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TRANSFUSION COMPLIGATIONS

Blood clearance of the prion protein introduced by
intravenous route in sheep is influenced by host genetic
and physiopathologic factors

Véronique Gayrard, Nicole chard«Hagen, Catherine Viguié, Elisabeth Jeunesse, Guillaume Tabouret ‘
Human Rezaei, and Pierre-Louis Toutain

BACKGROUND: The risk of transmigsible spongiform
encephalopathy (TSE) transmission by blood transfu-
sion is dependent on the blood concentrations of the -
pathotogic isocform of prion protein {PrPsc) but may also
be influenced by biood concentrations of cellular Pre
(PrPc). These concentrations are controfied by the
blood clearance of PrP, which has neverbeen
evaluated. .
STUDY DESIGN AND METHODS: The blood (actually
_' plasma) clearance of ovine purified prokaryote recombi-
nant PtP {fPrP) was measured in genotyped and in
nephrectomlzed sﬁeep The exposure to proteinase K-
resistant fragments of PrP (PrPres) after intravenous
_(IV) admlmstratlon of scraple-associated fibrils (SAFs)
was also mvesﬂgated in a sheep,
RESULTS “The ARR variant of rPrP was eliminated
. more rapidly than its VRQ counterpart The PrPc
pfasma concentranons in homozygous high{y suscep-
tible VFlQ sheep were greater than in homozygous
-.AHR-resistant sheep, suggesting that clearance of the

ARR variant of PrPc was higher than that of the VRQ

variant. The plasma clearance of rPiP was decreased

by 52 percent after a bilateral nephrectomy indicating
" the significant contribution of the kidneys in eliminating

rPrP. PrPres was shown to be”slowly eliminated after IV

administration of scrapie-associated fibrils,

.| CONCLUSION: PrP host genotype ant physiopatho-

* logic factors could Influence the risk of TSE transmis-
sion by modulating blood PrP clearance. This risk was
increased by the sustained exposre to PrPres after IV
administration. It should be noted that although the '

materials that have been adminlstered {rPrP and SAFS)

were not the actual species of interest, they can be
of value as probes for |nvest|gat|ng PrP clearance
meohamsms
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ransmissible spongiform  encephalopathies

- (TSEs) are neurodegenerative diseases that
occur in hurhans (e.g., Creutzfeldt-Jakob disease’

[CFD)) and animals including sheep (scrapie)

and cattle (bovine spongiform encephalopathy [BSE]).
These diseases are characterized by the cerebral deposi-
tion of the pathologic iscforin (PrPsc) of a host-encoded
cellular prion protein (PrPc) that is highly expressed in the
brain. ' .
Attempts to detect infectivity in the blood of animals
naturally affected with TSE have often been inconclu-
sive.}? PrPsc or infectivity, however, has been evidenced
ity bloed from Intracerebrally inoculated rodents® and in

ABBREVIATIONS: MRT =mean residence time(s);-

Plgn = plasminogen; PrP'= prion protein; PrPe = cellular PrP;
PrPres = proteinase K-resistant fragment of PrP; PrPsc =
pathologic isofarm of PrP; 1P1P = recombinant PrP; SAF(s) =
scrapie-affected ﬁbril(.s] H TSE(s) = transmissible spongiform
encephalopathy(-ms)
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blood of sheep naturally® or experimentally infected with
scrapie® or BSE.*¢

Evidence that vardant CfD (vCJD) is transmitted by
transfusion has accumulated, initially from animal
models, including primates, in which the high efficiency
of the intravenous (IV) route of infection for BSE transmis-
sion has been demonstrated.” There is no longer any
doubt concerning the risk of blood products obtained
from individuals during the presymptomatic phase of
. VCID. A third case has been reported of autopsy-
confirmed vCJD infection (and a second case of clinical
vCID) from a cohort of recipients who had received trans-
fused blood products from individuals subsequently diag-
nosed with vCJD.? More recently, a fourth symptomatic
case of vCJD infection has been identified in a patient who
received a transfusion from the same donor as the third
case.? This fourth incidence considerably strengthens the
evidence for prion transmission by transfusion.'®

The pathogenesis of TSE disease highlights the
importance of the PrPc as a substrate for PrPsc replication
in tissue. Hence,, the risk of TSE transmission by blood
transfusion could be affected by the level of blood PrPc.
This is controlled by its cwn blood clearance and modified
by factors affecting this variable. The: transfusion risk will
also depend on the ability of the body to clear the abnor-
mal prion protein (PrPsc), that is, the plasma (blood)
clearance, This clearance variable, essential to the estima-
tion of systemic exposure, has never been evaluated.

