appropriate, e.g., for large scale production. Accordingly, in
some embodiments, the method comprises purifyving ADAMTSI13 protfein on a commercial
production scale, e.g., from an at least about 250 L sample, an af least about 500 L sample, or
an at Jeast about 1,000 L sample. | '

- 10 -
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[6031]  “Non-ADAMTSI13 impurities” as used herein generally refers to process-related
impurities. Impurities may include, e.g., host cell impusities (such as contaminating host cell
proteins, also. referred to as host cell anﬁgensj and other biomolecular impurnities such as
DNA, RNA, aod cell debris; media component(s); solvents; detergents; and. the lke.
Additionally, non-ADAMTS13 impurities also include productrelated impurities, e.g.,
derivatives or fragments of ADAMTSEI13 protein, which. are not biologically active, or
aggregates of ADAMTS13 protein. Tn the case of blood ar plasma, non-ADAMTS13
impuritics may include other proteins normally found in blood or plasma, eg., albumin,
immunoglobuling, etc. As used herein “aggregates™ refers to structures comprising more than
one ADAMTS13 polypeptide moleculs, or more than one of any other protein moleculs,
whick corresponds to high molecular weight structures or oligomeric structures, such as
dimmers, trimers, and other multimers of the macromolecule. “Non-ADAMTS 13 impurities”
may also include virus coptaminants, “Virus contamh:ﬁnts’"’jrefers to any impurities resulting
from and/or derived from a virus, including, e.g., virus particles, viras proteins, viral DNA,

viral RNA, or fragments thereof.

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

recombinant ADAMTS13 protein expressed in plant, bacterial, yeast, or mammalian host
‘, cells may be purified by the removal of non-ADAMTS13 impuriiies comprising, €.2., host
cell proteins. The percent punty may refer to the percent of ADAMTS13 protein versus host
cell protein (e.g., CHO protein). “Substantially puriﬁéd” recombiﬁant ADAMTSiS, is at
least about 60% fiee, preferably at 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 Ieast :about 75% free, and more preferably at least aboﬁt 90% free {or about
95%, about 99%, or about 99.9% free) from host cell proteins. Host cell proteins can be
detected, for example, by immunochemical methods using polyclonal antisera, as discussed

in more detail below.

0033}  The removal of contaminants may also result in enrichment of the ADAMTS13
protein. “Enrichment,” “enriching,” and “to enrich™ as used herein refer to an increase in the
percent of recombinant ADAMTS13 in the sample.  Accordingly, enrichment of
ADAMTS!I3 protein occurs when the percent of ADAMTS13 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 e_nriahed when there 1s at least about
10-fold reduction to about 115-fold reduction of pon-ADAMTSI3 impurities, particulatly
‘host cell proteins. In one embodiment, ADAMTS13 is sufficiently enriched when there is at
least about EQ -fold (e.g., about 30-fold, about 40-fold, about 50-fold, about 60-fold, about 70-
fold, sbout 80:fold, about 90-fold, aboui 100-fold, efc.) reduction of non-ADAMTSI3

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

(00341 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 one embodiment, the sample is
conditioned supernatant collected from the cultvation of transformed cells expressing
recombinant ADAMTS13 and the assay to determine fold reduction of non-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-
immunosorbent serologic. assay. that measures CHO proteins. Fold reductiorn of non-
ADAMTSI3 impurifies may be calculated, eg., as the amount of non-ADAMTS13
impurities in the sample over the amount of non-ADAMTSI2 impurities eluted, as the
impurity level in 2 load (e.g., in ppm) divided by the impurify level in the eluate (e.g., in
ppm). '

[0035]  Host cell proteins may be detected, e.g., by immunochemical methods using
polyclonal aﬁﬁsex-'a égainst protein components of the host cell and/or recombinant vector
system used to manufacture ADAMTS13, Generally, antisera may be raised against antigen
derived from the host cell, wherein the host cell comprises an expression vector that is vsed
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 substanfially similar to
those described herein. Purified (or partly purified) host celi antigens obtained using the
method(s) idenfical and/or substantially similsr 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 immunoeassay, for exarnple, in an ELISA or by western blot analysis. Host
cell protein impurities may also be detected by separating the sample to be analyzed by 2D
gel slectrophoresis and silver staining and/or colloidal gold staiming to detect proteins
present. HPLC may also be used o guantify 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., one or more
of these analytical methods.

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

10% form a specified value,
{0037] Enrichment of ADéM TS13

{0038]  Generally, the invention provides a method of purifying recombinant ADAMTSI3
protein (preferably human ADAMTSI13 protein} from a sample comprigsing ADAMTSI3
protein and non-ADAMTS13 impurities, wherein the method comprises chromatographically
contacting the sample with (i} hydroxyapatite or (i) hydroxyapatite and a mixed mode cation
_exchange/hydrophobic jnteraction resin in tandem, so as to enrich the amount of ADAMTS15
in the sample. “Chromatographically contacting™ as used herein refers to contacting a sample
or ofher mixture fo be separated with a chromatographic resin using any mode of
chromatography described herein and/or known in the art, Modes incjude, without limitation,
batch-mode ‘and column chromatography. The coﬁtacting is effected by exposing and/or
incubating the sample on, in or within the resin, filtering the sample through the resin, or by

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

[#039] In some embodiments, the saniple is chromatographically contacted with
hydroxyapatite under conditions that allow the ADAMTSI3 protein to appear in the cluate
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 heighi,
packing, buffer (pkl, salt concentration, ionic strength, etc), temperature, pressure, and the
like. That is, the sample is subjected to chromatography with hydroxyapatite under
conditions that allow ADAMTSI3 protein, preferably a substantial portion of the
ADMATSI3 protein in the sample; to not bind to the hydroxyapatide. If column
chromatography is used, the ADAMTSI3 protein, "']3rcfe;"ably 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 eluate, while non-ADAMTS13 impurities are
retained. If batch chrématography is used, the supernatant or supernatant fraction will
comprise the ADAMTSI13 protein, br a substantial portion thereof. “Eluate” is used
interchangeably herein with “fiow through™, “flow through fraction™, “supernatamt”, or

“supernatant fraction.” The eluate (or supernatant) can be collected, Such collection ocours,

e.g.. by centrifugation, sedimentation, filiration, 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 mare steps according to
the invention.

f0040] In some embodiments, for cxample, the method further comprises
chromatographically contacting the cluate from the hydroxyapatite with a mixed mode resin,
such as a cation exchange/hydrophobic interaction resin, which binds the ADAMTS13
protein.  That is, the ADAMTS13 protein sample may be subjected to tandem
chromatography, first with hydroxyapatite, preferably under conditions where a substantial
portion of ADAMTS13 protein does not bind the hydroxyapaiite, followed by
chromatography with a 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 chromatography, using a cation exchange/

hydrophobic interaction resin, are provided below.
[6041] (a) Hydroxyapatite Chromatography

[8042]  The hydroxyapatite chromatography step involves any method of chromatography
with lydroxyapatite, as déscrihed-he:rein, as known in the aﬁ, or as can be appreciated by one
..of skill in the art, especially in light of disclogsures herein. Methods of chromatography with
hydroxyapatite are well-known in the art, Hydroxyapatite has a chemical formula of
Cayp(POs)s (OH), and is a major constitnent of bone and tooth mineral, 25 well as other
biological structures. Hydroxyaepatite may be obtained from such natoral sources or may be
o synthesized by well-known methods. Hydroxyapatite is widely used as a chromatographic
medivm or support, particnlarly for chromatographic separations of proteins. The particle
size generally is nof critical and may vary widely. Typical particle sizes range from about ]
wm to about 1,000 pm in diameter, preferably from about 10 pm to about 100 pm 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.

{0043] Various hydroxyapatite chromatographic media are available commercialiy, and
any available form of the maferjal can be used in the practice of the methods disclosed hersin.
Non-litniting examples of commercially available ceramic hydroxyapatite material that may
be used inclode MACRO-PREP™ | Hydroxyapatite Types 1 and 11 (Biorad, Hercules, CA),
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and HA ULTROGEL® (PALL, Ann Arbor, MI}. In one embodiment, the sample is subject to
chromatography with Hydroxyapatite type I} (Biorad, Hercules, CA).

{00441 Surprisingly, it was discovered that upon chromatographically contacting a sample
with hydrox yapatite, 2 significant or substantial portion of ndil-ADAMTSIB impurities in the
sample bind hydrogyapatite, while a significant or substantial portion of the ADAMTSI3
protein remains in solution. Accordingly, as discussed above, treatument of the sample with
hydroxyapatite may be performed in batch-mode or in columm 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 to a recovery yield in the supernatant.
or eluate of about 30% to about 1060% (gz.g., about 40% to about 50%, e.g., about 50% to
about 80%, e.g., about 60% to about 70%) of recombinant ADAMTS13 protein from the
sample compared to that prior to the hydroxyapatite chromatography step, For example,
recovery yield in the supernatant or elnate of about 50% to about 100% indicates that the
sample was subject to chromatography with hydroxyapatite under conditions that aliow a

substantial portion of ADAMTSI3 protein (o flow through.

