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WD 20061062881 PCTI U82005/ 043869 DETECTI ON AND" COANTT AT OO
CYCLODEXTRI NS BACKGROUND OF THE I NVENTION Field of the Invention [0001] The
invention relates to the detection and quantitation of cyclodextrins and
cycl odextrin derivatives in solutions conprising a protein. The invention

further rstotesoskszinmet hods of eval uating pharnmaceutic ions for the
presence of residual cyclodextrins. Background [0002%@6@%@3 8I|§§)ns are
cyclic polysaccharides nost commonly consisting of six (a-cyclodextrin),

seven ((3-cycl odeRETEQTIONAND QUANVHHWRONGHCYCDLOMEXTRSE units linked by
al pha-1, 4-gl ucosidic bonds in a donut shaped ring. As a consequence of the

chair formation of the sugar units, all secondary hydroxyl wunits are
| ocated on one side of the ring, while all of the primary hydroxyl groups

are situated on the other ternal faces are

hydr ophi lic, making the y@ﬁg@%&fﬁﬂfSﬁﬁﬁﬁ%ﬁﬁgﬁgﬁ%ﬁi In contrast, the
cavities of the cyclodextrins are hydrophobic, since they are lined by the
hydrogens of atons C3 and C5 and by ether-1ike oxygens. This structure
allows cyclodextrins to forminclusion conplexes wth hydrophobic
conpounds. Biedbef theInvimtionchar act eri stic, cyclodextrins are widely used to
increase the solubility of poorly water sol uble pharmaceutical s, enhance
pharmaceutical stability, and reduce unwanted side effects of

phar macdédital s. FD@bﬁ]antimgelhtp@Itcothy defgetivnpsd qﬁarxtiyaﬁoudﬁxwlbdesh'imy be
derivatized to aI aracte i,Stics of. f+ % ., water

sol ubility, Blildrlﬂf e§%‘&cqew VBRSO q\‘?@ﬁ?ﬁ p(ngmtgfc}?rg G W@%E)) i s one of
the nost fregugit kalatds edmethvdd ofl evdlidtifg GRirdduti¢ Sl re Lk feygkodextrins are
al so used in cell culture systens to carry hydrophobic nutrients, such as

chol est er ol , Prepense ebfesigualoydlpdslisy i ns are particularly useful for the
cul turing of chol esterol auxotrophic cells, e.g., WO 2006/ 062881

PCT/ US2005/ 043869
Background

[0002] Cyclodextrins ate cyclic polysaccharides most commonly consisting of
six (u~cyclodextrin), seven (B-cyclodextrin), or eight (y-cyclodextrin) glucose
units linked by alpha-1,4-ghicosidic bonds in a donut shaped ring. As a
consequence of the chair formation of the sugar units, all secondary hydroxyl
units are located on one side of the ring, while all of the ptimary hydroxyl
groups are situated on the other side. As a result, the extemél faces are
hydrophilic, making the cyclodexirins water-soluble. In contrast, the cavities
of the cyclodextrins are hydrophobic, since they are lined by the hydrogens of
atoms C3 and Cs and by ecther-like oxygens. This structure allows
cyclodextrins to form inclusion complexes with hydrophobic compounds.
Based on this characteristic, cyclodexirins are widely used to increase the
solubility of poorly water spluﬁle pharmaceuticals, enhance pharmaceutical
stability, and reduce unwanted side effects of phanﬁaceuticals.

[0003] The hydroxyl groups of cyclodextrins may be derivatized to alter the
characteristics of the molocule (e.g., water solubility, binding specificity).
Methyl-B-cyclodexuin (MBCD) is one of the most frequently used
cyclodexirin derivatives,

{0004] Cyclodextrins are also used in cell culture systems to carry
hydrophobic nutrients, such as cholesterol, into cells, Cyclodextrins are

particularly useful for the culturing of cholesterol auxotrophic cells, e.g.,



-2 chol esterol auxotrophic CHO cells, COS cells, and NSO cells. Wen cel
cultures are used to produce naturally occurring or reconbinant proteins,
particularly therapeutic proteins, the presence of cyclodextrins as a
residual contaminant in the purified protein product is an issue in the
product i oWOFP06/06k88t naceut i cal products. Thus, a sensi tRoTeus2om/onmpd d
technique for the detection and quantification of |ow levels of

cycl odextrins or cyclodextrin derivatives in a solution conprising a
protein is needed. [0005] G osse et alk~ (J. Chromatography B 694:219 (1997))
di scl ose a technique for detecting MBCD using size exclusion chromatography
in the presence of a fluorophore (1-naphthol) that forns an incl usion

conpl ex wi t hchdi@GPolamtkotrbplnHO weolls L% celibe tand NS cells. t Méhen rellusi on

conpl ex. This _ technique,, which wa signed for the detectiqn of MBCD in
pl asma sanpl 8'§lm‘?sof‘repﬁ§§ntﬁcﬂﬂﬁ‘f?§t’ilag“’gﬁ%&?‘ég"?ngr 85 6Pt PRSNSN of sanpl es
Wi th organi ¢ parfehe teraRYRPHoRO e Frasbned §§@}cllﬁdeﬁt(@ij19fas:]ahﬁsi5@§f! due in the

mobi | e phase prior ~to chromatography. Gage et al. . Pharm Bi oned.
Anal ysi s 22: ypdarpingafoln) the greedopreiein prodictals andesuniiydee pridegiion ofapht hol for

cam os. hi SRBERERCR.Brerdt! PHRERUAGHIR o MFGCRESIA R Wi 75 S0l 1 o

phase ext r actdéiedtionearipquatifigstion aTdowdiesslo o thelodextridsher &@ideltiin prior to
chromat ogr aphy, These techni ques, do not , gchi eve separation of cyclodextrins
from pr ot ei ndEHRHIBEIA RSO omeEIPTIRINgRAR ot I8 eededy the art for a nethod of

testing the p C ferc i:0S RO IWF- rivatives in
t he pre_s[fe)%é of .abgor%%ee?n?' %re?@%%gq%@v{?t ﬁoﬁ% ' lf(?e nee?) Flg?lg%afhrpl e
extracti on steejusiquSHivREifE MBHED | uNiig\sizcObk i3 7¢dhrédmatogaplnginythei N one

e e eIl on oo, 3 L 00 Ok SR M Sl BloceCe o 2
the nmethod cHMBAH Sind0alfRARNArbRentAMedMs | SFORKlifidlNsioN compkOdeMEr i N
derivative that may be present fromsaid protein by size exclusion
chr omat ogr apkyhgigECwhichovessiesisnel Saihe dejretionebdyIBOR Brplesmed seaplesr i n
derivative for pharmacokinetic studies, requires extraction of samples with organic
solvents, evaporation, and dissolution of the residue in the mobile phase prior
to chromatography. Gage ef al. (J. Pharm. Biomed. Analysis 22:773 (2000))
disclose a similar technique using 1-naphthol for measuring the presence of
sulphobutylether-B-cyclodextrin in plasma samples. Thfs method requires
processing of the sﬁmple, including solid phase extraction, evaporation, and
dissolution of the residue, prior to chromatography. These techniques do not
achieve separation of cyclodextrins from protein components.
[0006] A need exists in the art for a method of testing for the presence of
cyclodextrins or cyclodextrin derivatives in the presence of a protein,

preferably without the need for sample exiraction steps.
SUMMARY OF THE INVENTION

[0007] Accordingly, ifi one aspect, the invention provides a method for testing
for the presence of a cyclodextrin or cyclodextrin derivative in a solution
comprising a protein, the method comprising separating any cyclodextrin or
cyclodextrin derivative that may be present from said protein by size exclusion
chromatography (SEC), contacting said cyclodextrin or cyclodextrin derivative

with an agent that forms a detectable inclusion complex with a separated



with an agent that forns a detectable inclusion conplex wwth a separated WO
2006/ 062881 PCT/ US2005/ 043869 -3 cyclodextrin or cyclodextrin derivative,
and nmeasuring for the presence of a signal fromsaid inclusion conplex.

