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.PROCESS FOR REMOVI NG ENDOTOXI NS FIELD OF THE 1 NVENTION 2 Cowg
Thi's invention relates to a process for the renoval of endotoxin
“bielogically derived products particularly products such ‘as prot f or

‘therapeutic use. The present invention is particularly but .not exclusively
directed to the renoval of endotoxins from bl ood plasma fractions such as
10 albumn, as well as biological produetls- derived from gram negative
bacteri al culture, such as Escherchia coli culture. BACKGROUND
OF THE I NVENTION 15 The endotoxins are |ipopol ysaccharides (LPS) of

gr am negati ve bacteria : | ' | e outer nenbrane
.of the cell envel ope. The@RﬁgﬁigEr#%V@ggﬁhﬁngw the mass of the
outer nmenbrane of the cell envel ope and they are constantly shed into
the environnent of the bacterium (Pearson 1985). The basic unit size

of LPS is 10Fi&dd OF ToiEONVENIMOMer in aqueous
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This invention relates to a process for the removal of endotoxins from
biologically derived 'prod'ucts ‘particularly products such as proteins for
therapeutic use.  The present invention is' particularly but not exclusively
directed to the removal of endotoxins from blood plasma fractions such as

10 albumin, as well as'biologic'al products derived from gram negative bacterial
culture, such as Escherichia coli culture.

BACKGROUND OF THE INVENTION

16 The endotoxins are lipopolysaccharides (LPS) of gram negative bacteria
such as E.colj, and exist in the outer membrane of the cell envelope. They
account for more than half the mass of the outer membrane of the cell envelope
and they are constanﬂy shed into the environment of the bacterium (Pearson -
1985). The basic unit size of LPS is 10,000 to 20,000. However in aqueous

20 solutions LPS generally exists in veéicles ranging in molecular weight from
300,000 to 1 million (Weary 1985).

The LPS molecule contains 3 distinct chemical regions, the Lipid A region,
a central polysaccharide region and the O-antigen region. The Lipid A region
25 resides in the cell membrane when endotoxins are conta_ine;.i within the cell wall.
This is linked to a céntral'bolyséccharide core and this in turn is linked to the O-
antigenic side chain, a repeating oligosaccharide structure which varies- with -
different gram negativ'ei species.

30 The Lipid A region is posed.of a glucosamine disaecharide containing
S oo o9 1A X

phosphate groups and is hlglﬁ@ substituted with:léng chaih i3tty acids. It is now

known that Lipid A is responsible for most, if not all, activity associated with
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20 ‘solutions LPS generally exi'sts in vesicles ranging in nolecul ar weight
from 300,000 to 1 mllion (Wary 1985). The LPS nol ecul e
contains 3 distinct chem cal regions, the Lipid A region, a central

pol ysaccharide region and the O antigen region. The Lipid A region 25
resides in the cell nenbrane when endotoxins.are contained within the cell .
wal | . This is linked to a central polysaccharide core and this in turn
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structure which varies wt erent gram negative speci es.
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In mld doses, endot oXi ns uce noderate fever

clottlng and lethal shock.

10 The presence of endotoxins in biologically derived products (biologicals)
prepared for therapeutic use is of major concern due to the diverse and
potentially harmful biological activities of these molecules. Maintaining sterility
in processes used in the manufacture of biologicals. together with stringent’
p}otocols for the preparation of equipment, helps to ensure products are free of

15 endotoxins. However, raw materials used to manufacture biologicals are often
not sterile. Indeed, when the source of a biological is from a gram negative
bacterial culture (e.g. a method using an E.coli fermentation system to express
recombinant protein), the endotoxin levels in the starting material will be very
high. In practice, maiﬁtenance of sterility throughout an entire process is not

20 always possible or cost effective. Therefore it is often desirable to have
methods in place which either destroy or remove endotoxins While maintaining
the integrity of the therapeutic biological component.

There have been numerous approaches to achieving destruction or
25 removal of endotoxins (Pearson 1985, Weary 1985). These include hydrolysis
with acid or base, oxidation, alkylation, heat treatment and treatment with |
polymicin B. However with each of these approaches the effect of the
inactivation method on the desired biological product must be evaluated.

30 " Furthermore, while pyrogenic activity may be reduced, often endotoxin
' components remain and the presence’ of ghese endatoxin components may be

of no benefit in the final product and could possibly be detrimental. It is
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15
Each of the above mentioned procedures presents a problem. Biological
molecules, such as human the[apeutic proteins derived from plasma, will in
general be positively charged at low pH (i.e. less than pH 4). Although
endotoxins are negatively charged at relatively low pH and thus will bind to
20 positively charged resins, many therapeutic proteins are unstable under these
" conditions. Furthermore, complete resolution between protein and endotdkins
cannot always be effected. Hydrophobic chromatographic systems will
effectively bind endotoxins 'but often will also bind the desired biological
molecule. Additionally, these hydrophobic chromatographic systems can be
25 difficult to regenerate. Affinity chromatograp’hy systems using polymicin B are
expensive in terms of media cost. Furthermore, in such systems the support
can be difficult to regenerate resulting in a short life for this matrix. Size
exclusion chromatography or ultrafiltration can alsp be used to reduce endotoxin
levels. However size exclusion chromatographic systems and ultrafiltration
30 systems will only be usefui when there is a substantial size difference between
the target biological molecule and the endotoxin molecule. Additionally, size

exclusion chromatographic systems suffer from the problem of limited capacity.
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final . bi ol ogical product. Sel ective binding of endotoxins
on ctharged, hydrophobic or affinity nedia, 5 or separation on the basis
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rel atively | ow phhgiddshus will bind to 20 positively charged resins, many
t herapeutic protelns-are unstable under these
. should be acceptable for use in the manufacture of therapeutic products.

