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[0008] In yet another embodiment, the method is capable of filtering an aqueous protein
mixture, and includes the steps of providing an aqueous mixture at a first pressure Py, passing
the aqueous mixture through a porous membrane filter to form a filtrate at a second pressure
P, and applying a counter pressure to the filtrate such that a pressure differential P, — P is

not more than about 90 mbar. The aqueous mixture includes water and vWF at a first
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[0012] Two drawing figures are appended hereto to facilitate the understanding of the

disclosure.

[0013] Figure 1 is a cross-sectional view of an axisymmetric cartridge filter for use in the

counter-pressure filtration of proteins.
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[0023] The pores of the filter membrane 130 are 51zed to remove at least of the portion of
the dispersed contaminants contained in the liquid mixture, retaining the removed dispersed
contaminants on the inlet-side of the filter membrane 130 (i.e., in the inlet chamber 120).
Preferably, the filter membrane 130 is sized to remove substantially all of the dispersed

contaminants initially contained in the inlet liquid mixture; thus, the filtrate is substantially



which is generally above anbient pressure. The

purified filtrate then exits the filter apparatus 100
wor@9ass2eut | et 150. The flow rate through the PCI/USL008/088005

150 (and the second pressur? P) is regulated via a

counter pressure regul ator 160. [0023] The pores of

the filter nenbrane 130 are S|zed to renove at | eas

free (opfireg hef tb%FitSP%fﬁe%?Oft‘ﬂ“éde‘@p§P§‘é8¢f&b’mf}é’n‘i‘ Hafﬁtslgw%%?%an the
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erential is low
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tiona count ef pressure
the paﬁimmr@mielbé)eargiﬁlteecﬂ toyd the phowwubohidter bang osed. In particular, the

presuga TG nedb gt o fpaPodd Cabbind frbas a5 ey or

120 B3 nRre pldl&aBiPRiot B rEBUR BEUtPDGRSHR SORNRE AveR nidre preferably
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not molarthareabom Yuindanerd! G mbarp feteimptenrad mhe thae abpiitt embainer not
ore 1l b‘ﬂ% %Itrate The pressure differential is |ow,
m ?ﬁ/% it Bbt'e HHX|nun1pressure differential s depending

varie of factors, r exa articul ar
100250, Reah gEitettal pREHBES e R APer b SR b S n Bl
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r
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10026F 1 BpeaTich By ieaieeh PRRCTRLER & R §MothnaLsessbirgas teged t
obtair! bdth §relhSvdl P W BRAHARubQantially constant filtration rate. In particular, a low
differential pressure can be applied to obtain an average filtration flow rate of at least about
300 g/min~m2, for example about 300 g/min-m” to about 1000 g/min-m’ or about

400 g/min-m” to about 800 g/min-m?, where the units are mass of filtrate (i.c., grams carrier

liquid and protein combined) obtained per unit time (i.e., minutes) and normalized per unit

surface area of the filter (i.e., m?). The low differential pressure resulting from the



generate a | owshear environment that does not

substanti ally damage, destroy, or reduce the activity
wW@pRoowiogs2pe ot ei n. The | ow shear environnent furpP@EUSHOEES8005

not substantially limt the,yield of the filtration

process. [0026] Specifically, it has been observed

that a low differential pressure can he used to obtain

applicihplopichPITRING 2k GHN &l & G| éF?‘}Ft%ﬁg‘ffﬁ‘ﬁ’P rate, in

particdlhd dHRLLA 10&1@%%1‘ a gﬁftg.g;ttrérﬁ\%ln@rthusaiﬂ Wil HeGlc@Ridadlty of a filter.
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in particular after conpletion of a start-up
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ter. In contrast to the observed filtration rate at
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eneral filtrati.on
preseef £ e Qs i oS ool el e BTN FPEbulliigy when a it
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observed in the disclosed nmethod. [0027J Further, it

about Qg peen observed that a | ow differential pressure can
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Exani(mgenerally difficult, if not inpossible, to regulate
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[0029] The following examples are provided for illustration and are not intended to limit

the scope of the invention.

