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course of the study for reasons other than scrapie infection
were not included in the final calculation of infectious titers.
Infectious titers were expressed as a 50% lethal dose (LDso)
according to the method of Kirber [16].

Samples taken before and after filtration during the P-15N/
antithrombin (AT; previously named antithrombin-II) study
were tested for the presence of scrapie infectivity using a qual-
itative hamster bioassay. Syrian hamsters were inoculated with
undiluted samples only, as described above, except that only
three animals were used per sample.

2.5. Evaluation of PrP> removal in the presence of
plasma preparations

To investigate whether differences in how the scrapie spike
material was prepared influenced our evaluation of prion re-
moval, two different spiked preparations were compared using
the manufacturing process for preparing AT (Neuart®, Benesis
Corp., Osaka, Japan). Samples taken during .the actual
manufacturing process, immediately before the Planova step,
were spiked with 263K MF treated with 0.1% (w/v) sarkosyl
for 30 min at room temperature, or with 220 nm-filtered ““super-
sonicated” 263K MF. The spiked AT materials were then
passed through a P-15N filter. The influence of different filtra-
tion conditions on the removal of PrPS® was compared for the
same spike preparations, and for different spike preparations,
using heat/PEG-treated intravenous immunoglobulin (IVIG)
(Venoglobulin-IH, Benesis Corp.) and haptoglobin (Haptoglo-
bin Injection-Yoshitomi, Benesis Corp.).- Samples taken during
the actual manufacturing process, immediately before the Pla-
nova step, were spiked with: 220 nm-filtered “‘super-sonicated”
263K MF (IVIG/P-35N and haptoglobin/P-35N); 263K MF
ultracentrifuged at 141,000 x g for 60 min at4 °C, resuspended
in buffer equivalent to the starting material without protein,
“super-sonicated” and 220 nm-filtered (IVIG/P-20N); or
263K MF treated with 0.3% (v/v) TNBF/1% (v/v) Tween 80
for 6h at 30°C (“SD treatment”), ultracentrifuged at
141,000 x g for 60 min at 4 °C, resuspended in saline, “super-
sonicated”, and 220 nm-filtered (haptoglobin/P-20N). The
spiked material was then passed through either a P-35N filter
or a P-20N filter {19 &2 nm). Although not part of the
manufacturing process for haptoglobin, the SD treatment was
included for the spiked preparation in an effort to reduce the
clogging of the filter that occurs following the addition of
a prion spike. Filtration processes for the thrombin preparation

(Thrombin-Yoshitomi, Benesis Corp.) were also investigated. -

For thrombin, a sample taken during the actual manufacturing
process immediately before the Planova step was spiked with
263K MF subjected to **SD treatment” followed by ultracentri-
fugation at 141,000 X g for 60 min at 4 °C, resuspended in the
starting material, “super-sonicated” and 220 nm-filtered, and
the spiked material then passed through a P-15N filter.

The experimental conditions used in the prion removal
studies were designed to mimic the conditions used during
the actual manufacturing process for the relevant” product.
For all processes, samples were analyzed by WB, The logg
reduction factor (LRF) for PrP*® was calculated for each
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filtration run, by comparing the total amount of PrP®° present
in samples before and after filtration. All studies involving the
use of WBI1 and 2, and the quantitative bioassays, were per-
formed in facilities in compliance with current GLP regula-
tions. Studies involving the determination of average particle
size in normal MF preparations, the use of WB3, and the qual-
itative bioassay, were performed as non-GLP studies.

3. Results

3.1. Influence of MF preparation method on particie size
distribution

Ideally, to represent a “worst case™ challenge for a filter,
the smallest form of prion protein, or infectious agent, should -
be used. Studies to investigate the optimum method for prepar-
ing the prion spike material were therefore performed. In these
studies, changes in the average particle size in normal MF
were investigated, as 263K-infected brain material could not
be handled within our facility. Although prion particles in
MF derived from 263K-infected brain material were not inves-
tigated directly, we tried to optimize the design of our exper-
iments by minimizing the size of particles in normal MF, as
particle size may influence filtration performance (both with
respect to filter blockage, and removal of PrP>%). The results
are shown in Figs. 1 and 2.