[ 00081 Agaﬁﬂﬁ& §ﬁect of the invention is a nethod for determning the
quantity'o @? odextrin or cyclodextrin derivativeP¢HHP20PH#3HE present in
a solution conprising a protein, the nethod conprising separating any

cycl odextrin or cyclodextrin deriva{jyg fromsaid protein by SEC, contacting
said cycl odextrin or cyclodextrin derivative with an agent that forns a
detectabl e inclusion conplex with a separated cycl odextrin or cyclodextrin
derivative, ngﬁauang for({he,presence of a signal fromsaid inclusion

conpl ex,  arfYCPEeXHROR cHoderBinsdervatiye, aud geasugipg for teareserrerdfe si ze of the

signal is i&dtabinesidShcids i, ty of the cyclodextrin or cyclodextrin
derivative isrrllgitaﬁe sol utci on. %5%8%1 A third aspect of the invention is a

met hod [ER08val uatAmghen aspdvirafaihe uinvedion s eparcitodofor ddiemimtddlte conpri si ng:
i di .ph ti | ti I Si th ti tei
nd 5 phar B A4 Rt o P A v e W
phar maceut i Cs%luﬁ[éﬁeB@fhﬁﬁéhg DY, the) meBed AR BidN Kefadin@dgxf rin or
e

cyclodextrin derivative that 'may be present in theé pharnmaceuti cal

prepar at i on @clofexdrin ogeyrlodektiin desivativesfiers seid rawkia by Eﬁ@wh@nﬁmﬁ)npl ex wWith a
separated cy, I A Or I ri [ I Ve: ( detecting a

si gnal froms%la(tfgﬁ%ﬁr)\%efct%lsﬁ 8%%%‘%1%% ex, ds ‘éérilg’l n%@e%sfl%eéﬁggatt ﬁc’lems st gnal is

i ndi cative ofetdchibleqinghisioh \coaipldxhwith Vciepaiatel rdyclodextay o efieladextrin  deri vati ve
in the preparation. [0010] In one enbodi ment_ of the invention the

cycl odext ri rcgvaliXee MsaRuRRg for thegupsepen ofpeignal fumesnid frsdusiop cpmplefiot her

embodi ment  Qfngt fferiiiMBE the Bizk B¢ ARACHEnd! Swherbih UAE ARROLEL theSsighal is

indicative of the quantity of the cyclodextrin or cyclodextrin derivative in the

solution.

[0009] A third aspect of the invention is a method of evaluating a
pharmaceutical preparation, the method comprising:
(a)  providing a pharmaceutical preparation comprising a therapeutic
protein and a pharmaceutically acceptable carrier;
(b) séparating said pharmaceutical prepatation by SEC;
(¢)  contacting any éyclo&extrin or cyclodextrin derivaiive that may be
present in the pharmaceutical preparation vx'/ith an agent that forms a detectable
inclusion complex with a separated cyclodextrin or cyclodextrin derivative;
and
(d).  detecting a signal from said inclusion complex, wherein the size of the
signal is indicative of the quantity of the cyclodextrin or cyclodextrin

derivative in the preparation.

[0010] In one embodiment of the invention the cyclodexirin or cyclodextrin
derivative is MBCD. _
[0011] In another embodiment of the invention the agent is a fluorophore, e.g.,

1-naphthol. The agent may be brought in contact with the cyclodextrin or
cyclodextrin derivative prior to, during, or after the separation by SEC.
[0012] = In one embodiment a sample of the solution or the pharmaceutical

preparation is loaded on the SEC column without any preparation, e.g., the



1- napht hol . The agent may be brought in contact wth the cycl odextrin or
cyclodextrin derivative prior to, during, or after the separation by SEC
[ 00121 In one enbodi nent a sanple of the solution or the pharnaceuti cal

pr epar at %@é@i’"%@ded on the SEC colum wi thout any preparation, e.g., the
WD 2006/ | US20051043869 -4 sanple is not exPEHESWESWBIM or gani c

sol vents, dried, resuspended, concentrated, or otherw se altered. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0013] FI 1 shows representative chromatograns
for a pharmaceutical preparation of purified natilizumab with and without
MBCD. (a) pharmaceutical preparation (19.6 ng/ni natilizumab); (b)
formul ation buffer; (c) pharnaceuti cal _prq(;&aprati on (19.6 /m,

[

i ngy
natili zumab)%a8Hikeld WPt hexdragied g ifh mgamic ntp, Fzd, 2resupardadhe |inearity

curve for the M3¢D .3t FRARNIRe akQ0151 FIG 3 shows the linearity curve for a
phar maceut i cal preparation o? natilizumab spi ked with MBCD. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 0016] The present invention relates to the
detection and quant !t akafk BESLRWTIORVGE SBEARIRRICXI TN o a

cyclodextrin derivative 1n a solution conprising a protein. In one
enbodi nent, the nethods of the invention are useful for the evaluation of

purifie otein rqp : i.n .t resen fia
cycl ode@t()??]n or ?Igyg gﬁext Eﬁgggﬁéliif%@%ﬁaﬂ}shgﬁpgéﬁenc%g% calr esi dual

cycl odext ri rprepacatmndiofigpyrifiedn mtiizasgbeotith tdnd iwittent i MBCW.Oovi@es a net hod
for testing.for the presence I odex%ﬁ(& cyc) odextrin derivative

ac
in a sol utiBRURIGHIGRLRT g‘%@%@l“?ﬁ/‘ﬁ'ﬁé“% fsnletiopbeffsar at i ng any
cycl odextri I e EhRA8ed réhatRich (@b | bt TBYm firom sai d
protein byr(g)z% excl usi orlljrécbhr on%t(oggg\gg%{/rm(%aéq, C n@g%taﬁ%h s'}é:fd
cycl odext ri ntgml MBEPodextrin derivative with an agent that forns a

det ect aphg i Nl USkAN, QMR Eaallh/ o ERAL FRSh SYSk:ggiext rin or cycl odextrin
g .

derivative,” an
[0015] FIG. 3 shows the linearity curve for a pharmaceutical preparation of

natilizumab spiked with MBCD,
DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention relates to the detection and quantitation of low
levels of a cyclodextrin or a cyclodextrin derivative in a solution cdﬁpﬂsing a
protein. In one embodiment,‘ the metheds of the invention are useful for the
evaluation of purified proteins prepared from cells grown in the presence of a
cyclodextrin or a cyclodextrin derivative for the presence of residual
cyclodextrin. Accordingly, in one aspect, the invention provides a method for
testing for the presence of a cyclodextrin or cyclodextrin derivative in a
solﬁtion comprising a protéin, the method | comprising separating any
cyclodextrin or cyclodextrin derivative that may be present from said protein
by size exclusion chromatography (SEC), contacting said cyclodextrin or
cyclodextrin derivative with an agent that forms a detectable inclusion
complex with a separated cyclodextrin or cyclodexu'in. derivative, and
measuring for the presence of a signal from said inclusion complex.

[0017] Another aspect of the invention is a method for determining the
quantity of a cyclodextrin or cyclodextrin derivative that may be present in a

solution comprising a protein, the method comprising separating any



measuring for the presence of a signal fromsaid inclusion conplex. [00171
Anot her aspect of the invention is a nethod for determning the quantity of
a cyclodextrin or cyclodextrin derivative that may be present in a solution
conpri si 3%)%] g/g% ein, the method conprising separating any WO 2006/ 062881
PCT/ US20 i I g cycl odextrin or cyclodextrin deP¢VHBINH4H8Hm sai d
protein by SEC, contacting said cyclodextrin or cyclodextrin derivative
with an agent that forns a detectablg inclusion conplex with a separated
cycl odextrin or cyclodextrin derivative, neasuring for the presence of a
signal fromsaid inclusion conplex, and determ ning the size of said
signal, wherein the size of the signal is indicative of the quantity of the
cycl odext ri neYslodexfen 88@3(‘{1?‘?913?&6&?117&?‘{6\/@”}1 ﬁalﬂkfé‘Ote@d?%E@nwﬂE@OllB] A third

aspect of t hﬁ%%@l&&hg@ oF RG] c%ﬁvﬁml H’ ﬂrgagent A& pRgeus i cal

preparation e’ met rising: (a) provi harmaceut i cal
preparation dﬂbeqmblmm@ls'mntdmmpé@ewithca sspamtedlcych)ﬂektﬂn roha:lyalad@mﬁn cally

accept abl e c |er E‘% .separati n sai d ph ceytic preparation by SEC
(c) cont act| E‘F M@@E@E{E‘irﬁsaé}qcﬁlgﬂn\;:@n}p@t may be
present in th@ @a@ﬁﬁﬁﬁﬁguﬁé G2k ars@maglgﬁal %hayeﬁlhmerblﬁg@mhet é}%\{m fiprms a
detectable jnclusion conplex with a"separated cyclodextrinh or cyclodextrin

derivative; indicativeaf threawantithef the gyc@daxtnnmw@adﬁmnrﬂﬂrwsmmnmpl ex, wherein
the size of h@on& gnal is indicative of the quantity of the cycl odextrin or
cycl odextrin erivative in the preparation. [0019] The term "cycl odextrin
or cycl [00a8} ri n der fhirdt 'aspect" oﬁSthHSﬁﬁeIhﬁmehm,a pidhad $1 t &adidjing NOWN

cycl odextrin, partig¢ Larl Iodextr|n (i-cyclodextrin, and

y-cycl odext rli’}ﬁ‘m%lﬂ“"& 6‘%?%1 SRR COMPHSIAGY | vat i ve. Cycl odextrin

derivatives %&9 ed iirddacautidad S 1 257,
3, 453, 258, 5%259 B5¥ mgacsutic Aﬁésa‘?%g §§‘Eé%ﬁi%]f ﬂéé?%gg%
4,383, 992, 4pr‘§®51 ag2 phannaceutlcally acceptable catrier;

