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proteins from DE-treated NH and CJDH
shows bands comigrating with ferritin at
20 kDa and several unidentified proteins
(Fig. 5A, lanes 11-14). No PrP was immu-
noprecipitated in the absence of primary
antibody from either mock-treated or DE-
treated NH or CJDH, confirming that
PrP% does not bind nonspecifically to
protein A beads (Fig. 5B).

sCJD-P1P* is cotransported with
ferritin across Caco-2 cells
To determine whether PrP* js trans-
ported across Caco-2 cells in association
with ferritin, 20 pl of CJDH-DE in serum-
free medium was added to the AP chamber
of filter inserts containing Caco-2 cell
monolayers and incubated for 2 hr at 37°C.
At the end of the incubation, monolayers
were cut into two pieces: one half was im-
munostained for PrP and ferritin, and the
other half was immunostained for the tight
junction protein.ZO-1. Transport of PrP
_ and ferritin was checked by capturing hor-
izontal confocal images at different depths
as depicted in Figure 6 A and by taking ver-
tical images.

Staining for PrP (green) and ferritin
(red) at level I shows colocalization of PrP
and ferritin (Fig. 6 B, panels 1~3, arrows)
and limited reactivity for PrP alone (Fig.
6B, panels 1, 3, arrowheads). Similar im-
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Figure 4. Protease-resistant SCID-PrP % is assodated with ferritin, (larified supematant obtained from PK-treated JDH {S1)
was subjected to five additional rounds of uhtracentrtfugation, and the resuiting detergent-soluble supematant (S2-56} and
detergent-insoluble peflet (P2—P6) fractions were immunablatted with 3¢4. A, The starting material ($1) and the supesnatant
and peBet fractions obtained afterultracentrifugation (S2 and P2, fespectively) show the N-terminatly truncated PrP * ghycoforms
migrating at 29 and 30, 22-25, and 19 kia, respectively (lanes 1-3). After the first round of vhtracentrifugation, 60% of PP *
fractionates in the peflet fraction (lanes 2, 3). After subsequent rounds of uitracentrifugation, 2t of the PrP* is detected in the
pefiet fractions (fanes 4 —11). 8, Skver staining of the P6 fraction shows PrP giycoforms of 19 -30 kDa and a 20 kDa band (lane
1). After treatment with PNGase, al PrP * glycoforms migrate a1 19 kDa, as expected {lane 2, arowhead), wherezs the 20 k0
band remains insensitive to deglycosylation (lane 2, arrow). The slower migrating band in lane 2 (} s derived from the added
PNGase, {, Reprobing of the membrane in A with anti-fenitin antibody shows strong immumoreaction with the 20 kda band and

minor species migrating at 25 and 30kDa (fanes 1-11). The 20 kDa band ks detectéd in the first three fractions (anes 1-3) andin -

all subsequent pellet fractions (lanes 411). 5, The P6 fraction from A was treated with NaCl and subjected to DEAE-celtlose
chromatography. kmmunoblotting of eluted proteins with 3F4-and anti-fermitin antibodies shows dissodiation of feritin from

ages captured at level II (at the level of the
filter pores) also show colocalization of
PrP (green) and ferritin (red) (Fig. 6B,
panels 46, arrows). Immunostaining for
the tight junction protein ZO-1 (green) re-
veals intact tight junctions throughout the
Caco-2 monolayer (Fig. 6B, panel 7). A
vertical image through the same cells
shows colocalization of PrP (green) and
ferritin (red) at the AP and BL membranes.
(levels T and IT) (Fig. 6B, panels 8-10).