Treatment of normal MF with sarkosyl or lysolemthm Te-
duced the average size of particles to approximately 100 nm,
when 0.1% or higher concentrations of the detergents were '
used. However, below that concentration, the particle size
did not change significantly, with the exception of 0.01% lyso-
lecithin which reduced the average particle size to approxi-
mately 300 nm (Fig. 1A,B). Treatment with Triton X-100
did not result in a significant change in particle size, even at
1% (Fig. 1C). Treatment with 0.3% TNBP or 1% Tween 80
alone was not able to reduce the particle size below 200 nm.
However, when combined, one of the conditions generally
used for viral inactivation (“SD treatment™), 0.3% TNBP
and 1% Tween 80 reduced the average particle size to below
200 nm (Fig. 1D). These results suggest that the reduction in
average particle size in normal MF depends on the choice of
detergent(s), and the concentration and combmatmn of deter-
gent(s) used.

We also studied the effect of “super-sonication” on the

“particle size in normal ME The results showed that “super-

sonication” could reduce the average particle size to a very
fine level in a short time, without the need to change the com-
position of the normal MF material (Fig. 2A). Since “super-
sonication™ is a temporary physical procedure, reversal of
the particle size reduction may possibly occur. To exclude
this possibility during the experiments, we conducted a sta-
bility study on the pardicle size in normal MF after “super-
sonication”. There was no significant change in the particle
size up to 24 h after “‘super-sonication”, with the size remain-
ing at approximately 100 nm (Fig. 2B).

The results showed that the particle size 'of normal MF
preparations could be reduced significantly by treatment
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Fig. 1. Change of particle size in normal MF following treatment with various detergents. To normal MF, sarkosyl (A), lysolecithin (B), or Triton X-100 (C)
was added to a final concentration of 1%, 0.1%, 0.01%, and 0.001%, respectively. The change in the average particle size was then monitored at room temperature
for 90 min. In addition, TNBP or Tween 80 was added to normal MF to a final concentration of 0.3% and 1%, respectively, either alone, or in combination

("SD treatment”). The change in the average particle sizg.was then monitored at 37 °C for 6 h (D).

with 0.1% sarkosyl, 0.1% lysolecithin, “SD treatinent”, or
“super-sonication”. The use of detergent or ““SD treatment™,
in combination with ““super-sonication™, was also shown to ef-
fectively reduce the average particle size in normal MF prep-
arations, to comparable levels to the individual treatments
alone (data not shown). “Super-sonication” has an advantage
over the other treatments in that it can minimize the change of
composition of samples taken from the manufacturing process,
as it does not require the addition of reagent(s) to the normal
MEF, For this reason, “super-sonication” is considered to be
a useful approach for the treatment of 263K. MF for process
evaluation, “SD treatment”, although slightly less effective,
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is used in many manufacturing processes, and may therefore
be useful alone, or in combination with “super-sonication™,
for the process evaluation of products whose manufacturing
process includes an “SD treatment’ step. These approaches,
alone or in combination, may also be useful to prevent the
clogging of filters that can occur during spiking studies.

3.2. Infectivity of PrP* in 263K MF and influence of
263K MF preparation methods on infectivity

The.-effect of “super-sonication’ and “SD treatment” on
the infectivity of 263K MF was studied. Infectious titers of
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Fig. 2. Change of particle size in normal MF following intense sonication (“siper-sonication™). Normal MF in a test tube equipped with a resonance chip (20 kHz,
200 W) was sonicated for 1 min in an ice bath. After 1 min, the sonication step was repeated. The change in average particle size was monitored during 30 cycles
of sonication (A). After 10 cycles of sonication (“super-sonication™), normal MF was held at room temperature for 24 h, and the change in particle size was

monitored (B).
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263K MF, “supér-sonicated” 263K MF, and 263K MF sub-
jected to “SD treatment”, ultracentrifuged at 141,000 x g
for 60 min at 4°C, resuspended with thrombin starting
material, “super-sonicated”, and 220 nm-filtered, were deter-
mined using a hamster bioassay. The results are summarized
in Table 1. _ '