10
In work leading to the present invention, it has been found that particular
chromatographic gel matrices which have in the past been manufactured and
used for gel filtration meet the above criteria, exhibiting a minimal interaction
with proteins and a high affinity for endotoxins. Furthermore, it has been
15 established that these matrices are stable under the operational and
regeneration systems that have developed for binding of endotoxins and for
eluting the bound endotoxin.

' SUMMARY OF THE INVENTION
20 .
~ According to the present invention, there is provided a process for the
removal of endotoxins f_er a biological product which comprises contacting said
biological product with'a cross-linked hydrophilic matrix comprising a copolymer
of allyl dextran and N,N‘-methylene bisacrylamide under conditions effective to
25 bind endotoxins in said biological product to said matrix, and recovering purified
biological product from which endotoxins have been removed.

Preferably, after recovery of the purified biological product, the cross-
linked hydrophilic matrix is regenerated under conditions effective to elute bound

30 endotoxins from the matrix.
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10 ° In work | eading to the present invention, it has been found
that particular chromat ographic gel matrices which have in the past
been manuf act ured and used for gel filtration nmeet the above criteria,
exhibiting-a mniml interaction wWith proteins and a high affinity for
endotoxins. Furthernore, it has been 15 established that these matrices
are stable under the operational and éiegeneration systens that have
devel oped for binding of endotoxins and f el uting the bound
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products to bind endotoxins, or of their use in the removal of endotoxins from a
biological product.
10 |
In a particularly preferred embodiment of the present invention, the cross-
linked hydrophilic matrix used for the removal of endotoxins is Sephacryl
S200HR. '

15 The biological products which can be purified by removal of endotoxins
in accordance with this invention include products for therapeutic use derived
from: |

(a) plasma (e.g. albumin, immunoglobulins, clotting factors, protease
20 - inhibitors and growth factors);

-

(b) . qeoombinant or cell culture expression systems (e.g. human growth
hormone, interferons, cytokines, insulin monoclonal antibodies);

25 (c) fermentation systems used in the manufacture of vaccines (e.g.
components from bordetella pertussis, cultures used in whooping

cough vaccine).

In one particularly preferred embodiment, ihe' process of this invention is
30 used for the removal of endotoxins in the production of albumin by fractionation
of blood plasma. Methods for separation and purification of albumin and other

protein and lipoprotein components of plasma, particularly human plasma, based
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The cross-1inked hydrophilic rratrl x conprlsing a copolyner of allyl dextran

e cross ally
For) ot ng 2B HhE Ko-BRGT IO FaRtbRattr procsas! ravB BSSN well Kndwn fr many

HN  NH years. These methods involve lowerihg thé solublhty of protein components of
plasma by the addltlon of ethanol, and fractionation of the plasma under variable

conditions of pH, ionic strength, ethanol concentration, protein concentration and

S5 temperature. By way of example, one method for the production of albumin
using a combination of Cohn fractionation and chromatography is described by
Yap et al. (1993).

Whilst the plasma fractionation process' is carried out under good

10 manufacturing conditions whereby endotoxin contamination of the albumin or

 other plasma product is generally avoided, accidental contamination can still

- occur. This often results in the contaminated product being discarded, or

.alternatively quite eXperisive purification steps as previbusly described need to

be employed to remove the endotoxins. The pfesent invention provides a

15 process whereby any endotoxin contamination of an albumin or other plasma

fractionation can be readily removed, thereby avoiding uneconomical purification

steps or even the need to discard the contaminated product. In addition, the

process of the present invention can be carried out in the presence of stabilisers
such as tryptophan, and sodium octanoate (or sodium caprylate), which are

20 often used in the stabilisation of albumin solutions during pasteurisation.

Studies on the partitioning of endotoxin on Sephacryl S200HR
demonstrate that it has a high capacity to bind endotoxins (at least 100 EU/mL
of gel). Sephacryi gél matrices have been specifically designed to limit

25 interactions with protéins and for use in the isolation of proteins for therapeutic
use, and are designed for use in gel filtration whereby proteins and other
biological compounds are separated by size. It has now been established that
endotoxins are not resolved on the basis of size usihg these gel matrices,
instead they bind to the matrices and are not éluted under normal aqueous

30 buffer conditions. It has also now been demonstrated that endotoxins can be
effectively eluted from Sephacryl gel matrices using 1 M acetic acid, thus

allowing the re-use of the matrices. Endotoxins were not eluted from these
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matrices using 0.1 M acetic acid or 0.1 M sodium hydroxide, thus indicating that

Sephacryl gel matrices will be effective in binding endotoxins over a broad pH
range.

The sfability of Sephacryl gel matrices has been evaluated under acidic
and basic conditions, and results of this study showed that the matrices are
stable when exposed to 1 M acetic acid for short time periods (5 days at 37°C).
Such stability is more than adequate to allow washing with 1 M acetic acid to
elute bound endotoxins in accordance with the present invention, and a long life
and repeated use of Sephécryl gel matrices can be expected when used under
these conditions.

The endotoxin-binding properties of Sephacryl gel matrices which have
now been discovered suggest broad applications for the matrices in the removal
of endotoxins from biologically derived products and in particular from blood
plasma fractions such as albumin.

