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TRANSPUSION COMPLICATIONS

Preparation of soluble infectious samples from scrapie-infected
brain: a new tool to study the clearance of transmissible
spongiform encephalopathy agents during plasma fractionation

Vito Angelo Berardi, Franco Cardone, Angelina Valanzano, Mei Lu, and Maurizio Pocchiari

BACKGROUND: Concem about the safety of blood,
blood components, and pilasma-derived products with
respect to prions has increased since the report of two
blood-related infections of variant Creutzfeldi-Jakob
disease in the United Kingdom, Efforts were directed
toward the development of procedu'res able to remove or
inactivate prions from blood componenis or plasma-
derived pfoducts with brain fractions of transmissible
spongiform encephalopathy (TSE)-infected rodenis as
spiking materiais. These spiking materials, however, are
toaded with pathological prion protein {PrP™) aggrenates
that are likely not associated to blood infectivity, The
presence of these aggregates may invalidate these
studies.

STUDY DESIGN AND METHODS: Brains from

263K scrapie—infecied hamsters were suspended in

10 percent phosphate-buifered saline. After low-speed
centrifugation, the supernatant was colizcted and
dliracentrifuged at 220,000 x g at 25°C for 30 minuiss,
The high-speed supernatants (S} and pellets were
collected; the protelnase-resistant PrP™¢ was measured
by Western blot and infeciivily by intracerebral inoculation
into weanling hamsters.

RESULTS: A substantial amount of prion infectivity {more
thait 105 LDs, per mL of 2 10% suspension of brain
tissues) is present in the S fraction of 263K scrapie~
infected hamster brains. Concomitantly, this fractfon
contains nene or only traces of PrP™E in its aggregale
form.

CONCLUSION: This study describes a simple and fast
protocol to prepare infectious material from 263K
scrapie—infected brains that is not contaminated with
PrPTSE aggregates. Thig 8" fraction is Hikely to be the
most relevant matertal for endogenous spiking of human
blood in validation experiments aimed at demonstrating

procedures to remove or inactivate TSE infectious agents.
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he occurrence of two blood-related infections
of variant Creutzfeldt-Jakob disease (vCID) in
the United Kingdom'® and the finding that
approximately 10 percent of vCJD cases were
blood donors before the appearance of clinical signs' are
cause of increasing concern for the safety of blood trans-

fusion and, as a consequence, of blood components or

plasma-derived products. There is strong evidence that
CID is caused by the consumption of bovine spon-
giform encephalopathy (BSE)-contaminated meat
products, but the occurrence of human-to-lruman trans-
mission of vCJD has now raised the possibility that other
cases might be related to blood transfusions rather than
meat consumption. BSE and vC}D, together with scrapie
in sheep and goats, sporadic and genetic CJD, Gerst-

ABBREVIATIONS: BSE = bovine spongiform encephalopathy;
LDy, = doses required to kill 50 percent of inoculated animals;
NaPTA = sodium phosphotungstic acid; PK = proteinase K; P*=
high-speed pellet; P™'™ = pellet after sodium phosphotungstic
acid precipitation; PrP™ = pathological prion protein; Prp¥¥ =
27- to 30-kDa fragment of protease-resistant prion protein;

5'% = low-speed supernatant; 5" = high-speed supernatant:

TSE = trensmissible spongiform encephalopathy; TBST = Tris-
buffered saline (pH 8) with 0.05 percent Tween 20; vCID = variant
Creutzfeldt-Jakob disease. .
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mann-Striussler-Scheinker disease, and sporadic or
familial fatal insonmia, belong to the group of transmis-
sible spongiform encephslopathy (TSE) or prion dis-

eases that are progressive degenerative disorders of the

central nervous system with fatal outcome.* The majority
of vCJD cases have occurved in the United Kingdom
(n=159)" or in patients who spent months in the United
Kingdom before the development of disease. However,
vC]JD has also occasionally been reported in patients
who were not British and never traveled to the United
Kingdom, suggesting that these patients were infected in
their own country.™® Moreover, a preliminary prospective
study in the United Kingdom has indicated that there
are about 3000 individuals in the age group 10 to
30 years who might carry prion infectivity in the lym-
phoreticular tissues® and, possibly, in the blood. The
findings that vCYD patients carry infectivity in blood up
to 3 years before the appearance of clinical signs' and
that no test is yet available for the screening of vCJD-
infected people'™'! have focused the efforts for the safety

of blood toward procedures that may remove or inacti- .