Examples 1-8

[0030] An aqueous liquid mixture of the shear-sensitive, blood coagulation cascade protein

vWF was sterile filtered to determine the effect of pressure (and counter pressure) and other



source relative to the anbient pressure such that the
resulting differential pressure is both | ow enough and
wa@edobjosdzent | y constant to result in an aver ageP€T/us2008/088005
rate through the filter tha% is sufficiently lowto
avoi d protein danmage and substantially constant. By
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count er - bal anced fl.e., W th the second pressure P
scale dpotheptadess.a | ow and substantially constant pressure
differential (i.e., Pi - P ) . Exanples [0029] The
[0031f ol A®WRGuE k@B InEsaE 6f RESMbidest VWF (M WSIR@!) Ravigdish activity
are not intended to limt the scope of the invention.
of 1258k Hmp hied cancgnfrg@30]f 1AR9 agtmeldbsindhquing: ikt IR(eA Ofassayg of was

shear -sensi tiy, l.0od agul.at | Qn,cascade protei.n_v
prepagldoaisgon pie vl b U PR & A BTGB el sl
addedR6 8t tRe pPANGdGRMBILty B ©S SHike)te NI BET B OKiessut
vari abl es (e.q filter size and type) on filtration
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(" rVWF: Rco" aving an, activity of 125 | U nj. d .
proteipgcanfddad;te ﬁheowil%% Tﬂ?ﬁFﬂ‘i“p?‘B%‘éﬁ ‘hfé%% AIYHROES &1?13 mixture are

summ%f‘li%qﬁ;]_)fa@ﬁsﬁy) of was prepared for use in each of the
ol  ow ng Exanpl es 1-8. Low nol ecul ar-wei ght salts

wer e ad ' . '
i xtur e Tibt 2 SuHE MG 2R RRAR Bl 1.8
(m | 1i osneliewie Comrponenespecti vel y. Bansesteaioaanpl es
(1-8 vverehlile!\gwiqd@d to 1sol ate .the LI ul d;;@lynﬂmlc gfffects
e.g., S ; e protein in the nei od of a
filter, ng éﬁﬁ%ﬁéﬂ?ﬁﬂ%&gg cont am nan?s}fg %m?eri al s
bacieri a, other )

(e.qg., m Cr oor gani sis, her
pr ot ei ns) Plle added to the m xture. T;%ﬁ%g}l onents of
the aqueot$PHP¥uUI d mi xture are summari 28d

| 9. Tabl e 1.
Table 1 -Mapgld M xture Conposition fdP - B&hples 1-8
IVIi xt ur eP@ysrpbrie 8P (Boheosk ddutiion r viF: RE® 825 | U/ nd
Prot ei n (B@EX-For3geagmiWBOdi um G t rat BOhigedr ate 4. 53
g/1 Aycin 1.16 g/1 Trehal ose 10.26 g/1

[0032] The aqueous liquid mixture was then tested in the following manner. A test volume

of at least about 500 ml of the mixture was added to a pressure-resistant stainless steel vessel.
The outlet of the vessel was connected to the inlet of a (steam-sterilized) sterile filter with a
first section of silicone tubing. A second section of silicone tubing with a length of about

10 cm was attached to the outlet of the sterile filter housing. The filtrate effluent from the
sterile filter was collected in a beaker placed on a balance to monitor the filtration rate. The
balance was interfaced with a computer to record at set intervals the total amount of filtrate

collected as a function of time.

[0033] In Examples 1-7, a SARTOBRAN P 0.2 pm cellulose acetate membrane filter
(including a 0.45 pm prefilter) was used. In Example 8, a SUPOR EKV 0.2 um
polyethersulfone membrane filter was used. Examples 1-3 used disc membrane filters, while
Examples 4-8 used cartridge membrane filters. The filter surface area of each filter is

provided in Table 2.



Manni tol 20.52 g/ 1 Pol ysorbate 80 (10:1 stock
dilution) 1.03 g/1 Water-For- Injection (W) Bal ance
WO 0@32%62% e aqueous |iquid m xture was then teBCEUSI008/088005
the follow ng manner. A tesf vol ume of at | east about
500 M of the mxture was added to a
essure-resistant stainless steel vessel. The outl et
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[0037] The results of the filtration tests are summarized in Table 3. In Table 3, the “filtrate
amount” represents the mass of filtrate (i.e., including water and any recovered vWF)
obtained during the individual test. For Examples 1-4, the filtration test was performed until
the filter became plugged and substantial amounts of filtrate could no longer be obtained. For
Examples 5-8, the filtration test was performed until several hundreds of grams of filtrate

were obtained, and the test was terminated while the filter was unplugged and still capable of



m xture test volunme was prepared. However, in Exanple
5, the mxture was filtered after an ei ght-hour del ay
Wo oessazbaie any potential effect of storage onP€hES2008/088005