The aim of this study was to document the exposure
of sheep to the recombinant prion protein aPxP) after [V
administration and to identify genetic and pathéphysi-
ologic factors that might modulate such exposure. Sheep
were chosen because of the similarity of the pathogenesis
of scrapie with vCJD and because the irnpact of Pmp gene
polymorphism on the susceptibility to scrapie infection is
well documented. The VlasRl_ﬁan (VRQ] and ARR alleles
have consistently been associated with high .suscepti-
bility and natural resistance to the clinical disease,
respectively,* although atypical scrapie strain(s) can
" naturally infect sheep harboring the so-called resistant
P:P genotype.'* The ARR and VRQ genetic variants of the
purified prokaryote rPrP were used as probes and only as

MATERIALS AND METHODS

General

All experimental procedures were performed in accor-
dance with French legal requirements regarding the pro-
tection of laboratory animals and under authorization
number 31242 from the French Ministry of Agriculture.

Design

The objectives of Experiment 1 were 1) to compare the
pharmacokinetics of the VRQ and ARR genetic variants of
the purified prokaryote ovine rPIP; 2) to examine the
influence of the genotype of the test-animal on plasma
pharmacokinetic variables of rPrP; and 3) to test the
hypothesis of a first pass effect at the level of the brain,

- that is, direct trapping of the protein during its initial

probes (see Discussion) to test the hypothesis that the

" higher intrinsic stability of the VRQ variant relative to its
ARR counterpart'®¥* could result in a lower in vivo clear-
ance rate of the VRQ protein.

This approach also allowed us to examine the hypoth-

esis that the subject’s genetic backgrou.nd could directly

influence PrP clearance and to evaluate the contribution
_of the kidneys to the overall clearance of plasma PrP, the
kidney being a ‘major organ, for protein clearance.’” The
fate of ovine proteinase K-resistant fragment of PrP
{PrPres) during the first hours after its direct entry in the

blood was also evaluated in one sheep to assess the ability .

of the body to clear the scrapie agent.
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transit across the head.

The experiment was performed on eight healthy
Romanov ewes: four homozygous VRQ at codons 136, 154,
and 171 of the Prnp gene and four homozygous ARR. The
VRQ ewes were 1 year old and weighed 42.1 + 2.7 kg and
the ARR ewes were 2 years old and weighed 51.2 + 5.5 kg,
The experiment involved two periods separated by 2 days.
During the two periods, the ewes received an IV adminis-
tration of tPrP (VRQ vs. ARR, 0.02 mglkg) according to a
crossover design. Ten days later, one ARR and two VRQv,
ewes received an intraarterial (external carotid) adminis-
tration of the VRQ variant (0.02 mg/kg) to compare the
pharmacokinetic variables of iPrP after arterial and IV
admministrations: )

The ex vivo stability of the variants of’ rPrP in blood
and plasma was compared by separately adding 145 ng of
each of the ARR and VRQ variant of PP to 10-mL aliguots
of fresh sheep blood and plasma that were mcubated at

37°C under constant shmng Samples were taken at 0.5, 1,
2, 3, 4, 5, 6, and 24 hours. The. plasma was immediately
separated from blood after cenmfuganon for 10 minutes
at 1400 x g and all the plasma samples were stored at
~20°C until PrP assay. .

Experiment 2 was designed to evaluate the role of the
Kidneys in the clearance of ’P1P and to examine.the fate of
PrPres after its direct entry into the blood. The first part of
the experiment was performed with three Lacaune ewes
aged from 5 to 8 years and weighing 38 to 55 kg. The phar-
macokinetic variables of the VRQ variant of the rPrP intra-
venously administered (0.02 mg/kg) were determined
before {control period) and immediately aftier a bilateral
nephrectomy (experimental period}. During. the control
period, one ewe was anesthetized according to the same
protocol as that used for surgery. During the experimental
period, which took place 1 to 14 days later, anesthesia was
induced with sodium thiopental (Nesdonal, Merial, Lyon,
France; 20 mg/kg) and maintained for 24howrs by
repeated administrations of 0.2 to 0.3 mg per kg sodium



thiopental at 20- to 30-minute intervals. The ewes were
bilaterally nephrectomized according to the method pre-

viously described.”® Immediately “after surgery, three

control blood samples were obtained at 20-minute inter-
vals and the VRQ variant was intravenousty administered.
The ewes were sacrificed in extremis. The second part of
the experiment was performed with ene young Lacaune
ewe aged 6 months and weighing 30.5 kg that received an
IV administration of 125 mL of scrapie-affected fibrils
(SAFs) in 0.8 mol per Lurea. The quantity of PrPres admin-
istered was evaluated at 75 [ig equivalent of VRQ 1PiP
Ten-milliliter blood samples were collected at
20-minute intervals for 1 hour before administration; at 1,
2, 4, 8, 15, 30, 45, 60, 90, and 120 minutes after the variant
administration; at l-hour intervals for 12 hours; and
finally at 24, 36, and 48 hours after administration, for
Experiment 1 and the first part of Experiment 2, respec-
tively. The same protocol was used for the second part of
Experiment 2 excepi that 15-mL blood samples were also
obtained every day until Day 7 after SAF administration.
For all experiments, in intact ewes, all the urine in the
bladder was removed before the administrations and then
. at 1-hour intervals for 12 hours and at 3-hour intervals
" during the following 12 hours. The, total volume of urine
removed was measmed in each case.

