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cycl odextrins and cyclodextrin derivatives in
sol utions conprising a protein. The invention further
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cyclodextrins are widely used to increase the
solubility of poorly water sol uble pharnmaceutical s,
enBadkgeoupldar maceut i cal stability, and reduce unwanted

side effects of pharmaceuticals. [0003] The hydroxyl
groups of cyclodextrins may be derivatized to alter
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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 primary hydroxyl
groups are situated on the other side. As a result, the external faces are
hydrophilic, making the cyclodextrins water-soluble. In contrast, the cavities
of the cyclodextrins are hydrophobic, since they are lined by the hydrogens of
atoms C; and Cs and by ether-like oxygens. This structure allows
cyclodextrins to form inclusion complexes with hydrophobic compounds.
Based on this characteristic, cyclodextrins are widely used to increase the
solubility of poorly water soluble pharmaceuticals, enhance pharmaceutical
stability, and reduce unwanted side effects of pharrﬁaceuticals.

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

[0004] Cyclodextrins are also used in cell culture systems fto carry
hydrophobic nutrients, such as cholesterol, into cells. Cyclodextrins are

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



[0004] Cyclodextrins are also used in cell culture
systens to carry hydrophobic nutrients, such as
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particul arly useful for the culturing of chol esterol
auxotrophic cells, e.g.,chol esterol auxotrophic CHO
cells, COS cells, and NSO celts. \Wen cell cultures
are used to produce naturally occurring or reconbi nant
proteins, particularly therapeutic proteins, the
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dlSSOluUOl’l 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 présence of a protein,

preferably without the need for sample extraction steps.

SUMMARY OF THE INVENTION

[0007] Accordingly, in 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



SUMVARY OF THE | NVENTI ON [ 0007] Accordingly, in one
aspect, the invention provides a nethod for testing
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degjcyiekitm Y éytélda’éxﬁﬁleﬁ@ridaﬁaé, dndIfi%asarifle f@cthaYrésence of a

i nclusi on conplex with a separatedcycl odextrin or
cysipoad dvonr said dhehusicatdomplexand neasuring for the

esence of a sigpal. fromsaid inclusi
0008505]  AREREASBEEpas 6T T RRIh o el S Feefbining pe
defemnbNg cléledudi bl Eyclédex@irt Y& vadex tat Ma3rbe present in a

cyclodéxtrin derivative that nay be present in a
sosaleiion eompisingi kg pEotpingt Bien mathnd PEPIEEINEo IFERFEINgg any

se [ | odext r | . L ' i\
£ r S Sl P el rofy fE B . SBC, stiackie
Of s ChyRRRSktinNoKl @ élvadite ddrivitied veigenn biait ther fems a

detectabl e i nclusion_conplex with a separated .
cydttectable rinplugien epEIpbreiithi & seRAALeh CYledexiidn i rGyRigdFgrn
th resence of a.si r Lol ]
andea g s g ol W BescgpO UL Qefinl i AL RIERIR cftpl.
si @@ Qbtebrhmind gRakizé ofi il chnhhly avieteih Hthe guanof the sifnal is
the cyclodextrin or cyclodextrin deriyative in, the .
s oindidabie of SIOBRNAY 2 thel CHIPRRKIIT T SYFSIH BN ERHAL Y e
rre%(ﬂﬁgorgf eval uating a pharmaceutical preparation, the
met hod Conprising: (a) providing a pharmaceutica
[ooop%epar al Cthirdlofﬁped:ts iofigthe tilventipeuisi ¢ prethceli mwfapdhlating a
phar maceutical ly accept abl arrier; (b) separatin
sapblarmﬁlﬁ‘?lﬁ’é’é%ﬁfﬁﬁ’%%mp?@ﬁﬁ?tgﬁ BBSIEEC, (¢ IOcont ac? i ng

any_\Cyc dNdl XTI i 1y t .
N b
agptuteih hﬁﬂ afphammceutibellp ataptable carrier;

(b)  separating said pharmaceutical preparation by SEC;

