: far bioassay, leaving

ther processing,

ot ackicve a final ethanol
Fraction I (fibrinogen)
n centrifugation at 20 000 ¢ for
led o the SNT to give a final ethanol
viv. The mixture was centri-
at =5 = 1 °Cand the Fraction
suline plus lipoprotein) was
°C was then added to
1 of 20:0% v/v, to precipitate
v albumin in solution.
was separated by centrifugation
i °C. The fraction I precipitate
v cenuifugaton at
- _ Filter aid Diacel 150 (CFF,
e to the fraction Il supernatant
Seitz EX Y disks (Pail, East Hills, NY). The
ted 1o ph a0 and diafiltered at this pH using
sbranes. The sample ‘ME? IgG

el
AT

cied fram e contral run and the TSE parti-

far intracerehral {IC) inoculation of
cted to tenfold dilutions in
o {Animal Resources Center,
: 530 1 of test dilution in
As shown in results in the tables,
iiated into more than one cage, to
on mfectivity was expected
e study period-for the
showingclinical symptoms of
‘or thitdied within incubaton
ere harvested for TSE evaluation
aing to detect spongiform
oy MAD €H4 (Prionics, Schlieren,
oy and MAb SAF83 (Cayman,
ot was performed if required.
her clinical signs were
ods. Arthe end of 18 months,
niving mice in dilutions
ncuiled. Histology was also
st ddilution for which there

thin the bioassay component
1y when they showed no signs
e reviod of the study or did not contract

o The 50% end point for infectious

“titration was caleulated using the
A {22 When no infectivity was

rabahility formula was used to
hesample [24). The log reduction

factor (LRF} of infectious scrapie over the processes was
determined by subtracting the scrapie log load of the final
concentrated eluates from the log load of the spiked starting
material (24).

Resuits

Scale~-down validity

Protein intermediates from control runs showed that the processes
were scaled down accurately and were representative of
production prdccsses with regard to protein purity, concentra-
tion and chemical composition. Chromatographic profiles as
shown for the scrapie ME7 spiked scale-down runs accurately
represented those obtained from the industrial-scale production
process [25]. All buffers and column eluates achieved the same
HETP, pH, and conductivity limits as production processes.

Experiments using microsomal scrapie 263K with
Western blot detection

Log reduction factors and recovery of PrP*° are shown for the
ion exchange columns used for the production of albumin
and [VIG (Table 1). All eluate streams from the columns were
assayed for Prp% using Western blot. Substantial partitioning
of PrP* away from the target proteins was achieved in all ion
exchange steps examined., The log reductions across the
DEAE Sepharose and CM Sepharose for albumin were 2 4-0
and 2 3-0, respectively. The log reductions across the DEAE
Sepharose and Macro-Prep forimmunoglobulin were 3-3 and
2 41, respectively.

Summation of ail the PrP* recovered from all eluates of
each column shows that the overall percentage recovery of
PtP* for the DEAE Sepharose, CM Sepharose and Macro-Prep
columns are < 0-34, < 1-84 and < 0-03%, respectively. Mass
balance was therefore not achieved in all three ion exchange
columns up to the final wash with 1 m NaCl. The 1 » NaOH
sanitation washes were not studied as NaOH renders PrP*
sensitive to digestion by proteinase K [26), and could lead to
aberrant resuits. The results indicate that some PrP* was
eluted from the DEAE Sepharose and CM Sepharose, but most
of the PrP* was either not recovered or bound to the
chromatography gel prior to the NaOH sanitation step.

Scrapie ME7 spike with bioassay detection

Limiting dilution bioassay was used to determine the titre of
the spiked supernatant [ starting material and the final
concentrated eluates from the CM Sepharose and Macro-Prep
columns (Table 2}. The control mice for all studies remained
normal throughout the observation period, indicating that
the inocula were non-toxic and that there was no cross-
contamination from cages housing TSE-positive mice.

© 2006 Blackwell Publishing Ltd, Vox Sanguinis (2006) 91, 292-300

Table 1 Partitioning of PrP** microsoma! £;

immunaglobulin purificaticn acress ion excaangs <
Western blot

Total Pri*® o PrPY Reduction

Step/Fraction {log, ) fraction (log,)°
DEAE Sepharose™ FF

inoculum 320

Columa load 430

Unbound 1gG" 098 33

Transferrin peak €084 235

Wash - 10 mm NaAc €092 P

Eluted atbumin’ 5032 240

Wash - 150 mwm NaAc 1-63 27

-5 M NaCt $0N 242
CM Sepharose™ FF

tnoculum kRN

Column toad 364

Unbound protein £ -034 G

Wash 110 mm NaAc <04 237

Eluted albumin® £068 230

Wash 40C mm NaAc €023 34

0-5m Nall 183 3
Macro-Prep High 0

Inocutum 360

Column foad 418

Purified IgG (unbound)’ $008 24

Wash 10 mm haic 5§08 EXE

1M NaCl £-0407 =42

2 f¢r Bngoing protessing
of albumin or immunoglobulin, All other cluates st waste streams,

YE PrP (proteinase K-resistant scrapie prion pr £0 be detected

in the neat sampic, the Pre™ log reduction voas recarded &

Yable 2 Bioassay of test materiais from alowmin g immunog!stulin ch

Sampic dilution
Sample Parameter
Control Mice infectedfincculated
SNt ircubation period (days)®
Control Mice infected/inoculated a0
Albumin incubation period (days)
Control Mice infected/inoculated (5]
igG incubation period (days
MEY tdice infectedfinoeuiated 55
spiked SN incubation period (days) 1537
MET Mice infected/incculated )
Albumin incubation periad (days!
ME7 Mice infectedfinuculated
136 incubation period (days) G oS

