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the existence of vacuoles only. Some other
institutions use their own scoring system using
several factors, such as spongiform vacuoliza-
tion, gliosis or amyloid plagues in the lesion
sites. The above judgments are sometimes
problematic because these pathological obser-
vations must be performned by experienced
investigators. To obtain more knowledge regard-

ing the diagnosis of prion diseases, see the gen--

eral review by Kretzschmar [27. To avoid the
above problems, rather than pathological evalu-
ation, a recent trend is the iz witro detection of
abnormal prion protein using BHs from inocu-
lated animals by immunological procedures,
sueh as WB. :

Lée and coileagues published a report in 2004
regarding the relationship between in wifro and
i wivo results fz8). Their data demonstrate that
the partition of prion antigen in individual proc-
ess samples detected by WB was consistent with
that of infectious prions observed iz vfvo. These
results suggest that it may be possible to evaluate
prion partitioning during the manufacturing
process by in vitre study using only WB. How-
ever, they also demonstrated that, in some cases,
infectivity remains in a sample where the amount
of abnormal prion protein is less than the limit of
WB. One possibility for the phenomenen is the
inappropriate use of antiprion antibodies for
WB. Based on their results, the data obtained by
I vitro study should be evaluated with the possi-
bility that such study may have limitations for
the detection of prion agents,

Cell culture to persistently maintain the infec-
tious pricn protein has been widely reported,
and the development of a cell culture systern for
the quantitative detection of prion infectivity is
now underway (21,2930}, In the future, if a new
assay system using a cell culture system demon-
strates the same sensitivity as animai studies and
good correlation, experiments to detect Infectiv-
ity may be switched from animal systems to cell
culture studies, as has occurred for some viruses
used for virus validation studies.

Evaluation of the major manufacturing
processes for prion removal

Concept for evaluation of

manufacturing processes

Over the last 10 years, many reports have been
published on prion removal during the manu-
facturing processes of plasmea derivatives. To
reassess these reports today, we must consider
the technical background of the studies (dis-
cussed earlier). Before the European Medicines

-126-

Agency published 4 statement in 2004, the strat- '
egy for establishing the study design was niot as
clear (108].

The log reduction factor of prion by a certain
manufacturing process is often misundersteod as
representing an unconditional absolute value;
however, this factor is merely one of the indices
for process evaluation. Therefore, based on the
comprehensive grasp of all information, judgment:
should be rade whether the process in question is
effective, partially effective or ineffective for prion

_removal by individual manufacturing steps.

Several procedures are expected to remove
abnormal prion protein. Fractionation with eth-
anol, PEG and glycine, and filtration with virus-
removal and depth filter have been widely inves-
tigated, and many reports have been published
on these steps {described later).

Fractionations during plasma protein
purification steps

Many studies have alveady been performed on
ethanol fractionation. Detatls of ethanol
fractionation and prion partitioning during
the manufacturing process have been described
in several articles [31,32,104,105]. Ameng the eth-
anol fractionation processes, Fraction I+ I1I,
Fraction III and Fraction IV processes exhibited
significant partitioning (Table 1). These are con-
sidered to be effective prion removal processes.
For PEG and glycine fractionations, several
studies have also been reported, as sumnnarized
in Tabke 2. PEG fractionation processes, includ-
ing 8 and 11.5%, demonstrated good partition
and are regarded as effective prion removal proc-
esses, such as ethanol fractionation processes,
whereas glycine fractionation demonstrated less
eifective removal.

For column chromatography, various kinds of
columns demonstrated a different tendency to’
partition prion protein (Tuble 3). All of the col-
umn chromatography processes reviewed here
are not implernented specifically for the removal
of prions, but for purification of the plasrna pro-
tein of interest. In this sense, the removal of
prion with these column chromatography proe-
esses is, if anything, a secondary effect. There-
fore, the factors and/or parameters that are
necessary to purify plasma proteins will differ
from those for prion remaoval.

