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Abbreviations

BSE bovine spongiform encephalopathy

GPI glycosylphosphatidylinosital

PRPc  normal prion protein

PRPsc  abnormal (infectious) prion profein

TSE transmissible spongiform encephalopathy
vCID  variant Creutzieldi-Jakob disease
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Introduction -

Variant Creurzfeld-Jakob Disease (vCJD) was descnbcd
in the UK in 1996 [1]. The emergence of this.novel form
of CJD is most probably related to the ingestion of food
products obtainéd from cartle with bovine spongiform
encephalopathy (BSE) [2,3]. From the outset the possib-
ility was considered thar passage of infectivity from the
guc o the brain in affecred individuals could invelve
blood. Therefore, ransfusion services were alerted o
the potential for transmission of vCJD to a patent by
transfusion of blood components from a donor in. the
preclinical stages of disease. Consequentdy, precaution-
ary measures were raken in the UK to minimize this tisk,
in particular leucodepletion, sourcing plasma for fraction-
ation from non-UK donor popularions, sourcing fresh
frozen plasma for children born after I January 1996
(and therefore. not exposed through dier) from non-UK
donor populations and deferral of blood donors who had
themselves been wansfused [4]. Sourcing sufficient
ted cell and plateler components outside the UK is
not feasible. The first cases of probable transfusion—
transmission emerged in late 2003 and chree probable
transmissions, all linked o red cell preparations trans-
fused before the introduction of leukodepledon, are now
recorded {5,6,7°,87"]."

The infectious agent

There is a large body of evidence suggesting the lnfec—
tious agent causing BSE and vCJD is an abnormal con-
former of -the prion protein {9]. Recently, evidence has
emerged suggesung that rewroviral infection can increase
the release of infectious prions from cells and may be an
importane cofactor in the gpread of infecrion [10°).

Normal prion protein (PRPc) is a glycosylphosphatidy-
linositol (GP1)-linked protein expressed ac cell surfaces of
many tissuves. Ic 15 a glycoprotein rich in o-helix. The
function of PRPc is unclear, although recent studies
suggest a role in self-renewal of haemopoietic progenitor
cells {11°]. The infectious prion protein (PRPsc) is an
abnormal conformer of PRPe in which the o-helical
regions become predominandy f sheer. This change in
secondary structure alters the properties of the protein so
that PRPsc has a preater propensicy to aggregace. Agpre-
gates of PRPse accumulate within cells in the brain of

" Since this manuscript was submitted for publication a tourth case of probable
transfusion-transmission of vCJO by non-leukedepleted red celt preparations has
been reported in the UK (http://www.hpa.org.uk) and a further study demonstrating
removal of endogenous TSE infeclivity from leukodepleted scrapie-infected
hamsler whole blood by filiration through prion-spedific affinily resins has been
published (Gregori L, Gurgel PV, Lathcap JT et al., 2006 Lancet 368:2226~2230),
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affecred individuals creating the rtoxic environment thar

" ultimarely results in spongiform encephalopathy. Size

fracrionation suggeses the mose infectious prion particles
comprise aggregates of 14-28 molecules [12]. Once a
small amount of PRPsc is ingested it can associate with

PRPc from the affected individual and converc this PRPc

to PRPsc creating an autocatalytic effect, which greatly
increases the amount of PRPsc in the affected individual.
This autocatalytic effect has been reproduced in vire in a
hamster model (13].

Normal prion protein is essential for the
disease process

PRPc must be available for prion disease to occur
[14,15,16°}. Furthermore, mice engineered to translate
PRPc without a GPI anchor accumulate PRPsc in

‘the brain, blood and heart but do not develop clinical

scrapie [17,18). These results indicate chat membrane

+ tethering of PRPc is essential for disease progression.
- GPMinked prozeins frequently occupy lipid rafts in the

plasma membrane. In culrured adulc sensory neurones
PRPc leaves lipid rafits ta recycle between the cell surface
and recycling endosomes.in a time scale of minutes [19].
The mechanism whereby PRPc is converred to PRPsc is
not fully understood buc may occur at the cell surface
when PRPc¢ leaves its lipid raft prior vo endocytosis [20].
After endocytosis, PRPe¢ goes o recycling endosomes

. [21] while PRPsc trafficks to, lysosomes 122}, Passage
- of PRPsc to lysosomes can be via multvesicular bodies
. from which small wvesicles 40--100nm irn diamecetr

(exosomes) rich in GPI-linked proteins bud off and are
released from the cell. These exosomes can contain
PRPsc and have the potential to transfer infectivicy from

- one cellftissue 1o another [23].