*Mean = standard deviation,

© 2006 Blackwell Publishing Ltd. Vo Sauguinis {2006} 91, 292-300
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Tadle 3 Bicassav of lest materials from Hormal Immunoglobulin 2Vl {Cohn) process

Sample dilution

Sample Parameter 10° 107! 107 07 10 10f g 107
ice infected/inoculated o/s
incul:ation period {days)
Mice infectedfinoculated 0/9
incunation pericd {days)
*Mice infeetedfinoculated /5 5/5 5/5 4/s 15 15 15 0/4
incubation period (days) 18626 235126 22318 279167 279 347 230
Mice infectedfinoculated 0/20 0/5 0/s - ofs

incutation period {days)

oz standard devialion

Table 4 Calcuiation of Infectivity in spiked process

Infectivity Volume Total infectivity Reduction starting materials and final materials of
Step/Fraction (log,q 1D55/ml)  (log,g) (log,) (log, o) chromatography and Cohn process
S (4:5-623)° 2:1 75
<C7 12 <19 256
<07 1-4 21 254
Lok
MET spiked cyrosupernatant 54 (44 -6:5) 25 79
1AET 135G [Cohn) 507 16 <23 256

*95% confidence interval of Spearman Kirber estimate of Dgq

Discussion

The potential risk of vCJID transmission has led producers of
plasma products to examine the prion clearance capacity of
their fractionation processes. Whereas itis an accepted principle
i n factors attained by mechanistically °
rentasy steps [27), different approaches are needed to
averall prion removal. The European Agency for the:
or of Medicinal Products (EMEA) guidance (28] advises
validation studics of removal/inactivation procedures
I'SEs are difficult to intepret due to the necessity to takeinto
ideraton the nature of the spiked material and its relevance
asign of the study (including scaling-
T processest and the method of detection of the agent.
lly at PrP¥ removal
<ess steps then examined the potential
rocess steps to remove prion infectivity.
Gy programme uscd scrapic 263K and ME7 as models
‘oach that is supported by the finding
it partitioning of human prions is similar to that observed
: the hamster scrapic wodel (29, The studies used different
materiais (microsomal 263K and 10 000 g supernatant
}hecause the MET study sought to usc an infectious spike
ouid consist not only of microsomal infectious units, but
1ailer units of infecrivity as soluble PrP™ [17). The study

to add viral log redu

com

atural sitiation,

vl individual

ai more combin,

programme found substantial partitioning of prions away
from the product streams of chromatographic albumin and
immunoglobulin, and for immunogiobulin produced by Cohn
fractionation. Importantly, this investigation shows that removal
of infectivity from immunoglobulin preparations is similar
whether chromatographic or Cohn purification processes are used,

The study with microsomal scrapie 263K showed substantial
partitioning of PrP* away from the target proteins in all ion
exchange steps examined. The log reductions across the
anion exchange DEAE Sepharose and cation exchange CM
Sepharose for the albumin process were 2 40 and = 3.0,
respectively. The log reductions across the DEAE Sepharose
and anion exchange Macro-Prep for the immunoglobulin
process were 3-3 and 2 4-1, respectively.

At the loading pH buffer ranges used for this experiment
(pH 5-2 for DEAE Sépharose, pH 4-5 for CM Scpharose, and
pH 6:2 for Macro-Prep), scrapie should be below its isoelectric
point (pl) of pH 5-4-9-3 (30} on the DEAE and CM Sepharose
columns, and hence would be positively charged. While pH 62
is within the pl range for scrapie, it is likely that scrapie is
predominanty positively charged when loaded onto Macro-Prep.
If scrapie bound to chromatography columns purely based on
charge, it would be predicted that more binding should occur
with the cation exchanger CM Sepharose, and less to the anion
exchangers DEAE Sepharose and Macro-Prep. The substantial

© 2006 Blackwell Publishing Ltd. Vor Sanguinis (2006} 91, 292-300

Prion renove

removal of PrP* by {he anion and the cation exchange gels,
and lack of substantial amounts of Fri* in the waskhi fractions
indicated that PrP* removal was minre dependent on adsorp-
tion to the gel matrix than to the exchange group, There was
a partitioning of 0-05% of loaded PrP*° in the unbound IgG
eluted from DEAE Sepharose. However, as the Macro-Drey
column removed 2 4-1 logs, there is a level of confidence that
this remaining PrP* would be removed from the product strean:

Similar results were reported using murine bioassay of B
301 V over Toyopeart DEAE-650 m {31}, in which LRFs of 2-9
and 2-7 were found in eluted fibrinogen and factor VI, leadin
to the conclusion that over 99% o! BSE infectivity remained
bound to the ion-exchange column. A 2 m NaCl wash removed
5:75% of this infectivity, and infectivity could not be detected
in eluates foliowing a 0-1 M NaOH wash.

In our study, new chromatography gels were used. zs
opposed to production gels that hac been exposed to previo
cycles. The possibility of infectivity binding to chromatogra
gels has led to further experimental work examining pr
removal and or inactivation of infectivity from chrom:
graphy gels, in which it was ascertained that infecdous pri
did bind to DEAE Sepharose, and the cleaning cycle was ¢
to remove or inactivate this infectivity {32]. .

