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Absiract

Manufacturing processes used in the production of biopharmaceutical or biological products should be evaluated for their ability to remove
potential contaminants, including TSE agents. In the present study, we have evalvated scrapie prion protein (PrP*) removal in the presence of
different starting materials, nsing virus removal filters of different pore sizes. Following 75 nm filtration, PcP%° was detected in the filtrate by
Western blot (WB) analysis when a “*super-sonicated” microsomal fraction derived from hamster adapted scrapie strain 263K (263K MF) was
used as the spike material. In contrast, no PrP>° was detected when an untreated 263K MF was used. By using spike materials prepared in a man-
ner designed to optimize the particle size distribution within the preparation, only 15 nm filtration was shown to remove PrP> 1o below the limits
of detection of the WB assays used under all the experimental conditions. However, infectious PrP™* was recovered following 15 nm filtration
under one expesimental condition. The results obtained suggest that the nature of the spike preparation is an important factor in evaluating the
ability of filters to remove prions, and that procedures designed to minimize the particle size distribution of the prion spike, such as the * ‘super-
sonication” or detergent treatments described herein, should be used for the preparation of the spike materials.
© 2007 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.

Keywords: Prion; Removal; Filter; Clearance study; Spike material

1. Introduction thought to be the causative agent of the transmissible spon-
giform encephalopathy (TSE) diseases, which include

The transmission of variant Creutzfeldt—Jakob disease Creutzfeldi—Jakaob disease (CID), vCID, and bovine spongi-
{(vCID) through blood wansfusion has been of increasing  form encephalopathy (BSE). Therefore, to reduce the risk of
concern, since a fourth possible transmission case was re-  transmission when raw materials for protein products (such
ported [I). In addition, prions have been detected in the  as plasma) are contaminated with infectious prions, mea-
buffy coat separated from the blood of hamsters infected  sures should be introduced to decrease the prion load, te
with scrapie, using a biochemical assay (protein misfolding  evaloate the risk to the product, and to introduce prion re-
cyclic amplification, or PMCA) [2]. Infectious prions are  movalfinactivation step{s) in the manufacturing process, if
feasible [3—5). Unlike viruses, the minimum infectious
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considar the effect of the prion spike material when evalu-
ating process steps for prion clearance. A rationale for the

choice of the spike preparation used for such evaluation

studies should be provided [4].

Several prion strains have been used to evaluate
manufacturing processes for their ability to remove TSE
agents, including hamster scrapie  prion protein (PP,
263K or Sc237), and mouse PrPPSE (301V). In a polyethyl-
ene glycol (PEG) fractionation process, hamster PrP* and
human PrP*“P, prepared using the same methodology,
were reported to behave in a very similar manner [6]. Dif-
ferent prion spike preparations have been used to investigate
prion removal, incloding crude brain homogenate (BH), mi-
crosomal fraction (MF), caveolae-like domains (CLDs), and
purified PP, Of these materials, purified PrPS° was re-
ported to behave 'differently from the other preparations in
an, 8% ethanol fractionation step [7). This result suggests
that the methods used to prepare the prion spike material
may be a critical factor in prion clearance studies. Further-
more, these reports are useful in providing a rationale for
the choice of the prion source and spike preparation used
for such evaluation studies {8].

Tateishi et al. reported that sarkosy! influenced the ability
of BMMA40 filters to remove prions, using BH derived from
CID-infected mice [9]. The presence of sarkosyl was alse
‘shown to significantly. reduce the capacity of Planova (P)-
35N to remove the scrapie agent ME7, while filtration with

+ P-15N resulted in the complete removal of infectivity, to be-
low the limit of detection of the bioassay uwsed, in both the
presence and absence of sarkosyl {10]. Van Holten et al.
evaluated the capacity of Viresolve 180 membranes (de-
signed for virus removal from proteins of <180kDa) to re-

"move prions by using BH which was lysolecithin-treated,
sonicated, and subsequently passed through a 100 nm filter
(SBH), and demonstrated removal of PrP%® down to the Jimit
of detection of the Western blot assay used. They argued that
by using a better defined spike material, where the size of the
scrapie particles was limited, the results may be more rele-
vant with respect to the removal of potential TSE infectivity

. in plasma than previous studies that used a less well-defined
BH [11].

Aggregation of the prion protein is a critical parameter
when evaluating nancfiltration steps. The actual form of the
infectious agent present in plasma in natural infection is not
known. In addition, nanofiltration is typically performed late
in the downstream processing, afier protein purification steps,
which may result in removal of larger or ageregated prion
forms. Therefore, use of a spike preparation containing large
aggregates may result in an over-estimate of the prion removal
capacity of a filter. Although the reports described above, and
others, have shown excellent prion removal ability for a num-
ber of filters, most reports have not described the particle size
distribution of the prion protein in the spike preparations used.
Therefore, in this study we have investipated the prion re-
moval capacity of P-35N, P-20N and P-15N f{ilters under di-
verse conditions, considering the particle size distribution of
the MF preparations used.
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2. Materials and methods
2.1. Preparation of microsomal fraction (MF)

Braing 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 lrger cell debris and nuclei, and the
supernatant material was then further clarified by centrifuga-
tion at 8,000 % g for 10 min at 4 °C, before being ultracentri-
fuged at 141,000 x g for 60 min at 4 °C, to concenirate the
scrapie fibrils, and small membrane vesicles and fragments.
The pelleted material was resuspended in PBS, aliguoted,

and stored at ~80 °C. This material wds designated 263K

ME Prior to use, stocks were thawed at 37 °C, and sonicated

"2 x 4min on ice water (Ultrawave -ultrasonic bath model

#U100, 130 W 30kHz, 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.¢. un-

- infected) hamster brain material, was also prepared as descnbed

abova

" Since we were unable to measure the particie size distribu-
tion of contaminated materials in our facility, we.used normal
ME and investigated changes in the particle size distribution
following strong sonication or treatment with detergent. Vari-
ous concentrations of sarkosyl {V-lavroylsarcosine sodium
salt, Nacalai Tesque, Inc.,
lysophosphatidylcholine, Sigma-Aldrich Corp., St. Louis, USA),

-Triton X-100 (polyethylene glycol mono-p-isooctylphenyl

ether, Nacalai Tesque, Inc.), TNBP (tri-n-buty] phosphate,
Wiko Pure Chemical Industries, Ltd., Osaka, Japan), andfor
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
Batbara, USA). To evaluate the effect of strong somication,
normal MF was sonicated using a closed system ultrasonic
cell disruptor (Bioruptor UCD-200T, CosmoBio Co. Lid., 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’
Loges SE at 95%
LDsy/mi probability
Non-super-sonicated 263K MF lot C 51 044
Super-sonicated 263K MF lot C 6.0 0.53
Super-sonicated 263K MF lot D 5.3 0.69
SD-treated. ultracenuifuged, super-sonicated 69 0.69

and 220 nm-filtered 263K MF lot C

* This bioassay study was performed in accordance with GLP regulations.
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Kyoto, Japan), lysolecithin (L-ct-"



