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MHC class I molecules are classically
ascribed the function of presenting
peptides derived from endogenous
antigens; cytosolic proteins are
degraded by the proteasome and
peptides are transported into the
endoplasmic reticulum (ER) for
loading onto MHC class I molecules.
However, MHC class I molecules in
certain antigen-presenting cells, par-
ticularly dendritic cells (DCs), can
also present peptides derived from
exogenous antigens — a process
referred to as cross-presentation.
Now, results from three groups bring
us closer to understanding how this
process works, and indicate that
phagosomes are competent for
cross-presentation.

The first indication that antigens
in phagosomes might have access to
ER-derived components came from
a study by Michel Desjardins’ group,
in which they showed that phagocy-
tosis in macrophages proceeds by
the recruitment of ER membranes.
In the present study (Houde et al.),
proteomic analysis showed that var-
ious molecules required for cross-
presentation can be detected on
phagosomes. Latex beads labelled
with fluorescent ovalbumin were
phagocytosed and fluorescence
could be detected in the cytoplasm,
indicating that exogenous proteins
are retro-translocated into the
cyoplasm for degradation by protea-
somes. Indeed, proteasomes and
polyubiquitylated proteins were
associated with the cytoplasmic side
of the phagosome membrane.

So, are phagosomes capable of
processing exogenous peptides and
does this result in T-cell stimula-
tion? The authors compared the
processing of endogenous ovalbu-
min (expressed by macrophages
after infection with vaccinia virus)
and exogenous ovalbumin (deliv-
ered through phagocytosis). The
cross-presentation of peptide–MHC
class I complexes was partially inhib-
ited by treatment with brefeldin-A
(which blocks the secretory pathway),
whereas conventional presentation
was totally inhibited, supporting the
idea that phagosomes are the source
of the MHC class I complexes in the
brefeldin-A-treated cells.

Guermonprez et al. purified phag-
osomes from immature DCs and
found that various ER proteins were
detectable on early phagosomes.
Activity of the ER-resident enzyme

glucose-6-phosphate was marked on
the phagosome membrane. Compo-
nents of the cross-presentation path-
way (including the transporter for
antigen processing (TAP), tapasin and
calreticulin) were detected on early
phagosomes. Functional assays
showed that phagosomes are a site of
TAP-dependent peptide loading onto
MHC class I molecules, leading to 
T-cell stimulation.

The study by Ackerman et al. pro-
vided similar evidence to show that
phagosomes from immature DCs
have all the necessary components for
cross-presentation. An interesting
feature of this study was the use of
US6 — a transmembrane protein
from human cytomegalovirus that
binds to the lumenal face of TAP.
Exogenously added soluble US6
inhibited cross-presentation, showing
that the TAP inhibition occurred in a
location where internalized proteins
have access to ER components.

Together, these three studies show
that phagosomes are competent
organelles for cross-presentation.

Elaine Bell
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