The titers of two independent batches of 263K MF treated
by ‘‘super-sonication” were 6.0 and 5.3 log;y LDse/ml, re-
spectively. The titer of the ‘“non-super-sonicated’’263K MFE
used to generate one of these stocks was 5.7 log;o LDsp/ml.
These results suggest that “super-sonication” does not influ-
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-filtered, was 6.9 Iogy,
LDs¢/ml, which was approximately 1 log higher than that of
the corresponding stock treated by “super-sonication” alone.
Whether this difference is. significant is unclear. 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 {s possible that use of a 200 day bioassay may
under-estimate the infectious titer of the 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 separate titrations) de-
veloped clinical symptoms necessitating euthanasia 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 exposure to treat-
ments that result in inactivation of the scrapie agent, such as
heat or NaOH, may result in extended incubation periods for
clinical scrapie, if anything the results may under-estimate
the relative titers of the treated stocks [17,18]. Therefore, the
bioassay results support the conclusion that “super-sonication™
of 263K MF stocks, with or without *“SD treatment”, does not
appear to significantly reduce the infectious titer of the stock,
and that these preparations are therefore suitable for use in
prion clearance studies.

3.3. Removal of PrP*¢ by various filters

To determine whether “super-sonication” influenced the
log;o 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 om, 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,, reduction values, supporting
the idea that “super-sonication” of 263K MF produces a
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more severe challenge for a filter step. An approximately
5-fold higher log,g reduction factor was observed for “non-
super-sonicated™ stocks, for the 100 nm and P-75N filters,
for both stocks tested. No significant loss of PrP%¢ was ob-
served with either spiking material with 220 nm filtration,
and no PrP> was detected in the filtrates following P-35N
and P-15N filtration.

Previously, we have observed some removal of PP in
some lots of “non-super-sonicated” 263K MF by 220 nm fil-
tration. Strict control of the methodology used to generate the
263K MF stocks appeared to prevent this, suggesting that
the method of preparing the 263K MF itself may influence
the particle size distribution (data not shown).

3.4. Removal of PrP>® by Planova Jilters in the presence
of plasma preparations.

Removal of PrPS¢ by P-15N, P-20N, and P-35N filters was

. evaluated in the presence of a number of different plasma

preparations, under conditions designed to mimic the relevant
manufacturing process. The design of the experiments was
similar to that of virus clearance studies. Samples were ana-
lyzed by WB, and the log,q reduction factor (LRF) was calcu-
lated for each filter step. The results are shown in Table 3.
Under all the experimental conditions tested, PrP was not
detected by WB after filtration through P-15N. -The LRF
values were >2.8. In contrast, PrP*® was detected by WB in
samples following filiration through P-20N and P-35N filters,
in three out of the four processes tested, gii/ing LRF values in
the order of 2logs. In one study, P-35N/haptoglobin, using
“super-sonicated” 263K MF, PrP>® was not detected in the fil-
trate. However, the sensitivity of this study was low, giving
a LRF of >1.4, and therefore the robustness of this filtration
process was not evaluated. In the initial studies (Table 2),
PrP5° was not detected in the fractions after P-35N filtration
of either “super-sonicated” or “‘non-super-sonicated” 263K
MF in PBS, resulting in log reduction factors in the order of
3 logs. The variance in the results obtained for these filters
could be due to a combination of factors, including how the
scrapie spike material was prepared, the composition of the
starting material, and the precise filtration conditions used.