0646} In prefered embodiments, the sample to be subjected to hydroxyapatite
chromatography has a low conductivity, e.g., between about 3 mS/cm and about 15 mS/om at
Toom temperature, preferably less than about 10 mS/om at room temperature. In one
embodiment, the sample has 2 conductivity of 6 mS/em at roon‘tb temperature, In another
embodiment, the sample has a conductivity of 7 mS/cm a reom temperature. A skilled
artisan will readily appreciate that condactivity of the sample may be adjusted with a salt
solution comprising neutral salts, e.g., sodium chioride, potassium chloride, sodium sulfate,
sodium phosphate, potassivm phosphate, and the like, and can be suitably buflered 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-ADAMTSI13
impurities, e.g,, for about 5 minutes to about 24 bours. Enriched ADAMTS13 may be
cotlected in the supernatant fraction or the flow through fraction, which may include eluate

from subsequent 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 to remain in the
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supernatant or eluate results in enriched ADAMTS13, e.g., shout 10-fold reduction to about
115-fold reduction of non-ADAMTS13 impurities, particularly host cell proteins, compared
to the sample prior to chromatography with hydroxyapatitd In ome embodiment,
chromatography with hydroxyapatite reduces host cell proteins in the sample by at feast about
20-fold (e.g., about 30-fold, about 40-fold, about 50-fold, about 60-fold, abeut 70-fold, about
80-fold, about 90-fold, ¢.g., about 100-fold, etc.}.

[0048] In preferred embodiments, subjecting the sample to chromatography with
hydroxyapatite under conditions that allow a substantial portion of ADAMTS13 protein to
remain in the supernatant or eluate results in about 90% to about 99% removal of
non-ADAMTS13 impurities, particularly hest cell proteins. In one embodiment, subjecting
the sample to chromatography with hydroxyapatite results in at least about 90% (e.g.. about
91%, about‘!)’,_’%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
abhout 99%, about 99.5%, etc.) removal of non-ADAMTS13 impurities, particularly removal
of host cell proteins. Accordingly, methods disclosed herein comprising enriching for
ADAMTS13 protein by subjecting the sample to chromatography with hydroxyapatite wnder
conditions that allow a substantial portion of the ADAMTSI3 protein to remhain in the
supernatant or elsate may also provide a buffer comprising ADAMTSL3 protein that is

substantially purified.

[0049]  Exemplary column conditions that allow a substantial portion of ADAMTSI3 fo
flow through a hydroxyapatite chromatography column are provided in the examples below.
Generatly, to allow a substantial portion of ADAMTSI13 proiein to flow through during
chromatography with hydroxyapatite, the chromatography column preferably will bave a bed
height between about 5 cm to aboui 30 cm, e.g., 20 cm to 30 cm. Additionally, prior to
- subjecting the sampie to chromatography with hydroxyapatite, e.g., before loading the sample
onto the hydroxyapatite column, the column may first be washed, activated, and/or
equilibrated respectively with well-known wash, activation, and/or equilibration buffers,
particulatly those suggested by the manufacturer of the hydroxvapatite. In one embodiment,
the column is activated and equilibrated with the same buffer, e.g., a buffer comprising 20
mM Na/K PQ4, having a pH of 7.0 and having a conductivity of 5.5, mS/cm at rcom
iemperature,

[0050]  (B) Mixed mode cation exchange/hydrophobic interaction chromatography
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[0051]  In one embodiment, ADAMTSI3 protein is enriched by tandem. chromatography
with the hydroxyapatite followed by a mixed mode cation exchange/hydrophobic interaction
resin that binds ADAMTS13 protein. It has been surprisingly discovered that ADAMTS13
binds the mixed mode cation exchange/hydrophobic interaction resin while non-ADAMTS13
impurities either remain in solution or bind much more strongly to the mixed mode cation
cxchange/hydrophobic interaction resim.  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-rnode or in. successive column
chromatography mode according fo wellknown methods and sufficiently enxiched
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 column
chromatography, respectively. Accordingly, as deseribed herein, ADAMTS13 protein is
enriched by subjecting the sample to chromatography with hydroxyapatite vader conditions
that allow & substantial portion of ADAMTS 13 protein to remain in the supernatant or to flow
throngh a column comprising hydroxyapatite as the eluate.  After treatment with
hydroxyapatite, the collected supematant or eluate comprising enriched ADAMTS13
optionally is subjeeted 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 inte a chromatography column comprising the mixed mode
cation excha:ﬁge/hydr_oﬂiobic in.teraction resin. Batch-mode or column chromatography with
2 mixed mode cation exchange/hydrophobic interaction resin can be carried out by any
method described herein, known in the art, or as can be appreciafed by one of skill in the art,
especiatly in light of disclosures herein. A preferred mixed mode cation
exchange/hydrophobic interaction resin, suitable for use after chromatography with
hydroxyapatite, is sepharose-based mafrix comprising a hydrophilic linker. The hydrophilic
iinker 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., 2
hydrocarbon. A hydrophilic ligand further comprising a hydrophobic group can create a
mixed mode ligand, that is, a ligand with multimodal functionality, suitable 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/mL 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 ionic, hydrogen, and/or hydrophobic bonds.
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j0052]  Examples of commercially available mixed mode cation exchange/hydrophobic
interaction resins that fnay be used in accordance with the methods described herein include,
without limitation, CAPTO™ MMC medivm {GE Healthcare) and SampliQ SAX (Agilent
Technologies, Santa Clara, CA). In a preferred embodiment, the mixed mode cation
exchange/hydrophobic interaction resin is CAPTO™ MMC. CAPTO™ MMC is a
multimnodal weak cation exchanger based on rigid, highly cross-linked, beaded agarose with a
mean particle size of about 75 um. It comptises ligands with multimodal functionality that
bind proteins at high salt concentrations. I has 2 typical flow velocity of about 60¢ ¢m/h for
an about | m diameter column, with about 10 cm to about 20 cm bed height at about 20°C,
using process buffers with the about same viscosity as water at less than about 3 bar (about
0.3 MPa), "

[6053].  During chromatography with a mixed mode cation exchahge/hydrophobic
interaction resin, ADAMTS13 binds to the mixed mode cation exchange/hydrophobic
interaction resin and is further isolated from non-ADAMTSI3 impurities (e.g., host-cell
proteins present in the sample pre-enricmnént). Where the mixed mode chromatography step
is performed on a column, the cation exchange/hydroph;)bic inferaction resin absorbs
ADAMTS13 protein, while contaminating non-ADAMTS13 impurities are removed from the
process stream and separated from the ADAMTS13 proiein in the sample by flowing through
fhe chromatography column,

[0054] The mixed mode cation exchange/hydrophobic interaction resin to which
ADAMTS13 is adsorbed is then washed, e.g., 1o remove loosely-bound contaminants or
impurities and/or to adjust buffer conductivity in preparation for ehution of ADAMTS13 from
the resin. That is, after the sample is chromatographically contacted with hydroxyapatite, and
the collected supernatant or elunate comprising ADAMTS13 is chromatographically contacted
with mixed mode cation/hydrophobic interaction resin and adsorbed thereto, the mixed mode
cation/hydrophobic interaction resin is washed with wash buffer, Generally, the wash buffer
will comprise a buffeting ion phosphate and a neutral salt and will have a high pH such that
binding of ADAMTS13 to the mixed mode cationhydrophobic interaction resin is weakened
as relevant parameters of the buffer are increased, e.g., with increasing salt concentration
and/or pH of the buffer. In one embodiment, the ADAMTS13-bound mixed mode
cation/hydrophobic interaction resin is first washed with an equilibration buffer, e.g., an
equilibration buffer comprising about 20 mM phosphate and about 25 mM NaCl and having a

pH of about 7.0 at room temperature. 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, e.g., 50 mM Na/K.
PO, and 160 mM NaCl, and having a pH of §.0, and a conductivity of 16.5 mS/em at room

temperature.

{3055] After hydroxyapatite chromatography, foliowed by mixed mode chromatography
with a cation exchange/hydrophobic interaction resin that binds ADAMTS13 protein, and
optional washing, recombinant ADAMTSI13 protein is eluted from the mixed mode
chromatography resin with an elution buffer. Generally, the elution buffer will comprise
about 5 mM to about 100 mM buffering ions, eg., 20 mM to 50 mM buffering ions.
Exemplary buffers include, but are not limited to, phosphate, tris, HEPES, imidazole,
histidine, MES, citrate, Gly-Gly, tris/acetate, and the like, The elution buffer also generally
comprises monovalent or divalent cations, such as, but not limited to, sodium, potassiuvm, or
caleivm ions, preferably at high concenfrations in salt form (e.g., with Ci, POy, 804, or OAc
anions, and the like.). In a preferred embodiment, 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 POs, 1,000 mM NaCl and has a pH of 8.0 and a conductivity of 93 mS/cm &t room

temperature,

[6056]. Exemplary conditions that allow enviched ADAMTS13 ‘ob'tained from a
hydroxyapatite column to bind to a mixed mode cation exchange/hydrophobic interaction
resin in 2 column and to 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 may be about 1 om to about 100 am, or even kigher depending on-
the sample volume. Further, the ratio of the hydroxyapatite chromatography column voiume
to the columm -volum.e of the mixed mode cation exchange/hydropbobic interaction
chromatography column may be abott 10:1; dépending, e.p., on amounts of non-ADAMTS13
impurities in the sample compared to the amount of ADAMTS13.

10057 Additionally, a skilled artisan will recognize that, for embodiments comprising
tandem chromatography with hydroxyapatite and a mixed mode cation exchange/
hydrophobic interaction regin, the resins and buffers used for washing, activation, and/or
equilibrating will in certain embodinents be selected to be compatible with both colurmns. In

one embodiment, the columns are activated separately. In another embodiment, the columns

-19-



WO 2611/012726 " PCT/EP2010/661192

are equilibrated, loaded, and washed once in tandem, followed by one or more second or
subsequent wash(es) and elution(s) applied only to the mixed mode cation exchange/
bydrophobic interaction resin. In one embodiment, the buffers for activating and
equilibrating the mixed mode cation exchange/hydrophiobic interaction chromatography
column are the same as those used to activate and equilibrate the hydroxyapatite colomm. In
one embodiment, the buffer for activating and equilibrating the mixed mode cation
exchange/hydmphobié interaction chromatography column is & buffer comprising 20 mM

Na/K POy and having a pH of 7.0 and a conduciivity of 5.5. mS/cim at room temperature.