Further features of the present invention are more fully described in the
following Examples. It is to be understood, however, that this detailed
description is included solely for the purposes of exemplifying the present
invention, and should not be understood in any way as a restriction on the broad
description of the invention as set out above.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1  shows the resolution of endotoxin from albumin monomer by
chromatography on Sephacryl S200HR.

Figure 2 shows frontal chromatogréphic ~analysis of albumin

contaminated with endotoxin.



- 6~ These products are available comercially as Sephacryl[err]

gel-filtration nmedi a (Pharrmaci a, Uppsal a, Sweden). The Sephacryl
preducts are sold as gel filtration nmedia for high resolution standard
chromat ography frommllilitre to thousand litre scale. The gel is a
cross-linked hydrophilic matrix which at -§-present is sold as six
different products, each with a differing porosity range: Sephacryl
S200HR, S300HR, S400HR, S500HR and S1GERAMPIEESOr to the pr esent

i nvention, there has been no disclosure of the capacity of the Sephacryl
products to bind endotoxins, or of their use in the renoval of endotoxins

froma ?)ﬂ ' prod P a particularly preferred
enbodi ment o @wg)'(réggent in %ﬂ]og%n ’%‘HS'W&&EJ’Q | i nked hydrophilic

matri x used for the renoval of endotoxins is Sephacryl S200HR. 15
The bi ol ogi cal products which can be purified by renoval of endotoxins

in accord%ncé\-vm' t Materials pndhMeshodsac| ude products for therapeutic use
derived from (a) plasma (e.g. al bumn, immunogl obulins,
clotting factors, protease 20 inhibitors and growth factors);

(b) reconbi @nt Endotokire Oonventrater W preparéd drom @eS5% wiwabanin @olution
hor mone, interferons, cytokines, insulin nonoclonal ant]jbodjes); 25

(c) fernentationWjeh oias @llowernta hecome oantaminated Wwillt imissoqrgagisms by
exposure to air for several days at room temperature.
10 _
(ii) Endotoxin assay. Endotoxin was assayed using a Limulus Amoebocyte
Lysate (LAL) test kit (Pyrogent Plus, Bio-Whittaker, Cat. No. N284).
Acidic and basic solutions were adjusted to pH 7.0 prior to testing.

16 (iii) Sephacryl S200HR (partitioning study): Sephacr_yl S200HR
(Pharmacia, Uppsala, Sweden) was paéked into a column (30 mm
diameter x 700 mm) and washed in 100 mM sodium acetate pH 6.5 (2
column volumes) then equilibrated in 50 mM sodium acetate pH 6.8 (4 '
column volumes). Sample was loaded and eluted in the equilibration
20 buffer (flow rate 2 mi/minute).

(iv) Albumin solution: The albumin solution used was a 14% w/v solution
in 0.11 M sodium acetate, pH 6.8.

25 B. Results

The sample for Sephacryl S200HR endotoxin partitioning study was

prepared by mixing 18 ml of 14% albumin. solution with 210 gl endotoxin

(450 EUMI). A volume of 18 ml was loaded onto the column prepared

30 as described in A(iii). Endotoxin exists generally as high molecular
weight complexes (300,000' to 1 million). In this gel filtration system

endotoxin was expected to elute in the albumin aggregate. however, no



conponents from bordetella pert ussis, cultures used in whoopi ng

cough vacci ne). In one particularly preferred enbodi nent, the
process of this invention is 30 used for the renoval of endotoxins in the
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| i poprotein conponents of plasns, particuﬂgrly human. pl asma, based

-7- - on the so-gglled Cohn fractionation process, have been well known

for many year ENIQOXNLWas: elyted fromthis syskemi (higunee 1) idieating: thabfunder
f ot ei t . [t N | d
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By way of exanple, one nethod for the production of albumn using a
conbi nati on of Cohn fractionation and chromat ography is described by

Yap et al g5 1ERXAMPLE 2 Wil st the plasma fractionation process is
carried out under good 10 nanufacturing conditions whereby endotoxin °
contam nation of the al bumn or ot her plasma product is generally
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prepared by Cohn fractionation and formulated as a 5% wi/v albumin solution in
140 mM NaCl, 8 mM sodium octanoate, pH 7.0. Sephacryl S200 HR,

10 (Pharmacia) was packed into 3 x 1 mi columns and equilibrated in buffer (50 mM
sodium acetate pH 6.8). On each column 2 mi aliquots of a 5% w/v albumin
solution that had an endotoxin content of 37.5 to 54 EU/ml was loaded. The
column was then washed with 6 column volumes of equilibration buffer to
recover residual albumin followed by 6 column volumes of elution buffer, either

15 (i) 0.1 M acetic acid (column 1), (i) 1 M acetic acid {column 2) or (iii) 0.1 M
sodium hydroxide (column 3). The column washing pool and each of the elution
peaks were then assayed for endotoxin using a Limulus Amoebocyte Lysate
(LAL) test kit (Pyrogen Plus, Bio-Whittaker). The results; showing the efficacy
of the three elution buffers for eluting endotoxin bound to the Sephacryl S200HR

20 gel matrix, are summarised in Table 1 below.
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The resuits in Table 1 unequivocally demonstrate that Sephacryl S200HR

is effective in bindihg' endotoxin. The capacity of the matrix to bind endotoxin
is shown here to be greater than 100 EU/mI matrix. |

16 The results of these studies with the three eluting agents showed that
only 1 M acetic acid was effective in eluting endotoxin, with essentially all
endotoxin that was applied being recovered. Further work was conducted which
demonstrated that two column volumes of 1 M acetic acid is sufficient to elute
the bulk of bound endotoxin. Washing with 0.1 M sodium hydroxide of 0.1 M

20 acetic acid was ineffective in eluting bound endotoxin.