(b)  separating said pharmaceutical preparation by SEC;

(c)  contacting any cyclodexirin or cyclodextrin derivative that may be
present in the pharmacentical preparation with an agent that forms a detect;ctble
inclusion complex with a separated cyclodextrin or cyclodextrin derivative;
and
(d)  detecting a signal from said inclusion complex, wherein the size of the
signal is indicative of the quantity of the cyclodexfrin or cyclodextrin
derivative in the preparation, | |

[0019] The term “cyclodextrin or cyclodextrin derivative,” as used herein,
refers to any known cyclodextrin, particularly a-cyclodextrin, p-cyclodextrin,
and y-cyclodextrin, and any known cyclodextrin derivative. Cyclodextrin
deﬁvatives are_discloséd in U.S. Patent Nos. 3,426,011, 3,453,_257, 3,453,258,
3,453,259, 3,453,260, 3,459,731, 3,553,191, 3,565,887, 4,383,992, 4,535,152,
4,616,008, 4,638,058, 4,659,696, 4,746,734, 4,678,598, 5,594,125, 5,710,268,
and 5,831,081, each of which is incorporated by reference. Examples of
cyclodextrin derivatives include MBCD, hydroxyethyl-B-cyclodexirin, and
hydroxypropyl—B-cyclodextriﬁ. Cyclodexirins and cyclodexirin derivatives are
available from American Maize Products Company, Wacker Chemicals
(USA), Inc., and Sigma-Aldrich Chemical Company.

£0020] The term “agent that can form a detectable inclusion complex with a

cyclodextrin or a cyclodextrin derivative,” as used herein, refers to any agent



4,616, 008, 4,638,058, 4,659,696, 4,746,734, 4,678,598, 5,594,125, 5,710, 268,
and 5,831,081, each of which is incorporated by reference. Exanples of

cycl odextrin derivatives include MBCD, hydroxyethyl-(3-cyclodextrin, and
hydr oxypr, -1 -cycl odextrin. Cyclodextrins and cyclodextrin derivatives
are avaivf)(g%(*og/%z?om Anerican Mai ze Products Conpany, WaEREIOTEPcal s

(USA), Inc., and Sigma-Al drich Chem cal Conpany. [0020] The term "agent that
can forma detectable inclusion conplex with a cyclodextrin or a

cycl odextrin derivative," as used herein, refers to any agent WD 2006/ 062881
PCT/ US2005/ 043869 -6 that is capable of form ng an inclusion conplex with a
cycl odextrin,aqr. a cladextrin derivative, wherein t I ncl usi on conplex is
capabl e of (r}g?telétanﬁﬁe_’ lﬁ’gd'ﬂmélpﬁtai“ol clpsionrcompler Wb GrﬁYf’{ﬁW@"‘Fé’F M i ncl udes
agents that @tRdA®fin déRAELEMHeveitl Bk StdaRintcolifllexioBIRbR & HRbest abl e | abel
e.g., a radionuclide or a fluorescent tag. The term al so I ncludes agents
that are notupiontrbiont frgm aSEEceddwhe Hike teor imdudte agentaihas armebusi on conpl ex
with a cycl ' odextri ' Lve. | es,. of et hods of

et ect i on 1 ey YR aBREL | BuEShy Bl B, L AMRPEIR T on.

ul traviol et fligkr@cdnt otag. r dte owmi rale theluded iagents tied| 06 | WERt hheredtBt ect i on,

fl uorescencgﬁ)ol arizatjon, evaparative, light-scattering, capillary

el ect r ophor e¥testable iyt foun & gefestable dehipion gomplex With e geededexet 1 oscopy. In
one enbodi ; abl aﬂgﬁe@ ' : : napht hol .

O her detect bﬂo%&%@%rgﬁﬁlgﬁcﬁx a ph%%‘hgﬂ{ ﬁ%tfége?g&g%glug& bg%?rlelnégnapht hal ene- |
-sul f oni ¢ adinditedntay Beovgscett defeatioh, ultrfGeIzi detdtiions wdimmtrdiedatpationj ¢ protein, "

as used herein,.refers to a eptide,aor .protein.that,is known to be useful
for the pr evcé’ﬂ%nbeﬁ',‘c g?stg%o%ﬁﬁ?rgs&?nce ﬁk’ﬂz%t}og't F%arl?oﬁl"%ﬁa?tésé%e@ng’r di sor der,
e.g., an antdapiidly, cRophortagt AifraredelsbectDeddpeC €'H OGRIR, Oland Citlagki Ne, hor none,

toxin, or fragnents and/or fusion proteins_ of any of the foregoing. The
term "ant i bod§eiroseepys g opp empediperithe detectelile agambis 4 Hupraplkoresel onal

ant i bodi es, dﬁﬁ%ﬁ{%&,@ Qb#&5hle Ugediy] lsMclfd"gig?@gtnl @thﬁzﬁ{ %2d  gnd

ant i gen- bi ndi nt'i body fragnments -and/ or es thereof,
anilinonaphthalene-1-sulfonic acid, may be used as well.

[0021] The term “therapeutic protein,” as used herein, refers to any peptide or
protein that is known to be useful for the prevention, treatment, or
amelioration of a disease or disorder, e.g., an antibody, growth factor, cell
surface receptor, cytokine, hormone, toxin, or fragments and/or fusion proteins
of any of the foregoing, The term "antibody" is used in its broadest sense to
include monoclonal antibodies, chimeric, humanized, or fully human
antibodies, and antigen-binding antibody fragments and/or derivatives thereof,
such as single chain antibodies, light chain and heavy chain dimers, and Fv,
Fab, and (Fab'), fragmenis, Examples of therapeutic proteins include, but are
not Lmited to, proteins such as erythropoietin, growth hormone, colony
stiniulating_factor, insulin, and therapeutic‘ antibodies such as natilizumab,
infliximab, adalimumab, MabThera, Herceptin, Palivizumab, Abciximab,
Alemtuzumab, OKT3 - muromonab-CD3, Basiliximab, Gemtuzumab
ozogamicin, Omalizumab, Ibritumomab tiuxetan, Edrecolomab - Mab17-1A,
Tositumomab, efalizumab, be\}acizumab, and cetuximab., The protein may be
isolated from cells in which it is naturally occurring or cells that have been
genetically engineered to express it, e.g., recombinanily expressed.