A LRF of 2 56 across the DEAE and CM Sepharose ion
exchange columns in the albumin process and a LRF of 2 5+
across the DEAE Sepharose and Mocro-Prep jon excha
columns in the immunoglobulin process was achieved. Both

. processes include a final concentration/diafiltration step using

30 kDa ultrafiltration, with the retentate containing eitiier
albumin or immunoglobulin. It is unlikely that substantial
prioninfectivity would be lost in the pentnicate stream. as infectious
units arg believed to have a minimum molecular weight of
approximately 55 kDa [33). Conversciy, it is possible that sowme
infectivity is adsorbed to the ultrafilter membrane surface;
however, the membrane types uscd {polyethersulphone for
albumin and regenerated cellulose for immunoglobulin) are both
specified as low protein binding by tiic respective manufacturers

If the starting titre for the ME7 bioassay study had been
higher it may have been possible to show removal capacity
equal to the addition of removals atinined for each column
in the Western blot study. Previous studies using scrapie 263K
for validation of prion removal in bovine serum albumin
production with sequential columns {34] have shown a 52
log removal of scrapie 263K over the first ion exchar
column, and 2 6:2 when the second ion exchange column is
included. This implies that the result is limited by the starting
titre, and the question of additivity cannot be resolved
without a higher infectivity spike. i our study programme,
the spike material preparations and tiic method of detection
(Western blot vs. bicassay) were different between the two
studies. Higher titre spiking materia! would be needed o
further elucidate the additive vs. non-additive nature of prion
removal over sequential columus,

© 2006 Blackwell Publishing Ltd. Vor Senguinis (2006) 91, 292-300
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Abstract

Lo

Manufacturing processes used in the production of biopharmaceuiica,
potential contaminants, including TSE agents. In the present siud
different starting materials, using virus removal filters of different
Western blot (WB) analysis when a “supcr-sonicated” microsomal fraci.,
used as the spike material. In contrast, na Pri*® was detected when a
ner designed to optimize the particle size distribution within the prep
of detection of the WB assays used under all the experimental cond
under one experimental condition. The resuls obtained suggest that ¢
ability of filters to remove prions, and that pracedures designed o i
sonication” or detergent treatments described hercein, should be use
© 2007 The International Association for Bioiogicals. Published by &,

Keywords: Prion; Removal; Fiiter; Clearance study; Spikc material

L. Introduction

The transmission of variant Creutzfeldi—Jakob diseuse
(vCID) through blood wansfusion has been of increas:
concern, since a fourth possible trensimission case was
ported [1]. In addition. prions have been detected in the
buffy coat separated from the blood of hamsters infecied
with scrapie, using a biochemical assay (protein misfolding

cyclic amplification, or PMCA) [2]. Infectious prions arc
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whet ling nancfiltration steps. The actual form of the
infectio 1t present in plasma in natural infection is not
Known, ition, nanofiltration is typically performed late

in the downstream processing, after protein purification steps,
“yesult in removal of larger or aggregated prion
2fore, use of a spike preparation containing large
resuit in an over-estimate of the prion removal
. Although the reports described above, and
we shown excellent prion removal ability for a num-
ber of Aliers, most reports have not described the particle size
distribution of the prion protein in the spike preparations used.
Therefore, in this study we have investigated the prion re-
movel cupacity of P-35N, P-20N and P-1SN filters under di-
verse conditions, considering the panicle size distribution of
the MF proparations used.

which 1

noval of infectivity, to be- |

2. Materials and methods
2.1. Preparation of microsomal fraction (MF)

Brains removed from hamsters infected with scrapie strain
263K [12] (originally obtained from the Institute for Animal
Health, Edinburgh, UK), were homogenized in phosphate
buffered saline (PBS) until homogeneous, to a final concentra-
tion of 10% (w/v). The homogenate was clarified by low speed
centrifugation, to remove larger cell debris and nuclei, and the
supernatant material was then further clarified by centrifuga-
tion at 8,000 x g for 10 min at 4 °C, before being ultracentri-
fuged at 141,000 x g for 60 min at 4 °C, to concentrate the
scrapie fibrils, and small membrane vesicles and fragments.
The pelleted material was resuspended in PBS, aliquoted,
and stored at —80°C. This material was designated 263K
MF. Prior to use, stocks were thawed at 37 °C, and sonicated
2 x 4 min on ice water (Ultrawave ultrasonic bath model
#U100, 130 W 30 kHz, Ultrawave Ltd., Cardiff, UK): Six
independent batches of 263K MF were used in this study.
These batches are designated 263K MF preparation lots
A—F (Tables 1—3). Normal MF, derived from normal (i.e. un-
infected) hamster brain material, was also prepared as described
above.

Since we were unable to measure the particle size distribu-
tion of contaminated materials in our facility, we used normal
MF, and investigated changes in the particle size distribution
following strong sonication or treatment with detergent, Vari~
ous concentrations of sarkosyl (N-lauroylsarcosine sodium
salt, Nacalai Tesque, Inc., Kyoto, Japan), lysolecithin (L-a-
lysophosphatidylcholine, Sigma-Aldrich Corp., St. Louis, USA),
Triton X-100 (polyethylene glycol mono-p-isooctylphenyl
ether, Nacalai Tesque, Inc.), TNBP (tri-n-butyl phosphate,
Wako Pure Chemical Industries, Ltd., Osaka, Japan), and/or
1% Tween 80 (Nacalai Tesque, Inc.) were added to normal
MF, Changes in the particle size distribution were then moni-
tored by dynamic light scattering method using volume-
weighted gaussian analysis using a submicrometer particle
sizer (NICOMP Type 370, Particle Sizing Systems, Inc., Santa
Barbara, USA). To evaluate the effect of strong sonication,
normal MF was sonicated using a closed system ultrasonic
cell disruptor (Bioruptor UCD-200T, CosmoBio Co. Ltd., To-
kyo, Japan) with a resonance chip set in the tube. Sonication
was performed for 1 min at 20 kHz, 200 W in a cold water-
bath. Ten cycles of sonication were performed, with a 1 min