EXAMPLE 3

The source material used in Examples 3 to § was albumin manufactured
25 using a combination of Cohn fractionation and chromatography according to the
method of Yap et al. (1993). Briefly, the albumin was purified from plasma using
Cohn fractionation to separate immunoglobulin from albumin. The crude albumin )
solution was then purified using ion exchange and gel filtration chromatography.
Following ien exchange chromatography, the albumin eluate, in 0.11 M sodium
30 acetate, pH 5.5 was adjusted to pH 6.8 and concentrated to approximately 14%
w/v albumin. This material was then processed on Sephacryl S200HR. The
albumin monomer was then formulated as 5% w/v albumin, 140 mM NaCl, 8 mM

sodium octanoate, pH 7.0.



matrices using 0.1 Macetic acid or 0.1 M sodi um hydroxi de, thus indicating
t hat Sephacryl gel matrices will be effective in binding endotoxins
oveér a broad pH range. 5 - The stability of Sephacryl gel

matri ces has been eval uated under acidic and basic conditions, and
results of this study showed that the matriggs are st abl e when exposed
to 1 Macetic acid for short tine periods (5 days at 37[err]C). Such
stability is more tSephasighS200HR ( Phhﬁﬂﬁ&@z%@ tickBa lintd 8¢ i Bt n'hd

el ut e bound endotoxi ns in accordance w t sent i nventi on,

life 10 and r%ﬁ'éhfé&?d@ebldferéégmurgodnm acaiatel pid 6. &)anvaww@(mouat!; ofe6%

Bfggelrj? ?:g of acr y M’ﬁﬁﬁp?ké‘?%ﬁl lalghhggghtoxﬁ\nﬁg 2@80&@ (ﬂ&@?'bdﬂas
sliggest broad leﬂﬁéd Qﬂitocthé doimhhia SedudritRs rufst hRﬂéreEBt’ﬁ'ruﬁSﬂgi cﬁﬂﬁm %sﬂs

frombiolo cal | y derived products and in particular from bl oo
fractions QQ wﬂmqullbratlon buffer (6 wummolamsntmee@mr rﬁSlthaiﬂmmm

I nvention are | es
be under st ood, owever éét ﬁ%%%e UZ.'&oEBd L@ﬂ”f‘pt i gﬁuﬁ’ ?%‘Ptﬂﬁ'@d was’
solely for thesubsenuenﬂy efutedwml 1 Maoetné laeldor‘fﬁérrbcoveredréllﬂﬁ'rpand‘%ﬁé1 M
shoul d not be u st od in any way as a restriction on the broad

description of@ %'Hﬁt%we%ﬂm assayediferendotoxin using an.lmwmm
l:"Eu %an'so r2re tysgte (LAL) testKi(PyFodent Fﬁﬂ? Bio\Whitlakaf). “riefesdits %Ped Qi dHde®™
10 in Table 2 below.]

Table 2: Variable loads of endotoxin onto the column.

Load volume Endotoxin load Endotoxin in albumin pool 1 M Eluate
(ml) EU/ml| media (unbound and residual)
16 E 0.6 . 18-36~ <0.06 EU/mi 23 EU Il
20 60-120 <0.36 EU/m! 95 EU "
H 3.0 90-180 2.4 EU/mi 46 EU ﬂ

The results in Table 2 demonstrate that for different loads of endotoxin
20 in albumin, Sephacryl S200HR is effective in removing endotoxin from the
albumin and that this endotoxin is subsequently eluted by 1 M acetic acid. After
loads of greater than 90 EU/mI, small amounts of endotox:n appear in the -
albumin pool. The result also demonstrates that the gel can be regenerated as
~ the endotoxin loads were applied sequentially w:th elution of bound endotoxin
25 after each run.

EXAMPLE 4

30 The maximum capacity of the Sephacry! gel matrices to adsorb endotoxin
was determined using frontal analysis. Approximately 10 ml of a 5% wiv
albumin solution that had a high endotoxin content was loaded onto the column,

and the unbound material was collected in fractions which were subsequently



chi omat ogr aphy on Sephacryl S200HR. Figure 2 shows frontal
chromat ographi ¢ anal ysis of al bum n 30 contam nated wi th endot oxi n.

-9- ' EXAMPLES EXAMPLE 1

Endot oxi n bi ndi ng st udy. 5 A Material s and Met hods (1)

Endot oxi n Concentrate was prepared from_a|35_%w/v al bum n sol ution

whi ch was all owed to becone contam nated W th m croorgani sns by

exposure to_airt,,fore.se days. at _r N -OXi N

nabay. | Endofontyadde’ HUdgiiuskd' o ERTLMSCPRIGRSLe dlsate LML) EEXE

(LAL) test kPyrogenrRigs BioRWWhittal@iry- Plyuré 2iiustrates the unbBdrd albumin passing
through the column with no endotoxin present up to 6 ml of loading, after which

-

time endotoxin elutes from the column.
" Table 3 shows the equivalent endotoxin loads for this run, for which the
maximum capacity appears to be 120 EU/ml media (or 4 mil of 30 EU/ml

solution).