{0022] The terms "at least 90% (or higher) pure” and "at least 90% (or higher)

homogeneity," as used herein, refer to a protein that has been purified away



such as single chain antibodies, |ight chain and heavy chain diners, and Fv,
Fab, and (Fab')2 fragnents. Exanples of therapeutic proteins include, but
are not limted to, proteins such as erythropoietin, growh hornone, colony
stinmulati gzm%mﬁ%?r, insulin, and therapeutic antibodi es such as

nati | i zunab 2 PHPH xi nab, adal i murnab, MabThera, Her cBBTUS2008%43869; zumab,
Abci xi mab, Al entuzumab, OKT3 - nurononab- CD3, Basilixi mab, Gentuzunmab
ozogami cin, Onmalizumab, |britunomab tjuxetan, Edrecolomab - Mabl7-1A,

Tosi tunonmab, efalizumab, bevaci zumab,  and cetuxi mab. The protein nmay be

i solated fromcells in which it is naturally occurring or cells that have

been geneti all¥ engi neered to express it, e.g., reconbinantly expressed.
[0022] The tEpHOthesdroteing Iinsdynucieic aeidnang ofber eollulsp gompenantsseh 909 (or

hi gher) ho ' sq%q:[i IR @,z,q,!; ' has been

purified awar@gtqv%@ It(%eérllg%g%B P&#ﬁ@%&ﬁ%&%g - Qé@tg?nu{c%té?g}ﬁg%rotei ns,

| i pi ds, nucl peparativinddn aomde emhetdimest, | agreteincoaytens hdast H96,92%, 198%, t he protein

makes up at 0 Q% [ hi gher y dry weight of the purified .

preparati on. §§%%§5§§éé%§z%r %@M‘E?Q’)g’%%t ein maybe at |east 91% 92% 93%

94% 95%461R%p 97% 9B teh "I KR tﬁere&%oagsalSﬁa- H?re?e?rtma;:c@ﬁrlin\é%éc‘fﬁe& hereof ," as
e

used to refer to a cell line descri erein, refers to any cells created
fromthat cehdrein,rgéers fozmyisallacrented faem thap aell lwsthatdieae atclesst bat Ny  Exanpl es of
cell derivatj i n . o l,SLI dpnclude, but are not limted
to, cells ha%/h:éﬁdgteggt‘%ﬁ'f%%él t?ggggig\%%lﬁ %‘3{"!{*13’%%%("‘8?15.%%eﬁhé‘sl?aéé%te ﬁ‘f auxot r ophy)
such as can ineludertet ateetotiimised o téllschaping s differenpdwik @hitan i(hal are
genetically %g ineoired to eﬁpr Ss a protein &r exhi bit sone other new
behavior. [0 %"Fte N AUKRTORBY h S8 251aR 198 S5PeralehbYisAlFERYS BiRssUEn@NGEC col urm may
be any swt&mma%bl%egeaa%aﬁfeﬁog?ﬂe@mawe EssHEAb A ot WichBR|smE Qfnef Ne separat i on
of a cyclodextrin or a cyclodextrin derivative froma protern. In one
enbodi nent , nevheeh®AEGr.nedi um has a separation range from about 5-20 kDa to
about 7538 KO ol Greieds TP IR S, nPBEL Bl S b0t 2 T

suitable size and contain any SEC medium suitable for the separation of a
cyclodextrin or a cyclodexirin derivative from a protein. In one embodiment,
the SEC medium has a separation range from about 5-20 kDa to about 75-300
kDa. The SEC medium may have a particle size of about 2 fo about 6
microns, preferably about 3-5 microns, e.g., about 4 microns. One example of
a suitable SEC medium is TSK gel G2000 SWx. (Tosoh Biosciences, Inc.).
A_nofher suitable SEC medium is a polymer-based TSK gel column, In a
preferred embodiment, the separation is performed by high pressure liquid
chromatography (HPLC). For HPLC, a suitable size for the SEC column is iﬁ
the rangé of about 5 to about 15 mm in diameter and about 3 to about 60 cm in
length. Sample sizes may be in the range of about 10 to about 500 uL,
preferably about 50 to ab-out 100 uL.

[0025] The sample to be loacied on the SEC column can be a sample from any
solution comprising a protein and for which it is desired to test for the
presence of a cyclodextrin or a cyclodextrin deriva’_ci?e. In oné embodiment of
the invention, the sample is from a solution that contains a protein that is in the
proéess of being purified or has been purified and in which it is desirable to
determine the presence or quantity of a cyclodextrin or a cyclodexirin
derivative. In one embodiment the protein has been purified or is being

purified from cells grown in cell culture in the presence of a cyclodextrin or a



m crons, preferably about 3-5 mcrons, e.g., about 4 mcrons. One exanpl e of
a suitable SEC nediumis TSK gel &2000 SWkr. (Tosoh Bi osci ences, Inc).
Anot her suitable SEC nediumis a polynmer-based TSK gel colum. In a

preferre the separation is performed by high pressure Iiquid
chr omat ogxf(g%ﬁ%%zgﬁLC) For HPLC, a suitable size for 'E’U%/‘Hé?@rm isin

the range of about 5 to about 15 mmin dianeter and about 3 to about 60 cm
in length. Sanple sizes may be in thg range of about 10 to about 500 pL,
preferably about 50 to about 100 L. "[§625] The sanple to be | oaded on the
SEC col utmm can be a sanple fromany solution conprising a protein and for
which it is de&dred to.test for the presence of a cyclodextrin or a

cycl odext ri nOYGEpXtERdgEvative, Shesampitmankesdon s solufien plapystagest the he sanpl e is
froma sol utp@flichiié pffeblsdlol i, &, AkRloch Sydid) daP onPloP GRS OF Dbeing

purified or has been purified ahd In desirable to determine the
presence or puiiceiiery eotepsm (pcd odexioni nexshange c ghioomidography, dffinityati ve. In one

enbodi nent t rote| bee |ed urified fromcells
grown in cel¥ %‘ﬁ?tP%‘P =r‘f?°cs)n f}‘,?egﬁﬁﬁg aé‘;‘?&lsge&e%qlﬁ{? W 2006/ 062881
PCT/ US2005/ OsbBftfed maySoelat Cdabthus frirs) fpilaéﬂau@tat st 931 06ANPI 8, %%'ope froma

sol ution at an stage of the purification rocessfor t'he proteln e.g.

after cell |$%5kgurcaflp gpe %T@déneniﬁh@sanm 1Sffﬁom M\Hmtbptshae kgrthams i on
h h f ter the final
exchange. Ch SRR, kb B1EL Bdio SDRRTS MBI Hunfl S Luafl B 51 pﬁre', e

preferably amebﬁzi@dex&ﬁ%ro?ﬂ%exﬁﬁﬁﬂer&&%e or 99% pure I n one enbodi nent, the

sanple is _froma oI ution that as | ess than referably | ess than
10 g/rrL[&@ﬁ]gg/rrL ﬁi may,pe tfleny TPrEh‘so“P“th’iHémEl}lé*’fl%Ei@B‘?tPF‘PtﬁnéF cycl odextrin

derivative. 1BQ&%6&11-615B?oaamplmdwurﬁﬁagq&g;afthe%ﬂefoﬁme%u n mprising the

protein and | oaded directly on the SEC colum as long as t uffer of the
sol ution is sustabledtd SEE. offlﬁEf{Ssary,fthmbld'&séﬂly sartiple nhuyftieadjlmtedttmbe sanpl e may be

gﬂ# ]lcj ZJ; eﬂ af/?nﬁgletﬁbls "t” tfﬂ:’&: eA su1tab§Eguff fgruéé@ ?sla% a%&éc}cu%rbu%fgr ha%xErfg: | %—I an aqueous

between about 2.0 and about 8.0, preferably between about 5.0 and about 7.5.
Examples of suitable buffers include, but are not limited to, sodium phosphate,
potassium phosphate, sodium acetate, sodium citrate, potassium nitrate, and
Tris-HCl. The buffer should also comprise sufficient salt to prevent the
protein in the sample from sticking to the column and the SEC medium.
Suitable levels of salt are in the range of about 50 mM to about 300 mM,'
preferably about 100 mM to about 200 mM, more preferably about 140 mM,
Examples of salts that may be used include, but are not limited to, sodium
chloride, potassium chloride, sodium suifate, potassiﬁm sulfate, magnesium
sulfate, ammonium sulfate, ammonium phosphate, and rﬁagnesi,um chloride,
Preferably the salt is sodium chloride. _