Transfer of infectious. prion protein from gut
to brain

After penipheral infecrion, PRPsc accumulates and repli-
cates in the lymphoredcular system, partlculariy the
spleen and lymph nodes, prior o neurcinvasion and
disease. The pracess by which PRPsc wravels from gut
to the lymphoid organs may occur via the blood through
bone marrow-denved dendritc cells, which pick up
PRPsc in the gurand transport it directly to the lymphoid
tissues [24]. In rodents, follicular deadritic cells (FIDCs)

found in the germinal centres of lymphoid organs are

major sites of P RPsc accumulation and che rate of transfer
of PRPsc from lymphoid tissue to sympathetic nerves is
likely determined by the relative positioning of FDCs
and sympachetic nerve endings [9,25].

Infectious prion protein in blood

‘The foregoing discussion describes a process whereby
infectivity {(PRPsc) in the gut passes via the blood to the
spleen and lymphoid cells and thence to the brain by way
of antigen-presenting cells capable of wking up and

Prion protein and the red cell Anstee 211

replicating PRPsc. If the antigen-preséning cells come
into contact with other blood cells whilst in cransit from
gut to lymphoid tissues or process PRPsc in a manner
which results in the generation of exosomes conraining
PRPsc it i5 possible infectivity could wansfer to other
cells in blood. The cycle of PRPsc replication could
continue wichin those other blood cells thac have the

_ necessary intracellular organelles, and those cells withoue

the ne&&ssiry macliifiery for recycling PRPsc fike red
cells may act as passive carriers of infectivicy. There is
considerable evidence for the ocentrence of exosomes in
human blood [26] and that they can derive from platelets
[27} and reticulocytes [28] as well as from circulating
dendritic cells {29]). Furthermore, transfer of GPI-linked
proteins CD55 and CID59 from transfused red cells to the
red celis of a patient with paroxysmal nocturnal hemo-
globinuria has been demonstrated iz vivo [30]. In rhis
conrexc it is intecesting w note that exosomes containing
HIV-1 released from immacure dendritic cells weee found
to be 10 times more infective of CD44- T cells chan cell-

free virus parcicles [31]. )

Exosomes do not provide the only hydrophobic environ-

ment in plasma. Receatly, evidence has been presented
[32°] showing that brain-derived PRPsc binds with high
affinicy to apolipoprotein B, the major component of very
low density and low-densicy lipopmtcms {(VLDL and
LDL) in plasma

lnfectivity in red cell preparations used for
transfusion '

There is persuasive evidence [8°7] that transfusion of red
cell preparauoens from donors who subsequenty devel-
oped vC]D has transmitted the disease to three recipi-
ents. In each of chese cases, the wansiusions took place
before leucodepletion of red celi preparations was intro-

" duced in the UK. Leucodepletion of 450 m! whole blood

coliected from scrapietinfected hamsters rtemoved 42% of
the row! infectdvity [33). Whether or not a similar
reduction in infectivicy is achieved by levcodepletion
of human blood is unknown. More relevant is whether or
not {eucodepletion of human bloed is sufficient to pre-
vent transfusion--transmission of vCJD. The follow-up of
recipients of leucodepleted red cell preparations from
donors who subsequently developed vC]D will provide
informatiion of relevance to this quesdon [87°). The
leucodeplerion process irself does not appear to resule
in increased numbers of léucocyte microvesicles that may
carry infecnvity {34] but wouid probably not remove
exosomes. Given the uncertainty concerning the effect-
iveness of leucodepletion in removing infectivicy from
human blood, attention has turned to the possibilicy of -
‘employing filkers, which selectively remove PRPsc.

. Sowemimo-Coker ¢f /. [35] filtered 300 ml red cells from

S00m) anricoagulated whole blood collected  from
scrapie-infected hamsters. They reporc cransmission of
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