10 Table 3: . Frontal analysis data.

Volume loaded Accumulated endotoxin Endotoxin level in unbound
% loaded (1U) fractions

i >60 <0.06

1 120 0.48

150 0.96
16 54 162 31
5.8 180 31
186 - 31
310 31

20 . This data demonstrates that endotoxin can be successfully removed from
an albumin preparation using Sephacryl S200HR, and that the capacity of this
gel matrix to adsorb endotoxins is approximately 120 EU of endotoxin per mi of
media.

25 EXAMPLE S

Sephacryl S200HR (Pharmacia) was packed into a 1 mi column and
equilibrated in an acid buffer, 50 mM sodium acetate pH 5.0. A 3 mi aliquot of

a 5%.w/v albumin solution that had a high endotoxin content was loaded onto

30 the column, the column was then washed with equilibration buffer to recover
residual albumin and this was pooled with the unbound albumin. Bound
endotoxin was subsequently eluted with 1 M acetic acid. The recovered albumin



Aci di c and basic solutions were adjusted to pH 7.0 prior to testing. 15
(ii1) Sephacryl S200HR (partitioning study): Sephacryl S200HR
(Rharmaci a, Uppsal a, Sweden) was packed into a colum (30 mm

“dianeter x 700 nm and washed in 100 nmM sodi um acetate pH 5.5 (2

col umrm vol ures) then equilibrated in 50 nmvi4odi um acetate pH 6.8 (4

col um vol unes). Sanple was | oaded and eluted in the equilibration 20
buffer (flow Pé@lcand ghe i M aestic acid eluate wesethen assayedifeh endatoxin peinana

sol uti on used 9 \ | dEEO . [ at pH
oop ! ODsH BOLIE ATighbcytE TyShIPTLAL) test 'Fﬁépg&n"%"é %#%%-S@Qb‘i?ﬁ!%?ai‘?bszﬁﬁm
endot oxi n par tesultsraresurmayiseddn Table 4 below, epared by mixing 18 m of 14%
al bumin solution with 210 [err] endotoxin (450 EUM). A vol une

of 18 mM was | oaded onto the colum prepared 30 as described in

compl xes D20ba0B % o° 1 EnAPRRI pinifd fdr gBRIEROBlionS ) o\ o

endot oxi n was expected to elute in the al bum n aggregate, however, no

Load of endotoxin (EU/mi) Endotoxin in recovered Endotoxin in 1 M eluate
albumin

>80 <0.06 >30.7

10 This data demonstrates the ability of the Sephacryl S200HR to adsorb
endotoxins from an albumin preparation at low pH.



-10-
t hat under
t he Sephacryl

source materi al

endotoxin was eluted fromthis system (Figure 1)

used in this Exanple was al bum n, which hag
prepared by Cohn fractionation and fornulated as a 5% w v a

i ndi cat]j

t hese chromat ographi ¢ conditi ons ende+®
S200HR col um. 5 EXAMPLE 2

beeﬁm'

in 140 mM NaCl, 8 nmM sodi um oct anoat 8% -pH 7. 0. Sephacryl S200 HR, 10

(Phar naci a) vvas

v sodi R
al bunm n
| oaded. The

equi i bratiof bufferridon, D.C. aadoRgan] &sti. dy

cked into 3 x 1 m col ums and equilibrated in buffer (50.
Ek“&@ﬁspH 6.8). On each colum 2 nl aliquots of a 5% w v
solution that had an endotoxin content of 37.5 to 54 EUnl was

colum was then washed with 6 col um vol unes of

79)| [Badtarihloehdutostinsy afd Cladstnm

vol umes of el uti o,ﬁ“huf,é%sp@hgéger,qw lrbh)u 12}4 ae@tic acid (colum 1),
2)

(i1) 1 Macetic acid (colum

test kit (Pyrogen M’aél

or | | 1) O. sodi um hydr oxi de

ker regen ?esu O sh Bbi"ﬁgneff

Eﬁih“?ési)yeaffhﬁr"'g%%@a‘?’ﬁ‘sh' ﬁ%’% ffﬁ@éiﬁ éﬁ@# eln Advefi 'W”e

of the three el ut
matri x, are summari sed in Table 1 bel ow.

S200HR 20 gel

3.

Peﬁk%MPF

buti ng endot oxi n bound to the Sephacryl

Rxetschel E.T. and Brade, H. Bacterial Endotoxins. Sci. American 26-33
August 1992,

Weary, M. Chapter 12: Depyrogenation, In Advances in Parenteral
Sciences/2. "Pyrogens”. Editor: J.R. Robinson. Macel Decker inc. NY
(1985).

Yap et al. (1993). Biotechnology of Blood Proteins, 227, 143-149.
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Tabl e 1: Effi cacy of eluting agent for endotoxins.
Total Endot oxin- Fraction 0.1 M sodi um |1y dree StREEN
acid 1 Macetic acid hydr oxi de RePLACED

Initial sanple 77 EU 77 EU 108 {EL—5 6~ Tl Um
vol unme <0.36 EU recovered <0.36 EU recovBred <0.36 EU recovered

wash (al bum S: peak) 6 colum volune <0.36 EU recovered
<0.36 EU recovered - 95 EU recovered with eluting agent 10

The results in Table 1 unequivocally denonstrate that Sephacryl S200HR
Is effective in binding endotoxin. The capacity of the matrix to bind
endotoxin  1is shdpcess forithe sempvahbéendotoxing romuarbiologioal product which

The results of the udj e .th the three elutin ent s. showed t hat

only 1 Macetic ac‘?ﬁ"éﬁgﬁef ?g@f@pgggi ﬁal; ugﬁqlfﬁp'@"r\'doﬁﬁaﬁﬁ, thhaesqeﬁﬁ"ak%}/
al | endot oxi n lydtbphilic MART 'gy\?\%r Br diker %:ﬁ ..
conduct ed whi ch yige‘r)mnst.rat ed%tgm t fgb\l?ndi Vol l?frreéslmc;fd a%@@i '(\:I'I\zlaci d
is sufficient to dngthylene bisasnlamideréndercanditidns effentive/tss bindgenddtbixifis In M

Z (r)]g'ofg( Ih%dr oxi de qf5;@ 'ﬁbl%ﬁgl p?gfl}ét(ioias%ig Matrix, A=A ree%tolvgﬁné %u?ilﬁgélbqglog%%?d

product from which endotoxins have been removed.