[0027] In one embodiment of the mventlon, the sample does not undergo any
preparation steps other than adjustment of the buffer as necessary. For
example, the sample is not extracted (e.g., with an organic solvent or with a
solid phase cartridge), dried, resuspended, concenirated, or otherwise altered.
The ability to load samples directly on the SEC column, e.g., to test a
pharmaceutical preparation at the point of fill, without complicated extractions
or other manipulations (e.g., solvent or solid phase extractions that could

affect sample recovery) is one of the advantages of the present invention,



bet ween about 2.0 and about 8.0, preferably between about 5.0 and about 7.5.
Exanpl es of suitable buffers include, but are not limted to, sodium
phosphat e, potassi um phosphate, sodium acetate, sodiumcitrate, potassium
nitrate, \989006/-5 48&1_ HC1. The buffer should al so conprise sufficient salt to
prevent the“ protein in the sanple fromsticking to t BETASPIPH3BEY t he SEC
medium Suitable levels of salt are in the range of about 50 mMto about
300 MM preferably about 100 m\/lto_ag)out 200 MM nore preferably about 140
mM  Exanples of salts that may be used include, but are not limted to,
sodi um chl oride, potassiumchloride, sodiumsulfate, potassiumsulfate,
magnesi ﬁ]rg sul fate, anppni um sul fate, ammoni um phosphate, and magnesi um

chlori d¢ 28]py ef er 5151 (lopil Phase 1maysbe ap iegweous baffergkaving @ pH bﬂ_ﬁ/c@me enbodi ment
of the Inveniogno o ity SAAPD, 4RGN0 betlE ' 8RuASY arll SR 3] gy Steps ot her

t han adj ustnent of the as necessary. For ~exanple, e sanple i s not
extract ed (ecoguprisingtshffeienbsajiainiprevent the potedr invihe karaple $iohi dickihgse cartri dge),

dried, resuspended, c ntrated, or otherw se altered.. The ability to |oad
sanples dire |°§le“8¥'i' ?f%@%@%,a@*&? JotaB%‘it 3§0 ’%ﬂaPW? Bt i cal
preparation @ouf D60 BAVIM6 aBbut fA00! mMY L AVhdpriail iR kil s @ alobONs or ot her
mani pul ations (e.g., solvent or solid phase extractions that could affect

sanpl e r ecovisted) atjoye dnsagpletmepagadipan Qug sxanasle of e spitabdemobilaphest i on. WO
2006/ 062881 . - 0 The nobi | e phase nay be an aqueous
buf f er havi nlgqgégaz e?{\ﬁgggmi%gi??m%’.%g%% about 8.0, preferably between
about 5[002¢ind abdIte aglnt &t foenmpsi ddagbiufihdladient cadddléx twitprevent the

protein in the sanple fromstickjng to the_colum or SEC nedium (e.qg.,
about 50 mM $slodeEtn 0136WWXWBgﬁmeWaYQSM“@thW%t‘éﬂ%ﬂlﬁy 200 M) .

Appr opr i at e Qufckiekidin 30 dydekfin®dei Etgf%ﬁﬁ' ¢ it Qﬁgr@@ 0 e

preparati on.@dme exgrrpl_)é ofe a sul tva e ?rso il?eaep seB&?%’ ﬁﬁgﬁm NaCl, 10 nM

phosphat e, p#ites theFampBUe siparfited bydditl. Fdraxaniple,rtbe sgedbmey bakided kncl usi on

?(rjltmc))l g)c()n\tMaE: P a \%rre}ﬂg gﬁf}geeﬁtisr lodd&d ot c%llu%in?)ﬁ%er ég%np %rai/ \f)%tplre\:/sgntrrn?){hebe br ought
mobile phase, the agent may be added to eluate fractions collected from the

column, or any combination of the above. In a preferred embodiment the
agent is present in the mobile phase.

[0030] _The agent is selected depending on the cyclodextrin or cyclodexirin
derivative to be detected as different cyclodexirins have different binding
specificities. Suitable agents are known in the art and may also be determined
empirically for each cyclodextrin or cyclodextrin &erivative. The agent may
have an inherent detectable signal (e.g., fluorescence) or may have a deteciable
label attached (e.g., a fluorophore or radionuclide). In other embodiments, the
agent may have no inherent detectable signal but the inclusion complex
fonned when the agent binds to a cyclodextrin or cyclodextrin deri\(ativg
producés a detectable signal. One example of a suitable fluorescent comﬁound
for the ldeteoti'on of MBCD is l-naphthol. Other examples of suitable
fluorescent compounds include phenolphthalein and 8-anilinonaphthalene-1-
sulfonic acid. I the agen;t is water soluble it may be added directly to the
mobile phase. If the agent is not water soluble it may be dissolved in an
organic solvent, including, but not limited to, methanol, ethanol, chloroform,
or acetone, and added to the mobile phase such that the percent of organic
solvent is low (e.g., less than 10%, preferably less than 9%, 8%, 7%, 6%, 5%,

4%, 3%, 2%, or 1%). The concentration of agent in the mobile phase is



cycl odextrin or cyclodextrin derivative present in a sanple before, during,
or after the sanple is separated by SEC. For exanple, the agent may be
added to a sanple before it is |oaded on the colum, the agent may be

pr esent 3{) E&'ﬁ{“ zH@bi | e phase, the agent nmay be added to eluate fractions
col I ect ed" P PEHS colum, or any conbi nation of theP&B®SH05/90438@ preferred
enbodi nent the agent is present in the nobile phase. [0030] The agent is
sel ect ed depending on the cyclodextrin or cyclodextrin derivative to be
detected as different cyclodextri ns“’ﬁﬁ\?e different binding specificities.
Suitabl e agents are known in the art and may al so be determned enpirically
for each cyclodextrin or, cyclodextrin derivative. The agent may have an

i nher ent det Béfcientelosagsignal (ta. e detpttefor d'ot enempleon-nephthplaoe othetet ect abl e

| abel attac : r: ' clide). In other enbodi nents,
the agent %rgsgstg cﬁgﬁ? n dg%éagﬂt% gg%g@t]%gfeghg@%néﬁag%%tta ?Oﬁ%en&rﬁg?lhsi on conpl ex
f or med when ¢feboaigient 0 bioraeut Ix B0 )Icprefiebiy dboub!t xAPE kot 14 noHer i vati ve

produces a ect.ahl e signal. ,One exanple of a suitable fluorescent conpound
for the det P{?Enrer&lyﬂlﬁé%??‘éol- apht hol . Ot her exanpl es of suitable

f1 uor esmpsi) ComPOHRASE( BGlathHbn RIS R pRIEBRI &y maRsiBr aMkdd thal ene- 1-
sulfonigﬁac]i d. If the ag‘?nt ig vvgterp sol ubﬁﬂg It nasflwﬁg ggg@ga@?rectly to the
mobi | e phalseaﬂ,IﬁSmngTI‘aglnghhﬁn rlvmpamilol_erS_amplmbiadiﬂgt ﬂﬁwyralbae foice| ?/ed in an
organi ¢ sol ve .includin ut. not limted,to, methano t hanol ,

chi or of orm Cogflﬁaéoé"etagﬁéfgng%getﬁﬂt?gd&?}guquﬁ% i £ Eff?ﬁ?ie’ GF‘Ffat t he percent
of organic meiy@akynd.: |GMiL & Broten Fsiflwon, 3B 18, ef@iahlk)pre@ss than 9%
8% 7% 6% 5% 4% 3% 2% or 19. e concentration of agent in the

nobi | e phaselfs Saplhiease/ B¥DsShanterTidEalb 7 oh3dlkt:. Enpprdduiiol.d%8nt for a
signal to be,detpe Fgr. e %ﬁr’pb ht I eyOt f cescent
conpounds na?gj?eeﬁlgér gjs??asrsft (it:icr'f ;S e rm%g? Ilg%;ﬁ’ase Ee?as)éo%c?éﬁst’ rﬂg’ltd%%ﬁ of about |
x 10-8 to abPurifidatiort @ridciMes pnPeciide] §privpenVerlag199)5Sdndbradkoertall x 10-3 M

f I 1 -4 1 h '
Pante hgggbv\é ?glﬁwelgwl%(rr{glgwgg:l\ﬂ& L ‘t?o(i)'a:.)’tolly I\)[-an%al? E%su ee gtr a t, I(Z(I)n'?reIlrtr%’\l{o1:8(:60lg3 erformed by

in Molecular Biology, each incorporated by reference. In a preferred

embodiment the separation is performed by HPLC. The signal detector may
be any detector useful for the measurement of the agent, e.g., a fluorescence
detector, an ulfraviolet detector, or a radiation detector, and may be used in
line with the column or separately. When a fluorophore is used as the agent,
the fluorescent detector may be set at suitable excitation and emission
wavelengths as is known in the art, e.g., 290 nm and 360 nm, respectively, for
1-naphthol, When the cyclodextrin or cyclodextrin derivative is to be
quantitated, the size of the detected signal may be measured and compared to a
standard curve prepared from samples spiked with increasing amounts of the
agent in order to measure the amount of cyclodextrin or cyclodextrin
derivative present in the sample. _ "

[0032] Using the methods of the invention, the limit of detection of a
cyclodextrin or a cyclodextrin derivative may be less than 100 pg/mL,
preferably less than 50 pg/ml, 20 pg/mL, 10 pg/mL, 5 pg/mL, 2 pg/ml, or 1
pg/mL,