(© contacting any cyclodextrin or cyclodextrin derivative that may be
present in the pharmaceutical preparation vﬁth 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 cyclodextrin 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



i nclusion conplex with a separated cycl odextrin or
cycl odextrin derivative; and (d) detecting a signal
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signal is indicative of the quantity of the
cycl odextrin or cyclodextrin derivative in the
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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 comprising a
protein. In one embodiment,' the methods 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
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 cyclodexirin or cyclodextrinv 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



protein. In one enbodi nent, the nethods of the
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a cyclodextrin or a cyclodextrin derivative for the

presence of residual cyclodextrin. Accordingly, in one
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”E{:*‘bg%ie‘if?fﬂpéﬂ ?}jc[&ieﬁﬁﬂla&é?fviaﬂge A6 &NE baste byl SEQY contacting

cyc extrin derivative that may be present fromsaid
pr sdiéi eychlexiineor xytlodéxtnn cderivatrogritiprep ¢SBEC)that forms a
contacti.n ai.d cycl odextrin or | odextrin .
GoReaehs dncliion AR e gL of G gp cyelodextin
! ne{;ﬁksa!ti%l EEREX ot dprBsen 8PS £4i 8k Eoeh Q@ HicTusibnomplex,

cyclodextrin derivative, and nmeasuring for the ) )
pr eskdeemoihing tegsiz¢ ofrweid sighal, ivherainithe sizengfi the, signal is

0L AL BRRECH B LISIMYER! LA R IREL

cyedigdgextrin derivative that may be present in a
sol ution conprising a protein, the nmethod conprising
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signal is indicative of the quantity of the cyclodextrin or cyclodextrin
derivative in the preparation. | |
[0019] The term “cyclodextrin or cyclodextrin derivative,” as used herein,
refers to any known cyclodextrin, particularly a-cyclodextrin, B-cyclodextrin,
and y-cyclodextrin, and any known cyclodextrin derivative. Cyclodextrin
deﬁvatives are disclosed 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-cyclodextrin, and
hydroxypropyl—B-cyclodextriﬁ. Cyclodextrins and cyclodextrin 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
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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'"), fragments. Examples of therapeutic proteins include, but are
not limited to, proteins such as erythropoietin, growth hormone, colomy
stimulating 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, bevacizumab, and cetuximab. The pfotein may be
isolated from cells in which it is naturally occurring or cells that have been
genetically engineered to express it, e.g., recombinantly 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



cycl odextrin derivative. Exanples of nethods of
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Another 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 iﬂ
the range‘ 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 abéut 100 pL.

[0025] The sample to be loaded 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 derivative. In one 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 cyclodextrin
derivative. In one embodiment the protein has been purified or is being

purified from cells grown in cell culture in the presence of a cyclodexirin or a
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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 sulfate, potassiuﬁ sulfate, magnesium
sulfate, ammonium sulfate, ammonium phosphate, and nﬁagnesium chloride.
Preferably the salt is sodium chloride.

[0027] In one embodiment of the invention, 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, concentrated, 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.
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invention, the sanple is froma solution that contains

a protein that is in the process of being purified or

has been purified and in whi%h it is desirable to

deternmine the presence or quantity of a cyclodextrin

or a cyclodextrin derivative. In one enbodi ment the
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empirically for each cyclodextrin or cyclodextrin derivative. The agent may

have an inherent detectable signal (e.g., fluorescence) or may have a detectable
label attached (e.g., a fluorophore or radionuclide). In other embodiments, the
agent may have no inherent detectable signal but the inclusion complex
formed when the agent binds to a cyclodextrin or cyclodextrin derivative
produces a detectable signal. One example of a suitable fluorescent compound
for the ’detecti‘on of MBCD is 1-naphthol. Other examples of suitable
fluorescent compounds include phenolphthalein and 8-anilinonaphthalene-1-
sulfonic acid. If the agen;c 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
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amoni um sul f at e, amoni um phosphat e, and nmagnesi um

chloride. Preferably the salt is sodiumchloride.
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b SR BBIEBINA O SRRPS b RAR CHOBPERES G888 feegt

pr ﬁ(ee rtfu%gesgéﬁ? ocf’e'té@&t rrIat}ebe 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 cyclodexirin 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 pug/mL,
preferably less than 50 pg/mL, 20 pg/mL, 10 pg/mL, 5 pg/mL, 2 pg/mL, or 1
pg/mL.