3.5. Removal of prion infectivity by Planovq filters in the
presence of plasma preparations

P-15N filtration was shown in these studies 1o be able to
remove PrP*° to levels below the detection limit of the WB
assays used, regardless of the method used to prepare the spike
material, the composition of the start material, or the filiration
conditions. However, a bioassay study for samples genecrated
in a P-15N/AT study using 220 nm-filtered “super-sonicated”
263K MF, demonstrated that infectivity was recovered follow-
ing filtration, as clinical signs appeared in all hamsters inocu-
lated with the filirate, and analysis of hamster brain material
confirmed the clinical results. Pre>¢ was detected in the brain
homogenates from all clinically positive hamsters by WB,
and scrapie-associated lesions were observed in all the
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Table 4
Scrapie infectivity in samples generated during the P-ISN/AT study

Before filtration

Filtrate

Animal number

Animal number

1 b4 3 1 2 3
Appearance of clinical signs (day euthanized) 87 87 87 94 143 105
PrP™ in brain by WB3 Detected Detected Detected Detected Detected Detected
Lesions by histopathology +ve “kve +ve +ve +ve +ve
Medulla (oblongata) D,V.P DVP D.V.,P D,V,P DV.P D,V,p
Cetebellum (cortex) D DVp DV.P Dvp oVv,p DVP
Midbrain D,P D,V,P v.p D,P D,P D.V.P
Hypothalamus D,p DV.P Dp D,V,P D.F D.pP
Thalamus . D.p DV,p D,P D,P D.P D,P
Hippocampus NR bV D D D,VP DV
Paraterminal body D.p D,P bp NR DV P
Cerebral cortex (posterior midline) D "D,p DP Dp D,V,P - DNP
Cerebral cortex (anterior midline) D,P D,V.,P DV, . D,V.P DV.P D,VP

Abbreviations used: ++ve, scrapie positive; NR, no remarkable change; D, degeneration of nerve cell; V, vacuolation; P, proliferation of glial cell.

corresponding hamster brain material on histopathological ob-
servation (Table 4). Typical nerve lesions are shown in Fig. 3.
Thus, P-15N filtration did not result in the complete removal
of infectivity, for this process step.

4. Discussion

In this study, we have investigated the capacity of P-35N,
P-20N and P-13N filters to remove the 263K scrapie prion pro-
tein, PP, under the conditions used for the manufacture of
four different plasma-derived products, using spike prepara-
tions designed to present a serious challenge to the filters.

Validation studies to evaluate the capacity of manufacturing
processes to remove potential contaminants, inchuding prions,
are required for biological or biopharmaceutical products
intended for human use. When designing these studies, a worst-
case challenge should be used wherever possible, to minimize
the risk of over-estimating the capacity of the process to re-

-move such contaminants. Virus removal filters (or nanofilters)
are designed to remove contaminanis predominantly on the
basis of size. The worst-case challenge for such steps should
therefore be a preparation containing the smallest possible
form of the infectious agent.

TSE cléarance 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 PP 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
patticle size, to approximately 100 nm. SD treatment (1%
Tween 80 and 0.3% TINBP 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.

Fig. 3. Typical nerve lesions in the hippocampus of a hamster brain, taken from an animal inoculated with a P-15N-filtered sample (B), in comparison with the
comesponding regton from an uninfected animal (A). Arrows, vacuolation; Arrowheads, degeneration of nerve cells; scale bar = 50 pm; HE staining used.
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“Super-sonication™ has the advantage that it is a physical dis-
ruption process, and does not alter the chemical composition
of the spike material, thus minimizing changes to the start
-material used for nanofiltration. SD treatment is included in
many manufacturing processes for plasma-derived products,
and therefore, although not as effective as “super-sonication”,
use of this treatment might be expected to result in a spike
material more closely mimicking the form of infectious prion
present in the relevént start material during the manufacturing
process. Use of these treatments alone or in combination may
therefore be useful.in reducing the size of infectious particles
present in TSE spike materials for prion clearance studies.

The effect of the above treatments was studied using nor-
mal MFE, as the facility was unable to handle infectious TSE
materials. Although some care should be taken in extrapolat-
ing these results to TSE-infected brain material, “super-soni-
cation” of 263K MF preparations appeared to reduce the
removal of PrP%® following filtration, while detergent-treated
spike preparations have previously been shown to present
a more significant challenge to nanofiltration steps than un-
treated preparations ([9,10] and own unpublished observa-
tions). Furthermore, “supér-sonication”, with or without SD
treatment, does not appear to reduce the level of infectivity
present within the 263K MF, supporting the use of such prep-
arations for prion clearance studies,