[0658]  In preferred embodiments, the sample is subjecied to tandem chromatography
with hydroxyapaﬁte and mixed mode cation exchange/hydrophobic interaction resins undef
conditions that allow a substantial portion of ADAMTSI3 protein to flow through the
hydroxyapatite resin, followed by being boundv:ind then eluted from the mixed mode cation
exchange/hydrophobic interaction resin. In more preferred embodiments, this tandem
chromatography results in sufficiently enriched ADAMTS13. In some embodiments,
subjecting a sample, e.g., conditioned supernatant collected from the caltivation of
transformed host cells expressing recombinant ADAMTS13, which may be pre-enriched, to
the tandem chromatography described herein yields about 40% to about 80% ADAMTSIR
{e.g., between about 45% to about 75%, e.g., between about 50% to about 70%, e.g., about
55% to about 65%) and/or about 40% to about 90% activity (e.g., between about 45% to
about 85%, e.g., between about 50% to ébout B0%, e.g., about 55% o about 75%).

{00597 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 650-
fold, e.g., 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 about 1,500-fold compared (o the purity of ADAMTS13 prior to subjecting the sample

10 tandem chromatography.

[0066] ”InlsomeA embodiments, subjecting a sample, e.g., conditioned supernatant collected
from the cultivation of transformed host cells expressing recombinant ADAMTS13, which
may be pre-enriched, preferably by UF/DF and/or anion exchange, to the tandem
chromatography described herein results in a sample with about 600 to about 1,500 ppm non-
ADAMTSI13 impurities {e.g., host cell antigens). For example, the tandem chromatography
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may resnlt in a sample with about 750 to about 1250 ppm non-ADAMTSL3 impurities,
preferably a sample with less than about 1,000 ppm non-ADAMTS13 impurities.

[8061]  In some embodiments, the tandem chromatography results in an about 1,000-fold
reduction to an about 3,000-fold reduction of non-ADAMTS13 impurities (in particular, host
cell antigens) compared to the sample prior to the tandem chromatography. In some
embodiments, subjecting conditioned supernatant collected from the cultivation of
transformed host cells expressing recombinant ADAMTS13, which may be pre-enriched, 1o
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 af ieast
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
at least about 3,000-fold, etc.

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

provides a composition comprising ADAMTS13 protein that is substantially purified.
[0063)  Pre-empichment Preparation of the Sumple

[0064] In some embodiments, the method disclosed herein further comprises preparing
the sample comprising ADAMTSI13 for enrichment by chromatography with hydroxyapatite
or fandem  chromafography with hydroxyapatite and mixed mode cation
-exchange/hydrophobic interaction resin. In this optional pre-enrichment step, the
ADAMTS13 in the sample may be either or both 7 (a) concentrated by
ulirafiltration/diafiltration (UF/DF); andfor (b) chromatographically contacted with an ion
exchange resin, 1o which ADAMTS13 binds and from which it subsequently is eluted.

[0065] (a)  Pre-enrichment ultrafiliration/diafiliration (UF/DF)

10066]  In an optional pre-enrichment step, ADAMTSI13 in a sample is concentrated by
pre-enrichment ultrafilration, and the buffer of the sample exchanged by diafiltration. The
pre-enrichment ultrafiltration/diafiltration step typically is performed prior 1o enrichment of
ADAMTSI3 by chromatography with hydroxyapatite or tandemn chromatography with
hydroxyapatite followed by a mixed mode cation exchange/hydrophobic interaction resin as
" deseribed above. The pre-enrichment utirafittration/diafiltration step typically is performed
prior to any pre-cnrichment apion exchange chromatography (if performed). Tlhis
pre-enrichment vltrafiltration/diafiltration (UF/DF) step may be effective in removing small-

molecalar weight components, e.¢., small-molecular weight components of the cell culture
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media. Such components may bind to a subsequent chromatography column 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 oomﬁonents removed (or substantially removed) are
components of below about 60 kDa, below about 55;' kDa, below about 50 kDa, below about
4% kDa, below about 40 kDa, below about 35 kDa, below about 30 kDa, below about 25 kDa,
below zbaout 20 kDa, ete.

[0067]  The pre-emrichment ultrafiliration/diafiltration step also is used in cerfain
embodiments to exchange ADAMTSI3 into an appropriate buffer sohition for subseguent
processing and/or to further concentrate the sample. In one embodiment, the éppropﬁate
buffer solution is a low conductivity buffer appropriate for pre-enrichment anion exchange
cﬁromatogmphy, if such anion exchange chiromatography is to be performed. For example,
the low conductivity buffer will have a conductivity of less than about 10 mS/em, e.g., about
7 mS/cm 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. -

[0068]  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 PO, and have a pH of about 7 at
room temperature. In another embodiment, the appropriate buffer solution also coroprises
calcium and/or zine ions, either or both of which stabilize ADAMTS13 protein. In one
embodiment, the appropriate buffer solution comprises calcium ions 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 a concentration of less than about 50 uM, e.g., S uM.

[0069]  In some embodiments, the appropriate buffer solution comiprises a buffering agent
that has buifering eapacity in solutions with 2 pH equal to or greater than about 7.0. In one
embodiment, the buffering agent is selected from the growp consisting of phosphaie tris,
HEPES, imidazole, histidine, MES, citrate, Gly-Gly, Tris/acetate, efc.

[6070]  The sample obtained after this pre-enrichment UF/DF step may be used in
subsequent purification steps, e.g.. the sample may be 2 UF/DF concentrated poel comprising

host cell proteins to be removed by chromatography with hydrexyapaﬁte; 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 fo the sample before the pre-enrichment UF/DF step.

[oe71] (b)  Pre-enrichment Anion Exchange Chromatography

[0072]  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 chromatogmphy may be performed after the optional pr¢~em*ichment
ultrafiltration/diafiliration step, Altcmaiively, the pre-enrichment chromatography may be
performed by itself, i.e., without the optional pre-enrichment ulirafiltration/diafiltration step.

[0073] In some embodiments, the pre-enrichment chromatography step comprises
chromatographically contacting the sample compri_sing ADAMTS13 with an anion exchange
resin and eh.ltipg the ADAMTSI13 pro_tein from the anion exchange resin. That is, the
ADAMTSl3 is bound to an anion exchange resin and subsequently eluted therefrom. As
used herein, the ferm “anion exchange 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
neutral pH). Examples include, but are not limited to, diethylaminoethane (DEAE),
dﬁ'neﬂlylsthanolaminc (DMAE), polyethyleneimine (PEI), quaternary aminoethane (QAE),
trhneﬂly[a_minoethyl (TMAE), quarternary ammonium {Q), and the like, and combinations
thereof,

10074} In one embodiment, the anion_ exchange resin also has one or more of the
following features: large pores, perfusion flow behavior, and convective flow behavior. Non-
limiting examples of commercially available anion exchange resins that may be used in the
pre-eprichment siep disclosed herein mclude Q-Sepharose Fast Flow (GE Healtheare,
Piscataway, NI}, ANX-Sepharose Fast Flow low sub (GE Healthcare), DEAE-Sepharose Fast
Flow (GE Healthcare), DEAE-Toyopear! (Tosoh Bioscience LLC, Grove City, OH), QAE-
Toyopeml (Tosch Bioscience LLC), POROS® Q (Applied Biosystems, Foster City, CA),
POROS@,__{SQD {Applied Biosystems}, POROS® 50PY (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., Austin, TX), Matrex Cellufine DEAE
{Chisso Coxp., Rye, NY), and the ke,

[0675] ' During pre-enrichment anion exchange chromatography, ADAMTS13 binds to
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-sxchange resin absorbs ADAMTS13 protein, while non-ADAMTS13 impurities
with isoelectric points greater than the operating pH are removed from the process stream by
flowing through the anion exchange column. Non-ADAMTS13 impurities with isoclectric
points below the operating pH bind more strongly, preferably much more strongly, to the
resin, such that they preferably do not co-elute with the ADAMTS13 protein. The column to
which ADAMTS13 s adsorbed is th;m washed prior fo elution, .g., t¢ 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, ADAMTS13 is eluted by step ehition.
Generally, the loaded sample and wash buffer have a pH of between about 7 ;:0 about 9, e.g.,
7.7, and a conductivity of less than about 10 mS/cm (e.g., 6.5 mS/cm) at room temperature,
The elution buffer(s) may have a pH of about 6 to about 9 (e.g., 7) and have a conductivity of

greater than about 10 mS/cm (e.g., 16.5 mS/cm) at room temperature,

[0076] = Typically, the eluate from-the anion exchange chromatography step vields ahout
60% to about 120% ADAMTSI3 activity {e.g., yields about 70% or ébout 80% fo about
187% ADAMTS activity) and/or comprises recombinant ADAMTS13 with a purity of about
20% to about 70%, (e.g., a purity of about 30%, about 40%, about 50%, about 60%, etc). In
one embodiment, anton exchange chiomatography reduces non-ADAMTS13 impurities by
about 2-fold fo about 5-fold. In a preferred embodiment, the percent yield after pré~

enrvichment preparation can be about 75%.