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

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



agent is present in the nobile phase. [0030] The agent
is selected depending on the cycl odextrin or
weywboesgt ri n derivative to be detected as di f PEF/E81005/043869

cycl odextrins have different binding specificities.

Sui tabl e agents are known in the art and may al so be

determ ned enpirically for—éheh cycl odextrin or

cyclodextrin derivative. The agent may have an

i nherent detectable signal (e.g., fluorescence) or nay
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techni ques. See, _for Lﬂﬁa’ .Scher
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AC @giferrE it SPin the presence of the cyclodexirin or cyclodextrin derivative.
The protein is then purified from the cultured cells or from the culture
medium usihg techniques well known in the art, eg, ion exchange
chromatography, affinity chromatography, size exclusion chromatography,
differential solubility, ultrafiltration, efc. The protein may be purified to at
least 90% homogeneity, preferably at leaét 95‘%, 96%, 97%, 98%, or 99%
homogeneity. The puriﬁed protein is tﬁen combined with a pharmaceutically
acceptable carrier to produce a pharmaceutical preparatién.

[0035] Pharmaceutically acceptable carriers comprise excipients and additives
which facilitate processing bf 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),



Inc., San Diego (1990), Chapter 38; Balch et al, Meth.
Enzynmol, Vol. 257, Academic Press, Inc., San D ego
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in chromatography and pharmaceutical preparation and evaluation and which
are obvious to those skilled in the art are within the spirit and scope of the

invention.
EXAMPLE 1

[0038] Natilizumab was recombinantly expressed in cholesterol auxotrophic
cells cultured in the preserlce 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 separated by HPLC on an SEC column (TSK gel
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 pL (Waters fluorescence detector) or 100 pL (Rainin



preparations may be evaluated for the presence of a
cycl odextrin or cyclodextrin derivative. [0034] In the
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[0042] The linearity was also investigated 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

calculated 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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MBCD Observed Values | Standard Déviation | Percent RSD
(ug/mL) (pg/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 equivalent 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.



[0038] Natilizumab was reconbi nantly expressed in
chol esterol auxotrophic cells cultured in the presence
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three routine chromatographic steps. A nethod for
determ ning the amount of MBCD present after each of
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preparation (suitable for pharmaceutical use) was
devel oped. [0039] Sanpl es were separated by HPLC on an
S &f@ﬁ'@l@ﬂﬂﬁlﬂﬁ: &000SWL, 7.8 mmx 30 cm. The
nobi | e phase contai ned 140 nM NaCl, 10 nM phosphat e,
pH 6.45/ 2% (v/v) methanol and 10 4 M 1-narhthol, .
Sappl e i : f ;
or 00 ARy Ee e T e e o e atn
Waderivatitzé ninnat eoluticker cdnsmrising iac prateid t the nmethblde comprising
MBCDY 1- napht hol _ i ncl.usi on conpl ex .was detected ysing a
f | YORGUESIEY QEIERER o CHUSeRHE SBBVAE BT ek bt
angl, SM38 hP8tein S BEE ek ¥abi¥n dhRAbarkbiy (SKXE), dBh@BEH08hid
assays were perfornmed using serial dilution of a CD
st eyettatestrinl o0cyetydektriBEEiviehvevatitbran dgentithah deresusdetectable

TR Y O

asgRY P eNtifg REAOHRESACE Of 8 8foRAIN I sdiB endlhsidr cadfiplex.
detection i n sanples of eluate fromeach of the three

chromat ogr aphi ¢ colums and the final purified

anti bod reparati.on.. The Lim.t of ecli ' .
safmpl es¥ﬂg§n5€?‘€ Of Sy dn gYHSEF S i %%@odr:%(;r?rrg O% gyélsgextrm
N4 dRvativé tdmanylpeydefxain. 3. 0 ng/ nL. Representative
chromat ograns are shown in FIG 1. [0041] In order to
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The linear |east square regression is shown in FIG 2.

The results indicate that the assay has high_ . )
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5. The method of claim 1, wherein said protein is an antibody.

