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Translocation of gliadin into HLA-DR antigen
containing lysosomes in coeliac disease
enterocytes

K-P Zimmer, C Poremba, P Weber, P J Ciclitira, E Harms

Abstract
Coeliac disease is triggered by ingestion of
wheat gliadin and is probably immune
mediated. There is evidence by light
microscopy that expression of class II
major histocompatibility complex (MHC)
molecules is increased in the small intesti-
nal epithelium of patients with untreated
coeliac disease and that gliadin can be
taken up by small intestinal enterocytes.
The pathway by which gliadin is trans-
ported to class II MHC proteins has not
been demonstrated. Using an immuno-
gold technique and thin frozen sections
of jejunal biopsy specimens, gliadin,
HLA-DR antigens, and IgA were localised
at an ultrastructural level in the jejunal
epithelium ofpatients with both untreated
and treated coeliac disease and controls.
Cathepsin D was used as a marker for late
endosomes or lysosomes. The results
show that gliadin is translocated into
vacuoles positive for HLA-DR antigens as
well as cathepsin D in jejunal enterocytes
of patients with untreated coeliac disease.
Secretory IgA may have a role in this
translocation ofgliadin, which is a specific
event that occurred only in jejunal entero-
cytes from patients with untreated coeliac
disease but not in a patient maintained on
a gluten free diet or in controls. These
results support a central role for epithelial
cells of the human intestinal mucosa in
the transport of gliadin to an HLA-DR
positive compartment which precedes
antigen presentation of gliadin to antigen
sensitive T lymphocytes.
(Gut 1995; 36: 703-709)
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Coeliac disease, which is characterised by
damage to the small intestinal mucosa and
malabsorption of most nutrients, is thought to
be immune mediated.1 2 Gliadin, the alcohol
soluble component of wheat gluten exacer-

bates the condition. A gluten free diet leads to
the regression of both the clinical symptoms
and abnormalities present in the mucosa of the
small intestine. The pathogenetic mechanisms
of the disorder remain unknown, although
genetic and immune factors have been
identified.3 Experiments involving light
microscopy recently showed that in vivo
uptake of a peptic tryptic digest of gliadin is

greater in human enterocytes of untreated
coeliac disease patients than in control
subjects.4

It has been shown with cell culture systems
that the immune response to microbial anti-
gens as well as autoantigens was initiated by
the presentation of exogenous peptides to
T lymphocytes. This involves binding of endo-
cytosed and processed peptides to class II
major histocompatibility complex (MHC)
molecules.5 6 It has been suggested that the
association of processed antigens and class II
MHC proteins takes place in the endosomal7
or lysosomal8 9 compartments.

Exogenous antigen presentation is mediated
by activated B cells, myeloid cells, and den-
dritic cells and remains to be demonstrated in
epithelial cells.5 6 The increased expression of
class II MHC proteins1012 as well as the
detection by light microscopy of endocytosed
gliadin in the intestinal epithelium of patients
with coeliac disease4 suggest that antigen
presentation of gliadin occurs in enterocytes.
The precise subcellular localisation of endo-
cytosed gliadin remains to be determined. We
wished to determine the cell type and the
subcellular structures associated with co-
localisation of gliadin and class II MHC
proteins in the small intestine of individuals
with coeliac disease. We also wished to
determine whether factors such as secretory
IgA and HLA-DR antigens are involved in the
uptake of gliadin. Finally, we wished to find
out if the subcellular co-localisation of gliadin
and HLA-DR antigens is specific to patients
with untreated coeliac disease.
We used an immunogold technique on thin

frozen sections of small bowel biopsy tissue
to demonstrate that gliadin is localised in
HLA-DR antigen positive lysosomes of small
intestinal epithelial cells of patients with
untreated coeliac disease. Our experiments
indicate that this co-localisation is due to a
specific transport of gliadin which may be a
prerequisite for the antigen presentation of
gliadin and the immune reactions observed in
this condition.