Table 1
Scrapie infectivity in different 263K MF preparations®
Logio SE at 95%
LDsy/ml probability
Non-supez-sonicated 263K MF lot C 57 0.44
Super-sonicated 263K MF lot C 6.0 0.53
Super-sonicated 263K MF lot D 53 -0.69
SD-treated, ultracentrifuged, super-sonicated 69 . 0.69
and 220 nm-filtered 263K MF lot C
* This bicassay study was p in dance with GLP regulati

M. Yunoki et al. ! Biologic 1
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Table 2
Removal of PrP*® from PrP™-inoculated PBS
PVDF filier Pianova
220 am 100 nm PISN (T2 2w
Super-sonicated + - - -
Before filration 4235 3.5/4.2 S.3/3.5 3.5/4.2 .204.2
Filtered 3.8/38 3.13.8 387300 2.4/3.1 2.472.4
LRF® 04/~03 0404 0302 LYLL 1818

Data represents total PrP™ present in samples, ex;iressed as log,g arbitrary uaits, foliowing Nesi.

in with GLP lati
¢ Two independent batches of 263K MF we.
® LRF, log reduction factor = total PrP* in in

d: lot C (left) and lot D (i
total PrP™ in fileate, ex

interval between each sonication treai:ient. During the treat-
ment cycle, the particle size distribution was monitored. We
named this treatment cycle "super-sonication™.

Different preparations of 263K Mi weated with various
combinations of detergent, ultracentrituigation and/or *‘super-
sonication”, were uscd as the spiking agent in the process
evaluation studies, and are described in the relevant methods
sections below,

2.2, Detection of PrP*¢ by Western bloiting (WB)
Y 8

To determine the relative levels of PrP5° present in different
samples, WB assays were performed. Three slightly different
WB methodologies were applied over :he course of the studies,
all of which are based on detection of i disease-associated,
protease-resistant form of.the prion proicin (PrP5), using the
monoclonal antibody 3F4 (Signet Laboraiorics, Inc., Dedham,
USA)[13]). WB methods 1 and 2 were doveloped independently,
and use different approaches to calculaie the titer of PrP%6, As
these assays were performed as part ¢f GLP studies intended

um s
nents that

digested

interfore Wi

covery of ©

Table 3

Removal of PrP* from PrP%-inoculated plasma ;reparations®

Filter P-35N (35 £ 2 nm) P-20N (1022
Preparation IVIG VIG
Spike material 263K sMF® 263K s
MF preparation lot, co EF
Spike ratio 1100 1720
Detection method” WB1 WB2
Before filtration 321258 6.8/6.8
Filtered 0.8/0.8 <0 4.8/4.3
Log reduction factor 2.41.7 >i4 2.02.5

Abbreviations used: 263K MF, microsomal fractcr: cerived from hamster adap
sonicated” 263K MF; WB, Westermn blotting; 2635 dsMF, detergent treated and *
assay: +ve, scrapie positive.

* Scaled down conditions were designed according to current guidelines. However, in a st

and the filtration was subsequently terminated.
® WBI1, WB2, and WB3 mean Western biotti
with GLP regulations; the studies involving the
€ 263K MF was “super-sonicated” then 220 n

itered prior to spiking.

4 263K MF was ultracentrifuged at 141,000 x ¢ for 60 min at 4 °C, resuspended in huffes

and 220 nm-filtered prior to spiking.

¢ 263K MF was “SD-treated”, ultracentrifuged at 141,000 x g for 60 min at 4 °C, resuspends

“super-sonicated”. These materials were 220 nm-filiered prior to spiking.
" 263K MF was treated with 0.1% sarkosy! for 30 inin at room temperature.

hods 1. 2 and 3, respectively.
of WB3J and the qualitative BA s
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"‘»}cc:cd to electrophore-
amide ge's. Proteins were
a5 pum P\ DF membranes
. Billerica, USA), and non-

sis
wrans B
(Immobiion-Po Ml

specific noranes were then blocked
by evernight incubation in buffer containing dried milk and

The blocked membranes were incubated with
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of PrP* present in cach sample was calculated
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ice at 150,000 x g for | h,
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Resuspended samples

t concentration of 10—
at 377°C for 60 min, samples

were treated with 10 mM 4-(2-aminoethyl)-benzene sulfonyl
fluoride hydrochioride (AEBSF) at room temperature for
10 min, then mixed with 5x SDS-polyacrylamide gel electro-
phoresis (PAGE) sample buffer (300 mM Tris~HC], 12% (w/v)
SDS, 25% (v/v) glycerol, and 0.025% (w/v) bromophenol
blue, pH 6.8, with 25% (v/v) B-mercaptoethanol) and heated
at 100 °C for 5 min. Samples were serially 5-fold diluted with
Ix PAGE dilution buffer (60 mM Tris—HCI, 2.4% (w/v)
SDS, 5% (v/v) glycerol, and 0.005% (w/v) bromophenol
blue, pH 6.8). SDS-PAGE was performed at 30 mA per gel
for approximately 42 min. The proteins in the gel were trans-
ferred to 0.45 um PVDF membranes. After treating with block-
ing buffer (5.0% (w/v) skimmed milk in PBS, 0.05% (v/v)
Tween 20), the membrane was incubated with monoclonal
antibody 3F4 at 4 °C overnight, then incubated with HRP-
conjugated sheep anti-mouse IgG (Sigma-Aldrich Corp.). Bound
antibody was visualized by chemiluminescence (ECL-Plus) on
X-ray film. The titer of PrP®° present in the samples was cal-
culated as described for method 1 in Section 2.2.1,