6. The method of claim 1, wherein said solution comprises less than 20

ug/mL of a cyclodextrin or a cyclodextrin derivative.

7. The method of claim 1, wherein said agent is a fluorescent compound.

8. The method of claim 7, wherein said agent is 1-naphthol.
9. The method of claim 1, wherein said method has a cyclodextrin or a

cyclodextrin derivative limit of detection of less than 10 pg/mL.

10.  The method of claim 9, wherein said method has a cyclodextrin or a

cyclodextrin derivative limit of detection of less than 2 pg/mL.



[0042] The linearity was al so investigated using
sanples of the final antibody preparation spiked wth
wa:®s/0&881 5.0, 10.0, 20.0, and 50.0 ng/ nL NMBOELT/TRI05/043869

results (FIG 3) show that the assay has high
linearity, with a correlation coefficient of 0.999.
[ 0043] The recovery of MBCB1l6nr-the final antibody
preparati on was cal cul ated by conparing the peak areas
to those of the correspondi ng MBCD standard. As
su ri I Sldge
anﬁl?gﬁ?rgfa}oﬁyﬁ%&% 1ct£lﬁgleef1t ra ?%%sgie\é% eothTabI eﬁlsagﬂl%s
[ 068k sdlnton eh atSB(ecadtmndar d devi ati on for
repeatability (intra-assay precision) was detern ned
using five standards containing 1.3, 2.6, 10, 26, and
651509/ My MR od dT& 1488 U, ttheRdi® sﬁﬁ%%pldqd&@lﬁbﬁur?deagma step
|nd| ‘cate that the assay has a relative standard
devuf exttiaptioropridrds beingdoadsd Ousaitigblusup. [ 0045] Havi ng
now fully described the invention, it wll be
understood by those of ordinary skill in the art that
t hg3 sangnheaRuRA JTRIFAAN 1MTe ¢ hWeinWall olund@adh sepatition ahrgistof
range of conditions, formul ati ons and ot her paranmeters
Wi el - %ﬂﬂ@cﬁmabg“?ﬁe%%b@% of the invention or any
enbodi nent thereof. Al patents, patent applications
and publications cited herein are fully incorporated
by 11.6f eMeOGRNRT 6f Blaim 111h&ihere@ bait edoyurkihds b aktiod BB of
IS 1. A nethod for testlng for the presence of a
cy@bwéﬂoﬂbwtérm@}mlsodext rin derivative in a solution
conprising a protein, the method conprising separating
any cycl odextrin or cycl odextrin derivative that may
be 1pr esant nidthsd 8AcHirArial evherdy saidz@hewn lhas b quarticle size of
chr omat ography (SEC), contacting said cyclodextrin or
cyebPHhicIonsSderi vati ve with an agent that forns a
det ect abl e i nclusion conplex with a separated
cycl odextrin or cyclodextrin derivative,

16.  The method of claim 1, wherein said agent is present in the mobile

phase during the separating step.

17.  The method of claim 1, wherein said separation uses a mobile phase

comprising a salt at a concentration of about 50 mM to about 300 mM.

18.  The method of claim 1, 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 claim 1, wherein said protein is at least 90% pure.
21.  The method of claim 20, wherein said protein is at least 95% pure.

22.  The method of claim 21, wherein said protein is at least 98% pure.



and nmeasuring for the presence of a signal fromsaid

i nclusion conplex. 2. The nmethod of claim1l, wherein
W@ 200d/062881 odextrin or cycl odextrin derivative PGI/US2005/043869

nmet hyl - b-cycl odextrin. 3. The nmethod of claiml1,

wherein said protein is a therapeutic protein. 4. The

met hod of claim1, wherein-4aid protein is a

reconbi nant protein. 5. The method of claim1, wherein

said protein is an anti body. 6. The nethod of claim1,

wherein said solution conprises |ess than 20 ng/ nL of

a cyclodextrin or a cyclodextrin derivative. 7. The

me2hod jgf nedtleadn for  détemeinings dhal q;gmtity icrf a foyclodegtanor

conmpoun 8. .The thod of claim?7 in _said age

SRR S R T R

%@%’et cﬁnﬁ’iﬁﬁ%%ﬁﬁh@ c?dé;dl/esdtm e%&ydldluesiﬁ{Tﬂhaawaﬁee

imt of detectio [ eSs 1 han )
nefrhmdsamd pr‘aamn‘tg' SHkr eintectng dsambtdyol@dﬁﬁgn aor 0y010deXt1‘1n