P1P at concentrations of0.2- 0.4 u MaQl flanes 2,3}, .

amounts of 3F4-immunoreactive PrP* fromi CJDH-DE and a
small amount from CJDH sample coimmunoprecipitates with

anti-ferritin (Fig. 54, lanes 3, 4). Reprobing of the same mem-

brane with anti-ferritin reveals the H and-L chadins of
ferritin migrating at 21 and 20 kDa, respectively (Fig: 5A, lanes

5-8). In the CJDH-DE sample, additional slower migrating :

bands that react strongly with anti-ferritin antibody are detected
(Fig. 54, lane 8). Their identity is not clear at present. Inmuno-
precipitation of CJDH-DE with 8H4, followed by probing with
3F4 or anti-ferritin antibodies, shows similar association of PrP *
with ferritin (Fig. 54, lanes 9, 10). The apparent difference in the
amount of PrP* and ferritin that coimmunoprecipitate with an-
ti-ferritin versus 8H¢ is probably attributable to the nature of the
specific antibodies (N. Morel et al,, 2004). DE treatment partially
hydrolyzes the H chain of ferritin, which comigrates with the L
chain at 20 kDa (Fig. 54, lane 5 vs 6,7 vs 8).

Silver staining of anti-ferritin- and 8H4-immunoprecipitated

Transport of both PrP>° and ferritin was
significantly inhibited by incubation at
: 18°C and by pretreatment of the cells for 2
hr with brefeldin-A (3.5 #M) or nocodazole (33 i), implicating
a transcytotic process (data not shown).

sCJD-PrP* remains associated with ferritin

after transcytosis

To evaluate. whether the PcP *~ferritin complex remains intact
after transcytosis across Caco-2 cells, filter inserts containing
Caco-2 cell monolayers were placed in a 12-well dish containing
M17 neuroblastoma cells cultured on glass coverslips in the BL
chamber (Fig. 6A, diagram). Subsequently, 20 yd of CJDH-DE or
biotinylated CJDH-DE was added to the AP chamber. The bio-
tinylated sample was used to distinguish added PrP and ferritin
from endogenous proteins expressed by M17 cells. After an over-
night incubation, transcytosed PrP>* and ferritin that had been
subsequently endocytased by M17 cells in the BL chamber were
detected by immunostaining (Fig. 7A). The presence of tight
junctions in Caco-2 cell monolayers was confirmed by immuno-
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staining for 2O-1 and by checking the
transport of *H-inulin before and after in-
cubation with CJDH-DE.

Immunostaining of Caco-2 monolay-
ers for ZO-1 shows uniform staining, con-
firming the presence of tight junctions
during the course of the experiment (Fig.
74, panels 1, 5). Coimmunostaining of
M17 cells for PrP (green) and ferritin (red)
shows colocalization at several spots, indi-
cating that some of the PrPSferritin
complexes remain intact even after trans-
cytosis across Caco-2 cells (Fig. 74, panels
2-4). Coimmunostaining of M17 cells for
P1P (green) and streptavidin (red) (Fig.
7A, panels 6-8) confirms that the PrP sig-
pal is derived from the transcytosed, bio-
tinylated CJDH-DE added to the AP
chamber.

Electron microscopic analysis of the
PrP*-ferritin complex immunoprecipi-
tated with 8H4 (as in Fig. 54, lanes 9, 13)
shows fibrillar material decorated with fer-
ritin aggregates (Fig. 7B, top inset, arrows).
When added to a monolayer of Caco-2
cells, the PrP °ferritin complex is seen in
small and large phagocytic vesides enclosed
by a single membrane with the Abrillar ma-
terial intact within these vesides (Fig 75,
top). Groups of these vesicles are subse-
quently transported out from the BL mem-
brane and are seen within the pore of the
Transwell membrane (Fig 7B, bottom).

Together, the above data demonstrate
that the PrP 5~ferritin complex is endocy-
tosed together by Caco-2 cells and a signif-
icant proportion is transcytosed intact to
the BL chamber, where it is endocytosed
again by M17 cells.