Bram extraction

Brain . samples were ohtamed from three Romanov
homo;ygous VRQ ewes naturally ‘affected with scrapie.
The frozen brain samples were homogenized to give a '
20 percent (wt/vol) suspension in buffer (Bio-Rad, Marnes
la ‘Coquette, France) and PrPres was extracted with the-
purification protocol of the Bio-Rad TSE test (TeSeE
sheep/goat purification kit, Bio-Rad) except that the final
precipitate was solubilized with 4 mol per L urea (Sigma-

Aldrich, Lisle d’Abeau Chesnes, France) and stored at -

-20°C unti] administration. The extract was diluted five-
. fold in 0.1 mol per L phesphate buffer containing 1 mg per
mL bovine serum albumin (BSA) and 0. is mol per L NaCl
(Slgma-Aldnch), heated at 100°C for 5 minutes, and soni-
cated for 15 minutes at 560-W power setting (Transsonic
95H1L, Prolabo, Fontenay sous Bois, France) in the hour
preceding the administration. The PrPres content of the
solution was measured by enzyme-linked immunosor-
bent, assay (ELISA). Seventy-five niicrograms of PrPres
" (equivalent to VRQ PrP) was obtained from 100 g of brain
"tissue.

Administration and sampling

The IV administrations were performed in the right
jugular vein via an indwelling catheter (Hemocath, Vygon,
Ecouen, France). The intraarterial administrations were -
performed in the right external carotid -artery via an

295

BLOOD CLEARANCE OF PrP

intraarterial catheter (BD Careflow, Becton Dickinson,
Le Pont-de-Claix, France) inserted in anesthetized ewes
2 days before the administrations. The VRQ and ARR vari-

-ants of the ovine PrP were expressed in Escherichia coli
" and purified according to the method previously

described.!s Previous authors have shown that the recom-
binant proteins are monomeric in solution. The varjants
were kept at 4°C in solution in 20 rnmol/L MOPS (Sigma-
Aldrich), pH 7.25, at a concentration of approximately
1 mg per mL. The protein concentration was measured
from the optical density at 280 nm with the extinction
coefficient of 58718.0 mol per L per cm. ARR and VRQ
solutions of rPrP were prepared in sheep plasma at a con-
centration of 0.2 mg per mL and kept at ~20°C for all
administrations.

Blood samples were collected from the left
jugular ‘vein via an indwelling catheter into
ethylenediaminetetraacetate-containing tubes and cen-
trifuged for 10 mimites at 1400 x g. The plasma was sepa-
rated and stored at—20°C until assay. Urine was obtained

‘via an indwelling closed urethral catheter (Riisch, Teleflex
" Medical, Le Faget, France} that was'kept in the bladder for

24 hours. Samples were stored at —20°C until analysis.

Quantification of PrP with a two-site: enzyme
lmmunoassay _ o : -y
Two immungmetric assays were adapted ﬁom the method
previously descr;bed 18 The plasma and ufine concentra-
tions of punﬁed pmkarynte sPrRinall samples SWere meas
sured by ELISA -with. BARZIO an . anti-N- terminal
monoclonal annbody (MoAb)Z“ recogmzmg residues 26 to
34 and the 12F10-AchE Spi Bio (Massy,- Fra.nce) annbody,
an anti-C terminal MoAb recognizing residues between
amino acids 154 and 171. Native plasma PrB, which lacks
the BAR210 epitopes, was monitored by ELISA in plasma
samples collected before administration of the rPrB with
the SAF34 and 12F10-AchE Spi Bio anﬁbodws ‘Standard
curves ranging from 0.5 to 20 ng per ‘mL were established
by diluting, 1PrP (VRQ and ARR) in ovine plasma, urine, or
enzyme immunoassay (EIA} buufer {¢.} mol/L phasphate
buffer, pH 7.4, 0.15 malfL Na(l, 0.1% BSA NaN; 0.01%;
Sigma-Aldrich).