2. A process according to claim 1, wherein the cross-linked hydrobhilic
matrix comprises a product having the partial structure:

Y4 C’Q : \o
(™ ) : \
I | %
OxC C=0 45] ? Q ’
! ' N o
—{ CH;=——CH——CH——CH, --cw—cln— : !
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\ |
CH = O e O jmree CH e CH ==L
on ]
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o o N I
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EXAMPLE 3 The source material used in Exanples 3 to 5 was
al bumi n manufactured 25 wusing a conbination of Cohn fractionation and

chi omat ography according to the nmet hod of Yap etal.(1992). Briefly,
the al bumin was purified from plasma using Cohn fractionation to
separate i mmunogl obulin from al bum n. The crude al bum n sol ution was

then purified using ion exchange and gel ~-fivl4ration chr omat-ogr aphy.
Fol | owi ng i on exchange chromatography, the albumn eluate, in 0.11 M sodium
30 acetate, 3pH 5AProgessagearding tocciaim B wheretn themm—hrd(mhydnophuhc matrix

dpproxi mately 14% Thi s ssed, on
Sephacryl S200HR. ?%ﬁgle\@tedafgﬁlm% %%h#@@%%@ SWWI
al bum n, 140 nM N84bo

12 - Segﬁagwlse 200 P@%%a?e\aagb égﬁggolsﬁto aln

colum and equilibrated in buffer (50 mM sodi um acetate pH 6. 8).

v ! wlatign that  had hdoto
content (508" cehitySSbnsccontind B S ke B8 AR ke cihius el "

~After each run, tjgeseshadipl 8260HR. Wwashed with equilibration buffer (6
col um vol urres) to recover residual albumn and this was pooled with
t he unbound al bum n. Bound endotoxin was . subsequently eluted with 1 M

acetic acid.zThe ed al bunmi p and t he etic acid wer e
then assayedf or éﬁﬁ@ﬁ%ﬁ %Cﬁ%rl ol go BMAANR oiﬁ%ﬂﬁcmoeg' comprising e ittt
| step of regenerating the cross-linked hydrophilic matrix under conditions
effective to elute bound endotoxins from the matrix.

6. A process according to claim 5 wherein the cross-linked hydrophilic matrix
is regenerated by elution with 1 M acetic acid.

7. A process according to any one of claims 1 fo 8, wherein the biological
product is a protein for therapeutic use.

8. A process according to claim 7, wherein the biological product is a blood
plasma fraction.

9. A process according to claim 8, wherein the biological product is an
. albumin solution.

10. - A biological product ff'om which endotoxins have been removed, prepared
by the process of any one of claimé 1 to 9.

||I|l||| I 00 ||||



Lysate (LAL) test kit (Pyrogent Plus, Bio-Wittaker). The results are

summari sed 10 in Table 2 below ] Tabl e 2: Vari abl e | oads of

endot oxin onto the col um. Load vol une Endot oxi n | oad

Endot oxin i n al bum n pool 1 MEluate (m) EUmM nmedia
(unbound and residual) 15 0.6 18- 36 <0. 06
EU m 23 EU 2.0 - 18 - 60- 120 <0. 36

EU m 95 EU 3.0 90- 180 2.4

EU M 46 EU The results in Table 2 denonstrate that
f'or different | oads of endotoxin 20 in al bum n, Sephacryl S200HR is

ef fecti vABSTRA@DVI ng endotoxin fromthe al bumin and that this
endotoxin i s subsequently eluted by 1 Macetic acid. After | oads of

greater than 90 EWn, smaN anounts of endotoxin appear in the

aI bumi n Pﬁ@CESTé‘?:dI?ﬂEMOWIﬁG ERDOYOXMSS that the gel can be regenerated
t he endotoxin | oads were applied sequentially with elution of bound

endot oxin 25 after each run. EXAMPLE 4 30 The maX| rmm
capacity of the Sephacryl gel matrices to adsorb endotoxin

determ ned using fr ta ana roxi hat e

al buri n” SoPHGeSH TR pe Remey oL RASRHRBR oD ahPEO GBLo RRs D/%ﬁ'{%“?%

col umm,  ploodEpidsinadradtisisecHad Sibiudhin)\e6mpeisks ebAthdtingithadiibleaicalpraduster e

subsequently
with a cross -linked hydrophilic matrix comprising a copolymer of allyl dextran and
N, N’-methylene bisacrylamide under conditions effective to bind endotoxins in the
biological product to the matrix, and recovering purified biological product from
which endotoxins have been removed. After recovery of the purified biological
product, the matrix can be regenerated under condmons effectrve to elute bound

endotoxins from the matrix.