Virus-removal filters

Virus-removal filters were developed exclusively
for effective removal of viruses during manufactur-
ing processes, and had pore sizes of approxirnately

Future Virol, (2008} 1(5)
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Table 1. Removal of prion by ethanol fractionation”.

Process (condition) Spiking agent
Cryoseparation Human prpvci EH
' Human PrpsciD BH
Human ProGss BH
Sheep Prp> BH

Hamster PrPSc 263K BH
Hamster PrP5¢5c237  BH

MF

CLDs

Purified
Hamster PrPSe 263K TR
Mousg Prp&ss Blood

Hamster PrP% 263K BH

Hamster PP 263K MF
Hamster PrP% $¢c237 BH
MF
CLDs
Purified
Fraction | + Il {20% ethanol)  Hemster PrP5c 263K BH

Fraction | (8%6 ethanol)

Fraction Il + It (255 ethanol)  Hamster PrPS Sc237 BH
MF
CLDs
Purified

Fraction 1+ i + I (19%% Hamster PsPS< 263K BH

ethanol), including filter aid

3.9

3.7

45
3.0
5.9
2.3
3.4
2.8
3.8
8.1

+ve
7.8
2.9
ND

4.4
4,4

3.7

4.1
8.5
4,9
4.1
4.9
3.9
4.6
1.0
ND

3.0
2.8
3.5
2.0
4.7
2.0
3.2
2.4
1.4
NA
NA
6.8
1.9
ND
35
3.5
30
10
25
%0.2
0.5
1.8
0.8
0.8
4.8

ND

Spike source  Before  Filtéred (Supartiatant) Paste (pregipitate)

36
2.7
3.7
2.5
5.3
2.1

2.9
2.6
3.4
6.0
+ve
1.2
2.6
ND

4.3

44
37
‘3.9

8.5
5.3
4.1
4.9
3.8
43
ND
ND

* Clearange/reduction

Filtered
0.9
0.9
1.0
1.0
1.2
0.3
Q.2
0.4
2.4
NA
NA
1.0
1.0
<1.0

0.9
0.9.

07

a1
6.0 "
=4.7
36
33
3.1
4.0
2.2
3.8

Paste
0.3
1.0
0.8
0.5
0.6
0.2
05
0.2
0.4
2.1
NA
0.6
0.3
1.0
0.1
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.1
0.3
NA
NA

Method

WEB
WEB
WB
WB
W8
cnl
chl
chl
Cchi
BA

BA

BA

wa
wo
chi
col
COi
CDt
BA

wg
cot
col
Chi
ch
BA

WB

Ref,

871

{16

[17]
(28]

(18]

116]

(28]

[18]

(38]

*\alues given are expressed in log,, form. *Clearance was calculated by subtracting the effivent titers from the precipitate titers. Sinciuding depth fiftration, YYunoki et al. Unpublished Data.

BA: Bioassay {in vivo study); BM: Brain homogenate; BSE: Bovine spongiforrn encephalopathy: COI: Conforqatign-dependent Immungassay; CLO: Caveolze-fike domain;

G$5: Gerstmann-Strdussier-Scheinker syndrome; MF: Microsomal fraction: NA: Not applicable: ND: Not deter_mined; PrP: Prion protein; Se¢: Scraple; sCID; Sporadic Creutzfeldt~Jakob disease;
sMF: Sonicated MF; TR: Trypsin-treated minced brain; vCJD: Variant Creutzfeldi-Jekob disease; WB: Wastern biotting fin vitro study).
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Process (condition)-

Fraction | + I + Wl {20%
ethanot}, evaluate from plasma

Fraction !+ Il + Il (21%
ethanol)

Fraction i (1794 ethanof}
Fraction | + i1l {12% ethanof}
Fraction f + [Ii (12% ethanol)
Fraction IV (38% ethanol),

high prion spiked

Fraction IV (38% ethanol),
low prion spiked

Fraction IV (35% ethanal)
Fraction IV (40% ethanol)