Methods

COELIAC DISEASE PATIENTS
Jejunal biopsy specimens were obtained from
six patients who presented with untreated
coeliac disease. The diagnosis in these patients
was subsequently confirmed by ESPGAN
criteria.13 The biopsy specimens exhibited
villous atrophy on histological examination.
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After treatment with a strict gluten free diet, all
six subjects showed symptoms of remission
and improvement in the villous morphology of
a subsequent jejunal biopsy specimen. One
biopsy specimen from a patient with coeliac
disease who had received a gluten free diet for
three years was studied also. Jejunal biopsy
specimens from three subjects with normal
villous morphology, all of whom were subse-
quently diagnosed as suffering from the
irritable bowel syndrome served as controls.

ANTIBODIES
We used rabbit antibodies against gliadin
(Sigma, dilution 1 :100); a gliadin,14
P gliadin,14 y gliadin,14 w gliadin14 (dilutions
1:500); cathepsin D (Dako, dilution 1:40);
bovine albumin (Sigma, dilution 1:50);
chicken egg albumin (Sigma, dilution 1:50);
biotinylated rabbit F(ab')2 fragments against
the ca chain of human IgA (Dianova, dilution
1:30); and mouse monoclonal antibodies
against HLA-DR (Dako, dilution 1:40) and
HLA-DR (Dianova, dilution 1:40), the last
two being pooled. Binding sites were visualised
by gold conjugated goat anti-rabbit anti-serum
(diameter of 6 nm and 12 nm, Dianova,
dilution 1:50); gold conjugated goat anti-
mouse anti-serum (diameter of 6 nm, Dianova,
dilution 1:1 0); and streptavidin gold (diameter
of 10 nm, Amersham, dilution 1:40). The
streptavidin-biotin reaction was used to avoid
cross labelling of the second immunogold with
the antibodies of the first labelling step. A goat
antibody against human IgA, IgG, and IgM
(Dianova, dilution 1:10) served to block the
binding of biotinylated rabbit antibody against
human IgA and to show that the labelling of
gliadin, HLA-DR proteins, and cathepsin D
was not caused by cross reactivity of these anti-
bodies against human immunoglobulins pre-
sent in the intestinal lumen and epithelium.

EMBEDDING OF BUFFY COAT MACROPHAGES IN
GLIADIN/GELATINE
Buffy coat macrophages were fixed in 5%/o

paraformaldehyde. Enzymatic digestion of
gliadin (Sigma) by pepsin (Sigma) and trypsin
(Sigma) was carried out as described
elsewhere.4 Buffy coat macrophages were
embedded in the peptic tryptic digest of gliadin
mixed 1:1 with 10% gelatine in phosphate
buffered saline.

IMMUNOELECTRON MICROSCOPY
Small bowel biopsy and buffy coat
macrophages embedded on gelatine/gliadin
were prepared for sectioning and labelling of
thin-frozen sections using the technique of
Tokuyasu and Griffiths15 16 as described
previously.'7 Briefly, small tissue specimens
were fixed in 5% paraformaldehyde in 50 mM
Hepes, pH 7.4, cryoprotected by
polyvinylpyrrolidone/sucrose, frozen in liquid
nitrogen, and sectioned with a Sorvall cryo-
ultramicrotome MT 6000 at -1 000C.
Cryosections were incubated at room tempera-
ture with antibodies for 45 minutes. Having
been labelled with immunogold, the grids were
contrasted, embedded in 2% methylcellulose
(1 ml methylcellulose contained 0.1 ml 3%
uranyl acetate), and examined in a Philips 301
electron microscope.