Using 263K MF treated with 0.1% sarkosyl, “super-sonica-
tion” or SD plus “super-somication”, we investigated the
prion removal capacity of P-15N, P-20N and P-35N filters in
the manufacturing processes used for four different plasma
products. The results obtained suggest that both the composi-
tion of the materials to be filtered and the prion load influences
the removal of prions. PrP5® was recovered in the filtrate fiac-
tion from three out of the four processing steps performed for
P-20N and P-35N. In contrast, under all conditions tested, P-
15N filtration resulted in removal of PeP5 to below the limit
of detection of the Western blot assays used. Thus, P-15N
would appear to be a more robust method for the removal of
prions, reproducibly giving LRF in the order of 3 logs, under
the conditions tested. In practice, however, it is not feasible
to incorporate P-15N filtration into the manufacturing process
for all plasma derivatives. From the results shown in Table 2, it
may also be possible to optimize processing conditions to al-
low effective removal of PrP>° using P-20N or P-35N filters.

WB assays were used to monitor the partitioning of PrPS°
during the nanofiltration processes. WB assays are semi-quan-
titative and serve to provide an indication of the relative levels
of PrP5° present in different samples. However, there are lim-
itations to the sensitivity of available WB assays, and these as-
says provide only an indirect measure of infectivity. Therefore,

" to confirm that remova! of PrP> does reflect removal of infec-
tivity, bioassays need to be performed.

Although PrP*° was not detected in any of the P-15N fil-
tered samples by WB assay, infectivity was recovered in a fil-
trate fraction tested by bioassay for one process run. Foster
also noted that infectivity was detected in a filtrate fraction af-
ter P-15N filtration ([8] reported as personal communication;
data not shown). Thus, even with P-15N, depending on the
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processing conditions, thiere may be incomplete removal of
prion contaminants. ‘

Although infectivity was detected in the filtrate fraction from
the one process step studied, longer and more variable incuba-
tion periods were observed in the animals inoculated with the
filtrate sample (Table 4), suggesting a lower prion titer follow-
ing filtration. However, it was not possible to estimate the rela-
tive levels of prion infectivity present in the input and filtrate
samples, as no data was available to correlate incubation pe-
riods and prion titers for this study. Based on the titers typically
observed for 263K MF stocks, the bioassay used could theoret-
ically detect reductions in prion infectivity in the order of 4 logs
for this process step. Detection of infectivity in the filtrate frac-
tion by bioassay is therefore not necessarily incompatible with
the WB results obtained (LRF >2.8 logs), and may simply re-
flect a difference in sensitivity between the two assays used.

As discussed above, uncertainties about the nature of the in-
fectious agent in plasma, and during the manufacturing pro-
cess, raise concerns about the design and interpretation of
prion clearance studies. No single spike preparation is likely
to contain all potential forms of the infectious agent. Infectiv-
ity is associated with membranes and protein aggregates, In
addition, it has recently been shown that the GPI anchor is
not required for infectivity, suggesting that endogenous pro-
teolytic release of PrP> from cell surfaces may also contribute
to the spread of the infectious agent in vive [19,20]. Whether
significant Ievels of infectivity in human plasma are associated
with GPI-anchorless prion protein is not yet clear. These dif-
ferent forms of infectivity, with different biophysical proper-
ties, could show different partitioning properties through the
same manufacturing process [7]. Furthermore, different forms
of the agent may differ in their level of infectivity. For exam-
ple, it was recently reported that particles in the order of 17—
27 nm appeared to have the highest relative level of infectivity,
in comparison to levels of PrP> [21]. Therefore, a better un-
derstanding of the nature and forms of the infectious agent

. is essential to allow the design of more accurate models for

prion clearance studies, and a more confident evaluation of
the safety of manufacturing processes with respect to potential
TSE contamination.

In summary, we used methods intended to reduce the size
of particles present within MF preparations in an effort to pres-
ent a worst-case (smallest) prion challenge during nanofiltra-
tion. Using such preparations, P-15N filtration consistently
reduced the level of PrP*° to below the limits of detection of
the Western blot assays used, suggesting that this process
step is effective for the removal of prions. However, data

. from a single process step studied suggested that infectivity

could be recovered following P-15N filiration, and thus even
P-15N filtration may not result in complete removal of ‘prions,
at least when used under some conditions.