[0033] Proieins, particularly therapeutic proteins, may be purified from cell
cultures and prepared as pharmaceutical preparations. Cells may be cultured
in the presence of a cyclodexirin or a cyclodexirin derivative, particularly if the

cells are dependent on a hydrophobic compound for growth, such as



art, using suitable colum preparation, sanple |oading, flow rate, fraction
col l ection, and signal detection techniques. See, for exanple, Deutscher,
Met h. Enzynol.: Quide to Protein Purification, Vol. 182, Academ c Press,

I nc., San D 90), Chapter 38; Balch et at, Meth. Enzynol., Vol. 257,
Academni ¢ B‘lr%egogg}oq&#g San Diego (1995), Chapter 8); ScBpEES20§%/MBssPn
Purification: Principles and Practice, Springer-Verlag (1994); Sanbrook et
at, in Mlecular Coning: A Laborat ohy Manual ; Ausubel et at, Current
Protocols in Mlecular Biology, each incorporated. by reference.. In a
preferred enbodinent the separation is performed by HPLC. The signal
detector may _be any detector useful for the neasurenent of the agent, e.g.,

a fl uorescen&@"le&é‘i" (?EZS‘P",TOP&F Gells a-oFilesiaele asnitopbie derivativest #fon det ect or
and may be usegol Bos) bPRsY bitish. N 6 MR Sr BERACRLiEH, bhafielhial | UOT oPhOr e

I's used as the agent, uor escent “det ect or r?ay at suitable
excitati on anuemratioss anay ey evalwaitdh Jorashd prémeneen off na tdyelodetizineorg. , 290 rim

and 360 nm re cti.vely, .for 1-naphthol. Wen the cycl odextrin or
cycl odextrin S @B&@@%&a Y0 be quantitated, the size of the detected

si gnal npyhg neasus @k ReHoE&OSNRAE 8kbehifond any bAN AL & BlehEnREERAEGD from
sanpl es spiked with increasing anounts of the agent in order to neasure the

amount of cydirefgiaxaxpression may be dded t Fxamplegdnelyda NHO gshn geankey FOShe sanpl e.

[ 0032] Using ‘i’% o) td];% '; w@t , 7] f t on of a

cycl odextrin ctgpgaé%{‘/%?o exie%‘i n detiv tJfB@E’ %@ﬁkigd%é;szsﬁt %eargf g/ i,
preferably | epiletrthadA480 cellayhum2d) Colg208lcelld, BTG/ cells, (5/-g loells, HELpdaltk, or 1 g/ L.
[ 0033] Proteins articyla tl’gfﬁr [ r ot ei_ns, y.be purified from
cell ~cultur edid; usﬁrleﬁ‘gl“‘egké% ‘Qﬁﬁgdéguﬁfgaqr H@bﬁ‘?@?i%ﬁ%ﬁ%‘?q s may be
cultured in duhGreBHSRPGRIA BrdCinQBEKE! TR 0fE ebENBleAd et delIf afber | vati ve,
particularly if the <cells are dependent on a hydrophobi c conpound for

growt h, such caslesgro everophis gellPrEr.,UEXQ oellnansdls derived therefres): elol
auxotrophi ¢ cglhs (GnShimeG Mlebis aR! cuftltqtih I sl YNBSS fie

cultured cells may naturally express the protein to be purified or be genetically

engineered to express the protein. Methods for genetically engineering cells to
express a protein of interest are well known in the art. See, for example,
Sambrook et al., in Molecular Cloning: A Laboratory Manual; Ausubel et al.,
Current Protocols in Molecular Biology, each iﬁcorpt_)rated by reference. The
cells are cultured in the presence of the cyclodexirin or cyclodextrin deﬁvatiﬁe.
The protein is then purified from the cultured cells or from the culture
mediﬁm usiﬁg techniques well known in the art, eg, ion exchange
chromatography, affinity chromatography, size exclusion chromatography,
differential soiubility, ultrafiltration, efc. The protein may be 7puriﬁed to at
least 90%_h0mogeﬁeity, preferably at leaét 95‘%, 96%, 97%, 98%, or 99%,
homogénéitj The puriﬁed protein is tﬁén combined with a pharmaceutically
acceptable carrier to produce a pharma@e_utical preparatién.

[0035] Pharﬁlaceutically acceptable carriers comprise ef:cipients and additives
which facilitate processing. 6f the protein into preparations that can be used
pharmaceutically. | Examples of excipients include, but are not limited to,
water, saline, phosphate buffered saline, dextrose, glycerol, ethanol, and the
like. Additives that are Well known in the art include, e.g., surfactants (e.g.,
TWEEN, such as TWEEN-80), detackifiers, anti-foaming agents, buffering
agents, antioxidants (e.g., ascorbyl palmitate, butyl hydroxy anisole (BHA),



CHO, COS, or NSO cells). In one aspect of the invention, pharmaceutical
preparations may be evaluated for the presence of a cyclodextrin or

cycl odextrin derivative. [0034] In the nmethods of the invention, any cell
that is Eg%y\@%ﬂ% éSQe art for protein expression my be used. Exanples

i ncl ude 2 25 monkey COS cells, Chinese Hanster B/EHPSR0¢5OHEH9 cel | s,
human ki dney 293 cells, human epidermal A431 cells, human Col 0205 cel |l s,
3T3 cells, Cv-1 cells, HelLa cells, a nouse L cells, BHK, HL-60, W937, HaK
or Jurkat cells. Cells may be cultur by any nethod known in the art. In
one enbodi nent, the cells are cholesterol auxotrophic cells (e.g., NSO
cells or cells derived therefrom). In another enbodinent, the cells are
cul tured in tye! prdesheless WBEDNd teropherglst €8¢ -tesspherohwitamit E.al | y expr ess

e O Ch e s Bpe, LichfingTachf RORRIE LGNS, SIMHLESIRE KR! o0 t1e

protein. Methods For ‘genet’ 0 express’a protein of
i nterest are webodniaers, i tonichiergr flavdtads, feoloraxsanpderants, Saophdifak et at, in

Mol ecul ar C oni ng;. A Laboratory, Manual.; .Aysubel et at., Current Protocols
in Ml ecul ar S%?P&H%%/, geé]gse ﬁniti R%V%Fsatatﬁf%%ﬁ% @ PrERRatongALe _S‘E@i%l‘]’s_ are
cultured in tsbmﬁ@ﬁseﬁ?raeﬁ%xgéena&ifhﬁ b9mh&ﬁa@rdrahga%gel@kmmnft'or.mdt%r' vative.

The protein is then puri d fromthe culturé s or fromthe culture
medi um usi ng abewhif pereentpreferablivalout §.25he about 7& pgreent ofthexurbiginge

chr omat ogr ap kN § t ography, size exclusion chromatography,
differenti al %sf%ﬁﬂgegﬁtﬁ%%xﬁ{}%‘%g?l Itration, etc. The protein may be purified

to at |[@e3d] 90% Therprgeneal by a gieblestahlor afclddedsh Rbivati@ohmy He% 98% or
99% honogenejty., The purified protein is _then conhined with a
phar maceut i c&eiemingg sepvatngs 1 fienughicationy lp @te embodimeptnthegueserss|

br epar at  on. 0033} RGBS idSiBkiid_AGRERISRL QebARlER’ & GRITRLLSE exci pient s

and additives which e processing of the protein into preparations
t hat can be (phemhacpitizalnpepaniianl IThe Bothobey fifthex cimpréset making laude, but are
not limted to Yvater .sal i ne

hos te buffered ,sali dext r ose,

O ycer o . et HEEH ErbbRREe Pripale RIS gt hev SdPeDRA B HBUFH i n the ar
include, e. g.cycloddxtrit bodyciodeRiritl - derivalMEENa sitple, 2., WEEMaBP purifik@t acki fiers,
anti-foam ng agents, buffering '

pharmaceutical preparation.

[0037] The following examples are illustrative, but not limiting, of the method

and compositions of the present invention. Other suitable modifications and

adaptations of the variety of conditions and parameters normally encountered

in chromatography and pharmaceutical preparation and evaluation and which

are obvious fo those skilled in the art are within the spirit and scope of the

invention,
EXAMPLE 1

{0038) ‘Natilizumab Wag; fecombinantly expressed in cholesterol aﬁxotrophic
cells cultured in the preseﬁce of about 720 mg/L MBCD. The antibody was
purified in three routine chromatographic steps. A method for determining the
amount of MBCD present after each of the purification steps and in the final
antibody preparation (suitable for pharmaceutical use) was developed.