(No Figure can appropriately accompany the Abstract when published)



- 13 - assayed for endotoxin using a Linulus Anmpbebocyte Lysate (LAL)

test kit (Pyrogen Plus, Bio-Wittaker). Figure 2 illustrates the
unbound al bum n passi ng t hrough the colum with no endg

to 6 mM of |oading, after which time endotoxin el utes firroH $HEET EBISUBEEN |
5 ~ Tabl e 3 shows the equival entl?ngot oxin | oads fdr thREPLAGED for
whi ch the maxi mum capacity appears tbfbe 120 EU m nedia (or &4 mof
EU m sol ution). 10 Table 3: Frontal anal.ysis data.

Vol unme | oaded Accunul at ed endotoxin  Endotoxin |evel in unbound

| oaded (1U) fractions , 2 - . >60
<0. 06 4 120 . 0.48
a 150 0.96 15 5.4

162 31 5.8 ' 180

31 6 186 31

10 310 31

- = S0 D00

A280 or EU/mL

o 3 6 9 12 15 18 21 24 27 30 33 38 39 42

Fraction

Endotoxin (EU/mL) —<¢— Albumin (A280)

amm— o ey
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. S& reoofes-6
20 . This data denonstrates that endotoxin can be successful | y_=Laggy
from an al bum n preparation using Sephacryl S200HR, and that the by
capacity of this gel matrix to adsorb endotoxins is approxi matelﬁI
EU of endotoxin per m of medi a. 25 EXAVPLE 5 Sephacryl

S200KHR (Pharnacia) was packed into a 1 m colum and .  equilibrat ed(én an
acid buffer, 50 mM Buaughaubthis peefigation, unlespthg ceptex requiggs qikerwise, thasworg |,

al bum n sol utign_that. N litbs€ BPE S » [ oAt los@id he
colum, the coICSWD' SQ ént'%s (e:lgg%/i\n%ﬁég%ai Prb@atqr}gﬁgﬁuffer to recover
resi dual al buniniplanke ifthsiorsf Paake thteger br groaplof integeds butnotitne exdusien of
endot oxi n was subsequently elutedwith 1 Macetic acid. The recovered

al bumi n any other integeT or group of integers. - 14- pool and

the 1 Macekic acid eluate were then assayed for endotoxin using a
Li mul us Anpebocyte Lysate (LAL) test kit (Pyrogent Plus, Bio-Wittaker).
The r esul t PEBAREDUDESCRIBEDN OFTHHE ENVENBICQ.

The cross-inked hydrophilic matrix comprising a copolymer of allyl dextran
and N,N’-methylene bisacrylamide is preferably a product having the following
10 partial structure:

H,
/\
HT TH
o=C C==0
|| ,
C C C C C C
Hp H H  H H
C=0
NH
CH,
NH
o)
C=0 C/ SN
/M 4 %

CH—Cc—C—C——C—CH % o

| , H, H H \

CH, O,

O,
I - N\
" OH
(o] OH
— Ol
H,C—O NG
O
H,C—O0—
wherein n is any integer.
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5 Table 4: Endot oxi n bi ndi ng under acidic conditions. Load of
endotoxin (EUm), Endotoxin in recovered Endotoxin in 1 Meluate

al bum h = >90 <0. 06

>30.7 10 This data denonstrates the _ability of the Sephacryl S200HR
to adsorb endot oxi ns from an al bunin pfeparation at |ow pH.

- 15- REFERENCES Morrison, D.C. and Ryan, J.L. (1979 Bacteri al
endot oxi ns arfd mtso-called Cehnrisactionadian yocees; havenbeen welbknows. for many

Eg?;?\? gr al ' Scl encesy%se%%gdggngwp%dﬂ%%rr '%&’? hﬁs&g@ﬂ%gg:ﬁﬁ‘gjﬂglcomp onenbﬁegf(er

I nc. NY (1983jlasma by the addition of ethanol, and fractionation of the plasma under variable
conditions of pH, ionic strength, ethanol concentratidn, protein concentration and

5 temperature. By way of example, one method for the production of albumin

using a combination of Cohn fractionation and chromatography is described by

Yap et al. g1997_.}.

Whilst the plasma fractionation process is caried out under good
10 manufacturing conditions whereby endotoxin contamination of the albumin or
other plasma product is generally avoided, accidental contamination can still
occur. This often results in the contaminated product being discarded, or
alternatively quite expensive purification steps as previously described need to
be employed to remove the endotoxins. The present invention provides a
15 process whereby any endotoxin contamination of an albumin or other plasma
fractionation can be readily removed, thereby avoiding uneconomical purification
’steps or even the need to discard the contaminated product. In addition, the
process of the present invention can be carried out in the presence of stabilisers
such as tryptophan, and sodium octanoate (or sodium caprylate), which are

20 often used in the stabilisation of albumin solutions during pasteurisation.

Studies on the partitioning of endotoxin on Sephacryl S200HR
demonstrate that it has a high capacity to bind endotoxins (at least 100 EU/mL
of gel). Sephacryl gel matrices have been specifically designed to limit

25 interactions with proteins and for use in the isolation of proteins for therapeutic
use, and are designed for use in gel filtration wheréby proteins and other
bioloéical compounds are separated by size. It has now been established that
endotoxins are not resolved on the basis of size using these gel matrices,

~ instead they pind to the matrices and are not eluted under normal aqueous

30 buffer condiiio_ns. It has also now been demonstrated that endotoxins can be
effectively eluted from Sephacryl gel matrices using 1 M acetic acid, thus
allowing the re-use of the matrices. Endotoxins were not eluted from these
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3. Ri etschel, E.T. and Brade, H Bacterial Endotoxins. Sci. Anerican