Acknowledgements
A part of this study was presented at the Planova workshop

2003 and 2006 held by Asahi Kasei. Asahi Kasel Medical Co.,
Ltd. kindly gave us permission to publish the entire study on



36 M. Yunoki et al. | Bislogicals 36 (2008) 2736

Planova filters. Some of the data presented in this study has
been summarized in a recent review [22].

References

[1] Health Protection Agency. Fourth case of variant CJD infection associ-
ated with blood transfusion. Press release, http//www.hpa.org.uk/hpa/
newsfarticles/press_releases/2007/070118_vCID.htm, 18 January, 2007.

{2] Castilla J, Sai P, Soto C. Detection of priens in bloed. Nature medicine
2005;11(9):982—5.

[3] European Medicines Agency/The Committee for Medicinal Products for
Human Use (CHMP)/Biotechnology Working Party. CHMP position
staterment on Creutzfeldt—Jakob disease and plasma-derived and urine-
derived medicinal products. EMEA/CPMP/BWP/2879/02/rev 1. London,

http:/fwww.emea.europa.eu/pdfsfhuman/pressipos/287902rev.pdf, 23

June, 2004.

[4] The European Agency for the Evaluation of Medicinal Products/The
Committee for Medicinal Products for Human Use (CHMP)Biotechnol-
ogy Working Party, Guideline on the investigation of manufacturing pro-
cesses for plasma-derived medicinal products with regard to vCID risk.
CPMP/BWP/5136/03 London, http://www.emea.curopa.ew/pdfsrhuman/
bwp/313603en.pdf, 21 October, 2004,

[5] Strengthening of quality and safety assurance of drugs and medical devices
manufactured vsing components of human origin as raw materials. PESB no-
tification no,0209003 dated February 9, 2005; Japan: MHLW (in Japanese).

{6] Stenland CJ, Lee DC, Brown B, Petteway Jr SR, Rubenstein R. Partition-
ing of human and sheep forms of the pathogenic prion protein during the
purification of therapeutic proteins from human plasma. Transfusion
2002;:42(11):1497-500.

[7] Vey M, Baron H, Weimer T, Gréner A. Purity of spiking agent affects
partitioning of prions m plasma protem purification. Biologicals 2002;
30(3):187—96.

8] Foster PR. Removal of ’i‘SE agents from blood products Vox Sang 2004;
- BI(82):7—-10.

[9] Tateishi J, Kitamoto T, Ishikawa G, Manabe S. Removal of causative
agent of Creutzfeldt-Takob disease (CID) through membrane filtration
method, Membrane 1993:18(6):357—62.

[10) Tateishi J, Kitamoto T, Mohri S, Satoh S, Sato T, Shepherd A, et al, Scra-
pie removal using Planova® virus removal filiers. Biologicals 2001;29(1):
17-25.

[11] Van Holten WR, Autenrieth S, Boose JA, Hsich WT, Dolan S. Removal
of prion challenge from an immune globulin preparation by use of a size-
exclusion filter. Transfusion 2002;42(8):959—1004.

[12]) Kimberlin RH, Walker CA. Characteristics of a short incubation model
of scrapie in the golden hamster. J Gen Virol 1977;34(2):295—-304,

.[13] Kascsak RJ, Rubenstein R, Merz PA, Tonna-DeMasi M, Fersko R,

Carp RI, et al. Moitse polyclonal and moneclonal antibody to scrapie-
associated fibril proteins, J Virol 1987;61(12):3683--93.

{14] Les DC, Sienland CJ,; Hartwell RC, Ford EK, Cai K, Miller JLC,
et al. Monitoring plasma processing steps with a sensitive Western
blot assay for the detection of prion protein. J Virol Methods 2000;
84(1):77—89. .

{151 Fraser H, Dickinson AG. The sequential development of the brain lesions
of scrapie in three strains of mice. J Comp Pathol 1968;78(3):301—11.