[0039] Samples were séparated by HPLC on an SEC column (TSK gél
G2000SWxr, 7.8 mm x 30 cm). The mobile phase contained 140 mM NaCl,
10 mM phosphate, pH 6.45/2% (v/v) methanol and 10 M 1-naphthol,.

Sample sizes were 50 uL (Waters fluorescence detector) or 100 uL (Rainin



agents, antioxidants (e.g., ascorbyl palmtate, butyl hydroxy anisole (BHA),
WO 2006/ 062881 PCT/ US2005/ 043869 -12 butyl hydroxy toluene (BHT) and
tocopherols, e.g., a-tocopherol (vitamn E)), preservatives, chelating
agents, thic i agents, fillers, binders, lubricants, visconodul ators,
toni ci fi ewg,%?ﬁ%gg%}ant s, colorants, odorants, opacifi SHI/US28GHEBAYI ng
agents, and plasticizers. Preferably, the preparations are suitable
solutions for adm nistration by inj e_ct:’,i_on or orally and contain about 0.01
to about 99 percent, preferably about” 0.25 to about 75 percent of the
protein together with the excipient. [0036] The presence of a cyclodextrin
or cyclodextrin derivative may be determ ned at any stage in the

purifi cati onluppEscsnee g%@ﬂﬂm&%ﬁ? flofe e o¥asn & emLggingte cyrdep doerdif n or

cycl odextrin fvat i 1 g Im i1 4D j L cal
preparation. c@ﬁlgdo\rfrlg't r?cf)ﬁ H@ﬁ%?é her?g%drlr%ﬁnsgmgrﬁéﬁgs g&@étg%gg %e. g., a print
or conput er floamsiehes detectod,at 29§. andy I68bein) forf exciiatidrevaed efissieycl odextrin or
cycl odextrin_deri.vative in a sanple, e.g., in a finally purified

phar maceut i céffSp??k’@fa)lﬁT ation. [0037] The following exanples are illustrative,

but not [bl'léﬂig)ti ng, Lidit b AcBfidioshsaydnilers YERBEIdd @i rial BauBsesent i nvention.
a

O her suitable nodifications and adaptations of the variety of conditions

and par anet eMBEHRsirafarg (bAsraimt MBED in watm) iorea eatoap Ay PBREr maceut i cal
pPreparation %gnﬁ)Ysa{eHﬁ:\ti &%@ﬂﬁit%?dé@{:ﬁﬂﬁra?@é{é&ﬁﬁdttg B0 i1led in the

art are within tthe spirit and scope 0 Invention. "1 [0038]
Natilizumab Wisilaressagbivesnpdripmeedptvaietedinerthe himiteftdeteoliominatplephi ¢ cel | s

cultured 1 e R BERC e, o P oo 20, b LD The. o0t o e, puri (10
of MBCD pr es@pfififl dribo@psiepahtidnnerieuinit bE&iéctibn &f @R Sadpls Was v fi nal
anti body pr e{.l)ar ation (sui 'iabl e for pharmaceutical use) was devel oped. [0039]
Sanpl es” wer e lessgargingdony 1 Speimbrio 37 BEELs ¢tithngn ¢vesigeqd]3.0 pg/mL.
Representative chromatograms are shown in FIG. 1.
.[0041] In order to assess the linearity of the assay, five standards containing
1.3, 2.6, 10, 26, and 65 pg/mL MBCD were injected onto the HPLC column in
a volume of 50 pl.. The linear least square regression is shown in FIG. 2. The
results indicate that the assay has high linearity, with a correlation coefficient
of 0.998. | |
[0042] The linearity was also investigafed using samples of the final antibody
preparation spiked with 1.3, 2.6, 5.0, 10.0, 20.0, and 50.0 pg/mL MBCD. The
results (FIG. 3) show that the assay has high linearity, with a correlation
coefficient of 0.999.
[0043] The recovery of MBCD in the final antibody preparation was
caléulated by comparing the peak areas to those of the corresponding MBCD
standard. As summarized in Table 1, the recoveries were between 97% and
117% for the MBCD concentrations tested.
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espectively. [0040] Limt f detection assays were perforned
dilution of a MBCD stanéard (1.0 ng/nL MBCD in water) in an
er at pH6.1. Using this technique the Iimt of detection was
E%B]e 1.3 g/nm.. Simlar assays were perfornmed to determ ne the
€n in sanples of eluate fromeach of the three

chr omat ogr ap
limt of det
5.2 /., wit

NTC CHlcEPRionnd (NE MBI OuRildd | €@ anti RAgyprepargti on. The
ection in the sanples was very low ranging Trom11.]3 mnL to

h an a(ué/ﬂldde of -(Qg/nﬂ@,(ﬁterageReﬁrZé>ent ati vé%):hromatogram; are

shown in FI G

st andar ds cd

4 af In
|IIICQI| _UI LIIC

I |_U '-3.!.—] Hr-ofrder—to ess—the assay, five
ntaining™ 1.3, 2.6, 10, , and 65|g/nm. MBCO were irnjected onto

the Il PLC cd

.

shown in FI G

lum in2e volung of 50 I3,gThe Tingar Teasgisquare riegression is

with a corre

2 _The _resultd indicate that the assay has high llinearity,

| ation édefficient of 0.998. [0042] The | i%earity vas al so

i nvestigate
1.3, 2.6, 5.

ust g pres—of—the 1 anttboty pTepcg.?aLl orr—spi ked with

0, 10.0,720.0, and 50.0 / MBCD. The resul'ts (FIG| 3) show

that the as%
]

ay has f.gh Iinearity, wth a correlation 1gpefficignt of 0.999.

[0043] The

ecovery of.  MBCD.iin the final .antibady preparation wgs

cal culated b

y corrpa?f??ig the peak areas to those¢ of thel®brresponding MBCD

standard. As
117% for the
[0044]

SUMMEr T Zzed 7 Tabte T —the tecoveries were between97% and
MBCD concentrations test ed.
The relative standard deviation for repeatability (intra-assay precision)

was determined using five standards containing 1.3, 2.6, 10, 26, and 65 pg/mL
MBCD. The results are shown in Table 2 and indicate that the assay has a
relative standard deviation of less than 5.0%.

Table 2,
MBCD Observed Values | Standard Déviation | Percent RSD
(ng/mL) (ng/mL) (n=5) (n=5) (n=>5)
1.3 2.1 0.1 4,7
2.6 3.1 0.1 3.2
10 9.6 0.2 2.1
26 24.6 1.1 4.4
65 65.6 2.0 3.1

[0045]

Having now fully described the invention, it will be understood by
those of ordinary skill in the art that the same can be performed within a wide
and cquivalent range of conditions, formulations and other parameters without
affecting the scope of the invention or any embodiment thereof. All patents,
patent applications and publications cited herein are fully incorporated by

reference herein in their entirety.



WO 2006/ 062881 PCT/ US2005/ 043869 -14- Table 1. Concentrati on MBCD Qbserved
Recovery (g/M.) (g/nmL) (Average, n =2) (%9 1.3 1.4 112 2.6 3.0 117 5.0
4.9 98 10.0 9.7 97 20.0 21 104 50.0 52 103 [0044] The relative standard
deviation for repeatability (intra-assay precision) was determ ned using
five standards containing 1.3, 2.6, 10, 26, and 65 gg/nL MBCD. The results
are shown in Table 2 and indicate théi-the assay has a relative standard
deviation of less than 5.0% Table 2. MBCD (bserved Val ues Standard

Devi ation Percent RSD (g/nmL) (g/m) (n =5) (n=5) (n=5) 1.3 2.10.1
4.7 2. €CBAIMS 1 3.2 10 9.6 0.2 2.1 26 24.6 1.1 4.4 65 65.6 2.0 3.1

[ 0045] Having now fully described the invention, it will be understood by
those of ordinary skill in the art that the same can be perfornmed within a
wi de and equi wadteet forargytingfforc oiedptdsans, off argyolodexteinsorandeyetddextripar amet er s

wi thout  affecting the scope.of the i.nventiaqn or any  enbodinent thereof. All
pat ent s,derytvE iR 2 ?}Bﬁl?fb%ﬁlﬁllg‘ﬁgl%(ﬁc%{%}l% Q’eq?iﬁs‘ﬁ%m?@@d TR Ere fully

i ncor por at ed (hyloadiff &'BRGR HeMmeisBlutitn bRG! dizefBclus®hYehront®sgraphy (SEC)
column, wherein said sample does not undergo a step of extraction prior to being loaded
on said column;

(b) separating any cyclodextrin or cyclodextrin derivative that may be present in
the sample from said recombinant protein by size exclusion chromatography (SEC);

(¢} contacting said cyclodextrin or said cyclodextrin derivative with an agent that
forms a detectable inclusion complex with a separated cyclodextrin or cyclodextrin
derivative; and

(d) detecting a signal from said inclusion complex.