The binding of sCJD-PrP > to Caco-2
cells is partially inhibited by
The persistent association of PrP* with
ferritin before and after transcytosis led us
to investigate whether ferritin acts as a fa-
 cilitator or a mediator of PrP** transport
across Caco-2 cells. Accordingly, an’ at-
tempt was made to competitively inhibit

the binding of PrP* by preincubating
Caco-2 cells with increasing amounts of -
purified ferritin fo saturate' available
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of additional fenritin-immunoreactive bands in the CDH-DE sample is endlear (lane 8, *). LP. of UDH-DE with 8H4, followed by
probing with 3F4, shows PP bands similar-to the ones-detected-with anti-ferritin LP. (compare lanes 9, 4). Raprabing with
anti-ferritin reveals the 20 k0 fesritin band-{lane 10). Sives staining of proteins immunopredipitated with anti-ferritin or 8H4
shows bands comigrating with ferritin at 20-kDa and several otherminor spedes (fanes 11--14). Note that the igG band in 8H4
immunopredpitates is negligible because the antibody wes conjugated to protein A beads. A similar conjugation of anti-fenitin
reduced the amountof coimmunaprecipitated PrP “ sigoiicantly. 8, No PrPbands are detenedmthe absence of primaryantibody
either with protein A beads or BSA-coated pro(emA beids (lanes 3-8}

to similar treatment, and the resulting pellet fractions from NH

ferritin-binding sites. Two- different PrP* preparations were -

used for this purpose: (1) partially denatured biotin-tagged PrP %
isolated from CJDH that copurifies wuh ferritin after-ultracen-
trifugation; and (2) biotin-tagged PrP *—ferritin in its native con-
formation in CJDH-DE. For competition, three different prepa-
rations were used: (1) pure human liver ferritin; (2) pure human
spleen ferritin; and (3) brain ferritin purified from NH
(NH Peliet )

Biotin-tagged PrP* was purified by subjecting biotinylated
CJDH to PK treatment and repeated rounds of ultracentrifuga-
tion, as in Figure 4. A sample from biotinylated NH was subjected

(NH? i) and CJDH (CIDH ™). were evaluated by Western

blotting and silver staining. As expected, immunoblotting with
- 3F4 shows'no reactivity with the NH sample and strong reactivity

with N-terminally truncated PK-resistant PrP> bands in the
CIDH sample (Fig. 8A, lanes 1, 2). Reprobing of the membrane
with anti-ferritin antibody shows the presence of ferritin in both
NH and CJDH samples (Fig. 84, lanes 3, 4). Longer exposure
shows the presence of PrP ™ and ferritin oligomers, despite treal-
ment with DTT and boiling in SDS sample bufFer (Fig. 8A, lanes
5-8, arrows). Silver staining of an aliquot from each sample
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Figure 6.  sUD-PrP* is cotransported with femitin across Caco-2 cells. A, Diagrammatic
representation of fiter inserts with Caco-2 cell monolayers and the levels at which images were
@ptured, M17 cells were cultured on glass coversfips in the BL chamber to capture transcytosed
Prp < Hferritin complexes {see Fig. 74}, 8, Caco-2 cefl monoktyers were inasbated with CION-DE

-inthe AP chamber for2 b, and the fifters were cut into two pieces. One was immunostained
with 8H4 —anti-mouse FTC (green) and anti-ferritin—anti-rabbit RITC {red) (panels 1-6), and
the other was immunostained with with anti-20-1-anti-rbbit AITC (green) (panel 7). A hori-
romalimage at leved 1 shows colocalization of PrP {green) and feritin (red) on the AP surface of
Caco-2 celfls {panels 1-3, arows). Some PiP immuncreaction without femitin is akso seen
{green) {panels 1-3, anowheads). A horizontalimage captured at level U shows colocalization
of PrP {gaeen) and fenitin {red) a the fittes pores {panels 4 — 6, arows]. Immunostaining foc
20-1 shows: the presence of tight junctions throughout the monolayer (panel 7). A vertical
section through the (aco-2 monolayer shows simdar colocallzation of FiP (green) and feritin
{red) at the AP and BL membranes, as observed in the horizontal images (panels 8 —10). Scale
bar: 10 pum; Inset, 25X,

showed ferritin in the NH " and ferritin along with PrP*“in the
CJDH "' samples, as in Figure 4 (data not shown).