(06774 The eluted ADAMTS13 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 ADAMTSI13 protein to flow through,
followed by chromatography with a mixed mode cation exchange/hydrophobic inferaction
resin that binds ADAMTS13 protein, as described above.
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[6078] Virus Inactivation | :

[0679] A skilled artisan will recognize that methods of virus inactivation may be
particularly usefal in purifying recombinant ADAMTS13 from samples that comprise or
potentially comprise virus contaminants (impurities resulting from and/or derived from
viruses, including, e.g., virus particles, virus protein, viral DNA, viral RNA, and fragments
thereof). Accordingly, in one e‘mbédiment, the method disclosed herein further comprises at
least one virus inactivation step. The fermn “virus inactivation” refers to either or both the
situation wherein viruses are maintained in the solution but are deactivated or inactivated
'r(-e'.g.., rendered non-viable, for exam;ﬂe, by dissolving the lipid coat of lipid-enveloped
viruses); and io the physical removal of the viruses and/or virus contaminants from the
sample (for example, by size exclusion). Thus, in the context of the disclosure herein, “virus

inactivation™ refers to either or both viral deaciivation and viral removal.

[0080]  1f performed, viras inactivation may occur ofice or more than once throughout the
entire purification process. Additionally, it may occur prior or subsequent to subjecting the
sample to chromatography with hvdroxyapatite. In some embodiments, virus inactivation
cceurs 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-vigble are well-known 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-ﬁntyl) phosphate/detergent treatment of licensed therapeutic and experimental blood
derivatives” Vox Sang 52: 53-59 (see esgpecially 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, Time 59 to col. 10, line 14); 5,151,499 (col. 2, line 59 to col. 11, line 383;
6,090,5?9 {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, line 63 to col. 14, line 9); each of which is incorporated herein by
reference), The solvent-detergent combination nsed fo deactivate lipid-coated viruses may be
any solvent-detergent combination known in the art and preferably comprises a non-ionic
detergent and an organic solvent. Non-limiting examples include Tri-N-butyl phosphate
(TnBP) and TRITON X-100™, as well as TWEEN 80™ (CAS 9005-65-6), polyoxyethylene

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%
ToBP 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 abc;ut 10 to about 100 mg/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 solveni-detergent mixture (¢.g., as solvent-detergent mixture comprising
0.3% ToBP, 1% TRITON X-100™, and 0.3% TWEEN 80™) to the sample for at least
bour, at 13°C 10 25°C. In ancther embodiment, the samvple is treated with a solvent-defergent
mixture comprising 0.3% TnBP, 1% TRITON X—lOOTM, and 0.3% TWEEN 0™ for 30
minutes at 12°C to 16°C. QOther solvent-detergent combinations and/or suifable conditions
may be used, as will be apparent to one versed in the art, such as combinations of polysorbate
or cholate and tri-n-butyl phosphate. Such combinations may require longer treatment times,

.., 2hours,.3 hours, 4 hours, 5 hours, ¢ hours, 7 hours, 8 hours, or more.

[0683] Inactivation.can be brought about by any means known in the art. For example,
inactivation can be stopped by dilution, preferably by dilution with cold dilution buffer. For
example, in some embodiments, inactivation is stopped by dilution with ene volume of cold
dilution buffer comprising- about 20 mM MES, and having a pH of about 6 at room

temperature.

100841  After deactivating lipid-coated viruses with the solvent—de‘aergént combination, the
solvent-detergent mixture may be removed. For example, the solveni-detergent mixture may
be removed via chromatography or other suitable means. In some embodiments,
chromatography with a solveni-detergent removal (SDR) resin is used, such as, eg.,
HyperD™ resin (Biosepra Inc., MA) (see, e.g., U.S. Patent No. 6,468,733 (col. 5, line 12 to

col. 9, line 36}, incorporated herein in ifs entivety by reference).
10085)  Inactivating Virus Contaminanis with Immobilized Pratein

[0086] In some embodiments, virus inactivation comprises viral deactivation with
solvent-detergent while the protein is immobilized. Such a proceduvre may be used in virus
inactivation of the ADAMTSI13 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 system 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 collagen, elastin, F-spondin), globular proteins, plasma proteins (serum albumin and
serum amyloid P component), coagulation factors (fike complement proteins, Factor VIII,
Factor XIIL fibrin, in‘otein C, protein S, protein Z, protein Z-related protease inhibitor,
thrombin, von Willebrand Factor), C-reactive protein, hemoproteins, cell adhesion proteins
(cadherin, ependymin, integrin, NCAM, selectin), transmembrane traﬁsport proteins (CFTR,
glycophorin D, scramblase), ion channels (acetylcholine receptor potassium channel),
synport/antiport proteins {glucose transporter), hormenes and growth factors (epidermal
growth factor insulin, insulin-like growth factor, oxytocin), receptors (ﬂ‘mémembrane
receptors, G-protein-coupled receptor, rhodopsin, intracellnlar receptors like estrogen
receptor), DNA-binding proteins (histones), transcription regulation proteins {¢-myc FOXP2,
FOXP3, MvoD), p53), nutrient storage/transport proteins (ferritin), chaperons proteins,
macromolecular complexes (nucleosome, ribonucleoprotein, signal recognition particle,
spliceosome), and the like. In preferred embodiments, the protein is recombinant protein,
particularly proteins sensitive to aggregation when exposed to organic solvenis and
detergetns. In some embodiments, the protein is ADAMTS13 protein, in particular
recombinant ADAMTS13, or a different protein (in pau;ticular, a different recombinant
protein). In some embodiments, the recombinant protein is & blood coﬁgulaﬁbn factor. In
some embodiments, the protein i3, e.g.,one or more of Factor VI, Factor [, thrombin,
Factor VIia, Factor IX, von Willebrand factor, anti-MIF antibodies, and in particular proteins
amenable {o chromatographic purification and/or proteins sensitive to treatment with solvent-
detergent,  Accordingly, anotber 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 virus

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

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

procedure. In the bateh procedure; a sample comprising the protein is treated with the
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solveni-detergent mixture {(e.g., a mixiure comprising about 1% Triton X-100, about 0.3% tri-
N-butyl phosphate, and about 0.3% Poiysofbate 80) in a stirred vessel {(e.g., a tank for large
scale purifications), After dissohution of the solvent-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 solution is incubated to allow such deactivation to

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

[0088]  In confrast, some embodiments of the instant invention involve virus inactivation
of a compesiien comprising a protein, e.g., a protein being purified, where the protein is
immobilized. The process comprises contacting the composition comprising the protein of
interest with a solvent-detergent mixture while the protein is immobilized, rather than the
target protein being in sohution. 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 rcgfcri'ed to herein as “on-
column” virus inactivation. The purification of ADAMTS13 on Poros 8, described in the
Examples bélow, provides one embodiment of this process, where virus inactivation is
carried out on~-column. One of skill in the art will recognize that the protein may be
immobilized onto various supports, by a variety of means. For example, protein may be
bound to any solid or semi-solid support, .including a glass slide, beads, matrix, or
membranes. Immobilization may result from any process whereby the.protein is fixed to the
| support relative to dther components of the protein solution. Immobilization may occur due
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.

[6089] 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 used in large scale purifications), chromatographic purification and virus
inactivation may be carried out in the same vessel, eg., on the same chromaiographic
column.” This simplifies the downstream processes of protein purification, e.g., reducing
time, conserving reagenis, and’or increasing efficiency. In some embodiments, the
chromatographic column is a cation exchange resin. In some ecmbodiments, the

chromatographic column is an anion exchange resin.

(0090} An additional and strprising benefit of certain embodiments of virus inactivation

of immobilized protein is the reduction in aggregate formation. Some proteins show
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sensitivity towards solvent-detergent mixtures, e.g., forming aggregaies when contacted with
the solvent-detergent reagents in solution. Without being limited to s particular theory or
hypothesis, contacting the sensitive protein with the solvent-detergent mixture while it is
immobilized, e.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 each 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
embodimeﬁts, the level of aggregation is reduced by at least about 10%, about 20%, about
50% or about 100% as compared fo the level of aggregation when the protein preparation is

subjected to virus inactivation where the protein is not immobilized.

{0091}  In one preferred embodiment, the protein is loaded onto a chromatographic resin

. and the solvent-detergent freatment is used as a wash siep, preferably a wash step that
continues for a long enough-incubation period o allow inactivation of lipid-eaveloped
viruses. For example, the wash step preferably continues for about 30 minutes 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 filwation, such as
nanofiliration nsing 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 viral
deactivatior and viral removal, viral removal may oceur prior to and/or subsequent to the
viral deactivation by solvent-detergent treatment. Generally, viral removal from a sample
mvolves filtering the sample, ¢.g., passing the sample through a filter having a pore size that
maintains ADAMTSI13 in the sample, while allowing viruses and virus contaminants to flow
through. In one emboﬁiment, the pore size of the filter is between about 15 nm and about 50
nm,. Filtration aiso can be carried out by nanofiliration using a 20 N or 35 N filter (Planova,
- Asahi Kasei). In some embodiments, pre-filters are used to prevent fouling the nanofilter,

e.g., an about 2 pM flter, or 4 0.2 u PVDF or PIIS membrane may be used

[0093]  Polishing by Cation Exchange Chromatography
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10094]  In some embodiments, the method farther comprises, after chromatography with
hydroxyapatite (or tandem chromatography with hydroxyapatite followed by a mixed mode
cation exchangehydrophobic interaction resin), the opticnal step of polishing the sample
comprising ADAMTS13 by chromatography on 2 cation exchange resin. In this step, the
conductivity of the buffer comprising ADAMTS13 may be reduced prior to polishing, if

necessary to achieve an appropriate conductivity for the cation exchange chromatography.
{0095} (o) Reducing Buffer Conduciivity

[6096]  After chromatography with hydroxvapatite or tﬂﬁde111 chromatography with
hydroxyapatite followed with a mixed mode cation exé]xange;‘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 iomc components {e.g., sodivm chloride). In
~ some embodiments, buffer conductivity is reduced to less thaﬁ about 3 mS/cm and/or the pH
is reduced to about 6.0. The conductivity of the buffer may be reduced by any method
~ known in the art, 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
wltrafiltration/diafiltration (e.g., with crossflow cassettes or hollowfiber modules), gel
filtration, dialysis, etc.