vate the infectious agent in blood, blood components, or
plasma products. These validation experiments are
usually performed either with blood taken from TSE-
infected rodents or with human blood spiked with TSE-
infected rodent brains.™ Blood of TSE-infected rodents,
however, contains only up to 10* infectious doses per
mL,'*" and even the complete removal of these low lev-
els of infeciivity does not guarantee the efficacy of the
treatment and the safety of blood.” Spiking blood with
TSE-infected brains greatly increases the amount of
infectivity and therefore avercomes the low-level infec-
tivity naturally carried in rodent blood, but the criticism
of these validation studies is that the nature of prions in
the brain may substantially differ from that present in
the blood.'? Most of the infectivity in the brairn is associ-
ated with the abnormal prion protein (PrP™%) in its
aggregate form, whezeas in blood it is likely that infectiv-
jty is associated to a much more soluble fraction of
PrP™E This substantial difference in the physicochemi-
cal structure of PrP™F-associated infectivity may influ-
ence the efficacy of procedures able to inactivate or
remove prion infectivity.

In this article, we show that fractions of 263K scrapie-
infected brains retain a high level of prion infectivity with-
out being associated with the aggregate form of PrP™.
This fraction might be useful in the validation studies of
pharmaceuticals products derived from blood or usine
collected from human or BSE-susceptible ruminants.

MATERIALS AND METHODS

Extraction of water-soluble scrapie infectivity

263K scrapie-infected hamster brains were suspended in
9vol of sterile phosphate-buffered saline (PBS; pH 7.4)
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and homogenized by use of a Teflon-glass Potter tissue
grinder. The homogenate was dispersed with 10 sonica-
tion pulses (Vibra Cell, Sonics & Materials Inc., New-
town, CT) while kept on ice and then centrifuged at
825x g for 15minutes at 25°C (GS-6R, rotor GH-3.7,
Beckman Coulter, Fullerion, CA). Low-speed superna-
tant {S**) was sonicated as above and ultracenirifuged at
220,000 x g for 30 minutes at 25°C {Optima TL-100, rotor
TLA 100.3, Beckman Coulter, Fullerton, CA). This high-
speed supernatant (8"} was collected and the high-
speed pellet (P'™®) was sonicated in sterile PBS to obtain a
10 percent suspension (gram-equivalents of brain/PBS).
In Replicate 2, sonication was never performed. These
three fractions {S%, 5", and P'™) were stored at -70°C
unti] assayed. The S fraction of Replicate 3 was exam-
ined by transmission electron microscopy after negative
staining.

Western blot measurement of the 27- to 30-kDa
fragment of protease-resistant prion proiein

* Fractions S*, 9%, and P'™ were thawed and treated for

60 minutes at37°C with proteinase K (PK; Sigma Chemical
Co., §t. Louis, MO} at a final enzyme concentration of
50 ug per mL. The digestion was stopped by adding pro-
tease inhibitors (Complete, Roche Diagnostics GibH
Roche Applied Science, Mannheim, Germany) in accor-
dance with the manufacturer'’s instruction.

Sodium dodecyl sulfate—polyacrylamide gel elec-
trophoreses and Western blot assays were performed
according to Lee and coworkers' with some modifica-
tions. After PK treatment, the samples were serially
diluted in half-log steps in NuPAGE gel loading buffer,
boiled for 10minutes in a water bhath, and electro-
phoresed on 12 percent NuPAGE Bis-Tris gels (Invitro-