To check whether the purified preparations bind to Caco-2
cells and whether this binding can be competitively inhibited by

1. Neurosd., December 15, 2004 - 24(50):11280-11290 l]?

ferritin, NH?" and CJDH™"' fractions were resuspended in
purified human brain lipids lacking all proteins and sonicated to
obtain a homogeneous mixture. Subsequently, polarized mono-
layers of Caco-2 cells were exposed to increasing amounts of
NH™*_ and CJDH - brain lipid mixture diluted in PBS
containing 1% BSA for 30 min on ice and processed for staining
with Texas Red-streptavidin. Remarkably, cells exposed to both
NHP<¥* and CJDH "™ show significant binding as determined
by biotin-specific reactivity (Fig. 8 B, panels 1, 2, ~Ferritin). Un-
der the experimental conditions used, 16 pl of NH™_ and
CIDHP"“_brain lipid preparation gave a reproducible and spe-
dfic signal of defined intensity and was used for competition
experiments. Thus, cells were exposed to0 0, 0.5, 1.0,and 1.5 ug/ml
human spleen ferritin resuspended in PBS containing 19 BSA for
30 min on ice, washed, and reexposed to 16 pl of NH”*™* and
CJDHP for an additional 30 min on ice. The amount of
streptavidin-reactive material bound to Caco-2 cells was deter-
mined by staining with Texas Red—streptavidin: Under these ex-
perimental conditions, 1.5 pg/ml pure spleen ferritin inhibits the
binding of NH™!* and CJDH ™" by ~80%, as determined by
comparing the mean fluorescence intensity in 20 different fields
{Fig. 8B, pancls 3, 4, +Ferritin). Anti-ferritin- and PrP-specific
antibodies were not used in this experimental setup because im-
munoreactivity is lost because of DTT treatment. The brain lipid
used as vehicle did not show any reaction by itself (data not
shown).

The binding of NH** that comprises only human brain
ferritin and CJDH P that comprises partially denatured PP
and ferritin and the inhibition of this binding by purified spleen
ferritin suggest strongly that the binding of the PrP*—ferritin
complex to Caco-2 cells is mediated by ferritin, not by PrP>,

Similar competition experiments were performed with
biotin-tagged PrP > in CJDH-DE, a milieu in which it maintains
reactivity to the anti-PrP antibody 8H4. The inhibition of PrP*
binding in the presence of saturating amounts of ferritin was
assessed by double staining with 8H4 and Texas Red—streptavi-
din. Although significant inhibition (~85%) of PrP* binding is
observed in the presence of 1.5 pug/ml spleen ferritin, we did not
observe a complete block (Fig. 8C, panels 1-6, —Ferritin and
+Ferritin). Similar results were obtained when liver ferritin was
used as a competitive inhibitor (data not shawn).

OQur inability to demonstrate >80~85% inhibition of PrP*
binding despite high concentrations of free ferritin as a compet-
itor led us to conclude that liver and spleen ferritin may not be the
optimal inhibitors. Because ferritin in NHP¥ is similar to.the
ferritin in CJDH-DE in terms of the source and method of prep-
aration, we used NHP* (o saturate available ferritin-binding
sites on Caco-2 cells before adding CJDH-DE. Thus, Caco-2 cells
were exposed to 16 pl of NH™'“~brain lipid suspension for 30
min on ice, washed, and incubated for 2n additional 30 min onice
with 25 gl of CJDH-DE. The cells were then immunostained with
8H4 10 detect bound PrP*, Preincubation of the cells with 16 gl
of NH™¥ inhibited the binding of PrP*> by ~90% (Fig. 8D,
panels 1, 2, —~NH P and +NH ).

Together, the above results suggest strongly that ferritin plays
a significant role in the binding and transport of the PrP>~fer-
ritin complex across Caco-2 cells.

Discussion

This report provides insight into the pathway of PrP* uptake and
transport across intestinal epithelial cells. In particular, our data
show that exposure of sC]D brain homogenate to DEs generates a
C-terminal PrP core of 27-30 kDa that is transported across
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Caco-2 cells in vesicular structures and A
that this process is not influenced by the
level of endogenous PrPC expression.
Within these vesicles, PrP* is associated
with ferritin, a major component of the
PrP*-protein complex,and remainsasso-  _ [N
ciated with ferritin after transcytosis. Be- '9" ;
cause ferritin is normally absorbed from B
food and is abundantly present in a typical
meat dish, these findings have important
implications for prion uptake from con-
taminated food.