2. A method for determining the quantity of a cyclodexirin or a cyclodextrin
derivative that may be present in a solution comprising a recombinant protein, the method
comprising:

(a) loading a sample of the solution on a size exclusion chromatography (SEC)
column, wherein said sample does not undergo a step of extraction prior to being loaded
on said column;

(b) separating any cyclodextrin or cyclodextrin derivative that may be present in
the sample from said recombinant protein by SEC;

(c) contacting said cyclodextrin or said cyclodextrin derivative with an agent that
forms a detectable inclusion complex with a separated cyclodextrin or cyclodextrin
derivative;

(d) detecting a signal from said inclusion complex; and

(e) determining the size of said signal, wherein the size of the signal is indicative

of the quantity of the cyclodextrin or the cyclodextrin derivative in the solution.

3. A method of evaluating a pharmaceutical preparation, the method comprising:



CLAIMS 1. A nethod for testing for the presence of a cyclodextrin or a
cyclodextrin derivative in a solution conprising a reconbinant protein, the
met hod conprising: (a) loading a sanple of the solution on a size exclusion
chromat ography (SEC) colum, wherein said sanpl e does not undergo a step of
extraction prior to being |oaded on said columm; (b) separating any
cyclodextrin or cyclodextrin derivative that may be present in the sanple
fromsaid reconbi nant protein by size exclusion chromatography (SEC); (c)
contacting said cyclodextrin or said cyclodextrin derivative with an agent
that forns &ddeeednglssemplecofipsphermasswiinabrrepsratioipcoseising segcepeinodext ri n or
cycl ode I . I | ye: | .signal fromsaid inclusion
conpl ex?ﬁ‘g‘%& &tlﬁg{ohéég%&éfp ]é%ﬁg?:eﬁrllﬂ%?lﬁg‘tc?%édbg%caag?%ty of a cyclodextrin or a
cycl odextri n (bYkendingtsaidesanipdd ofrehe plerpnesaod prépatatival afi b GivecoRRkioni Ng a

reconmbi nant protein, e nethod . caonprising: (a) |oadi a sanple of the
sol uti orf O @i&ugf’]&ﬂmcm‘lﬁﬁeé{l 096}‘@5?'?9131(’5%@? H(EOF'Q]%FE;O WhetFRid said
sanpl e doascAlridPAALAR Bakld®R sofi cBiifction prior to being |oaded on said
colum; (b) separating any cyclodextrin or cyclodextrin derivative that may

be present i ifc) sehaatimpraldsampbnhs3EG r econbi nant protein by SEC, (c)
contacting said cycl.odextrin or said | odextrin derivative wth an agent
that forns d)d‘éocn_ %1%?1@/ F}ﬁ:(l’crc@gﬁr@norég%ﬁg%%ﬁ?wagvg gﬁé%é’a _péfiﬁ(eﬂltdaext rin or
cycl odexhé isiimpldaxiklyv af iag&it that) foelfé @CdetddthbR StBIbidh &)h?[@xsﬁitﬂ al phrdetion
conplex; and (e) determning the size of said signal, wherein the size of

t he si griarlofextiimer evgladgsringeriviisecpmdnt ity of the cyclodextrin or the

cycl odextrin ek i Ve: | LUty f..ev i a
har maceut | o4 GsteBhk KRl 08 S oG colnpld TARAA o B HELLRE, T
sanpl e af iadiphae nEchutquaatitypefethar @iclodextain nprths i aygldextrie cdenivativanin theer apeuti c

protein and a pharmaceutically acceptable carrier;
preparation.

4, The method of any of claims 1-3, wherein said cyclodextrin or said cyclodextrin

derivative is methyl-B-cyclodextrin.

5. The method of any of claims 1-4, wherein said recombinant protein is a

therapeutic protein.

6. The method of any of claims 1-4, wherein said recombinant protein is an antibody.
7. The method of claim 6, wherein said antibody is a monoclonal antibody.
8. The method of any of claims 1-7, wherein said solution or pharmaceutical

preparation comprises less than 20 pg/mL of the cyclodextrin or the cyclodextrin

derivative,

9. The method of any of claims 1-8, wherein said agent is a fluorescent compound.

10.  The method of claim 9, wherein said fluorescent compound is 1-naphthol.



(b) loading said sanple of the pharmaceutical preparation on a size

excl usi on chromat ography (SEC) colum, wherein said sanple does not undergo
a step of extraction prior to being |oaded on said columm; (c) separating
said sanple by SEC, (d) contacting any cyclodextrin or cyclodextrin
derivative that nmay be present in the sanple with an agent that forns a
detectabl e inclusion conplex with a Keparated cyclodextrin or cyclodextrin
derivative; and (e) detecting a signal fromsaid inclusion conplex, wherein
the size of the signal is_indicative of the quantity of the cyclodextrin or
the cyclldext Mhpmgdodwdeny ef ¢lpimsHel O, Biheysiy seid wathod hasphlémitef Hetection odny  of

cl ai ns éés;stha}mgr g said cyclodextrin or said cyclodextrin derivative is
met hyl - B-cycl o trin. 5. The nethod of any of clains 1-4, wherein said
reconbi nant protein is a therapeutic protein. 6. The nethod of any of

clainms 1-4, erein said.reconpinant, protein is an. antibaody. 7. The met hod
of clai e, gp@th?dgngp@ngﬁ&% ﬂisedil%?fdgtesﬂ%ISA??PiﬂL?B&y#%g/I@L- The met hod of
any of clainms 1-7, wherein said solution or pharmaceutical preparation
conprises less than 20 g/ nL of the cyclodextrin or the cyclodextrin
derivatile. The Tethodetllaoy ob¢labmmyl-62, vdicsdimsaid c@lumnthes eisepagatiod ragef i s a

fl uorescent und., . met hod of claim9, wherein said fluorescent
conpounél%i)%t#ﬁﬁgtg%{%ﬁgwt%'yﬁl%a! The net hod of any of clains 1-10, wherein
said nethod has a limt of detection of |ess than 10 g/nL. 12. The net hod
of claim11l, wherein said limt of detection is less than 2 g/nL. 13. The

net hod oft anyhefmethed pEany ebclaigpretd2nwheteip il coldmpdies 2 rastide aiF @h range of

about 5- 5-300 kDa. 14. The nethod of any of clains 1-12,
wher ei n%g?tﬁgpﬁurﬁqﬁgémg particle size of about 2 to about 6 mcrons. 15.

The nethod of claim 14, wherein said columm has a particle size of about 4

15.  The method of claim 14, wherein said column has a particle size of about 4

microns.

16.  The method of any of claims 1-15, wherein said agent is present in a mobile phase

during the separating step.

17.  The method of claim 16, wherein said mobile phase comprises a salt at a

concentration of about 50 mM to about 300 mM.

18.  The method of claim 16 or claim 17, wherein said sample and said mobile phase

have a pH of about 2.0 to about 8.0.

19.  The method of claim 18, wherein said sample and said mobile phase have a pH of

about 5.0 to about 7.5.

20.  The method of any of claims 1-19, wherein said recombinant protein is at least

90% pure.

21.  The method of claim 20, wherein said recombinant protein is at least 95% pure.



m crons. 16. The method of any of clains 1-15, wherein said agent is present
in a nobile phase during the separating step. 17. The nethod of claim 16,
wherein said nobile phase conprises a salt at a concentration of about 50
nmM to about 300 mM 18. The nethod of claim 16 or claim 17, wherein said
sanpl e and said nobile phase have a pH of about 2.0 to about 8.0. 19. The
met hod of claim 18, wherein said sapple and said nobile phase have a pH of
about 5.0 to about 7.5. 20. The nethod of any of clainms 1-19, wherein said
reconbi nant protein is at |east 90% pure. 21. The nethod of claim 20,

wher ei n 29ai d The aRHIdBEBLaiR 20! Whdieih Said tredofBSianOfi¥ecRiis Qt leddt 98Fureret hod of
claim 21, wherein said reconbinant protein is at |east 98% pure.