Results

ENDOCYTOSIS OF GLIADIN BY ENTEROCYTES
Labelling of thin frozen sections of jejunal
mucosal biopsy specimens from patients with
untreated coeliac disease with antibodies
against gliadin, ax gliadin, P gliadin, y gliadin,
and w gliadin showed the following patterns. A
low amount of gliadin is present in the lumen
of tubular and vesicular structures close to the
apical membrane of enterocytes characterised
by microvilli (not shown). In addition, high
concentrations of gliadin are present in large
endocytic vacuoles contained within the
enterocytes (Fig 1A) and the intestinal lumen.
The labelling density of gliadin was much
stronger inside the large endocytic vacuoles
than on the luminal site of the apical

Figure 1: Uptake ofgliadin into lysosomes in gut epithelial cells of untreated coeliac disease patients. (A) Gliadin
(G 12 nm) is present in a vacuole (V) close to the apical membrane of enterocytes. Lu=luminal site of the apical
membrane; Mi= microvilli. (Magnification x56 000.) (B) Gliadin (G 6 nm) accumulates in compartment containing
cathepsin D (Cath 12 nm). L=lysosome. (Magnification X 74 000.)
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Figure 2: Accumulation ofgliadin in vacuoles containing HLA-DR antigens in enterocytes
ofpatients with active coeliac disease. (A) Strong staining of vacuoles (V) and the apical
membrane (AP) with HLA-DR antigens (MHC II 12 nm) in coeliac disease enterocytes.
BL=basolateral membrane. (Magnification X32 000.) (B) Localisation ofHLA-DR
antigens (MHC II 6 nm) in cathepsin D (Cath 12 nm) positive compartments of
enterocytes. L=lysosome. (Magnification X64 000.) C) Co-localisation ofgliadin
(G 6 nm) and HLA-DR antigens (MHC II 12 nm) in enterocytes of untreated coeliac
disease patients. (Magnification X57 000.) (D) Enterocyte ofa patient with coeliac
disease in remission shows vacuoles with HLA-DR antigens (MHC II 12 nm) but without
any presence ofgliadin (G 6 nm). L=lysosome. (Magnification X74 000.) (E) Buffy
coat macrophages, embedded in the mixture ofgliadin and gelatine, indicated no
immunogold binding of the second labelling step (antibodies against HLA-DR antigens:
MHC 1I 12 nm) to the antibodies ofthe first labelling step (antibody against gliadin:
G 6 nm). N=nucleus; PM=plasma membrane; EX=extracellular.
(Magnification X72 000.)

membrane. The labelling patterns of the anti-
bodies directed against the four gliadin frac-
tions were similar. M cells, which, it has been
suggested, are involved in antigen uptake and
presentation to local T lymphocytes, could not
be found in any of our jejunal biopsy speci-
mens. In contrast to the small intestinal biopsy
specimens from the patient with untreated
coeliac disease, those from the controls showed
few gliadin molecules, present only in the
tubular and vesicular structures of those
enterocytes close to the apical membrane.
Large endocytic vacuoles throughout entero-
cytes with a high amount of gliadin could not
be identified in these specimens (not shown).

The jejunal biopsy specimen from the single
patient with treated coeliac disease who had
taken a gluten free diet did not reveal gliadin in
any of those enterocytes examined. These
results suggest that gliadin can be endocytosed
by jejunal enterocytes of individuals with
coeliac disease as well as controls but that the
localisation and amount in the endocytic
apparatus differs in these patient groups.

CATHEPSIN D IN GLIADIN ENRICHED VACUOLES
OF COELIAC DISEASE ENTEROCYTES
Cathepsin D, which is a marker of lysosomes
and late endosomes, was used to characterise
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further the enterocyte compartment of the
jejunal enterocytes from the untreated coeliac
patients where gliadin was concentrated.
Sections labelled with the antibody against
gliadin as well as cathepsin D showed that
cathepsin D is present inside the gliadin
enriched vacuoles (Fig 1B). We could identify
few vacuoles stained only by one of the added
antibodies, showing that no overlapping of
the second labelling step had occurred, and
some late endosomes or lysosomes had
(still) not been reached by gliadin. In control
enterocytes, cathepsin D positive compart-
ments did not contain a noticeable amount of
gliadin (not shown). The double labelling of
gliadin and cathepsin D indicates that gliadin
is routed to lysosomes or late endosomes in
jejunal enterocytes of patients with untreated
coeliac disease. This translocation process
was not observed in the control jejunal
enterocytes.