gen Corp., Carlsbad, CA) for 60 minutes at 125V The

nitroceliulose membrane (Hybond ECL, Amersham
Biosciences Europe GmbH, Freiburg, Germany) was
soaked in Towbin transler buffer for 5 minutes before
“sandwich” assemibly and semidry transfer for
60 minutes at 125mA at 2°C. The membrane was
blocked for 60 minutes at 37°C in 3 percent nonfat dry
milk (Bio-Rad, Hercules, CA), dissolved in Tris-buffered
saline (pH 8) with 0.05 percent Tween 20 (TBST), and
incubated overnight at 4°C with 3F4 monoclonal anti-
hamster 27- to 30-kDa fragment of protease-resistant
prion protein  (PrPF®  antbody'® (provided by
H. Diringer) diluted 1:2000 in TBST. The membrane
was rinsed with TBST (five changes of solution in
25 min), incubated for 90 minutes at roon tempera-
ture with an alkaline phosphatase-labeled goat anti-
mouse [gG (Perkin-Elmer Sciences, Wellesley, MA)
diluted at 1:5000 in TBST, and rinsed again. Bands
were revealed by the CDP-star chemiluminescence
detection kit (Applied Biosystems, Foster City, CA) and
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recorded onta sensitive films (Hyperfilm ECL, Ames-
sham Biosciences).

Sodium phosphotungstic acid precipiiation of the
S¥8 fraction

To recover PrP™ in fraction $' the sample was mixed
with 1 volume of 4 percent sarkosyl and processed with
sodium phosphotungstic acid (NaPTA; 0.3%) and MgCl,
(12.75 mmol/L} as puoblished by Wadsworth and
associates'” with the only modification consisting in the
precipitation of the final pellet by ultracentrifuge at
220,000 x g for 30 minutes at 25°C (Optima TL-100, rotor
TLA 100.3). The pellet (P™*™) was then senicated in sterile
PBS to abtafn a 10 percent suspension (gram-equivalents
of brain/PBS) and stored at —70°C until assayed.

Infectivity bioassay

Groups of 7 to 10 Syrian hamsters were anesthetized and
then inoculated intracerebraily with 50 pL of fractions 5%,
§'%, P, and PP, Animals were maintained in coded
plastic cages with water and food ad jibitum and regularly
scored for clinical signs of scrapie disease as previously
described.” Incubation periods (mean + SD) were mea-
sured and infectivity titers were estimated by applying
these values to a dose incubation curve drawn after an
endpoint titration." An inverse relation exists hetween
dose and incubation period in the 263K strain in hamsters,
which gives a mean incubation period of 155.5 days for
1 LDy, intracerebral unit in 0.05 mL of a 10 percent brain
homogenate. Animals were housed at the animal facility
of the Italian National Institute of Health (Istituto Superi-
ore di Sanit, 1SS} under the supervision of the Service for
Biotechnology and Animal Welfare of the ISS who war-
rants the adherence to national and international regula-
tions on animal welfare,

RESULTS

Western blot analyses of 263K scrapie-infecied
brain fractions

As expecied, a great amount of partially PK-resistant
PrP™* (PrP*™*" Fig, 1) and infectivity (approx. 8 log LDgy/
mi. 10% brain suspension) is present in the supernatant
(8} after low-speed centrifugation of 263K scrapie—
infected brain homogenates in PBS. The majority of PrP**
and infectivity is then tecovered in the pellet after ulira-
centrifugation (P"). As shown in Table 1, the difference

8L PHs S

bruder og. (g2 i [ A L8] 0% [ &) 603 00 (1]

PK

- Fig. 1. Western blot analysis of PrP® in low-speed (') and
high-speed (P* and S fractions prepared from 263K scrapie-
infected brain (Replicate 3). The samples were treated with PK,
dihrted in half-log sieps in NuPAGE gel loading buffer, and
resolved on a 12 percent MuPAGE Bis-Tris gels, After the transfer
to nitrocellulgse membrane and incubation with monoclonal
antibody 3F4, PrP** was visualized by chemiluminescence on
sensirive films. PrP?™*° was not measurable in $%5, indicating
that virtually all the aggregate form of PrP™ was precipitated
after centrifugation at 220,000 x g for 30 minutes.

TABLE 1. Endpoint titration of PrP**" in different fractions (S5, S5, and P"®) of 263K scraple-infected brain

Log dilutions (weight-equivalenis of brain lissue) Difference
Replicate 0.5 1 4 45 5 55 ] (log) between
number Fraction (3 mg) {t mg) (1 1g) (0.3 ug) (0.1 pug) (0.03 ug) (0.01 png) 5'S and §"°
i SLEr + + - 24.5
gHS _ _
pre + + + -
o g + - 24,0
SHS _ —
prs +
3 gte + + + - 25.0
gHe _ _
pHe + + + * -
4 SLS 1 + -+ - 4.5
ghs + -
SaPTA —
PNBPTA - -

* No sonication was performed in this replicate.