2.3. Evaluation of PrP>® removal by fitration

A 10% (v/v) concentration of “super-sonicated” 263K MF
was prepared in PBS, and 10 ml aliquots were then filtered
through a 220 nm or a 100 nm 4 cm? PVDF filter (Millex-
GV or -VV, Millipore Corp.). In addition, 25 ml aliquots of

super-somcated" 263K MF in PBS were filtered through
2 0.0l m? P-75N (72 £ 2 nm), P-35N (35 & 2 nm), or P-15N
(152 nm) filter (Asahi Kasei Medical Co., Ltd. Tokyo,
Japan). Two independent batches of 263K MF were used.
WBI analysis of samples before and after filtration was per-
formed to determine the removal of PrPS® under the different
conditions. Non-sonicated 263K MF (from the same batch
of 263K MF) was also filtered as a control.

2.4. Hamster bioassay to determine the infectious titer of
263K scrapie stocks

Three- to four-week-old female specific pathogen-free
(SPF) Syrian hamsters were used in these experiments, Serial
10-fold dilutions of each sample or positive control were
prepared in PBS. Six hamsters per sample dilution were inoc-
ulated intra-cerebrally with 0.02 ml per animal. The inoculated
animals were monitored daily for general health, and weekly
for clinical evidence of scrapie. Animals were euthanized
once advanced signs of scrapie were evident, or at the end
of the assay period (200 days). The brain was removed from
each hamster following euthanasia: one haif was fixed for his-
topathology and the other half was stored frozen at —70 °C for
further analysis if required. For histopathological analysis,
sections taken at four standard coronal levels, to cover the
nine areas of the brain which are recognized to be mostly in-
fected by the scrapie agent, were stained with hematoxylin and
eosin, and scored for the presence or absence of scrapie lesions
{15]. Histopathological analysis was performed on samples
from around the clinical end-point of the titration assays, to
confirm the clinical results. Hamsters that died during the
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course of the study for rcasons other than scrapie infecin,
were not included in the final calculation of infectious titers
Infectious titers were expressed as a :\ - lethal dose (LD«
according to the method of Kirber [i6

Samples taken before and after filtrution during the -
antithrombin (AT; previously named .ntithrombin-II} sl
were tested for the presence of scrapic tivity using & o
itative hamster bicassay. Syrian hamstors were inoculated v
undiluted samples only, as described thove, except thut ¢iix
three animals were used per sample.

2.5. Evaluation of PrP°> removal in i presence of
plasma preparations

To investigate whether differences i how the scrapic spik-
material was prepared influenced our evaluation of prion ro-
moval, two different spiked preparaticiis were compared usin,
the manufacturing process for preparing - ® i
Corp., Osaka, Japan). Samples v during the actual
manufacturing process, immediately before the Planova siep.
were spiked with 263K MF treated with 0.1% (w/v) sarkosy.
for 30 min at room temperature, or with 220 nm-filtered *“supe
sonicated” 263K MF. The spiked AT materials were then
passed through a P-15N filter. The in ce of different fiitra-
tion conditions on the removal of Pri”™ was compared for the
same spike preparations, and for dif! pike preparaticns,
using heat/PEG-treated intravenous Lnmunoglobulin (IVIG;
(Venoglobulin-IH, Benesis Corp.) and iapioglobin (Hapteg
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sonicated”, and 220 nm-filtered (Ve
spiked material was then passed thrr
or a P-20N filter (19 + 2 nm). 3
manufacturing process for }nptomob . the SD treatmen: was
included for the spiked preparation in on effort to reduce ihic
clogging of the filter that occurs fol‘.mv:ng the addition of
a prion spike. Filtration processes for tiw thrombin prepar:
(Thrombin-Yoshitomi, Benesis Corp.) were also investig
For thrombin, a sample taken during the actual manufact
process immediately before the Plunovi step was spiked w
263K MF subjected to “'SD treatment™ {oilowed by ultrace
fugation at 141,000 x g for 60 min at -+ °C

'super-sonice
S3INY: 263K
a4 °C resuspeis
1al without prot
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C, resuspended in
starting material, “supcr~sonicawd' and 220 nm-filtered, and
the spiked material then passed through « P-15N filter.

The experimental conditions used in the prion remo
studies were designed to mimic the coaditions used dus
the actual manufacturing process for e relevant pro
For all processes, samples were analyzed by WB. The 1o
reduction factor (LRF) for Prp>® cleulated for cuch
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263K MF, “super-sonicated” 263K MF, and 263K MF sub-
jected to “SD treatment”, ultracenirifuged at 141,000 x ¢
for 60 min at 4°C, resuspended with thrombin starting
material, “super-sonicated”, and 220 nm-filtered, were deter-
mined using a hamster bicassay. The results are summarized
in Table 1.

The titers of two independent batchies of 263K MF treated
by “super-sonication” were 6.0 and 5.3 logo LDso/ml, re-
spectively. The titer of the *‘non-super-sonicated” 263K MF
used to generate one of these stocks was 5.7 logo LDso/mil.
These results suggest that ‘“‘super-sonication’ does not in
ence the infectivity of 263K MF. The titer of the 263K MF
subjected to “SD treatment”, ultracentrifuged at 141,000 x
g for 60 min at 4 °C, resuspended with the thrombin starting
material, “super-sonicated”, and 220 nm-iilicred, was 6.9 logo
LDso/ml, which was approximately | log higher than that of
the corresponding stock treated by “'super-sonication” alonc.
Whether this difference is significant is uncicar. The process
to generate the “SD-treated” spike materials included an ultra-
centrifugation step. We were therefore concerned about recov-
ery of infectivity following centrifugation, as the particle size
of 263K MF was highly reduced by the “SD treatment” step.
However, these results suggested that the recovery of infec-
tious particles following ultracentrifugation was satisfactory.