Fraction IV
Fraction IV,
Fraction IV

Fraction IV,+ iV, {40%
ethanoi) eveluate from plasima

Spikingagent *  -Spike splirce -JBe

Hamster PeP3e 2631
Mouse PrpGss

Harnster Prise 253K

Hamister PrPSe 263K,
Hamster PrPSe 263K

Mouse PriBsE 307V
Hamster PrPSe 263K
Hamster PrP®e Sc237

Hamster Prpse Sc237

Hamster PrP3c 263K
Hamster PrP3e 263K

Hamster Pri%e 263K
Hamster PrPSe 263K
Hamster PrP3¢ 263K

Hamster PriSe 263K
Mouse PrpGss

Tal:i;!.é':'I_.'Removal of 'p'rio'n by ethanol fractionati_on"" (cont.)

TR
Blood
MF

BH

" BH

MF

MF

BH

MF
CLDs
Purified
MF
CLDs
Purified
MF

BH

BH

BH

sMF

TR
Blood

8.1

+ve
ND

ND
4.3
6.8
ND
6.1
ND
4.1
4.5
41
4.6
3.7
3.0
3.2
ND.
7.0
ND
8.2
4.2
7.6
4.2
3.6
8.1
+ve

o

g

‘Filtered- (supernatant).

’ gf'--;e‘\ﬁ T R UR

NA
NA
ND

20
0.0
3.3
ND
4.0

ND

0.9

"I.'I

0.9
2.4
0.8
0.0
0.0
ND:
4.0
ND

"5.2

0.0
3.0
<0.1
<0.6
NA
NA

73
4.3
ND
ND
6.0
ND
3.4
4.5
3.8
4.4
3.5
3.0
2.8
ND
ND
ND
1.5
4.2
7.2
4.0

3.8 -

3.8
-vg

Tearance/rec

“:Filtered:

NA,
NA
1.3

5.3t

24.3

3.5

4.5

2.1

23.7

3.2 (24.1)8
3.4 {z4.5)5
3.2 (24.1)8
2.2 (24.6)8
2.9 (23.7)%
23.0 (=3.0%
=3.2 (23.2%
23.0

3.0

5.0

3.7

z4.2

4.6

z4.1

23.0

NA

NA

0,04
0.0

NA
0.1

0.7
0.0
0.3
0.2
0.2
0.0
0.4
NA
NA
NA
1.4
0.0
0.4
0.2
0.0
4.2
NA

Method

BA
BA
WB

BA
WB
BA
wa
BA
W8
CDl
col
col
CDI
col
col
CDl
Wi
BA
WB
BA
WB
BA
WB
WE
BA
BA

Ref.

{17

f1g]

128]

(28]

[18,39] .

el

(ie]

(8]

[38)

[28]

M

*Values given are expressed in logy, form. Clearance was calculated by subtracting the efffuent titers from the precipitate titers, Sincluding depth filtration. YYunoki et al, Unpublished Data,
BA: Bicassay (in vivo study); BH: Brain Romogenate; BSE: Bovine spongiform encephalopathy; GDI: Conformation-dependent immunoassay; CLD: Caveolae-fike domain; '
G55: Gerstmann-Striussler-Scheinker syndrome; MF: Microsomal fractlon; NA: Nat applicable; ND: Not determined; PrP: Prion protein; Sc: Scrapie; sCJD: Sporadic Creutzfeldt-Jakob disease;

sMF: Sonicated MF; TR: Trypsin-treated minced brain; vCJD: Vatiant Creutzfeldt-Jakob disease: WB: Western biotting (in vitro study),
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Process {(sample)

3% PEG (cryoprecipitate)

3% PEG (cryoprecipitate)

8% PEG (VIG)

11.5% PEG (Fraction IV,
precipitate)