cycl odextri.n or cy extri der vative limt

de SERIHh ™Y El F“é§§e‘i‘t %‘ % etgqta L?hléldﬁﬁl% ad n%ﬁlexc a2
; sefp%ﬁrafeﬁed' cfbﬁgﬂhhsérrt%cioﬁ%(tﬁh Qll@rl@itl\}eo atthfifing foAMY FreSdnce

the solutiron on a SEC col umm The met hod of clajm

110f wtsignel rﬁroga.seudsmnbls@nd@aaﬂmtandn@wg@mag dhe sizsf of said

oXLRE RSB B a2 QSRR o8By 68 I e e

S e@ﬁ‘ldﬂ%ﬂ(tﬁﬁ drapeedefiria E@M&tatﬁe 20thls @aluhﬁn about 75-300
14. The nethod of claim 11, wherein said colum

has a partl cle size of about 2 to about 6 mcrons. 15.
od of, cl a -
parti ol LSt BLENNH 3 PATHH ARk By 8PS yBiogentrin
C| aériVafive Mﬁétﬁﬁltﬁ—swldde&qﬁm is present in the nobile
phase during the separating step.
25.  The method of claim 23, wherein said protein is a therapeutic protein.
26.  The method of claim 23, wherein said protein is a recombinant protein.

27.  The method of claim 23, wherein said protein is an antibody.

28.  The method of claim 23, wherein said solution comprises less than 20

pg/mL of a cyclodextrin or a cyclodextrin derivative.
29.  The method of claim 23, wherein said agent is a fluorescent compound.
30.  The method of claim 29, wherein said agent is 1-naphthol.

31.  The method of claim 23, wherein said method has a cyclodextrin or a

cyclodextrin derivative limit of detection of less than 10 pug/mL.

32. The method of claim 31, wherein said method has a cyclodextrin or a

cyclodextrin derivative limit of detection of less than 2 pg/mL.



17. The method of claim1l, wherein said separation

uses a nobile phase conprising a salt at a
w@orveeeassat i on of about 50 raMto about 300 mMWCT/BS200$1¢43869

method of claiml , wherein said sanple and said

nobi | e phase have a pH of about 2.0 to about 8.0. 19.

The method of claim18, wherldi+n said sanple and said

nobi | e phase have apH of about 5.0 to about 7.5. 20.

The nethod of claim 1, wherein said protein is at

| east 90% pure. 2 1. The nethod of claim 20, wherein

said protein is at |east 95% pure. 22. The nethod of

cl 33.m 2The whethed f s3dior B3.oftather icomatisingdbe sogupf loading a

pure. 23. nmet hod for, termning the quantity of a

cyﬁ%‘%ﬁ%?fﬁeﬁoﬁ\tloey&a f‘ﬁ}nﬁlnderi vative that may be

present in a solution conprising a protein, the nethod

conpri sing separating any cyclodextrin or cyclodextrin
ded4.vat The nfethnd efgleimp} bivdierein paidmampleginen @it Hadesgg @ step

cyclodextrin.or cl qdext.r | er| ive with an agent
t hgt e’%&?ﬂ%n %n%retto g%%%g?ae&élhr?g I%ﬁl(sai "8'}1‘}@%m ex wth a
separated cycl odextrin or cyclodextrin derivative,
neasuring for the ?resence of a siqnal fromsaid

(§] C

i né%.usi Ghe asthndeof clamd3gwherein sRiheOINNB has & sengratiogirange of
si gha ej 5 | the signal is indicative

of %léshm% {Ogabtgpﬁsﬁge@(a{/]g%odext rin or cyclodextrin
derivative in the solution. 24. The nethod of claim