T §™F™ = supernalant after sedium phosphotungstic acid pprecipitation.
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between the amount of PrP¥ in S and P was either
null (Replicate 2) or no more than 0.5 log (Replicates 1 and
3) and it was not influenced by the use of sonication for
the dispersion of samiples {compare Replicates1 and 3
with Replicate 2). Concordantly, PrP¥* was either not
measurable (Fig. 1, Replicate 3) or present at a very low
amount (Fig. 2, Replicate 4) in the supernatant after ultra-
centrifuge (8", Table 1), indicating that virtually all the
aggregate form of PrP™® was precipitated by 220,000 g
for 30 minutes. In other words, the uliracentrifuge reduces
the amount of PrP™ aggregates in the supernatant of
more than 10,000 times (Table 1}. Examination of the ¥
fraction of Replicate 3 revealed amorphous proteinaceous

Fig. 2. Western blot analysis of PrP¥-** n §% fraction before
(5™) and after (") NaPTA precipitation (Replicate 4). The
samples were treated with PK, resolved on a 12 percent NuPAGE
Bis-Tris gels, and transferred to nitvocellulose membrane. After
incubation with monoclonal antibody 3F4; PrP?* was visual-
ized by chemiluminescence on sensitive films, PrP** {races in
the 5", were recovered in the pellet after NaPTA precipitation
(PN, PK-treated 263K-infected Syrian hamster brain homo-
genate (B.H.} was loaded as positive control,

SOLUBLE INFECTIVITY IN SCRAPIE BRAIN

material and no delimiting membrancus structure. In
Replicate 4, the siall amount of PrE™* was completely
precipitated by NaPTA precipitation (P"™; Fig. 2). In the
other replicates, PrP™ was not recovered even after
NaPTA precipitation.

Infectivity measurement of 263K scrapie—infected
brain fractions

Virtuatly ail irfectivity present in the 8 fraction is recov-
ered in the pellet after ultracentrifugation (P* fraction). A
substantial amount of infectivity is also found in the §™
fraction, however. The mean incubation periods of ham-
sters inoculated with aliquots of $'® fractions were,
respectively, 15.9, 18.5, and 25.6 days longer than the cor-
responding §* fractions (Table 2), which corresponds to
an estimate lost of infectivity titer ranging from 30 to 200
times.

The enrichment factor for fectivity versus PyP™
(calculated as the difference between the reduction factor
for PrP™® and the reduction factor for infectivity) ranged
from more than 200 times in Replicate 2 up to 1000 times
in Replicate 1 (Table 2). Virtally all infectivity in 8" was
recovered in the pellet (P**™) after NaPTA precipitation.

DISCUSSION

In blood of TSE-affected rodentis or sheep, a substantial
proportion of infectivity is associated with plasma.®** If
the distribution of infectivity in human blood is the same
as in animals, then plasma-derived products miglht be at
tisk of transmitting vC]D. Usually, precautions against the
risk of infection in medicinal products, including plasma-
derived pharmaceuticals, consist of source deferrals,
screening of donors, and inactivation or removal of the
infectious agent. In TSE diseases, however, the first two
lines of defense are poorly practicable because blood
is infectious during the long asymptomatic phase of

TABLE 2. Bipassay measurement of infectivity in different fractions (S'%, 85, and P"®) of 263K scrapie-infected brain

Number of days (x SD}

Estimated titer

Replicate in incubation {log LD=o/mL of 10% Difference (log) Enrichment factor
number Fraction periods (number) brain suspension) between S'€ and SH¢ {infectivity/PrP27%)
1 g 55.8 £ 1.0 (&) a4 15 =10%°

gHs 71.7£23(9) 6.9

prs 56.4+27 (10) 8.3
z g 56.5 2.0 (10) 8.3 17 21023

gHe 75.0 £0.0 {9) 5.5

pre 59,1 £6.9 (10 8.0
3 8 623207 (7) 7.7 23 >10%7

g 87.9%1.9 (7) 5.4

pHe Not done
4 Sl 85642 (7) 8.8

pHeFis 87.7 £ 4.6 {7) 6.4

* No sonication was performed in this replicate,
T Samples were 10-fold diluted respect to other replicates.