11.5 % PEG (Fraction vy
precipiiate)

Glycine {cryoprecipitate)®

SD+8%Glycine
{fibrincgen)
SD+15%Glycine
{Factor Vi)

Caprylate
precipitation/cloth
filtration (Fraction H + IlI
suspension/IVIG)

Spiking agent

PrpvCiD

PrpsciD

PrpGss

Sheep Prpsc
Hamster PrPSt 263K
Hamster PrP5e 263K

Hamster Prsc 263K

PrpvclD

PrPsCio

Prposs

Sheep Prpse
Hamster Prpse 263K
Hamster Prise 263K

Harmster Prpse
Sc237

Hamster Prise 263K
Hamster Prpsc 263K

Harnster Prpse

Method

BH
BH
BH
gH
BH
BH

sMF
MF
sMF
BH
BH
BH
BH
BH
BH

MF

Purified
sMF

MF
sMF
WD
ND

Before

40
3.7
5.0
4.0
6.3
1.2
5.2
25
2.5
Prob. +ve
4.0
3.0

. 4.0

3.5
5.8
ND
4,8
3.1

3.8
3.0

2.5
2.5
D
ND

. Ta_b!é 2. Removatl of prion by polyethylene glycol, glycine and caprylate precipitation®.

Filtered (supernatant) Paste (precipitate)

2.1

1.5

3.0

2.3

4.1

5.0

2.2

<0.1

<01
Prob. +ve

0.5
2.7

2,2 .
2.9
ND
ND

4.0
3.7
5.0
4.0
6.1

7.2

49
3.2
2.5
ND
4.2

2.9

4.0
3.5
8.7
6.5
4.6
2.3

3
3.5

1.5
1.5
ND
ND

Clearance/reduction

Filtered
1.9
2.2
2.0
1.8
2.2
2.2
3.0
22.4
22.4
NA
240
23.0
24.0
23.5
=5.8
25.4%
=4.9
1.7

33
0.3

0.3
0.0
ND

ND

Paste
0.0
0.0
0.0
0.6
0.2
0.0
Q.3
0.0 .
0.0
NA
0.0
0.1
0.0
0.0
0.1
0.0*
0.3
0.8

0.7
.0

1.0
1.0
2.9
3.3

Method Ref..

wa
WB
WB
WB
WB

' BA

WB
WB
wB
BA

WB
WB
W8
WEe
W8
BA

WB
o

Cor
WB

WE
WB
WB
BA

{37]

i28]

{37)

f2s)

(8]

[40]

*\falues given are expressed In logy, form. Clearance was calculated by subtracting the efflusnt titers from the precipitate titers, SCryoprecipitate after Al{OM); adsorption. TYunoki et al. Unpublished Data,
BA: Bigassay (in vivo study); BH: Brain homogenate; COI: Conformation-dependent immiunoassay; GSS: Gerstmann-Stréussier-Scheinker syndrome; IVIG; Intravenous Immunoglobutin: MF: Microsomal

fraction; Prob. +ve: Probable positive; PrP: Prion protein; NA: Not appticable; ND: Not determined; Sc: Scrap;e sCJ0: Sparadic Creutzfefdt—.fakob disease; sWIF: Sonicated MF; vOID; Variant

Creutzfeldt-Jakob disease; WB: Western blotting (in vitro study),
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Table 3. Refmoval o

collimn step

Spiking Meitiod Befare Pass

Reduction

“Protess ‘Eluate Retained
agent (clearance) for
product fraction -
DEAE SD Hamster MF ND ND ND ND >3.5% WB nal
Tyoper! contained  prpSe 3.15
B50M Factor VIl 263K
Mouse  MF 8.7 ND  <5.8¢ 76 22.8%2.7% BA [41]
prp8sE 6.15
301V
DEAE- Factor [X  Hamster MF ND ND  ND ND 3.0 WB.
sepharose prose
263K '
Heparin- SD Hamster MF ND ND ND ND 1.4 WB 18]
sepharose caontained  prpse -
' Factor X 283K
Ssepharose  SD Hamster  MF ND ND  ND ND 2.9 WB -
contained prpsc
thrombin 263K
MoAb Factor IX  Hamster dMFY 3.7 3.7 1.3 NA 2.4 WB ¥
PrpSe
263K