[16] Kirber J. Beitrag zur kollektiven Behandlung pharmakologischer Rei-
henversuche, Arch Exp Path Pharmak 1931;162:480-3.

[17} Somerville RA, Carp RI. Altered scrapie infectivity estimates by titration
and incubation period in the presence of detergents. J Gen Virel 1983;
64(9):2045—50.

[18] Taylor DM, Fernie K. Exposure to autoclaving or sodium hydroxide
extends the dose-response curve of the 263K strain of scrapie agent in
hamsters. J Gen Virol 1996;77(4)%:811-3.

[19] Lewis PA, Properzi F, Prodromidou K, Clarke - AR, Collinge J,
Jacksen GS. Removal of the glycosylphosphatidylinositol anchor from
PrP*° by cathepsin D does not reduce prion infectivity. Biocher J 2006;
395:443—8.

{20 Trifilo MJ, Yajima T, Gu Y, Dalton N, Peterson KL, Race RE, et al.
Prion-induced amyloid heart disease with high blood infectivity in trans-
genic mice, Science 2006;313(5783):94—7.

[21] Silveira RJ, Raymond JG, Hughson GA, Race ER, Sim LV, Hayes FS, etal.
The most infectious prion protein particles. Nature 2005;437(7056):
25761,

[22] Yunoki M, Urayama T, Ikuta K. Possible removal of prion agents from
bleod preducts during the manufacturing processcs Future Virol 2006;
1(5):659—74.

79



o

Available online at www.sciencedirect.com

3ol i
*s* ScienceDirect

BIOLOGICALS

www.clsevier.com/locate/biologicals

Biologicals 34 (2006} 227—231

CJID PrP*® removal by nanofiltration process: Apphcat1on to a
therapeutic immunoglobulin solution (Lymphoglobuline®)
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Abstract

The characteristic of transmissible spongiform encephalopathies (TSE) is an accumulation of partially protease resistant (PrP™) abnormal
prion protein (PrP*°). This pathological prion protein is very resistant to conventional inactivation methods. The risk of transmission of TSE,
such as Creutzfeldt—Takob disease (CID), by biopharmaceutical products prepared from human cells must be taken into account. The nanofil-
tration process has been proved to be effective in removing viruses and scrapie agent. The major advantages of this technique are flexibility and
efficacy in removing infectious particles without altering biopharmaceutical characteristics and properties.

This study focused on the removal of human PrP* by means of a nanofiltration method after spiking a Lymphoglebuline® solution with
a CID brain homogenate. Lymphoglobuline® equine anti-human- thymocyte' immunoglobulin is a selective immunosuppressive agent acting
mainly on human T lymphocytes. The therapeutic indications are: ’

« immunesuppression for transplantation: prevention and treatment of graft rejection;
e treatment of aplastic anemia.

In our study, CJD homogenate was spiked at three different dilutions (low, moderate and high) in the Lymphoglobuline® prodfxct. The nano-
filtration process was performed on each sample. Using the weslem blot technigue, the PrP™ sigual detected in nanofiltrates was compared to
that obtained with a reference scale (dilution series of CID brain homogenate in Lymphoglobuline® detected by westemn blot and elaborated on
3.3 log). After nanofiltration, the PrP™ westem blot 51gnal was detected with a significant reduction in the less dilute sample, whereas the signal
was undetectable in the two other samples.

These are the first data in CJD demonstrating a clearance between 1.6 and 3.3 log with a Lymphoglobuline® recovery of over 93%. The
. nanofiltration process confirms its relative efficacy in removing human CID PrP™.

@ 2005 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.
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1. Intreduction

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 CID after extractive growth
hormone, therapy using unsafe lots with respect to prion
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disease. More than 90 children died in France and young adults
are reported to show clinical progression of iatrogenic CID.

Products of human origin have generally been withdrawn
from therapeutic protocols but some human products such as
blood cells can be used as reagents needed in different purifi-
cation steps for biopharmaceutical products. Though infectiv-
ity has never been detected in human red blood cells, a safety
process able to decrease prion infectivity significantly to the
same extent as infectivity transferred by conventional agents
(viruses, bacteria, etc.} could be of great interest,
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