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Figure 4. Inmunogold labeling of resting and activated plalelets. Resling and
aclivaled platelets were Incubated with Abs io PPC (308 or FL253), followed by
protein G or secondary antibodies canjugated to 10 nm gold (arrowheada). In resting
plalelets preincubated with Ab 308 before embedding, P1PT is seen around the
periphery of the ¢ell {A), In activated platelsis PrPCls found at the periphery of the call
and Is assoclated with pseudopeds (F, arrows) (B, whele mount; G, frozen section). In
frozen sectlons of activated platslets labeled with Ab FL253, PrP% was also localized
ta released exosomes (seen belween cells, D; and at higher magnitication, E).

Discussion

The cument study localizes PrPC to plateler alpha granule, but not
dense granule, membranes, confitming a recent study by Starke et
al.? Thus, PrPC is present with proteins such as the oITb/B3 integrin,
CD62 (P-selectin), CD36, and the GPIb/V/IX complex3?95 inherent
in the alpha granule membrane, and, in common with these other
proteins, there is an activation-mediated increase in expression of
PrPC on the external platelet surface. The Function of PrPC in
platelers is unknown; preincubation with anti-PrP€ Abs has a
limited effect on platelet adhesion to a variety of matrices but no
effect on agonist-induced aggregation (Robertson et ai, wnpub-
lished); therefore, it is unlikely that PrPC plays a significant role
in either of these platelet functions. In contrast to the expression
of other activation-associated proteins, the thrombin-induced
expression of PrPC on the platelei surface was transient and was
followed by its release. Previcus studies have shown that PrPCig
present in platelet releasates'®; however, the current siudy
demonstrates that the released PrPC is associated with mem-
branes, initially in small quantities on microvesicles and subse-
guently in higher levels on exosomes.

Exosomes are small (40-180 nm), membrane-bounded vesicles
which are released from a varisty of cells following exocytosis®
ard are present in buman plasma.®’ Denzer ¢t 2l reviewed a large
number of proteius and tipids that are associated with exosomes,
which include members of the tetraspanin protein family, the
immumogiobulin supergene family, as weli as GPl-anchored pro-
teins and cytosolic profeins. Exosomes have been implicated in
cell-to-cell communication mechanisms by trassferal of proteins
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directly from the exosomes to target cells, in 4 mauner similar to the
maovement of GPI-anchored proteins from the plasma membrane of
red blood cells to endothelial cells.?** Furthermore, exosomes
have been implicated in the activation of the immune system,
including the stimulation of T lymphocytes and a potential
interaction with follicular dendritic cells.’® Reticulocyte-derived
exgsomes may participate in complement regulation.”! Tnterest-
ingly, Whiteside?? has vecently proposed that exosomes play a role
in the evasion of twmer cells from the immune system.

Studies in platelets have shown the release of alpha granule
membrane—derived exosomes following exocytosis.?? Therefore,
the presence of PrPC on exosomes is entirely consistent with the
alpha granule membrane source of these vesicles. The function of
platelet-derived exosomes is unknown, although the low binding of
factor X, prothrombin, and annexin V to thejr surface suggests that
they do not have the same procoagulant activity as platelet-derived
microvesicles.”® The expression of CD62 on the surface of
platelet-derived exosomes points to a possible role in adhesion, or
celi-lo-cell transfer of adhesive properties, becanse CD62 is known
to mediate adhesion between leukocytes and endothelial cells.*

The presence of prion protein on exosomes has recently been
highlighted by Fevrier et al* who reported the presence of
infectious PrP® in exosomes derived from cultured epithelial and
neuroglial cell ines after infection with scrapie. They subsequently
proposed that exosomes may provide a vehicle for transport of
PrP5e from cell to cell, thus providing a mechanism for wansmis-
sion of infectious proteins in the body.**4 The current finding that
PrPC is present on platelet-derived exosomes strengthens the
hypothesis that exosome retease is a general mechanism for
transport of proteins and inferentially pathogen transmission,

6 7 9 Pellet
Fraction

4 %

Flgure 5. Immuroblotting and immunoeleciron microscopy of isolated exo-
sames, Platelets were ncubated with 1 UmlL thrombin for 120 secends. Following
termination, platelels were removed by cenirifugation at 800g. Further centrifugaticn
of the supematant removed the microvesicles. Exosomes were isofated by differen-
tial centtifugation through a sucTese gradlent. Fractions were collected from e tap,
and immunoblotiing was carried outin each fraction using anti-PtP¢ Ab 308, The blots
were subjacted to densitometry and are expressed 2s mean plus of minus standard
error of the mean; n = 3 [A). Fractions 3 and 4 from the sucrose gradient were
adsorbed onto formvar-coated grids and double labeled with ani-PrPC Ab 308
followed by an anti-CD62 Ab (D541). The respeclive secondary Abs were conjugated
to § nm {anti-PrPC; black arrows} and 10 nm {anti-CDE2: while arrows) gold (B-C).
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including prions., between cells. Platelets contain a lairge proportion
of circalating PrPC36; therefore, platelet-derived exosomes could
potentially act as an important source of protein for prion replica-
tion. In addition, the transferral of exosomes containing PrPC to cell
types in which it is normally absent may confer susceptibility to
infection with prions. To date, this has not been addressed.
Although there is no biochewical evidence for the presence of
Prese on platelets, a recent study by Cervenakova et al* identified
prion infectivity in the platelet and plasma fractions of murine
blood from mice infected with mouse-adapted vCID, The present
finding that P¢PC is released on eXosomes from activated platelets
therefore raises the possibility that PrP5¢ is similarly released from
platelets. Although this has not been addressed in the curent study,
it is clearly plausible that the generation of PrPS°-containing

CELLULAR PRION PROTEIN AND PLATELETS 3511

platelet exosomes duting preparation of bloed products conld
account for the transmission of variant CID by blood transfusion,
Leukoreduction of plasma, a process which would not remove
exosomes, reduced infectivity by only 42%%* and, when taken in
concert with the current study, suggests that further investigation
into the possible role of platelet-derived exvsomes as vehicles for
prion transmission is clearly warranted.
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Variant Creutzfeldt-Jakob disease: prion protein genotype
analysis of positive appendix tissue samples from a

retrospective prevalence study

James W Fronside, Matthew T Bishop, Kelly Connolly, Doha Hegazy, Suzanne Lowrie,
Margaret Le Grice, Diane L Ritchie, Linda M McCardle, David A Hilton

Abstract

Objective To perform prion protein gene (PRNF)
cotion: 129 analysis in DNA cxtracied from appendix
tissue samples that had tested positive for disease
associated prion protei.

Design Reanalysis of positive cases identified in a
refrospective anonymised nnlinked prevalence stady
of variant Creutzfeldt-Jakob disease (vGJD) in the
United Kingdom.

Study samples Three positive appendix tissue
samples out of 12 674 samples of appendix and tonsil
iested for disease associated privn protein. The
patients from whoin these samples were obtained
were aged 20-29 years af the time of surgety, which
ook place in 1996-9.
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Setiing Pathology departinents in two tertiary centres
in England and Scotland.

Results Adequate DNA was avaifsble for analysis in
two of the thrae specimens, both of which were
homozygous for valine at codon 129 in the PRNP,
Conclustons This is the fivst indication that the valine
homozygons subgroup at codon 129 in the PRNP is
susceptible to vCJD infection. All tested clinical cases
of vID have so far occmrred in the methiorine
homozygous subgroup, and a single case of probable
fatrogenic vCJD infection has been identified in one
patient who was a methionine/valine heterozygote at
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