*alues are expressed in log,, form. ¥Fibrinogen fraction. $Factar Vil fraction. 15D (0.3% TNBP and 1% Tweaan 80) treated. fYunoki et al.

Unpublished Data.

BA: Bioassay (in vivo study); BSE: Bovine spongiform encephalopathy; DEAE: Diethylamincethyl dMF: Detergent-treated MF: MF: Microsomal
fraction; MoAb: Monoclonal antibody; NA: Not applicable; ND: Not, determined;’PrP: Prion protein; Se: Scrapie; SD: Solvent and detergent;
WB: Western blatting (in vitro study)
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15-35 nm depending on the filter type. For
example, 15N (15+2 nm), 20N (19:2 nm)
and 35N (3522 nm) of Planova filtess (Asahi
Kasei Medtcal Co,, Ltd., Tokyo, Japan}; DV20
(>3-1ogs reduction of virus particles >20 nm in
diameter, and >6-logs reduction of virus parti-
cles »50 nmn in diameter); and DV50 {>6-logs
reduction of virus particles >50 nm in diame-
ter) of DV filters (Pall Co., NY, USA}); and
Viresolve70 (filtration of molecules with
<70 kDa) (Millipore Co., Billerica, MA,
USA). Although the filters were originally used
for the removal of viruses, it is expected that
they may also be applicable for the removal of
prions, To date, only a few reports have been
published on the prion removal capacity of
virus-removal filters. In this review, we refer
only to reports in which the name of the filter
is specified {Table 4).

In 2005, Silveira and colleagues reported that
prion protein particles with a particle size of
17-27 nrn retain prion infectivity in an in wwo
study (33, However, prien particles can be much
Iarger and 17-27 nn particles appear to be at
the low end of size distribution [3¢). Using this

-130-

estimated size of the minimum infectious parti-
cle, we can infer useful information from the
study results on parvovirus partitioning, because
the particle size (20~26 nm)} of the virus is simi-
lar to that of prions. Virus-removal filters with a
nominal pore size of 15 nm can remove canine
parvovirus and parvovirus 519 (B19) effectively
{19.35.36]. Therefore, virus removal filters with
15-nm pore size should be useful for prion
removal, We obiained evidence that scrapie
prion could also be removed effectively by a
15-nm filter, at least when assayed using WB,
akthough infectivity in the filtrate remained
when we inoculated hamsters [Yunoki and colleaguzes,
Unpublished Data).

However, many plasma products cannot be
filtered with this filter. In fact, even for the
evaluation of virus-removal filters for prion
removal, there are several technical issues to be
noted. Most of the problems associated with
the 15-pm filter occur due to clogging of the
filter by spiking materials. Clogging often pro-
longs the filtration time and renders the filter
unable to process the required loaded amount per
unit surface area of the filter {termed deviation).

Future Virol. (2008} 1{5}
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Proeess

VireSolve 180 (Millipore}

Pianova.75N (Asahi)

Planova 35N (Asahi}

Planova 20N (Asahi)

Planova 15N (Asahi)

Planova 10N (Asahi)

CVD + DV50 + DV20 {Pall)

Table 4. Removal of prian by virus filters®.