Although it is possible that use of a 200 day bioassay may
under-estimate the infectious titer of tixe 263K MF stocks, the
use of a relatively short duration bioassay is considered un-
likely to affect the main conclusions drawn. At least the last
two dilution groups tested showed no animals with evidence
of scrapie infection in all four titrations, and only three ani-
mals in the study (one in each of three scparaie titrations) de-
veloped clinical symptoms necessitating cuthanasia later than
day 131 (euthanized on days 160, 183 and 183, respectively),
suggesting the titers obtained for all the stocks are close to
end-point (data not shown). In addition, as others have demon-
strated that treatment with detergent, and cxposure to tre.
ments that result in inactivation of the scrapic agent, such 2
heat or NaOH, may result in extended incubation periods for
clinical scrapie, if anything the resuits may under-estimate
the relative titers of the treated stocks {17,183, Therefore, ¢

bioassay results support the conclusion that “super-sonication o . R
of 263K MF stocks, with or without “SD treaiment”, does nat
appear to significantly reduce the infectious tizer of the stock,
and that these preparations are therefore suiable for use in
prion clearance studies.

3.3. Removal of PrP* by various filters

To determine whether “super-sonication’ influenced the
logo reduction observed for PrP% following filtration under
defined conditions, ‘‘super-sonicated” or ‘‘non-super-soni-
cated” stocks of 263K MF were diluted in PBS, and then fil-
tered through 220 nm, 100 nm, P-75N, P-35N and P-15N
filters. Samples were analyzed by WB. The results are summa-
rized in Table 2. The use of “super-sonicated” 263K MF
appeared to result in lower log)o reduction values, supporting
the idea that “super-sonication” of 263X MF produccs a
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TSE clearance studies provide a particular challenge in that
the nature of the infectious agent is still uncertain, and the
forms of infectious agent present in plasma, and/or during
the different stages of a manufacturing process, are not clearly
understood. The causative agent of TSE diseases is believed to
be strongly associated with, if not solely composed of, the dis-
ease-associated prion protein, PrP¢, Normal cellular PrP is
a membrane-bound glycoprotein, which associates with mem-
branes through a glycosylphosphatidylinositol (GPI) anchor.
Prion infectivity is associated with heterogeneous particles,
including membranes, liposomes and protein aggregates, so
called prion rods. Therefore, methods which result in solubili-
zation of membrane proteins, or dispersal of membrane frag-
ments, vesicles and/or protein aggregates, may be expected
to reduce the size of particles associated with prion infectivity.

Treatment of MF preparations derived from brains of
uninfected (normal) hamsters with either detergent (0.1%
lysolecithin or 0.1% sarkosyl) or extensive sonication (“super-
sonication™) resulted in a rapid reduction in the average
particle size, to approximately 100 nm. SD treatment (1%
Tween 80 and 0.3% TNBP for 6 h) also resulted in a reduction
in particle size, although this was slower and less effective,
reducing the average particle size to the order of 200 nm.

brain, taken from an animal inoculated with a P-15N-filtered sample (B), in comparison with the
s. vacuolation; Arrowheads, degeneration of nerve cells; scale bar = S0 um; HE staining used,
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“Super-sonication” has the advanta
ruption process, and does not alter ¢
of the spike material, thus minimiz
material used for nanofiltration. SD : is includec
many manufacturing processes for w-cerived proc
and therefore, although not as effective as “super-sonicat
use of this treatment might be expesied to result in a g
material more closely mimicking the forin of infectious piion
present in the relevant start material <t the manufact :
process. Use of these treatments alone or in combination 1iay
therefore be useful in reducing the size of infectious particles
present in TSE spike materials for pricn clearance studies

The effect of the above treatments was studied using nor-
mal MF, as the facility was unable 1o handie infectious TSE
materials. Although some care shou: taken in extrapelat-
ing these results to TSE-infected brain crial, “super-soni-
cation” of 263K MF preparations red to reduce the
removal of PrP* following filtration, o detergent-trecied
spike preparations have previously b hown 1o pre
a more significant challenge to nanoi on sieps than un-
treated preparations ({9,10] and own hed obse:
tions). Furthermore, “‘super-sonicati i oor without D
treatment, does not appear to reduce iwvel of infectivity
present within the 263K MF, supporiiiiz ihe use of such p
arations for prion clearance studics.

Using 263K MF treated with 0.1
tion” or SD plus “super-sonicatio
prion removal capacity of P-15N, P-
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products. The results obtained sugges:
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low effective removal of PrP*¢ using or P-35N filters,

WB assays were used to monitor U2 paritioning of Pr™®
during the nanofiltration processes. Wil assays are semi-quan-
titative and serve to provide an indicativn of the relative leve
of PrP® present in different samples. Hwever, there are lim-
itations to the sensitivity of available W} ¢ s, and these
says provide only an indirect measure ¢ inivctivity, Therefure,
to confirm that removal of PrP%® does r1i2ct removal of infre-
tivity, bioassays need to be performet