[0097] In one embodiment, the ADAMTS13 protein is prepared for cation exchange by
ultrafiltration/diafiliration with a membrane having an about 10 kDa cut-off, against a cation
exchange equilibration buffer (e.g., a buffer comprising 20 mM MES, pH 6.0 at room
temperature). In some embodiments, the nltrafiltration/diafiliration membrane.is a PES
membrane, having an about 10 kDa to an about 50 kI¥a cutoff, e.g., an about 20 kDa cutoff,
an about 30 kDa cutoff, an about 40 kDa eut-off, etc. 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 to below about 2 mS/em at room temperature. In some such embodiments, the
buffer for the diafiliration may comprise 20 mM MES and may have a pH of 6.0 at room
temperature and/or a conductivity of (.6 mS/um. at room temperature. In some embodiments,
the conductivity of the buffer for diafiltration may be identical, or substantially identical, to

the cation exchange equilibration buffer to be used.

[00938] In one embodiment, preparing the buffer comprising ADAMTSI3 for cation
exchange 1s performed by dialysis, e.g., using dialyzer hardware comprising hemodialysis

modules, such as a hollowfiber hemodialysis module (Aquamax series, PES chemistry of the
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Hollowfibers, Edwards Lifesciences, Unterschleihaim, Germany). Generally, about 2 m* of
filter area is used for about 5 L of sample; and the sample buffer and dialysis buffer are runin
reverse flow with respect to gach other. In some embodiments, the dialysis consists of no
more than two passes through a single dialysis module. By “single dialysis module” is meant
one unit or steucture through which dialysis is performed. A dialysis module generally
comprises an open-ended bundle of hollow fiber membrane potted 1 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 pessing between the 2 chambers. By operating the module in a
counter-current flow mode, the solutes passing {hrough the membrane are quickly swept
away and diluted into a large volume of dialysate solution'("sweep"), maintainjng»lthe largest
concentration gradient possible. Accordingly, dialysis may be performed in a single pass

sweep through a single dialysis module.

[0099]  In some embodiments, a combination of these approaches is used, e.g., UF/DE
with dialysis may be used to effect conceniration 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.
[00108] . (b} Cation Exchange Chromatography

-.[60101} 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 suitable for cation exchange chromasography
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 {S) group, 2 suifated ester of cellulose,
heparin, and the like, 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-ADAMTS13 impuritics, including process-related impurities (e.g., host cell
proteins, such as CHO proteins, host cell DNA, such as CHO DNA, reagents of the solvent-
detergent mixture, efc), as well as product-related impurities (e.g., aggregates and non-
biologically active fragments of ADAMTS13).
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[60102] In one embodiment, the cation exchange resin also has one or more of the
following features: large pores, perfosion flow behavior, and convective flow behavior. Non-
limiting examples of commercially available cation exchange resins that may be used in the
polishing step disclosed herein inchude PORC}G@ S (Applied Biosystems), Convective

Interaction Meﬁiaqi._, i ; BIA Separai;on), Toyopearl Gigacap S (Tosoh Bioscience,

Montgomeryville, PA), Toyope.ari Glgacap CM (Tosoh), Tuyopeaﬂ SP (Tosoha), Toyopear
CM (Tosoh), MacroPrep S (Bio-rad, Hercules, CA), UNOsphereS (Bio-tad, Hercules, CA),
MacroprepCM ((Bio-rad, Hercules, CA), Fractogel EMD SO3 (Merck), Fractogel EMD COO
(Merck), Fractogel EMD SE Hicap (Merck), Cellufine Sulfate {Chisso), CM and SP Trisacryl
(Pall), CM and 8 HstrD (Pall), Mustang 8 (Pall), S and CM Sepharose CL. (GE Healtheare),
S and CM Sepharose FF (GE Healthcare), S and CM CAPTO™ (GE Healthcare), Mono8
(GE Healthcare), Source 8 (GE Healthcare), and the like,

[00163] Chromatography on a cation exchange resin is 2 well-known method in the art. In
' some embodiments, the cation exchange column has a maximnn load of gbout 0.2 to about
0.5 mg ADAMTS13/mL. In a prefered embodiment, the column is loaded with at Jeast 0.3
mg ADAMTS13/mL. Generally, during chromatography on a cation exchange resin,
ADAMTS13 binds to the cation exchange resin and the buffer and certain impurities are
allowed 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 ADAMTSI13 from the cation exchange resin. ADAMTSI3 then

can be ehuted in the eluate,

[00104] In some embodiments, the elnate obtained from the cation exchange
chromatography step contains a hiéher amount of aggregates of ADAMTS13 than desired. In
some embodiments, for example, the eluate comprises more than about 15 % aggregates,
which are believed to be infrodueced afier the conceniration and buffer exchange with the -

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

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

appearing with the ADAMTS13 polypeptide in the clnate. In more preferred embodiments,
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the elution procedure comprises a gradient elution (rather than a step elution), which can
-fﬁrther 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 0.03%, about 0,09%,
preferably about 0.1%, about 0.11%, about 0.12%, about 0.13%, about 0.14%, or about
(.15%. The increased concentration is believed to have a further stabilizing effect on
ADAMTS13, forther preventing formation of high molecular weight struciures during the
elution of ADAMTS!3 from the tesin. By “stabilizing the ADAMTSI13 protein™ or
“stabilizing effect on ADAMTS13” is meant tending to promote the native stracture of
ADAMTS13, particularly, in an intact and/or monomeric form, or a substantially intact
and/or monomeric form, rather than a fragmented or aggregated form. Stabilizing may also
refer to the tendency of the obtained ADAMTSIS 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 ADAMTSIE‘) 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.
Turthermore, aggregates that do fornt 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), —

[00106] Using one or more modifications described above can result in an eluate
comprising lower amounts of aggregaies of ADAMTSI3 polypeptide. For example, in
preferred embodiments, the eluate from the cationic exchange column may comprise less
than about 20%, less than about 18%, less than about 15%, less than about 12%, less than

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

[0107] A final step of chmmatograpﬁgr on a cation exchange resin comprises eluting the
ADAMTS13 protein with an elution buffer. In some embodiments, bound ADAMTSI13 is
gluted from the cation exchange resin by increasing the iomic 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 mS/em. Further, the buffer comprising ADAMTSI3 used to éhromatographically
contact the cation exchange resin generally has a pH of less thén about 7.0, at room

temperature e.g,, 6.0. The elution buffer used to eluie the ADAMTE12 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

siorage buifer.

[0108] in a preferred embodiment, the ADAMTS13 protein is ehrted 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 temperature and comprising calcium, a buffering
'compound, and a salt. The pH of the storage buffer may be greater than about 7.0 {e.g., about
7.5) at 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 comsisting of
phosphate, {ris, HEPES, histidine, imidazole, gly-gly, MES, tricine, acctate, and the like; and
the salt may be selected from the group consisting of NaCl, X1, CaCly, MgCls, and the hike.
In a preferred embodiment, the storage buffer has a pH of greater than 7.0 and comprises less
than 10 mM calcium ions, a buffering compound, and 2 salt. In & more preferred
embodiment, the storage buffer further comprises a non-ionic detergent, e.g., about 0.01 io
about 0.5% non-ionic detergent, e.g. 0.05% non-ionic detergent. Im even more preferred
embodiments, the eluate is subjected to no subsequent concentration nor buffer exchange

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

{0169 In one particular embodiment, Source S (GE healthcare) is used as the cation
exchangé resin of the polishing step, for example, a Source 8 column with a bed height of
.about 20 cm. In such embodiments, the column may be activated with about 2 column
volurmes 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 6 at room temperature, The buffer comprising ADAMTS13 may be contacted with the
column at a conductivity below about § mS/em at room temperature, and the column
subsequently washed with the equilibration buffer, and finally the sluate comprising
ADAMTS13 protein collected. After collection, the eluate may be concenirated and buffer
exchanged for storage buffer, eg., by amion exchange chromatography, diafiliration,
ultrafiltration, dialysis, and the like.

[6116]  In another particular embodiment, POROSY § is used as the cation exchange resin
in polishing the sample comprising ADAMTS13 protein. In this embodiment, the buffer
comprising ADAMTS13 used to chromatograpbically contact the cation exchange resin may
have a conductivity of less than about 5 mS/em and a pH between about 6.1 and about 6.4,
ADAMTSI13 may be eluted using gradient elution, although step elufion may preferably
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provide a more concentrated product. If gradient elution is performed, two buffers may be
used, ¢.g., a first buffer that has a low salt content (e.g., litfle to no salt) and & 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 elation buffer may
comprise a storage buffer, e.g., a storage buffer i:iaving about 300 mM NaCl, about 2 mM
CaCly, about 20 mM histidine, about 8.05% Tween 80, and may have a pH of aboui 7.5, at
room temperafure. In some such emboediments, no buffer exchange is necessary afier the
POROS® § step, i.e., the ADAMTS13 fractions obtained from the POROS® S already arein s
buffer and at a concentration suitable for storage. In still other embodiments, the
ADAMTS13 fractions obtained from the POROS® S colimm may be subject to further

concentrating and/or buffer exchange steps.