CO-LOCALISATION OF GLIADIN WITH CLASS II
MHC PROTEINS IN COELIAC DISEASE
ENTEROCYTES
HIA-DR expression was strong in villous as
well as crypt enterocytes of the jejunal
biopsy specimens from the individuals with
untreated coeliac disease. The antibodies
against HLA-DR antigens showed appreci-
able staining in endocytic vacuoles, which
was stronger than that observed at the apical
and basolateral membrane of the entero-
cytes (Fig 2A). In control biopsy tissues,
HLA-DR expression was restricted to villous
epithelial cells, where fewer endocytic
vacuoles were stained in comparison to the
enterocytes from the subjects with untreated
coeliac disease and the apical membrane
was not labelled (not shown). A co-localisa-
tion of HLA-DR molecules in cathepsin D
positive vacuoles could be observed in the
jejunal mucosal biopsy specimens from the
patients with untreated coeliac disease as
well as in those from controls, although it

was more frequent in the former group
(Fig 2B).
Double labelling experiments with thin

frozen sections of jejunal biopsies from the
patients with untreated coeliac disease, using
an antibody against gliadin followed by the
pooled antibodies against HLA-DR, exhibited
a high amount of class II MHC proteins close
to the membranes of the endocytic vacuoles
enriched with gliadin (Fig 2C). Besides the
structures which exhibited both gliadin and
class II MHC proteins, we were also able to
identify vesicles on the same sections which
were labelled only by one of the two antibodies
(not shown). This suggested that gliadin did
not reach a class II MHC protein positive com-
partment inside enterocytes before performing
an endocytic translocation process. The struc-
tures stained exclusively by the first antibody
also indicated that the antibodies added in
the second labelling step did not bind to the
antibodies of the first labelling step, excluding
non-specific binding of the labelling pro-
cedure. There was only a weak co-localisation
of both proteins on the apical membrane.

Only a few compartments with little gliadin
as well as some vacuoles with HLA-DR
molecules could be identified in the jejunal
enterocytes obtained from the control subjects.
These cells never showed a vacuole where both
proteins were co-localised (not shown). The
biopsy tissue from the individual with treated
coeliac disease who had been on a gluten free
diet showed only HLA-DR positive vacuoles
(Fig 2D). These experiments show that a high
number of gliadin and HLA-DR molecules can
accumulate in jejunal enterocyte lysosomes in
subjects with untreated coeliac disease, but not
in controls.

PRESENCE OF IgA IN VACUOLES ENRICHED WITH
CLASS II MHC PROTEINS OR GLIADIN
A high amount of IgA was localised with
gliadin in the luminal side of the apical
membrane in the jejunal biopsy specimens

2,$M

.;-':::.

Figure 3: Presence ofIgA in endocytic vacuoles observed in gut epithelial cells ofpatients with active coeliac disease.
(A) Double labelling ofgliadin (G 6 nm) and IgA (10 nm) shows IgA inside a gliadin containing compartment. The high
IgA and low gliadin suggest that this endocytic vacuole is an endosome. E=endosome. (Magnification X65 000.) (B) The
compartment enriched with HLA-DR antigens (MHC II 6 nm) also contains IgA (10 nm). The high concentration of class
IIMHC proteins points to the lysosomal nature of the vacuole. MV= multivesicular body;M= mitochondrium; V=vacuole.
*Indicates parts of the vacuole with co-localisation ofIgA and class IIMHC proteins. (Magnification X54 000.)
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Figure 4: Localisation ofchicken egg albumin and HLA-DR antigens in enterocytes ofpatients with active coeliac disease.
Chicken egg albumin and HLA-DR antigens are present in different cellular compartments. (A) Endocytic vacuole
containing HLA-DR antigens (MHC II 12 nm) and lacking chicken egg albumin (EA 6 nm), which is only detectable
outside the vacuole. The feature is in contrast to the strong co-localisation ofgliadin and HLA-DR antigens shown in
Figure 2(C). A few chicken egg albumin molecules associated with HLA-DR antigens may be caused by background
staining. Alternatively, they may indicate that the spatial separation of both proteins is not absolute. L=lysosome.
(Magnification X 93 000.) (B) This endocytic vacuole (V), filled with chicken egg albumin (EA 6 nm), is situated close
to the organelle shown in (A) in the same cell. Although this ultra-thin frozen section is labelled with antibodies against
HLA-DR antigens (which are indicated in (A)), there are no HLA-DR antigens (MHC II 12 nm) present in this
organelle. (Magnification X 90000.)