Although PrP*¢ was not detected in iy of the P-15N
tered samples by WB assay, infectivity w25 recovered in a &-
trate fraction tested by bioassay for cru process run. Fo.
also noted that infectivity was detected 1« fiktrate fraction -
ter P-15N filtration ({8] reported as peizunal communicat
data not shown). Thus, even with P-1-I\, depending on
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In our study, CJD homogenate was spiked at three different dilution
filtration process was performed on each samplc. Using the western b!
that obtained with a reference scale (dilution scrics of CJD brain homo
3.3log). After nanofiltration, the PrP™** western biot signal was detecied witha si dn .. i o -
was undetectable in the two other samples. )

These are the first data in CID demonstrating a clearance between 1.6
nanofiltration process confirms its relative efficacy in removing human CJ¢
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1, Introduction fiseass, Mo e ahudier :

The safety of biopharmaceutical products used for human
therapy has taken on the.same importance as the therapeutic ef-
fects; this point was highlighted these last years by the contam-

- ination of children developing CJD after extractive growth
hormone, therapy using unsafe lots with respect to prion
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In the Lymphoglobuline® manufacturing process, human
thymocytes, membrane red blood cells and placenta are
used. These human elements represent a virtual potential
source of contamination of Lymphoglobuline®.

2.2. Human source of pathological prion protein

After the histological, immunohistochemical and biochem-
ical analyses of post-mortem human brains, one case of defi-
nite CJD, and one non-CJD were chosen. The anatomic site
chosen was the frontal cortex. The CID case selected was
characterized by the presence of PrP™ type 1 in westem
blot analysis according to Parchi’s classification and by synap-
tic deposits of PrP*® with an immunohistochemical technique.
The same human cortex was used as source of PrP* for the
reference scale and for the nanofiltration samples.

2.3. Sample preparation

2.3.1. Human brain homogenate

Frontal cortex of CJD and non-CJD cases was spiked in
PBS buffer, 1:10 at final dilution. These homogenates were fil-
tered successively with needles of 0.6 mm and 0.5 mm diam-
eter in order to obtain homogenous preparation. After
centrifugation at 1000g for 5 min, supernatants were applied
to nanofiltration process.

2.3.2. Reference scale

This reference scale was prepared with series of dilutions of
CID brain homogenate in Lymphoglobuline® from 1:10. to
1:20,000. This reference scale was based on the technique
used by Lee et al. [10,11].

2.3.3. Nanofiltration samples

These samples were prepared using CJD brain homogenate
dilutions in Lymphoglobuline®. Three different samples were
produced; samples at a high PrP*® dilution (1:500), samples at
a moderate PrP*° dilution (1:100) and samples at a low Prp*
dilution (1:10). Each dilution was prepared for three samples,
one non-nanofiltrated (control) and two nanofiltrated. These
samples were prepared as a reference scale with an adaptation
of the method used by Lee et al. [11].

24. Filtration

Small-sized (membrane diameter: 47 mm) Pall® filters (hy-
drophilic Polyvinylidene fluoride microporous membrane)
with mean pore sizes for Pall® DVD of about 0.1 pm, Pall®
DV50 of about 50 nm and Pall® DV20 of about 20 nm were
used successively in the nanofiltration process. The filtration
mode was conducted at a constant membrane pressure of
3 bars. The samples underwent nanofiltration in the following
order: negative control, CJD samples at a high PrP*® dilution
(1:500), CID samples at a moderate PrP* dilution (1:100),
CJD samples at a low PrP* dilution (1:10) and negative con-
trol (Fig, 1).

. Truchor et ol i &

I Lymphogiobul:ne®soluuon (9l
+
a- 1 mL of negative brain homogenate
b- 1 mL of CJD brain homogenate dilute.i 1o |
¢- I mL of CJD brain homogenate diluted to 1:100
d- I mL of CJD brain homogenate dilutzd to 1110
e- 1 mL of negative brain homogenate

Y
Narofiltration steps with Pall® filters
DVD
DV30
DV20

Filt:
L « constant pressure of 3 bars

Recovery of filtrates i

Y

l PrP™ detection by Western Blot tec

Fig. 1. Nanofiltration process. (a) Negative controi sampic ut 1:10 in Lymph
globuline®; (b) CID sample ata high PrP* diluti 30y e Lymphoglobuli

(c) CJD sample at a moderate PrP* dilution (1::(%}; in Lyrmphoglobuline®
CJD sample at a low PrP* dilution (1:10) in Lymy obutine®: and {e)n
control sample at 1:10 in Lymphoglobuline®, x 2, prestuced in duplicate.

The nanofiltration material was treated with sodium by~
droxide (2 M) for 1 h between each ranofiltration of different
PrP* dilution samples.

2.5. PrP™ detection

The westemn blot technique was used to detect PrP™™* after
proteinase K treatment (12]. The anti-prion protein antibody
revezaled three strips of a molecular weight between 30 and
22 kDa (Fig. 2) corresponding to the biglycosylated, monogly-
cosylated and unglycosylated forms. Then, Pri*®* was revealed
by chemiluminescence. This technique was used to detect
PrP™ in reference scale samples and in samples before and uf-
ter nanofiltration,

The reference scale samples and sampies for nanofiltration
were produced and developed by the western blot technique
under the same conditions and in the same time.

2.6. Determination of reduction factors

The reduction factors defined as the reduccd titer versus the
real titer present in the spiked sample were determined by com-
paring the PrP"* signal of samples beforz and after nanofiltratos
with the PrP™* signal of reference scale. After this comparisor,
we determined a reduction factor (log) for cach sample.