f0111] Generally, purifying recombinant ADAMTS13 protein according to some
embodiments of the methods disclosed herein yields compositions of pure ADAMTSI13
protein.  In one embodiment, purifying recombinant protein according to the disclosed
method yields ADAMTS13 protein that is at least about 90% pure, e,g., at least sbout 95%
pure, e.g., at least about 98% pure; e.g., or at Ieast about 99% pure. Yields of at least about
20% may be obtained according to some embodiments of the disclosed method. In one
embodiment, the method provides yields of at least about 5%, e.g., about 30%, e.g., aboutf
10%, e.g., about 20%, e.g., about 40%, e.g., about 50%, e.g., about 60%, e.g., about 70%,
e.g., about 80%, ¢.g., about 90%, or e.g., about 95%. In some embodiments, the method
provides ADAMTS13 protein having specific activity ranging from about 500 units/myg
ADAMTS13 to about 1,000 units/mg ADAMTS13. In another embodiment, the method
provides ADAMTS13 protein having a specific activity ranging from about 1,200 units/mg
ADAMTS13 UV 280 protein to about 2,400 umits/mg ADAMTSI3 UV 280 protein. In
another embodiment, wherein the recombinant ADAMTSI3 protein is produced by CHO
cells fransformed with recombinant ADAMTS13 nucleic acid, purifying recombinant
ADAMTS13 according fo the disclosed method produces a composition that has less than

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

about 2 mg/mL ADAMTS13 protein in a storage but¥er.
[0t12}  Compositions Comprising Recombinant ADAMTSI3 Protein

[0113]  The present invention further provides compositions comprising recombinant
ADAMTSI3 purified according to a method disclosed herein. The compositions disclosed

herein may be useful for storage of purified recombinant ADAMTS13. For example, in some

-35-



WO 2011/812726 PCY/EP2010/061192

embodiments, the pwrified ADAMTS13 protein is stored frozen, e.g., at less than about -60°C
The compositions disclosed herein alse may be useful for therapeutic administration of the
ADAMTS13 protein, andfor to prepare compositions for therapeutic administzation, in
particular, parenteral administrafon. For example, in some embodiments, the purified
ADAMTSI13 obtained according to methods described herein is in the form of a bulk drug
substance, te., in a form ready for formulation into compositions for therapeutic

adminisiration.

[0114] Accordingly, another aspect of the invention relates to pharmaceutical
compositions where the purified recombinant ADAMTS13 protein is mixed with excipient(s)
or other pharmacentically acceptable carriers. In prefered embodiments, the
pharmacentically acceptable carrier is pharmaceuntically inert. A pharmaceutically inert
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 pharmacentical properties of the active. The pharmacentical compositions may be
prepared in any manner kaown in the art eg., by conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, enfrapping, lyophilizing,
and the like.

[0115]  Depending on the condition being treated, these pharmacentical compositions may
be formulated and administered systemically or locally. Techmiques for formulation and
administration may be found in the latest edition of "Remingion's Pharmaceuﬁéal ;Sciences"
(Mack Publishing Co, Easton Pa)). Suitsble rouies may, for example, include oral or
fransmucosal administeation; as well as parenteral delivery, imcluding inframuscular
administration, subeufaneons administration, intramedullary administration, intrathecal
administration, intraventriculay administration, intravenous administration, intraperitoneal

administration, intranasal administration, and the like.

[0116] Pharmaceutical compositions suitable for use in the present mvention include '
compositions comprising ADAMTS13 as the active ingredient in an effective amount to
achieve an intended purpose. An “effeciive amount” of ADAMTS13 as used herein can refer
to that amount that angments, enhances, improves, increases, or produces a biological effect
of native ADAMTSI3. Biological effects of native ADAMT813 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 a 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, Upshaw-Schulman syndrome (familial form of TTP), and stroke.
An “effective amount” also includes the amount to achieve a prophylactic and/or therapeutic
benefit in freating 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.

[#117] The present invention provides methods, pharmaceutical compesitions, 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

marnmals.

[06118]  The term “freafing and/or preventing”™ as used herein includes achieving a
therapeutic benefit and/or a prophylactic benefit, respectively. By therapeutic benefit is
meant the reversal or amelioration of the underlying blood clotting disorder being treated.
For example, in 3 TTP patient, therapeutic benefit includes eradicafing 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, treattoent 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.

101391  For prophylactic benelit, a2 pharmacentical - composition of the present mvention
may be administered to & patient at risk of developing a blood clotting disorder, including, for
example, a patient reporting one ot more of the symptoms or conditions commonly associaied

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

[0126]  In addition to the aciive ingredient, pharmaceuntical compositions may comprise
sultable pharmaceuntically acceptable carriers such as excipients and auxiliaries that facilitate

processing of the aclive compounds into preparations which 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 ofl, or synthetic fatty acid esters,
such as ethyl oleate or triglycerides, or liposomes. Agqueocus injection suspensions may
coniain substances that increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbifol, or dexiran. Optionatly, the suspension may also contain
suitable stabilizers or agents that inerease solubility of the active, e.g., to allow for the

preparation of highly concentrated solutions.

{0122}  For injection, the pharmacentical compositions of the invention may be
formulated in aqueous solutions, preferably in ph}isiolog;icall‘y compatible buffers such as
Hanks' solution, Ringer's solution, or physiologically buffered saline. For tissue or celiular
administration, penefrants 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 a resulting mixture, and processing the mixture of
granules, afier adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients include carbohydrate or protein fillers such as sugars, including lactose,
sucrose, mannitol, or sorbitol; starch from corn, wheat, rice, potato, ete; cellulose such as
methyl cellulose, hydroxypropylmethyl-cellulose, 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, agar, alginic acid, or a salt thereof such as soditm alginate. Carriets may also be
used that allow the pharmaceutical compositions to be formmulated as tablets, pills, capsules,
liquids, gels, syrups, slurries, solutions, suspensions, dragees, and the like, for oral and/or

nasal ingestion by a patient io be treated.

[6124]  Phammaceutical preparations that can be used orally include push-fit capsules
made of gelatin, as well as soff, sealed capsules made of gelatin and a coating such as
glyeerol or sorbitol. The push-fit capsules can contain the active mixed with fillers or
binders, such as lactose or starches; lubricanis, such as talc or magnesium stearate; and,
optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended
in suitable liquids, such as oils, liguid paraffin, or fiquid polyethylene glycol, with or without

stabilizers.
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[6125}  Compositions comprising ADAMTS13 or other protein prepared according to a
method deseribed herein may formulated with a pharmaceutically acceptable carrier, placed

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

(0126]  Examples

[6127] The following examples are provided for illusirative purposes and are not

intended to limit the scope of the invention.

[0128] TExamplel

101293 FIG. 1 provides an exemplary method for purifying ADAMTS13 protein,
- accotding to 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 ADAMTSI3 nucleotide sequence, In this
example, the sample is cell culture supermnatant comprising about 2 units/ml (approximately 2
pg/mL) ADAMTS13 protein.

[0130]  As shown in FIG. 1, a sample comprising ADAMTS13 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' diafiltzation (molecular weight cut-off of about 30 kDa); and (b) as
shown in step 102, the ADAMTSI13 protein can be bond to and leiuted from an anion

exchange resin, prior to further enrichment.
[6131]  Pre-enrichment Preparation of the Sample
[0132] {a)  Pre-enrichment ulirafiliration/diafiltration (UF/DF)

{0133]  As shown in FIG. 1, step 10!}, to optimize loading for pre-enrichment anion
exchange chromatography, the cell culture supernatant is conoentfatad by about 10 fold to
about 20 fold and diafiltrated nsing a PES membrane (about 30 kDa to about 50 kDa cutoff;
Pall Omega) to a low-conductivity buffer containing calcium and zinc jous, which are
censidered to stabilize ADAMTS13. The buffer for the cell culture supernatant diafiltration
is 20 mM Tris, 0.1% Polysorbate 80, 85 mM NaCl, 2 mM CaClp, 5uM ZnClp, with a pH of
7.7 at room temperature.
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(01343 (bj  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 from GE Healthcare. This anion

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

[0136] Columnload: max. 0.5 mg ADAMTTSI3 Ag/miresin; Bed height: 20 em

Table 1
1 Cobamn Flow rate
i Step 3uﬂ'er Volume (CV) | (cx/h)
Colummn ANX-HS 2 100
activation
Eguilibration | ANX-Equi 6 100
: Concentrated and
Load diafiltrated CCS
Wash I ANX-W1 2,5 100
12.5% ANX-
Wash 2 EluB/87.5%ANXE]l |3 100
uA
12.5% ANX-
Eluiion EluB/87.5%ANXEI] 1 100
gradient uA to 100% ANX-
EluB
Post elution ANX-HS 3 100

[0137}  Alternatively, step elution can be used with 2.8 colvmn volumes of a buffer
comprising 48% ANX-EluB and 52% ANX-EluA, as detailed in Table 2. Other potentially

suitable buffers are indicated also.
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Table 2

Buffer Formulation

20 mM Tus, 0.1%
Polysorbate 80, 50 mM NaCl,
2 mM CaCly, 5uM ZnCl,,
pH=7.7 (room femp.)

20 mM Tris, 0.1%

ANX-W1 Polysorbate 80, 50 mM NaCl,
| pH=7.7 (room temp.)
ANY-EluA 20 mM Na/R POq, pH=7.0
{room temp.}

- 20 mM Na/K PO4, 400 mM
ANX-EluB NaCl, pF=7.0 (room temp.)
ANX-HS 2 M NaCl

ANX-Equi

[0138]  Different resins may be used from that indicated in FIG. 1, step 102. For
example, POROS 50D and POROS 50P1 from Applied Biosystems, Foster City, CA can be
used. The eluate from the pre-enrichment andon exchange chromatography using this resin
can provide recombinant ADAMTS13 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%.
03391  Ewrichment of ADAMISI13

01401  As shown in F1G. 1, steps 103 and 104, respectively, ADAMTS13 may then be
enriched via polishing steps (a) and (b). The sample comprising ADAMTS13 is subjected 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 Healtheare), step 104, More
specifically, the eluate pool from. the pre-enrichment anion exchange chromatography of step
102 15 diluted 1:4 with hydroxyapatite-dilution buffer to reduce the conductivity to about 6
mS/cm. The diluted efuate pool is subjected to tandem chromatography with hydroxyapatite
under conditions that allow a substantial portion of ADAMTS13 protemn 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: Hydroxvapatite Type Il (Biorad) (HA); load: max. 2 mg total
protein/mL resin; bed height: 20-30 cm.
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[0142]  Column 2: Resin: Capto MMC (GE Healtheare); load: 3 - 6 mg ADAMTS13/ml
resin; bed height: 10 cm.