Volume 46, April 2006 TRANSFUSION 655

-190-



BERARDI ET AL.

disease™ and no tests are yet available for an early preclin-
ical diagnosis*® or for the screening of blood. ™ Thus,
efforts are directed to implement procedures able to
remove or inactivate TSE agents. Validation studies per-
formed in the past years suggest that TSE agents can he
removed by the processes used to manufacture plasma
products. There is uncertainty, however, on the complets
validity of these experiments mainly because it has been
questioned whether the TSE agents in exogenous infec-
tious materials used to spike human blood share the same
physicochemical characteristics of the vCJD and other
TSE agents in blood."** A comparison of different spiking
preparations showed that brain homogenate, caveolae-
like domains, and microsomes partiiion similarly,
whereas purified PrP™" had significantly different parti-
tioning properties.® Qbviously, the best spiking material
would be infectious human plasma,? but all attempts to
transmit the disease with whole blood or buffy coat from
human patients to experimental animals have so far
failed.”*" The next best is to use blood froin TSE-infected
rodents. There is long-lasting evidence that blood of ham-
sters with experimental scrapie,™* mice with experimen-
tal Gerstmann-Siriussler-Scheinker disease®®® or vCJD, "
and sheep with natural scrapie” or experimental BSE*' %
is infectious. Their blood contains too little infectivity to
ensure the efficacy of removal procedures, rmaking mnan-
datory the use of exogenous spiking matetials to perform
reliable validation studies. Then, considering that removal
may be influenced by the state of prion aggregation,™
what is the most appropriate spiking material for the val-
idation of the processes used for manufacturing plasma
products? Brain homogenate may not be relevant because
it contains large cell and membrane debiis, high lipid con-
tent, and other brain molecules. Nefther are highly puri-
fied PrP™™ aggregates since they are not likely to be
present in blood. Any attempt to rmeasure PrP™E in blood
or concentrates of blood components, such as buffy coats,
has been frustrating, and claims of success have notbeen
successively confivmed.'® PrP™E in buffy coat of diseased
263K scrapie-infected hamsters is detectable after ar least
144 cycles of protein misfolding cyclic amplification.®
Theoretically, microsomal membrane fraction is a better
spiking marerial,’? although dara from rodents infected
with a mouse-adapted strain of human Gersimann-
Straussler-Scheinker disease have shown that plasma is
free of membranous structures,” that filtration or high-
speed centrifugation does not eliminate infectivity from
plasma,* and that in plasma of vC]D-infected mice, infec-
tivity is reduced by PK treatment.” These data suggest that
in plasma the infectious agent is very small, unsediment-
able, and poorly aggregated.

In this scenario, the S fraction purified from 263K
scrapie-infected hamster brains may be an appropriate
spiking material for these studies. S™ fraction contains at
least 10,600-fold the infectivity found in blood of TSE-
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infected rodents; it is virtually free from PrP™ aggregates,
membranous fractions, and detergent contaminants,
which interfeses with the efficacy of TSE removal during
the production of plasma derivatives.*** The finding
that in S™ fraction TSE infectivity is dissociated from
PrP™" aggregates is not surprising, although the primary
consequence of an infection with a TSE agent is the con-
formational change of the cellular PrP into a pathological
conformer (PrP™5), rich in f-sheet structures, which tends
to aggregate into amyloid fibers® and cosegregates with
infectivity¥” Exceptions to this rule, i.e., the presence of
infectivity without the formation of PrP™ aggregates,
have been reported®* and blood might simply be
another condition where this divergence occurs. Likely,
the infectivity in 8™ is associated with dimer or small
aggregates of PrP™ that remain in solution after ultracen-
trifuge, but precipitate in the presence of NaPTA and Mg™,
which form complexes with PrP™ but not with cellular
prion protein.®

It is therefore likely that an efficient removal of infec-
tivity through nanofilters or depth filtrations™* is
achieved only when infectivity is associated to PrP™F in its
aggregate form, but that these procedures may not be so
effective when applied to naturally infected blood or
plasma units. In conclusion, this study shows asimple and
fast method for preparing a suitable spiking material to
use in validation experiments aimed at proving removal
or inactivation of prion infectivity in the preparation of
blood components or pharmaceuticals derived from
human plasma.
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