di scl osed nethod. [0036] T qle 2 sumari zes the test

paraneters for each of Exanples 1-8. Table 2 -

Filtration Test Parangters. for Exa le: 1
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filtrate_ anount n unit area of fi

utilized f{lte sartridgss car;mtggﬁm pgesglrp%r&pgtgg o ﬁtéqu%tzt%tr to about
5.5 bab}, E&%Ftéé@@ﬂhhbéateﬁhﬁ m&%apa%ﬁ b ealrafilfy @GHs with

i nasmuch as the filter did not become
mcreaptlng gpg@dutdu i n:glttahe whes ta coﬁtnter praverageppliciyorthe ‘éi'traémtOrryduce

BN (T N i e
flow rﬁ%s aTRfs ofb'sér‘;f&f be‘iﬁ*&fo@@sﬁmeiﬁ&it&i %msm't_lblll hd Altéro AreRametally

rrplesl8Exanip 45678
characterized by a direct proportionality between the filtration flow rate and pressure

differential:

—g—z% Eqn. (1)

In Equation (1), Q is the filtration flow rate (volume or mass per unit time), 4 is the filter
surface area, Ap is the pressure differential across the filter, p is the viscosity of the fluid
being filtered, and R is an empirical resistance of the filter medium. The similarity among the
results of Examples 5-8 further indicates that the benefits of counter-pressure filtration can be

obtained using variable filter media and/or filter sizes.

[0039] The time-dependent filtration data (i.e., filtrate collected as a function of time) for
Examples 4 and 6 are shown in Figure 2. From Figure 2, it is apparent that the higher
pressure differential for Example 4 results in a relatively high filtration rate over the first 10-
15 minutes of the filtration test. However, the higher pressure differential in Example 4 also
results in a more rapid plugging of the filter. In contrast, the use of counter pressure in
Example 6 lowers the pressure differential and the initial filtration rate. Specifically, after the

initial transient period of about 10 minutes to about 15 minutes, the low pressure differential
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filtration process adversely affected the
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filter area was 0.82 m”. In Examples 21-23, counter-pressure filtration was not performed;

the applied pressure for these examples was 600 mbar. In Examples 24-26, the pressure
differential was about 100 mbar. Table 6 contains the protein concentration and activity

before and after filtration and yield for each experiment.
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[0047] The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of electronic equipment. Although processes have
been described with reference to particular embodiments, a person of ordinary skill in the art
will readily appreciate that other ways of performing the acts associated with the methods
may be used. For example, the order of various of the steps may be changed without
departing from the scope or spirit of the method, unless described otherwise. In addition,
some of the individual steps can be combined, omitted, or further subdivided into additional

steps.



departing fromthe scope or spirit of the nethod,
unl ess descri bed otherwise. In addition, sonme of the
w0 peowsete@l st eps can be combined, omtted, orPETUEIVES/088005
subdi vided into additional steps.Wat is clained is:
1. Anethod of filtering a I'iquid protein mxture, the
met hod conprising: providing a liquid mxture at a
What {5 ¢laimesrisssure (Pi), the liquid mxture conprising a
carrier liquid, a protein at a first concentration (C
)Lr el atinghedot flécrawra iend prajeindnixame the wicdyd comgrising:

cont am nant :. .passi ng t Liguiddgmxture thr ‘o
COR AP S APSRIT R BB BTG DGR g
carried IR, ial fré@ineat QAT dosit Airatibe (CArrelagve lo hecatriantqdibeand a
_ protein at a second concentration (C) relative to the
dispergeglraopmipangui d, wherein the filter is sized to renove
a%aslsiﬁgsﬂge lquR&) iJ(t?lpe_ t?lim%ﬂ% fgl'tq? R§ Fo?‘ﬁlda ﬁﬂﬁ?ea{f‘ark%@énd‘ ygrgggure (P2),
the qui d''m xture; and, applying a counter pressure
the filr&e th@pfisihg et @ntie lepalael thhatotanpr esswne cdadehan@gnt (@) relative
bet ween .t he first g{]d second pressures (P P.(% [ ngt
to the gsFigr hikith yaein thoblteriasized o remOVAat kil agrori rh?‘ﬁ‘?‘i, ispersed
' e elp ' rises a shear-sensitive
conta prgétﬁﬁ?k@lcﬁ'ﬁghﬁnﬁ?ﬁ%gﬂg’f claim1l1l, wherein the protein
cambying esoantbt pessucomgbt &itrantcassrdbatprpessire differehgal