16143] Ratio Column volume HA:MMC = 19:1,
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Tabie 3
. . Colomn Flow rate
Step Buffer Volame (CV) (cm/l)
Activation . _
| oMy MMC-Elution 3 (MMC) 50 (MMC)
Equilibration | HA-Bqui. 4 (HA) 50 (MA)
Equilibration | HA-Equi. - LA 50-(HA)
. Diluted Capture Eluate (1:5 dituted with
Load HA-Equi) < 6mS/cm conductivity 20-30L 30HA)
Re- .
cauiibration | TA-Eau 0.5 (HA) 30 (HA)
Wash. 1 . .
MMO) MMC-Equi. 3 (MMC) 50 (MMC)
Wash 2 _ : ' : N
VM) MMC-Wash 4 (MMC) 50 (MMC)
Elution 75% MMC elution buffer/
(MMC) 35% MMC wash buffer 4 (MMC) 50 (MMC)
Table 4
Buffer Formulation ‘Conductivity
HA Dilution 20 mM Na/K POs, pH 7.0
(room temp.)
' - 26 mM Na/K POy, 25 mM | About 5.5 mS/cm  {room
TANDEM-Equi. NaCl, pH 7.0 (room temp.) | temp.)
MMC-Wash 56 mM Na/K PGy, 160 mM | About 165 mS/cm (room

NaCl, pH 8.0 (room temp.) | temp.)

50 mM Na/K POy, 1000

MMC-Elution mM NaCl, pH 8.0 (room About 93 mS/em (room
temp.}
termp. ) .
HA-Flution 300 mM K PO,, pH 7.0 About 33 mS/em (room

(room lemp.) temp.)

[0144]  The percent yield ADAMTSI3 after enrichment by tandem chromatography may
be at least 60%.

10145] Virus Inactivation

[6146]  As shown in FIG. 1, step 105, the sample can be subjected to solvent-detergent
treatment to inactivate contaminating viruses or viral particles; and/or the sample is filtered to
remove such viruses ox 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.

16147} 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-butylphosphate, and
0.3% polysorbate 80, for 30 minutes at about 12°C to about 16°C (specifically fo inactivate

lipid-enveloped viruses). 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 filter. For example, the mixture after solvent-
detergent ireatment is diluted with 1 volume of a polishing equilibration buffer, described
below, and fltered through a 0.2 pm PVDF or PES membrane. Filtration can be carried out
‘before and/or after-solvéut-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 {ilter {Planova, Asahi Kasei), as also shown in FIG.
1, where the virns inactivation step 105 is carried out before the tandem chromatography
steps 103 and 105. A farther virus inactivation step 105 can be carried out after the sample

'has been polished By cation exchange chromatography, as described below.
[0149]  The petcent yield ADAMTS13 from this virus inactivation may be at least 5%,
{0150}  Polishing by Cation Exchange Chromatography

[0151]  Following enrichment, thcﬁDAMTSl?a- 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, pest-eorichment steps may involve (&) reducing buffer
conductivity; followed by (b) cation exchange chromatography.

{01521  (a) Reducing Buffer Conduciivity

[01583] As shown in FIG. 1, step 106, preparation for cation exchange chromatography
may involve conceniration and buffer exchange, using UF/DF, with a cut-off of 10 kDa, and
Dialyzer hardware. In the illustrated embodiment, the Dialyzer hardware used for buffer
exchange involves a hollowfiber hemodialysis module (Aquamax series, PES chemistry of
the Hollowfibers, Edwards Lifesciences, Unterschieiheim, Germany) having 03 — 1.9 m*
filter avea. During operation, the following parameters are monitored on-line: pressure
(before the module, after the module, and frans-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 finid flow is fixed in the following way: 40 mbmin {sample flow or 20 mbmin/m’
filter area), 60 mi/min (dialysis buffer flow, reverse flow). Before and afier dialysis, the
hollowfiber module is 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

it is slightly concentrated.

[0154]  The percent yield ADAMTS!13 after reducing the buffer conductivity in this way
may be about 90%. :

{01557  In other embodiments, buffer exchange may be carried out by anion exchange

chromatography on ANX Sepharose-FF low sub, as in step 102.
[0156]  Cation Exchange Chromatography

f0157]  As shown in FIG. 1, step 107, after enrichment of ADAMTS13 protein (and the
optional concentration and buffer exchange step 106 and/or the virus inactivation step 105),
the sample may be polished by cation exchange chromatography. The buffer comprising
AﬂAMTSl?s protein is polished either on a -Sou.rce $ column (GE Healthcare) or a POROS®
-8 column, such as on POROS® 50 HS column Applicd Biosystems).

[0158]  The conditions for polishing on the Source 30S column are provided in Table 3

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

[0159]  Resin: Source 30 8 (GE Healtheare); Column load: max. 0.2 (0.5) mg
ADAMTS13/ml resin; Bed height: 20 cm.

.45 .



and buffers for the polishing step on are provided in Table 8.

[0162]

WO 2011/012726 PCT/EP2010/061192
' Table 5
Coluznn Flow rate

Step , Baffer Volume (CV) | (em.h)

Column 2 M NaCl 2 132

aclivation : ,

| Equilibration SOS-Equi. 6 32
Load ) 32
Wash S0OS-Equi. 3 32
100% SOS-Equi/0% '
Elution SOS-Elu. to 0% 5 19
(gradient)  SOS-Equi./100%
SQS-Elu,
Post elution SO8-Flu, 3 32
Table 6
Buffer Formulation Comments
$OS-Eaqui. 20 mM MES, pH 6.0 (room Bvuffer may contain 10-mM
temp.) NaCl, 2 mM CaCl,
20 mM MES, 300 mM NaCl,
SOS-Elu. 2 mM CaCly, pH 6.0 (voom
femp.)
{0160] The eluate pool from the Source S columm is concentrated and diafiltrated against
storage buffer,
. [0¥61]  The conditions for polishing on the POROS® S column are provided in Table 7

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

Table 7
Step Buffer Column Volame Flowrate
€V (cv/h)
Column activation 2M NaCl 5CW 50
Equilibration Poros 10CV 30
' Bqui. {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
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Re-equilibration ' Poros Equi. 5¢CV 32
Wash 1 Poros Wash 1 5CV |32
Wash 2 Poros Wash 2 7CV 132
_Eluﬁcn Poros Elu. SCV 16
Post elution 2M NaCl ICV 32
Table 8
Poros Hqui, 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 |

| 20mM L-Histidine, 5mM NaCl, 2mM CaCl;, 0.05% Tween
80, pH 6.0 (room temp.), about 1.9 mS/cm conductivity a
ZSQC .

Poros Wash 2

20mM L-Histidine, 5mM NaCl, 2mM CaCly, 0.05% Tween
80, pH 7.5 (room temp.), 1.9 mS/cm conductivity at 25°C

Poros Elu.

20mM L-Histidine, 300mM NaCl, 2mM CaCl,, 0.05%
Tween 80, pH 7.5 (room temp.), about 18mS/em
conductivity at 25°C

[0163]  The eluate pool from the POROS® § column is concentrated and diafiltrated

against storage buffer.

[0164]  The percent yield ADAMTS13 after this further polishing step may be at least
about 70%, and after the buffer exchange, at least abowut 90%.

[0165]  As shown in FIG. 1, step 108, a purified ADAMTSI13 protein is obtained in

according to the method descrived 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 more,

{0166} Exampie 2

[0167)  FIG. 2 provides a snmmary of various conditions that can be used with cation

exchange chromaiography 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 aggregates,
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[0168] As shown in FIG. 24, variation A is a combination of viral inactivation using
solvent-detergent (S/D} treatment, as discussed in more deiail below, followed by a cation
exchange chromatography on Poros 8 applying a step clution. As shown in FIG. 2B,
variation B involves cation ex¢hange chromatography on Poros 508, with step dilution, but
without being preceded by virus inactivation. Both variations A and B can be performed

according a procedure outlined in Table 9.