23, wherein said cyclodextrin or cyclodextrin . .
depfvat The mahephylam B3 yierir sidi Golumis hasrgagiilp sige of
of [ in said protein is a therapeutic
prg$%?22$ @yu$ﬂgkﬁ%¥hod of claim 23, wherein said
protein is a reconbinant protein. 27. The nethod of

claim 23, wheyein_said otein is. an _antibody. . The

reBhod ahe Ralhed 95 CTREIRe HCEIR GoidUTTD AT G B 5128 of
l e ; ng/ mL of a cyclodextrin or a cyclodextrin

de??%%??@lg.?&lfg. The met hod of claim23, wherein said

agent is a fluorescent conpound.
38. The method of claim 23, wherein said agent is present in the mobile

phase during the separating step.

39.  The method of claim 23, wherein said separation uses a mobile phase

comprising a salt at a concentration of about 50 mM to about 300 mM.

40.  The method of claim 23, wherein said sample and said mobile phase

have a pH of about 2.0 to about 8.0.

41.  The method of claim 40, wherein said sample and said mobile phase

have a pH of about 5.0 to about 7.5.
42,  The method of claim 23, wherein said protein is at least 90% pure.

43,  The method of claim 42, wherein said protein is at least 95% pure.



30. The nethod of claim?29, wherein said agent is
1-naphthol. 31. The nethod of claim23, wherein said
woredohoekskas a cycl odextrin or a cycl odextrin deCT/USI00V&13869
limt of detection of |ess than 10 ng/ni. 32. The
met hod of claim 31, wherein said nethod has a
cycl odextrin or a cycl odex+rnPr derivative limt of
detection of less than 2 ng/ni.33. The nethod of claim
23, further conprising the step of |oading a sanple of
they sol Hid BmBA ofcltnt4 8 Ak FBin st prdtbi 198 1Red 988, silr@l m
33, wherein salg sanpl e does not "undergo a step of
extraction prior to being | oaded on said colum. 35.
The. nmet hod qf .cl ai m 33, wherein said,columm.has,a
seéPar at’go’ﬁ‘eﬁ’ﬁﬂg S‘fal‘é?g’&&t a ephgFmisentical, RipRATpticss. Bpgnethod
k%ﬁgm The nethod of claim33, wherein said colum
has pargti cle size of about 2 to about 6 mcrons. 37.
The) net prodididg i phamB@eutivabr pricparatzing coplpuwingh s therapeutic
partjcle size of aho 4 m.crons.. 38. The net hod of
cll%fpmr?@?ds%waﬁeu 8?%&" a&ﬁ@?@bl%arﬁf’r&sent in the nobile
ph@se disphising BRd pRAAR8EIHRE] SiepRaticihy SbE; met hod of
claim 23, wherein said separation uses a nobile phase
colepr i séangacting Ay eyiclagesine enhwcrdedesirinbfdetbeine Hut My Be
about 300 40. The, ne Ll Al ' '
S aBest AP st LD top i o B dpar A B
abigbfus®nCeonfpllex W astpestedficyclbédxmmin@r cpbledeitrinsdridative;
sanpl e and said nobil e phase have a pH of about 5.0 to
abot 7.5. 42. The nethod of claim23, wherein said

protein,i I % . '
2o oheiefoitle 4 GO Rl AR Littyetii ol pelEhinRn o Sidhithe
mediped Rf ligitive 4 thdeuentitysaf dherogtletextria at dyeladéxtrin

98% pure.  45. A nethod of evaluating a pharmaceuti cal
prégsBietve Bnthe PFRPIREOHOd

46. The method of claim 45, wherein said cyclodextrin or cyclodextrin

derivative is methyl-B-cyc}odexfcrin.
47. The method of claim 45, wherein said protein is a recombinant protein.
48.  The method of claim 45, wherein said protein is an antibody.

49.  The method of claim 45, wherein said protein is a monoclonal

antibody.

50.  The method of claim 45, wherein said solution comprises less than 20

ug/mL of a cyclodextrin or a cyclodextrin derivative.
51.  The method of claim 45, wherein said agent is a fluorescent compound.