net h of claiml1, wherein_ the pressure dif nti al
bernefiSdrseagr Senlitine (Go hods no o eHb I ERbT o m
1, wherein at |east about 95% of the protein present
i 9. t heThé AetHddBNcldih e, indhefRE Megir@din donipiied i blidaabensitbie
‘The method of claimb5, wherein at |east about 99% of
proteiihe protein present in the liquid mxture is recovered
inthe filtrate. 7. The nethod of claim1l, wherein the
ceunte re .| uf .6l [ :
TRt r oy A PRERM it S e drpl PfgREy SPREEgSaguiation
cascadeigroeein. sur f ace area. 8. The nmethod of claim1, wherein
the first pressure (Pi) is at |east about 200 nbar

gauge. . 9. The thod of claiml, whergin the .carrier

PR 4 TR HSHRdaE ek wHEh BB GR TG A Ay hore than
about YD&fHLN the protein is selected fromthe group

consi sting of von WIIlebrand factor (vW), Factor

VIIl, Factor XlIl, and m xtures thereof.11., The nethod .

of. cl ailhe metlyleafeiaimt hevhgrapar lsed aboOarm pliRe protein present in

the liq%) ixtireds fecovered in the filtrate.

6. The method of claim 5, wherein at least about 99% of the protein present in

the liquid mixture is recovered in the filtrate.

7. The method of claim 1, wherein the counter pressure is sufficient to yield an

average filtrate flow rate of at least about 300 g/min-m” of filter surface area.

8. The method of claim 1, wherein the first pressure (P)) is at least about
200 mbar gauge.

9. The method of claim 1, wherein the carrier iquid comprises water.

10. The method of claim 1, wherein the protein is selected from the group

consisting of von Willebrand factor (vWF), Factor VIII, Factor XIII, and mixtures thereof.



m croorgani sm 12. The nethod of claim1, wherein the
filtrate is substantially free of the dispersed
waeomvasize@ent . 13. The nmet hod of claim 1, wher ePCT/UR®08/088005
filter conprises a porous nﬁﬁbrane t he porous
menbrane conprising pores sized fromabout 0.1 mmto
about 0.5 mm 14. The method of claim 13, wherein the
pbt-es 5?%”@ﬂ@é&fébﬂﬁﬂ®GWCW“Eﬂﬁﬁ¥%W“ﬁ%8Wﬁm@”??tﬁﬁ?ngsa
mkwwﬁ'gﬁlgOd of filtering a liquid protein mxture, the
conprising: providing a liquid mxture at a
first pressure (P ), the liquid m xture conprising
ch.ri efh¢ mgthiod,of ala[imdt eiherean the filirpistis gdneentihafreon’ th€
. é%h% relatlve to the carrier liquid, and a di spersed
dispereSifioRATHAM: passing the liquid mxture through a
filter to forn1a filtrate at a second pressure (P ),
the fiirhe alethoa@TRISI ING/Hehen BRIfTlice Compatist pocusthiémbrane, the
protein at a second concentration (C ) relative to the
poroug membgmelcogpiridingwloegseizedtftven fhout &l juy tepbewd Otormenpve
at Ieast a portlon of the dlspersed contam nant from

I8, o O et BRRL M D R YA BRSPS or about

0.22 L?ﬁltrate flom1rate of at |east about 300 g/ mn-n2 of
|ter surface area. 16. The net hod of claim 15,
wherein the protein conprises a shear-sensitive
pi Bt ei A méthod PhEltenhotqefl pc¢tamm’nl<54re she meihedidesprising:

rote C Il Se 0d CcO cad rot
PR\ Eit: R ERrE el R sROGRE NS PG GRISEN Pl Sedg o
carriePfiqlile RORIEhN Pise&BREntkAichRE, ) ﬂemwvs tdMihé et liguid, and a

recovered in the filtrate. 19.  The net hod of claim 18,
disperggtbeaaitamigant; east about 99% of the protein present in

L ﬁgsshéz,t ﬁé ngflﬁlg{u?e h?%&g% V\ﬁﬁﬁéﬁg f(%lﬂﬂe 5 'ﬁﬁre{té htd fe.tcgnd }glgssure (P2),

erern carrier

the filGaRRohpesingahetarderlliquidendmii posteidfat alsaldm\dhﬁnc:Mnem (Cz) relative
the protein is selected fromthe group con3|st|E%
to the\ﬁatﬁlewlﬂwébwaﬁalmae figer EwiAe (o FeRpavgrat \ppst a petien g thgdjspersed

conta@ﬂgnmr&ql{ﬁgﬁ%&ﬁ%&ﬁﬁe «d:; The method of claiml5,

rein I spersed contam nant conprises a 23. The
meppiethgaf cooh@r preti&ire Whﬂ!ue diltnatt kefficient roatieldiag average filtrate flow

substantiall free p ghe di spersed cont am nant.
rate of at least about 30 g/min-m of ilter surface area.