Table 9
Buffer Flow
volwme | Buffer Composition rate Observations
V) (cmv/hy
Activation 3 2 M NaCl 50
o 20mM MES Acid, 30 mM |
Equilibration | 6 NaCl, pH 6.0 (room temp.) | ~°
: . : Column load max. 6
Product about 12 | >/D feated and diluted | 4, mg ADAMTS]3/ml
| loading product solution resin
20 mM MES acid, 30 mM n
Wash 1 10 NaCl, pH 6.0 (room temp.) 32
20 miM Histidine, 30 mM
' NaCl, 2 mM CaCl,, 0.05%
Wash 2 & Tween 80, pH 7.0 {(room 32
femp.)
Pooling starts after
the UVasn signal rises
20mM Histidine, 200 mM ;ﬁﬁ;ﬁi Z‘;; .
9 %
Step elution 5 NaCl, 2 mM CaClz, 0.05% 25 UV sipnal drops
Tween 80, pH 7.5 {room below 5% of the
femp ) UVam Sig;l&l at the
peak maximum
{approximately 1 CV)

[0169]  Tn variation A, the conditioned (dialyzed) eluate from step 106 is subjected 10 2
solveni-detergent virus inactivation step 105. The eluate is first fltered through a filter with
0.2 p pore size 1o remove particular matter. Then the filtrate is supplemented with a solvent-
detergent mixture io final concentrations of 1% Triton X-100, 0.3% tri-n-butyt phosphate and
3% Polysorbate 80 {Tween 80) from stock solutions. The inactivation is performed at
temperatures ranging from about 12°C to about 25°C in 4 time frame of about 30 minutes to
gbout one hour under skight stirring or shaking. “The inactivation is stopped by diluting the
solution with one volume of cold dilution buffer (20 mM MES, pH 6.0, room temp.). To
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protect the column, the solvent-detergent treated and diluied solution is filtered again with a
0.2 p filter, for example, to remave particulate matter that may have formed during the virus

inactivation {reatment,

[0170]  The solvent-detergent inactivated and diluted product solution is then subj'e&cd to
cation exchgnge chromatography step 107 on Poros 50HS, wusing step diluticﬁ:
Chromatographic details are outlined in Table 9 above, The resulting cluate pool provides
the ADAMTE13 protein in the form of bulk drag substance, which can be stored frozen at
legs than ~60°C.

[0171]  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 inactivation

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

[0172] - As shown in FIG. 2C, vatiation C is a combination involving purification by
cation exchange chromatography on Poros 50HS, using gradient elution, followed by on-
columty sol&’ent-détergcnt virus inactivation. This variation 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 Flow
velume | Buffer composition rate Comments
(V) {cm/h)
“Activation 5 ! 2 M NaCl 30
I 20 mM MES acid, 30 mM
| Bauilibration  § 6 NaCl, pH 6.0 {room temp.) 30
. Colnmn load max. 6
Product Dialyzed eluate pool of the i
loading about & Capto MMC purgi,ﬁcation 32 nréfij‘DAMTS 13/ml
20-mM MES acid, 30 mM a
Wagh 1 10 NaCl, pH 6.0 (room temp.} 32
20 mM MES acid, 30 mM
NaCl, 1% Triton X-100,
Wash 2 L5 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% $.3% 20 hour contact time
Tween 80, pH 6.0 {room with 3/D chemicals
| temp.)
Wash 4 10 20 mM MES acid, 30 mi 39 Removal of S/D
NaCl, pH 6.0 (room temp,) chemicals
- 20 mM Histidine, 30 mM
Wash 3 g NaCl, 2 mM CaCls, 0.1% 32 Condifioning cohunn
(buffer A) Tween 80, pH 7.0 (room for elution
temp.}
Pooling starts after
Gradient from 100% buffer the UVay signal rises
A to 100% buffer B (20 mM significantly and
. " Histidine, 300 mM NaCL 2 | . _ pooling end after the
Step Elution 10 M CaCly, 0.1% Tween 80, 32 UV oo signal drops
e below 5% of the
pH 7.5 (room temp.) within .
100V UVago signal at the
. peak maximum
{about 2—3 CV)
[0173]  In variation C, the load material is the ¢luate 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-defergent treatinent, which involves virus
inactivation of virus himmobilized on the chromatographic column, as discussed above. The

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

effictently 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 of monomeric and oligomeric species of
ADAMTS13, particularly in the descending part of the eluilon peak. Aggregates are
removed in the late eluting fraction, thereby further removing aggregates otherwise found
with purified ADAMTSI13 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 (1% in the wash and clution buffers. This is believed to further prevent formation
of aggregates during the elution of ADAMTS13 from the Poros 5 resin. The details of the
chromatographic procedure on Poros S, including virus inactivation by on-column solvent-

. detergent treatment, are outlined in Table 10 above,

101751  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
gradient elution and increased Tween 80 in the elution buffer, but without on~column virus
mactivation by soivent-detergent treatiment. A virus inactivation solvent-detergent treatment

step 105 is perfonmed instead on concentrated harvest prior to cation exchange. The

chromatographic details arc provided in Tabie 11 below,
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Table 11
Buffer | Flow
volume | Buffer composition rate Comments
(CwW) {cm/h)
Activation 5 2 M NaCl 50
o et s 20 mM MES acid, 30 mM -
Equilibration | 6 NaCl, pH 6.0 {room terap.) 50 _
. . Column load max. 6
Product v . Dialyze eluate pool of the g
loading about 6 Capto MMC purification 32 i:fifDAMTSB“m]
20 mM MES acid, 30 mM
Wash 1 10 NaCl, pH 6.0 (room temp.) |32
20 mM Histidine, 30 mM
Wash 2 10 NaCl, 2 mM Call, §.1% 32 Conditioning column |
(buffer A) Tween 80, pH 7.0 {room for elution
temp.)
Pooling starts after
A )
Gradient from 100% buffer the b glg“ai”m
A to 100% buffer B (20 mM ' Slg“i‘. can d{;a‘; &
Step elution | 10 Histidine, 300 mM NaCl, 2 32 %S\fo miien al zmers ©
P : mM CaCla, 0.1% Tween 80, 260 Bgna;’ Arop
e s below 5% of the
pH 7.5 (room temp.} within : .
10 CV . UVag sxglai at the
' peak maximum
(about 2 -3 CV})

[0176] In variation D, the load material is the eluate pool of the cation exchange
polishing step 104 and preferably has a conductivity of below 4.5 mS/cm, achieved by
diylasis or buffer exchange by gel filtration. The cation exchange chromatography step 107
on Poros S again uses gradient elution, mstead of step elution, as well as 0.1% Tween 80 in
the wash and elution buffers, as described above. The details of the chromatographic

procedure on Poros S with gradient elution are outlined in Table 11, above.

{0177} Example 3

[0178]  Experimenis at lab scale, using 100 L fermenter scale, were performed with the
on-column solvent-detergent virus inactivation, to determine potential impact of thas
procedure on the performance of cation exchange chromatography step 107, The data are

presented in Table 12.
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Table 12
Solvent- Specifi o
Sample | detergent | Yield Poros §* | ¢ fﬁ-}g Hi?P Aggregates
procedure activity purity
: =
% ng SH %
%A1y | A1z | DHSE | CHO ey, % |mon
Ag Frets i 3 HCK | P/ {multimers | dimers | ome
Units | 8 Unit mg r
- A1z T8
Al3
Ag
Solvent-
detergent
treatment
immediately
1 before g9 100 1696 | 049 1346 |07 70 | 833
chromatogra :
phy on
Poros §
{variation
A)
no solvent/
detergent .
2 freatment 133 154 1894 Q.58 519 1.3 4.6 94.1
' (variation . :
B)
3 Solvent- 89 95 931 060 1361 11,0 2.3 96.7
detergent
freatment _
4 ?;;gi“g“ 7 |17 [905 039 35410 37 | 953
{variation
C) . :
5 Solvent- 65 93 | 764 .21 | 163 {0.8 1.5 97.7
6 detergent 81 108 845 038 1324107 1.5 7.8
treatment at
the :
7 T 166 131 [741 |031 |231 02 LT |98
(variation
D)

*Yields above 100% reflects an assay problem with the chromato.grap}ﬁc load fraction on Poros

508.

Al3 Ag: ADAMTSIS antgen

1 A13 Frets: ADAMTS13 Frets Units

CHO HCP: Chinese hamster ovary host cell proteins

-53-




WO 2011/4012726 PCT/EP2010/061192
[0379]  As shown in Table 12, performing virus inactivation via solvent-detergent
treatment in solution, prior to cation exchange chromatography on Poros 8, can result in the
formation of high amounts of aggregates (Variation A of F1IG.2A and Sample 1). If the
solvent-detergent freatment is omitted and the same procedure carried out, aggregate

formation is significantly reduced (Variation B of FIG. 2B and sample 2).

[0180]  Performing the solveni-dsterpent treatment on-column, that is, contacting the

- ADAMTS13 with the solvent-detergent mixture while it is immobilized on the surface of the -

resin, also can prevent the formation of aggrepgates, In addition, the small amounts of
aggregates that do form can further be removed by gradient elution in the late eluting fraction
{Variation C of FIG. 2C; samples 3 and 4).

[0181]  For comparison, & standard solvent-detergent treatment in solution is carried out
the puriﬁca‘c{on process, followed by cation exchange chromatography on Poros S without
solvent-detergent treatment neither immediately before nor on-column (Variation D of FIG.
2D, samples 3, 6, and 7). This procedure also can produce ADAMTS13 with a Jow content
of aggfegates.

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

reference.

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

are prcj:etly within the scope of the following claims.

.54



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 VIla, 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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METHOD FOR PURIFYING RECOMBINANT ADAMTS13 AND COMPOSITIONS
OBTAINABLE BY THE METHCD

ABSTRACT

Provided herein are methods for purifying recombinant A Disintegrin-Tike and Metallopeptidase with
Thrombospondin Type 1 Motif 13 (ADAMTS13) protein from a samplé. The method. comprises
enriching for ADAMTS13 protein by chromatographically contacting ghe sample with hydroxyapatite
under conditions that allow ADAMTSI3 protein to appear in the éluate or supernatant from the
hydroxylapatite. The methods may further comprise tandem chromatography with a mixed mode cation
exchange/hydrophobic interaction resin that binds ADAMTS13 protein. Additional optional steps involve
ultrafiltration/diafiltration; anion exchange chromatography, cation exchange chromatography, and viral
inactivation. Also provided herein are methods for inactivating virus contaminants in protein samples,
where the protein is immobilized on a support: Also provided herein are compositions of ADAMTS13

prepared according to said methods.

No Suitable Figure