Sample

0.86%
immuneglebulin

PBS

2% albumin

PBS

IVIG
Hapiogicbin
MG
Haptaglobin

2% albumin

PBS

Antithrombin 1l

Thrombin

2% alburnin

Globtlin

Spiking agent

Hamster PrPSc 263K

Hamster PrpSt 263K

Mouse PrP%e MET

Hamster PrPse 263K

Hamster PrPSe 263K
Hamster Prp% 263K
Hamster PriPSe 263K

Mouse PrPSe ME7

Hamster PrPsc 263K

Hamster PrP3c 263K

Hamster PrP3c.263K
Mouse Prbse ME7
Human CJDRes

Methad

dsBH**

MF
sMF
BH
dBH#*
MF
SMF
SMF
SMFSS

dsMFH
BH
dBH¥
MF
sMF
dMF5
sMF5S

dsMFTF
dB3H#
BH

6.4/6.9/6.9

3,5/14.2
4.2/14.2
8.13
7.32
3.5/4.2
4.2/4.2
3.212.85
2.4
6.8/6.8
6.7/6.1
8.13
1.32
3.5/4.2
4,2/4.2
31431
3.6
Prob. +ve
37137
7.32
ND

<3.9/«3.9/<3.9

<1.0/<1.0
24124
3.20

5.71
<1.0/<1.0
<1.0/<1.0
0.8/0.8
<1.0
4,8/4.3
4.8(4.7
<2.26
<3.11
<1.0/<1.0
<1.0/<1.0
0.0/0.0
<0.3

Prob, +ve

<0.2/<0.2

<3.52
ND

Retained

5.9/6.4/5.9

NDND
ND/ND
ND
ND
ND/ND
ND/ND
ND/ND
ND
NDND
NDIND
ND
ND
NDIND
ND/ND
ND/ND
NA
NA
NDIND
ND
ND

Clearance/reduction
Filtered Retained
22.5/23.0/  0.5/0.5/
23.0 1.0
=2.5123.2  NANA
1.8/1.8 NANA
4.93 NA

1.61 NA
22.5/z3.2 NA/NA
23.2/23.2 NAINA
2417 NANA
1.4 NA
2,012,5 NAMNA
1914 NAINA,
»5.87 ' NA
>4,21 NA
22.5/23.2  NANA
=3.2/23.2 NA/NA
23.1/23.1 NANA
22.8 NA

NA NA
23.5/23.5 NA
»3.80 NA
3.0-3.3"7 NA,
=230 7 6%

WEB

WB
WB
BA
BA

"WB

we
WeB
WB
WB
WB
BA

BA

WEB
w8
WB
Wa
BA

W8
BA

WB

Method Ref.

[42]

i19]

[a3)

(18]

#i

(43]

(18]

#E

"
431

[44]

*Values given are expressed in log,, form. **Sonicated BiH including 0.1% lysolecitin and followed by 0.45-0.22-0.1 um seriaily fiitered, *including 0.5% sarcosyl. ¥5D (0.3% TNBP and 1% Tween 80}
treated and followed by sonication. Sincluding 0,79% sarcosyl. ¥50.22 pm fiftered, ¥1:10 BH spiked. ¥71:100 BH spiled. * 1:500 BH spiked. *Yunotf et al, Unpublished Data.
BA: Bioassay (in vive study); BH: Brain homogenate; CJD: Creutzfeldt-Jakol disease; dBM: Detergent-treated BH; diIF: Delergent-treated MF; dsBH; Detergent treated and sonicated BH;
dsiIF: Detergent-treated and sonieated MF; IVIG: Intravenous immunoglobuling MF: Microsomal fraction; NA:; Not applicable; ND: Not determined; PBS: Phosph_ate buffered saline; Prob. +ve: Probable
positive; PrP: Prion protein; Res: Protease resistant; Sc: Scrapie; sMF: Sonicated MF: WB: Western blotting {in vitro study).
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Such deviations from standard manufacturing
conditions should be carefully considered,
without overestimation, for the acceptability
of such studies. In such instances, the smaller
pores tend to clog first, which diverts more of
the flow through the larger pore sizes, thereby
changing the effective pore size of the filter.
For the purposes of risk assessment, it appear
to be appropriate to assume that, even with a
13-nm filter, leakage of only a small amount
of prion (less than the limit of in vitro detec-
tion methods) may occur, as often found in
parvovirus studies.