from the patients with untreated coeliac
disease as well as in control enterocytes. In
jejunal biopsy tissues of coeliac patients eating
a gluten containing diet, IgA could be detected
in endocytic vacuoles which contained a minor
amount of gliadin (Fig 3A). In the same
enterocytes, we also found gliadin enriched
vacuoles with a weaker but appreciable
labelling of IgA (not shown). Simultaneous
labelling experiments also detected noticeable
amounts of IgA in class II MHC protein
enriched compartments of jejunal enterocytes
from the untreated coeliac patients (Fig 3B).
The co-localisation of IgA in compartments
enriched with class II MHC protein or
gliadin was not observed in any of the control
enterocytes (not shown).

CONTROL EXPERIMENTS
No background labelling was seen either in
nuclei or mitochondria with the antibody
dilutions used. Sections labelled with gold
conjugated goat anti-rabbit anti-serum and
goat anti-mouse anti-serum as well as strepta-
vidin gold alone showed no appreciable
staining. Chicken egg and bovine albumin
were found in vacuoles of jejunal enterocytes
from subjects with untreated coeliac disease
and controls, but no co-localisation with HLA-
DR antigens was observed. Figure 4A shows
an endocytic vacuole containing HLA-DR
antigens that lack chicken egg albumin, which
is only outside the vacuole. This feature
contrasts with the strong co-localisation of
gliadin and HLA-DR antigens shown in Figure
2C. Figure 4B shows an endocytic vacuole (V),
filled with chicken egg albumin which is
situated close to the organelle shown in Figure
4A. Although this ultra-thin frozen section was
labelled with antibodies against HLA-DR
antigens which are indicated in Figure 4A,

there were no HLA-DR antigens present in
this organelle.

Preincubation with the goat antibody
against human IgA, IgG, and IgM blocked the
binding of biotinylated rabbit antibody against
human IgA, but the labelling of gliadin,
HLA-DR proteins, and cathepsin D was not
affected by this procedure. When the double
labelling procedure for the co-localisation of
gliadin and HLA-DR antigens was performed
on buffy coat macrophages, embedded in the
mixture of gliadin and gelatine, gliadin was
seen in the extracellular space and class II
MHC proteins exclusively on the plasma
membrane of the macrophages (Fig 2E).
The last experiment indicated that the co-
localisation of gliadin and HLA-DR antigens
in the enterocytes from subjects with untreated
coeliac disease was not caused by cross
reaction of the antibodies of the second
labelling step with those in the first labelling
step.