16.  The method of claim 15, wherein the protein comprises a shear-sensitive

protein.

17. The method of claim 15, wherein the protein comprises a blood coagulation

cascade protein.

18.  The method of claim 15, wherein at least about 95% of the protein present in

the liquid mixture is recovered in the filtrate.

19.  The method of claim 18, wherein at least about 99% of the protein present in

the liquid mixture is recovered in the filtrate.

20.  The method of claim 15, wherein the carrier liquid comprises water.



24. The nethod of claim 15, wherein the filter
conpri ses a porous nenbrane, the porous nenbrane
w@ompsedeg pores sized fromabout 0.1 mmto abOTUSDNE088005
mm 25. The nethod of claim,24, wherein the pores are
sized at about 0.2 mmor about 0.22 mm 26. A nethod
of filtering an aquequs protein m xture, the nmet
cohpr i Eb%@eg\sfl@& FHIMd> wPfa@%BagfqW*sztI%§fée%? ot ‘swp
consisBh &S PW LW I?e}b)r nd ﬂ@to?gx;wgys'ﬁam&t\/qﬂel:&c@m 118108 WRLELs thereof.
and von vv brand first
concentration (G) relatlve to the water; passing the
aﬁheou§hmﬁwﬁud@fthhodghwampbﬁbgﬁﬁn@ﬁbiqwémﬁMmﬂﬂﬂwnﬁﬁﬁa
rma filtrate at a second pressure (P ), the
““mv? FWF@te conprising the water and the vVWF at a second
concentration (C2) relative to the water, wherein the
pe3.ousThERRIRASfLidithars, ¢asRMm Hesilipas G@s@ht&ﬁ@alfy’i@em of the
about 0.1 mmto about 0.5 mm and, applying a counter
disperpadespaineng- the filtrate to ensure that a pressure
d|fferent|al between the first and second pressures (P
i ]E Zg@%&hﬂmr& clgn Sa%%lxgt@ e TR corﬁ;?rise%la%oﬁfslmmﬂfane, the
claim erein at [eéast ut 95% t he "VWF
poroupin@f®rineicBmiphigink ipgttsdiAt Xiout ebdus Orlgoavensehition fiine
filtrate. 28. The nmethod of claim 27, wherein at |east
about 99% of the VW present in the liquid mxture is
¢ Sover Beimoogd el arderepnihe pRees e Hel BRbRI] %\“@6‘” about
0.22 wherein the pores are sized at about 0.2 mm or about
<< 4922 nmm 30. The nmethod of claim26, wherein the
aqueous m xture further conprises a m croorgani sm
poeul aiiBethodbf [iRasig & pEEbLOToRin nbauRo el méthehcahprising:
which is renoved fromthe aqueous m xture by the
p@qogu:gnwugﬁgs mixtpgepat a first pressure (Py), the aqueous mixture comprising

water and von Willebrand factor (vWF) at a first concentration (C,) relative to the water;
passing the aqueous mixture through a porous membrane filter to form a filtrate at a
second pressure (P5), the filtrate comprising the water and the vWF at a second concentration
(C») relative to the water, wherein the porous membrane filter comprises pores sized from
about 0.1 um to about 0.5 pm; and,
applying a counter pressure to the filtrate to ensure that a pressure differential

between the first and second pressures (P, — P) is not more than about 90 mbar.

27.  The method of claim 26, wherein at least about 95% of the vWF present in the

liquid mixture is recovered in the filtrate.

28. The method of claim 27, wherein at least about 99% of the vWF present in the

liquid mixture is recovered in the filtrate.

29. The method of claim 26, wherein the pores are sized at about 0.2 pm or about
0.22 pm.
30. The method of claim 26, wherein the aqueous mixture further comprises a

microorganism population, at least a portion of the population of which is removed from the

aqueous mixture by the porous membrane filter.