52.  The method of claim 51, wherein said agent is 1-naphthol.



conprising: (a) providing a pharmaceutical preparation
conprising a therapeutic protein and a

w@b@seaseut i cal |y acceptable carrier; (b) separl/Uszyos/043869
sai d pharmaceutical preparation by SEC, (c) contacting
any cyclodextrin or cyclodextrin derivative that may
be present in the pharnmaceut20cal preparation wth an
agent that forns a detectable inclusion conplex with a
separated cyclodextrin or cyclodextrin derivative; and
(d),det ?ﬁ%} IWighdd 5‘1" crﬁ 4% r\%@réﬁ'sgld' BEhHE hag a‘é%[@(li&)&m or a
wherei n e Sl ze e signal Ts indicative of th
quaydlodextrof detrivatlwhﬂnﬁdﬁ xetectionoof lesschad Bk pg/imd..
derivative in the preparation. 46. The nethod of claim
45, wherein said cyclodextrin or cyclodextrin
dek) vat EK@ %&dﬁeém&np 58 YHhRE B shid Methdd -had BRyOBENG@EN Of a
claim erein said protein Is a reconbi nant
pr oydbdextritBerivhgverbmiiad defectidnadfitessBhanbegiln sai d
protein is an antibody. 49. The nethod of claim 45,
wherein said protein is a nonoclonal antibody. 50. The
mekhod qfe %é’ch&l ‘b@ cléﬁ'ﬁ? usi furghdt GofPidinigOthe CHEObF I&fling a
| ess than 20 ny/ a cyclodextrin or a cyclodextrin
desmnﬁkwﬁQESEEmoﬁbead&ﬂh@dumﬁ cl ai m 45, wherein said
agent is a fluorescent conpound. 52. The nethod of
clai m 51, wherein said agent is 1-naphthol.53. The
metgod qhe Ghethd® dolaiv1 65 Bititr&iRisthdnsabdpldddsdsiofundergo a step
cyclodextrin or a cycl | odextrin derivative linit of
debéextrastionpriprte deingdnaded opgrigicolman. The net hod of
clai m 53, wherein said nethod has a cyclodextrin or a
cycl odextrin derivative limt of detection of |ess
than, 2 muémMethdelof chiﬁl S edindaid telunindfas akepardtion range of

conprising the ste | oadi ng a
about 5-20 kDa to abou 75 300 kDa.

58.  The method of claim 55, wherein said column has a particle size of

about 2 to about 6 microns.

59.  The method of claim 55, wherein said column has a particle size of

about 4 microns.

60.  The method of claim 45, wherein said agent is present in the mobile

phase during the separating step.

61.  The method of claim 45, wherein said separation uses a mobile phase

comprising a salt at a concentration of about 50 mM to about 300 mM.

62.  The method of claim 45, wherein said sample and said mobile phase

have a pH of about 2.0 to about 8.0.

63.  The method of claim 62, wherein said sample and said mobile phase

have a pH of about 5.0 to about 7.5.



sanpl e of the solution on a SEC columm. 56. The nethod
of claim55, wherein said sanpl e does not undergo a
W@ e@p/oafssext racti on prior to being | oaded on sBETIUS2005/043869
colum. 57. The nethod of claim55, wherein said
colum has a separation range of about 5-20 kDa to
about 75-300 kDa. 58. The m&tlhod of clai m55, wherein
said colum has a particle size of about 2 to about 6
m crons. 59. The method of claimb55, wherein said
colum has a particle size of about 4 mcrons. 60. The
met hod of claim45, wherein said agent is present in
t hé4.nobThemsHwdef¢lnindg, vhercneaid protaigisst ast Bo puise
nmet hod of claim45, wherein said separation uses a
nobi | e phase conprising a salt at a concentration of
abgsit  S5@heMetR TR 3A0whdeinGsdid ploteinRtah tAstaf5% badem
45, wherein said sanple and sai d nobil e phase have a
pH of about 2.0 to about 8.0. 63. The nethod of claim

of Sbout TbsuRs ORORR o5: SR ALALIRE & ISR

wherein said protein is at |east 90% pure. 65. The
nmet hod of claim 64, wherein said protein is at |east
95% pure. 66. The nethod of claim®65, wherein said
protein is at |east 98% pure.