Plasma (or urine) rPrP- c:oncentrauons were calcu-

_lated from the optical readmgs obtamed by reference to

the standard curve established with plasma [or urine)
supplemented with the correspondmg variant, Native PrP
plasma concentranons were calculated from "the optical
readings “obtairied by Teférence t6 the standard curve
established with EIA buffer solutions of the vanants of-

PiP A4S an lllustratlon, standa:d curves of ovme PP in _

EIA buffér or in'plasma are shown in Fig. 1. }
" The limit of quanuﬁcatmn of native and rPrP assays

“was 0.5ng per- ‘mL. The accurac1es "of the PrP assay of °

plasma sa.mples supplemented with the solutlon of VRQ

Volume 48, April 2003_‘ TRANSFUSION 611
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Fig. 1. Immunologic detection of ovine rPrP by two-site
immunometric assays. ELISA plates were coated with capture
antibodles SAF34 (A} or BAR210 (B) as described under Mate-
ridls and Methods. Ovine recombmantARR (@)] orVRQ (@)
variants in buffer (A} or in plisma (B) were detected by 12F10-
AchE antibody. Data shown are mean * SD of duplicate or
tripllcate wells, Lines represent the ﬁttlng with a xion linear
regressmn sigmoid moadel. .

or ARR varjants of IPP at three concentiations (1.5, 8, and
12 ng/mL) were 91.1 and: 94.3 percent, respectively. The

mean intra- and interassay coefficients of variation forEIA -

buffer (plasma) squtmns of the' genetc variants of 1PrP
at these concentrations were 7.4 percent (B 5%) and
15.7 percent {13.5%), respectxvely

Quantification of PrPres

Two methods were developed to measure the plasma
PrPres concentrations after ajc_lnumstranpnj of the SAF
preparation. The ﬁ‘r_st'methc')d involved heating plasma at
© 60°Cfor 1 hour after diluting it by half in denaturing buffer
from the TeSeE sheep/goat detection kit to denature the
PrPres before assaying by ELISA. The secand method was
based on the natural affinity of plasnnnogen (Plgn) for
PrPSc aggregates.”? Superparamagnetic tosyl-activated
M-280 microbeads (Inwtrogen-Dynal Cergy Pontoise,
'France} were coated with 100 pg of human_ Plgn (Sigma-
Aldrich) in 0.1 mol per L carbonate-bicarbonate buffer,
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pH 8.4. The Plgn-coated microbeads were incubated at
room temperature with plasma samples diluted (1:2, vol/
val) in phosphate buffer (10 mmol/L, pH 7.4) cantaining
Sarkosyl (Sigma-Aldrich). After a 2-hour incubation with
rotary shaking and three washes in 0.05 mol per L sodium
phosphate buffer, pH 7.4, 1 percent Tween 20 (Sigma-
Aldrich), the Plgn-coated microbeads were pelleted and
heated at 105°C for 5 minutes in denaturing buffer from
the TeSeE sheep/goat detection kit. The microbeads were
then magnetized and discarded. _

For the two methods, the supernatants and heated
plasma samples were diluted fivefold in dilution buffer
from the TeSeE sheep/goat detection kit before determi-
nation of plasma PrPres concentrations by ELISA (TeSeR
sheep/goat detection kit). The plasma PrPres concentra-
tions were calculated from the optical density readings
obtained with reference to the standard curve established
with solutions of the VRQ variant in dilution buffer and
corrected for the mean extraction coefficient. The mean
extraction coefficients of PrPres determined as the mean
percentage of the PrPres recovered from plasma supple-

mented with an SAF solution (brain extract from a scrapie-

affected homozygous VRQ sheep) at different levels (4, 8,
and 16 mg of brain extract/mil) were 81.8 £ 21.1 and
97.6 % 23.5 percent for the first (60°C heated plasma) and
second method (Plgn-coated microbeads extracl:ion),
respectively,

Urine, half-diluted in denatunng buﬁ’er from the
TeSeE sheep/goat detection kit, was heated at 105°C fox
5 minutes and the PrPres concentranons were measu:ed
by ELISA with the SAF34 and 12F10-AchE Sp1 Bio anubod—
ies. The extraction coefficient of PrPres, determmed from
urine spiked with the SAF in 0.8 mol per L urea to obtaln
the uririary PrPres concentration .of 4 ng per ‘ml, was
41 percent.

Kinetic analysis

" Plasma PrP concentrations were analyzed with computer

software (WmNonhn 5.0, Pharsight Corp., Mountain View,
CA). Data were fitted to the biexponential equation

C(t)= Aexp(~ot)+Bexp(-ft),

'wher_e A and B (ng/ml) are preexponential coefficients
-and o and P are exponents. The estimated variables (4, B,
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o, B} were used to solve the first-order rate constants of
transfer from central to peripheral compartments (kye, kiz,
kz1) with classicai equations.”® The volume of the central
compartment (mL/kg) was obtained from

Ve =dose/(A+B},

where dose is the administered dose. The steady-state
volumne of distribution (Vss, mlL/kg), which is the