Using the well tested in vitro model for
evaluating intestinal uptake of selected
food nutrients (Cercijido et al, 1978;
Pinto et al., 1983; Glahn et al,, 1998), we
show the resilience of PrP* to DEs and the
facilitative effect of such treatment on
PrP*¢ uptake by Caco-2 cell monolayers.
We npoted that after treatment of CJDH
with stomach pepsin, PrP% underwent
limited proteolysis and comigrated with
the C-terminal PK-resistant core of PrP>,
Under similar conditions, PrP € in the NH
was completely hydrolyzed. Much to our
surprise, DE-treated PrP* was trans-
ported across Caco-2 cells four times more
efficiently than PK-treated PrP**. We be-
lieve that this effect is attributable to the
chaotropic effect of bile salts that disperse

PP
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B

Uptake of PrPSC and ferritin by M17 in BL chamber

PrP*-containing membrane phospho-
lipds into small micelles, preventing the
aggregation of PrP* and facilitating its
binding to epithelial cells. This observa-
tion has significant practical implications
because there could be qualitative and/or
quantitative differences in the digestive
process between individuals and certainly
between different species. Such differ-
ences, although subtle and apparently triv-
ial, may influence host susceptibility to
prion infection from contaminated food.

Figare 7, sUD-PiP™ remains assodated with femitin after transcytosis. 4, (3¢0-2 cell monolayers were placed i a 12-well
culture dish containing M17 neurablastoma cells cuitured on coversiips in the B chamber, and biotinylsted UDH-DE was added
to the AP chamber (see Fig. 6.4). After an avernight incubation; Caco~2 celts on filters and M17 cells on coverslips were processed
for immunostaining. immunoreaction of fiters with ant-20-1 shows the presence of tight junctions in all manolayers {green;
panels 1, 5). immunostaining of M17 celis in the BL chamber for PrP (green)-and femitin {red) shows colocalization of the two
proteins, Indicating the presence of intact PrP *~ferritin complexes after transcytosls (panels 2~ 4, anows). Colmmunostaining of
M17 cells for Pif {green) and streptavidin (red) {panals 6 —8) confirms that the PrP signal is desived from blotimylated CIDH-DE in
the AP iamber. Scale bat, 10 zum. 5, Electron microscopic analysis of the PrP ferritin complex immunoprecipitated with 8H4
shows fibrillar structures and membranes decorated with ferritin aggregates (top nset; asrows). When added to Caco-2 ceffs, the
complex s internalized in relatively large phagosome-Eke structures sumoanded by a single membrane (top; arrowheads). Some
of these vesioular structures are extruded out from the BL surface of Caco-2 cells and are seen within the pore of the membrane
filter (bottom; arowhead). (The intermalized material in phagosomes shows similar structures as observed.n the immunopre-
cipitated material) Scale bar: 0.25 pumg inset, 1.5X. N, Nudeus; T, tight junction. '

While purifying PrP* from CJDH, we

noted that the H and L chains of ferritin

consistently cosediment with PrP>. Resistance of the PrP*-
ferritin complex to eJution with low concentrations of salt and
coimmunoprecipitation with either anti-PrP or anti-ferritin
antibodies suggested an association between the two proteins,
rather than coincidental sedimentation. Remarkably, both the
H and L chains of ferritin resisted PK and DE treatment and were
associated with the protease-resistant core of PrP*. Electron micro-
scopic examination .of the 8H4-immunoprecipitated material re-
vealed fibrils decorsted with ferritin aggregates. Although other pro-
teins were detected by silver staining of 8H4 and anti-ferritin
immunoprecipitates attesting to. the remarkably. sticky nature of
PrP™, webdlieve that the association of PrP * with ferritin is stronger
and is more likely to be of biological significance. This notion is
based on the fact that after repeated rounds of ultracentrifugation,
only ferritin remained associated with PrP %, and the complex could
be dissociated only with 0.4 M NaCl. None of the other proteins
capurified with PrP;, suggesting that their coimmunoprecipitation
with PrP* is perhaps attributable to nonspecific interactions with
the antibodies or with PrP> itself (N. Morel et al, 2004). Whether