3. Results

The reference scale ranges from 1:10 0 1:20,000 diluticns
of CJD brain homogenates. From the 1:10 o i:2000 dilutions,
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ses [14]. Effective methods include for example expo-
1 M sodium hydroxide during autoclaving at 121 °C,
This kind of mcthod using chemical agents (sodium hydrox-
ide, chlorine at high concentrations) and physical treatment
by wutoclaving is very drastic and it is a real problem to inac-
tivaie PrP™ in biopharmaceutical products without modifying
their therapeutic properties, The reduction of any risk associ-
ated with a pharmaccutical product will be dependent on the
phyeical removal of infective malerial during product manu-
facture. Many techniques for plasma-derived products, such
as cthanol fractionation, depth filtration and chromatographic
processes, may contribute to a significant partitioning of prion
protzin [10,15—18]. Although carly applications of nanofiltra-
on targeted viral removal [7,8,19], new data suggest that it
mav be a specific removal system for prion proteins as well.
Human TSE pathogens in diluted brain homogenate were re-
ported to be removed by a Millipore screco-type 0.025 pm
inersbrane  filter employed during production of growth
honnone [20]. However, only a small guantity of diluted brain
»genate could pass through the membrane. Planova® car-
with mean pore sizes from 73 to 10 nm were used
to fter brain homogenaie from mice infected with human
TSE [21]. No infectivity was detecied in the 35 nm filtrate.
The pathogenic agent was estimated to be approximately
0 nm in size. However, some residual infeciivity was found
in the 10 nm fltrate when 19 Sarkosy! was added to the ho-
mogenate [22]. Recently, removal of scrapie agent MET7,
a mouse adapted strain of scrapic used as a model for the
BSE or vCJD agents by using nanofiltration of a 2% albumin
solution spiked with 4 brain homogenate (23]. The albumin re-
covery was over 90%. Extent of removal was influenced by the
filier type and by the addition of an anionic detergent (Sar-
Kosyi) to the protein solution. An infectivity of 4.93 and
1.61 log was removed using a 35-nm filter without and with
detergent, respectively. Moreover, a reduction of infectivity
of »5.87 and 4.21 log was obtaincd using’ a 15-nm filter in
¢ ubsence and presence of detergent, respectively. No resid-
fectivity was detected in any filtrate when using 15 nm or
or porosity filters. Studies have shown an efficacy of 35—
1 filters in achieving some removal of prions from biolog-
ical solutions with the best removal with a 15-nm filter. The
dat. aithough encouraging, should be analyzed more accu-
raiely duc to the tendency of prion spikes to aggregate under
the oxperimental conditions used and with human prion pro-
tein because this removal could be dependent on the “strain”
of prion protein.

I our study, we wanted to study the efficacy of nanofiltra-
tion 5n human PrP* in a biopharmaceutical product (Lympho-
globaline®). We used human PrP* from CID patients as the
contaminant, This contamination condition was important to
studv the Lymphoglobuline® nanofiliration technique under
concitions as close as possible to a possible contamination
by human cells used for the preparation of this product. The
extent of removal may be influenced by the aggregation,
type [24] and conformation of prion proteins and the physico-

'

chemical nature of the solution filtered. These parameters were.

important to choose the PrP™ type for the study. Amyloid

plaques or focal deposits of PrP* still remain after homogeniz-
ing the cerebral cortex and the hypothesis was made that this
kind of PrP* aggregation could be the result of a bias in the
methodology. For this reason, PrP™* type 1 associated with
synaptic deposits with an immunohistochemical technique
was chosen in order to test the Lymphoglobuline® nanofiltra-
tion process under worst conditions to test the filters, In this
study, Lymphoglobuline® was spiked with brain homogenate
at different dilutions (1:10, 1:100, and 1:500). These PrP* di-
lutions can be correlated with World Health Organization
(WHO) classification of organ infectivity: the low PrP* dilu-
tion corresponding to 1:10 (brain and spinal cord), moderate
PrP*° dilution corresponding to 1:100 (spleen, tonsil, lymph
node, intestine, placenta...) and high PrP* dilution corre-
sponding to 1:500 (brain stem, thymus, liver, pancreas,
lungs...).

The comparison of the samples before and after nanofiltra-
tion showed a reduction factor between 3.3 and 1.6 log in com-
parison with the reference scale. The reduction factor of
samples at a low PrP* dilution (1:10) was between 3 and
3.3 log. This dilution could correspond to a brain or a spinal
cord PrP* concentration (WHQ). The reduction factors for
a very high PrP* concentration obtained illustrate a very
good efficacy of the nanofiltration process.

In samples at a moderate PrP* dilution (1:100) and samples
at a high PrP* dilution (1:500), the PrP™" strips were not de-
tected after nanofiltration, the reduction factor was strictly
greater than 2.3 and 1.6log, respectively. The 1:100 dilution
could correspond at a spleen or tonsil or lymph node or intes-
tine or placenta PrP* concentration (WHO) and the 1:500 di-
lution could correspond to a brain stem or thymus or liver or
pancreas or lungs PrP* concentration (WHO). In conclusion,
the data obtained on both these PrP** dilutions are encouraging
because, after nanofiltration, the PrP™* signal was not de-
tected, although they are only indicative with probably under-
estimated reduction factors. Finally, the reduction factor
obtained is 3.3log and seem to demonstrate the efficacy of
the nanofiltration process on human CJD PrP* with a good
protein recovery.

Removal may be based on a sieving mechanism or due to
adsorption on the membrane. The potential to use nanofiltra-
tion as a dedicated step for prion removal may have a signifi-
cant impact on the safety of biopharmaceutical products and
recombinant proteins, when production involves the use of hu-
man or animal derived materials, or medicinal products de-
rived from bovine sources {25,26]. This technique has the
ability to exteénd the concept of sterility of biological products
from bacteria to, at least, some viruses. Our results suggest
that nanofiltration could be also of interest for the removal
of human pathological prion proteins.
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