26- 33 August 1992. 4. Weary, M Chapter 12: Depyrogenation, In
Advances in Parenteral Sci ences/ 2. "Pyrogens". Editor: J.R Robinson.
Macel Decker Inc. NY (1985). 5. Yap et al. (1992). Biotechnol ogy
of Bl ood Proteins, 227, 143-149. -11-
-16 - CLAI VBE: 1. A process for the renoval of endotoxins froma
bi ol ogi cal praisiect: whi Efficacy ofeluhr@ﬁ@éhﬁfﬁeﬁﬁ&t@)ﬁﬁs ng said biol ogi cal
product with a cross-1linked hydrophil mat ri x conprising a
copol ynmer off alTy extran gn : -rre yle — Dl sacrylam de u r
conditions dffective to bind_endatoxins in le- I Endotoxin i 1| ogi cal prodbict
to said matrfi X, ardctioncoverf ng opmisbdigd DI Pl @0 MaketieraedUC] 1 M acetic adid O
whi ch endot dxi ns have been f enouyRegroxide
Initial sample 77 EU 77 EU 108 EU "
5 6 column volume <0.36 EU recovered | <0.36 EU recovered | <0.36 EU recovered
wash (albumin
peak)
6 column volume <0.36 EU recovered | <0.36 EU recovered 95 EU recovered
with eluting agent

10
‘The results in Table 1 unequivocally demonstrate that Sephacryl S200HR

is effective in binding endotoxin. The capacity of the matrix to bind endotoxin
is shown here to be greater than 100 EU/ml matrix.

15 The results of these studies with the three eluting agents showed that
only 1 M acetic acid was effective in eluting endotoxin, with essentially all
endotoxin that was applied being recovered. Further work was conducted which
demonstrated that two column volumes of 1 M acetic acid is sufficient to elute
the bulk of bound endotoxin. Washing with 0.1 M sodium hydroxide of 0.1 M

20 acetic acid was ineffective in eluting bound endotoxin.

EXAMPLE 3

The source material used in Examples 3 to 5 was albumin manufactured

25 using a combination of Cohn fractionation and chromatography according to the

method of Yap et al. (1992). Briefly, the albumin was purified from plasma using

Cohn fractionation to separate immunoglobulin from albumin. The crude albumin

solution was then purified using ion exchange and gel filtration chromatography.

Following ion exchange chromatography, the albumin eluate, in 0.11 M sodiufn

30 acetate, pH 5.5 was adjusted to pH 6.8 and concentrated to approximately 14%

w/iv albumin. This material was then processed on Sephacryl S200HR. The

albumin monomer was then formulated as 5% w/v albumin, 140 mM NaCl, 8 mM
sodium octanoate, pH 7.0.
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2. _ A process according to claim1l, wherein the cross-|inked hydrophilic
mat ri x conprises a product having the partial {structure:

[err] . © [err]

-15 -
REFERENCES

1. Morrison, D.C. and Ryah, J.L. (1979). Bacterial endotoxins and host
immune responses. Adv. Immunol. 28, 293.

2. Pearson, F. Chapter 3: Endotoxin, pp 203-218. In Advances in
Parenteral Sciences/2. "Pyrogens”. Editor: J.R.Robinson. Macel
Decker Inc. NY (1985).

3. Rietschel, E.T. and Brade, H. Bacterial Endotoxins. Sci. American 26-33
August 1992, '

4. Weary, M. Chapter 12: Depyrogenation, In Advances in Parenteral
Sciences/2. "Pyrogens". Editor: J.R. Robinson. Macel Decker Inc. NY
(1985).

5. Yap et al. (1992). Biotechnology of Blood Proteins, 227, 143-149.




wherein n is any integer. - 17

- 3. A process—aeeerdi-ng to €l aim2 wherein the cross-linked hydrophilic
' i S selected froanephacryI S200HR, Sephacyl S300HR, Sephacryl
S400HR and SeH!m d Sephacryl S1000SF. 4. A process
accor.ding to he cross-1linked hydrophilic matrix IS
Sephacryl S200HR.

A process accor di n?%to any one of clainms 1 to 4,

conpr|5|ng t he further step of fing the cross-1linked

hydrophilic matr Bi_MR&e_r condi tions

regeneg

1. A process for the removal of endotoxins from a biological product which
comprises contacting said biological product with a cross-linked hydrophilic
matrix comprising a copolymer of allyl dextran and N,N’-methylene
bisacrylamide under conditions effective to bind endotoxins in said
biological product to said matrix, and recovering purified biological product

from which endotoxins have been removed.

2. A process according to claim 1, wherein the cross-linked hydrophilic matrix
comprises a product having the partial structure:
Hy
/\
HT TH
o=C c=
| H
c C c——C~—C——C
| H2 H H  Hf H
c=0
NH
CH,
NH
c=0
CH~C C C C
| H, H, H H
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OH
H
(o] OH
H,C—O HO OH
(o]
Hzc—o——
wherein n is any integer.
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effecti\//{to el ute bound endotoxins fromthe matri x. 6. A process

according to claimb5 wherein the cross-linked hydrophilic matrix S
regenerated by elution with 1 Macetic acid. 7. A process according to
any one of clainms 1 to 6, wherein the biol ogical product is a protein
for' therapeutic use. 8. A process according to claim?7, wherein the
bi/ol ogi cal product is a bl ood pl as fgaction. 9. A process
according to claim8, wherein the biol ogirIEArf product is an al bum n
sol ution. 10. A biological product from which endotoxins have been
renoved, prepared by the process of any one of clains 1 to 9.
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