the association of PrP* and ferritin occurs in vivo or after homoge-
nization of brain tissue is unclear from our data. Neverthéless, this
complex is biologically significant because ingested PrP5¢ in con-
taminated meat undergoes a process similar to homogenization and
DE treatment in the Gl tract and is likely presented to the intestinal
epithelium in a complex with ferritin. Interestingly, the B-sheet-rich
PrP peptide 106126 mixed with normal or CJD homogenate was
not transcytosed effectively, indicating that the main determinant of
PrP* transport is not its B-sheet-rich secondary structure. Preincu-
bation of PrP106-126, NH, or CJDH with exogenous purified fer-
ritin did not facilitate the formation of coimmunoprecipitable PrP—~
ferritin complexes, indicating that the association of PrP™ with
ferritin is more complex than a mere hydrophobic interaction dur-
ing the process of homogenization, Regardless of the nature and site
of PrP ¥—ferritin complex farmation, this phenomenon is likely to
influence the absorption of ingested PrP* significantly, especially
because ferritin in ingested food is known to undergo active
absorption by the human intestinal epithelium (Murray-Kolb
et al., 2003; Theil, 2003).
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NH " and (UDH™ fractions with 34 reveals no reactivity with the Nit sample bt strong reactivity with N-tesminally
truncated PrP * bands from the UDH " sample {fanes 1, 2). Reblotting with anti-ferritin shows the presence of ferritin in both
NH and CDH samples (lanes 3, 4). Longer exposure reveals high molecular weight bands ofPerdfznlﬁndmappcam
comigrate (lanes S8, arrow). 8, Cao-2 celt monolayers were incubated with biotin-tagged NH™_- or CJDH "% brgin fpid
mixture and processed for staining with Vexas Red—streptavidin. Both NH "< and CDH ™™ bind to the ceff surface (panels1, 2,
—Ferritin}, and the binding s inhfblted bry prelnarbation of the cefls with 1.5 gog/mi human spleen ferritin (panels 3, 4, +Fer-
£itin). (, Caco-2 celts were incubated with 25 14l of bintinylated CIDH-DE with no previotss expasure to ferritin {— Ferritin) orafier
preinaubation with 1.5 jg/m! human spleen feritin { + Ferritin) and processed for staining with Texas Red—streptavidin and
814 —-anti-mouse FITC (panels 1-6). Mock-treated cells show PrP-spedific immunoreactivity (green) that colocalizes with
streptavidia (red) (panels 1-3). However, prelncubation with Gerritin aboliches PrP-specific stalning significantly (panels 4 - 6).0,
(ct-2 cells with no previous treatment {panel 1, ~NH ") ar after preinasbation with NH "% brain Epid mixture containing
turman braln-derived férritin (panel 2, -+ NK ™) were exposed to 25 sl of SDH-DE and immunostalned with 844~ anti-mouse
FITC. Mock-treated cefls show strong PrP-spedific immunareactivity (panet 1], which ks lost significantly after pretreatment of the
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Our data show that 30—40% of ferritin
from NH is consistently transcytosed
across Caco-2 cells without degradation.
In CJDH, this amount varies with the size

.of PrP*ferritin aggregates. Small, deter-

gent soluble complexes are transcytosed
intact, whereas large, detergent insoluble
aggregates remain on the monolayer in the
AP chamber (R. S. Mishra and N. Singh,
unpublished observations). These large
aggregates may be internalized via M-cells,
follicular dendritic cells, or bone marrow-
derived dendritic cells as reported previ-
ously (Heppner et al,, 2001; Huang et al.,
2002). It is conceivable that endocytosed
ferritin is packaged in distinct vesicles that
are either targeted to lysosomes or transcy-
tosed to the BL surface. The associated
PrP* in CJDH probably follows both
_routes, although the majority appears to