Process evaluation of virus-removal Flters
must be performed considering the above points.
Since the published study design for process
evaluation of prion removal is often unclear,
reports must be reassessed carefully to exclude
the possibility that prion clearanice has been
adversely affected. It is generally accepted that
the basic principle of virus-removal filtration is
size exclusion. Depending on the filtration con-
ditions, the performance of the filters may vary.
At present, the 15-nm filter is the most effective
for prion removal, although filters with a pore
size of 20 nm or more can also remove prions to
some extent. However, it should be understood
that, in theory, all filters may leak infectious pri-
ons into the fltrate. Owing to clogging and
other problems, the percentage spiking may need
to be reduced in many cases. Consequently, the
removal factor tends to be lower, which should
also be considered carefutly.

In the future, it may be necessary to develop
virus-removal filters with smaller pore sizes.
However, smaller pore size may also be muore
problematic because not only contaminants but
also the desired plasma protein may be captured
by the filter. Therefore, some other measures,
such as improvement of filtration efficiency with
15-nm pore size filters, or identifying suitable fil-
tration conditions for larger pore filters (e.g., by
inducing prion aggregates at low pAH prior to
filtration) may become important.

Depth filtters

The basic principle of depth filtration is to
remove and/or capture impurities by filtration
through a multilayered mairix structure. Pore
sizes of depth filters usually range from 0.1 to
5.0 um. Some improved filters are electrically
charged to capture impurities more efficiently.
Depth filtration was originally introduced for
the ciarification of protein solutions and, thus,
was not intended specifically for prion removal.

-132-

Therefore, contaminating prion agents are
removed as a secondary effect during purifica-
tion of the desired protein. Considering the pore
size of depth filters, the filtration mechanism for
prion removal cannot be simply explained only
by size exclusion, because the charge of the depih
filter could also be involved in prion removal.
However, certain conditions may result in signif-
icant prion aggregation (e.g. low pH}, and
under such conditions, removal by size exclusion
may be the primary mechanism of removal. To
date, only a small number of reports have been
published on prion removal by depth filtration.
The results of the studies are summarized in
Table 5 (reports where the name of the filter was
not specified are not included).

According to a report that even prion particles
of 17~27 nmn in diameter still remain infective {33),
such infectious prions should theorétically pass
through depth filters. However, a number of
reports highlight that, in some cases, abnormal
prion was actually removed by depth filtration.
Even with an identical filter, filtration efficiency
varies significantly depending on filtrating con-
ditions. Therefore, depth filtration cannot guar-
antee consistent prion removal in each instance,
but rather conditions may need to be optimized
for each product. Thus, in actual manufacturing,
conditions for depth filtration must be defined
with strict process controls in order to ensure
effective prion removal. Furthermore, any evalua-
tion study of the process should be designed very
carefully while considering the processing condi-
tions. The correlation of prion pertitioning via
depth filtration in model systems and
vCJD/CJD systems remains to be confirmed.

There are several technical problems to be
noted when we evaluate depth filtration. The big-
gest problem is that the mechanism of prion
removal has not currently been clarified. Size.
exclusion alone cannot explain the mechanism to
remove prions by depth filters. Blectrically charged
matrices may adsorb prions, but this has not been
investigated in detail. Therefore, process evalua-
tion for depth filiration may require very careful
design, since there is a possibility of behavioral dif-
ferences between model and vC]D/CJD systems
during filtration. In addition, it is difficult to
obtain depth-filter materials of uniform quality.
This particular problem must be improved for the
usefulness of the depth filtration process to remove
prions at the manufzcturing level.

In general, from the resuits of previous studies,
depth filtration may be effective, to some extent,
for prion removal, as Foster and coworkers
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