" be transcytosed because very little Prp*

was detected in cell lysates (S. Basu and
Singh, unpublished observations). This as-
sumption is supported by the fact that a
significant proportion of the PrP%—fer-
ritin complex remains intact after transcy-
tosis, as evidenced by coimmunostaining
of endocytosed aggregates in M17 cells
cultured in the BL chamber. PrP€ from
untreated NH did not show significant as-
sociation with ferritin and was not trans-
ported to the BL chamber in several exper-
iments. However, ferritin from untreated
NH was detected consistently in the BL
chamber (Basu and Singh, unpublished
observations). Thus, either PrP Cis not en-
docytosed at all or is degraded within
Caco-2 cells. A small amount of PrP > was
detected occasionally independent of asso-

s with NH ™ (panel 2). Scale bar, 10 uum.

Our results show that the PrP*—ferritin complex is endacy-
tosed by Caco-2 cells in vesicular structures that fuse to form
phagosomes within the cell. Some of these vesicles are transcy-
tosed intact to the BL chamber, much like the reported release of
PrP*-containing exosomes into the extracellular environment
by epithelial cells (Fevrier ct al., 2004). Sensitivity of the PrP S~
ferritin transport to incubation at low temperature 2nd treatment
with brefeldin A and nocodazole suggest the involvemnent of an
active transport process (Klausner et al., 1992). Although Caco-2
cells are known to endocytose ferritin, the mechanistic details of
this process remain elusive (Murray-Kolb et al., 2003). Specific
receptors for ferritin have been reported on liver cells, lympho-
cytes, erythroblasts, oligodendrocytes, and on various cell lines
(Mack et al., 1983; Harrison and Arosio, 1996; Hulet et al., 2000).
Our data demonstrating significant inhibition of PrP %_ferritin
uptake in the presence of excess ferritin derived from human
liver, spleen, or brain suggests the presence of a ferritin-specific
receptor or a transporter on Caco-2 cells. The presence of such a
receptor on epithelial cells and the close association of PrP* and
ferritin in dxgcstcd food incriminate ferritin as a possible trans-
porter of PrP> across the intestinal epithelial cell barrier.

dated ferritin. It is unclear whether this
fraction is associated with another protein,
is transportcd independently, or results
from dissociation of the PrP *~ferritin complex in an intraceliu-
lar compartment.

The notion that PrP* is cotransported with ferritin ignores
the key requirements of host susceptibility to prion infection,
such as the level of PrP € expression and the extent of homology
between host PrP€ and incoming PrP* (Prusiner et al,, 1990;
Weissmann et al,, 2002; Thackray et al., 2003). Although in ap-
parent contradiction, our data suggest that the uptake of PrP*
and its subsequent replication are distinct processes. The former
is independent of host PrP €, whereas the latter requires PrP€ as
substrate for additional replication. This hypothesis is supported
by our data that show no influence of PrP€ overexpression on
PrP* transport across Caco-2 cells and by a recent report dem-
onstrating PrP € expression below the tight junctions of polarized
epithelial cells, making it physically impossible for incoming
PrP > to.come in contact with host PrP< (E. Morel et al., 2004).

The cotransport of PrP with ferritin raises important ques-
tions regarding prion uptake from contaminated food. Although
this report uses a homologous experimental setup, ferritin H and
L chains are known to share significant homology across species
(Harrison and Arosio, 1996) and may facilitate the transport of
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PrP % from distant species across the intestine. Because Prp is
notorious for its sticky nature, ferritin may be only ane such
carrier protein. The identification and functional role of other
proteins associated with DE-treated PrP* is important for fully
understanding the mechanism of PrP* uptake from ingested
food and preventing a carrier state across species. Heterologous
PrP* in such carriers may be transported to sites where it may
undergo conformational “adaptation” with time (Hill et al., 2000;
Race et al., 2001), or in the case of livestock, lie dormant until
ingested by a susceptible host. Such apparently “healthy” carriers
would disseminate PrP> through a variety of means, posing a
potential threat to the general population.
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