Discussion
Immunohistochemical studies of small intesti-
nal epithelium from patients with untreated
coeliac disease suggest that gliadin is taken up
by enterocytes.4 Our results confirm these
results obtained by light microscopy (Fig IA).
In addition, we note an accumulation of
gliadin in cathepsin D containing vacuoles of
these enterocytes indicating that gliadin can be
translocated to late endosomes or lysosomes
from patients with untreated coeliac disease
(Fig 1B). In contrast to the enterocytes from
patients with untreated coeliac disease, we
could not detect gliadin in late endosomes or
lysosomes of control enterocytes. In addition,
gliadin was not observed in jejunal enterocytes
from a patient with treated coeliac disease who
had been taking a gluten free diet (Fig 2D).
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Other immunohistochemical experiments
show that the class II MHC protein expression
is increased in villous as well as crypt small
intestinal enterocytes of patients with
untreated coeliac disease.'0 11 This enhanced
expression can be induced by the administra-
tion of gliadin.'2 In normal intestinal epithe-
lium, the class II MHC expression is restricted
to the villous epithelium.'0 11 Using the
immunoperoxidase technique and electron
microscopy, class II MHC proteins are
reported to be present in multivesicular bodies,
secondary lysosomes, and the basolateral as
well as the apical membrane of normal human
enterocytes.'8 Our experiments show a strong
co-localisation of HLA-DR antigens with
cathepsin D indicating that the main amount
of HLA-DR antigens is present in late
endosomes or lysosomes (Fig 2B). The apical
membrane of enterocytes from patients with
untreated coeliac disease contains HLA-DR
antigens which are not observed in control
subjects (Fig 2A). Class II MHC proteins are
believed to be mainly transported from
the Golgi apparatus directly to a lysosomal
compartment in lymphocytes.8 The presence
of HLA-DR antigens at the apical membrane
may be due to their enhanced expression. This
phenomenon is known from other proteins
such as lysosomal membrane proteins. A
part of these proteins, which are known to
be transported directly to late endosomes and
lysosomes without appearing on the cell
surface,'9 can be detected on the plasma
membrane when overexpressed.20
Our double labelling experiments show that

gliadin co-localises with HLA-DR antigens in
late endosomes or lysosomes of small intestinal
enterocytes from patients with untreated
coeliac disease (Fig 2C). This labelling pattern
could not be detected in control enterocytes.
We assume that gliadin associates with HLA-
DR antigens in late endosomes or lysosomes of
enterocytes from patients with untreated
coeliac disease, a prerequisite for the antigen
presentation of gliadin to T lymphocytes and
the immune processes in this condition.
Because we can identify most of the HIA-DR
antigens in late endosomes or lysosomes and
the rare vacuoles containing gliadin without
HLA-DR antigens, our results provide indirect
evidence that gliadin and class II MHC
proteins do not mainly associate at the apical
surface or in early endosomes, but in a late
endosomal or lysosomal compartment possibly
after processing of gliadin. This view is
supported by other studies. Antigen fragments
can be detected in an immunologically relevant
compartment after 30 minutes21 and one
hour passes between the initial exposure of
antigen presenting cells to the antigen and the
first stimulation of antigen sensitive T cells.22
In the human Epstein-Barr virus transformed
B cell line, JY, a compartment enriched
in class II molecules, showed lysosomal
characteristics.8 Listeria monocytogenes are
processed in endocytic vacuoles containing
cathepsin D, Lamp 1, and class II MHC pro-
teins but no 46 kD mannose-6-phosphate
receptors indicating their lysosomal nature.9 In

contrast to this, immunocytochemical studies
in the human B lymphoblastoid cell line,
IM-9, involving investigation of cross linked
surface immunoglobulins as intracellular
markers comparable to multivalent antigens to
B cells,23 suggest that early endosomes
may be the site of antigen and class II MHC
association.7
Which cellular biological mechanisms are

involved in the translocation of gliadin to late
endosomes or lysosomes of coeliac disease
enterocytes is unknown. We suggest that the
lack of association of ovalbumin and bovine
serum albumin and the HLA-DR antigens of
coeliac disease patients which we observed
results from the fact that processed peptides
from these proteins do not bind to HLA-DR
antigens, unlike those of gliadin which do.
This means that processed peptides of oval-
bumin and bovine albumin cannot be routed
to late endosomes and lysosomes. This
process may be comparable with a ligand and
its receptor whose intracellular pathway can
change when the two bind. A receptor that
binds gliadin on the apical membrane has not
been isolated. IgA and IgG antibodies against
gliadin and endomysium can be detected in
the sera of almost all patients with untreated
coeliac disease. The amounts of IgA and IgG
are increased in the gut lumen of these
patients.24 Internalised surface immuno-
globulins were co-localised with class II mole-
cules in lymphocytes.25 IgA is known to be
endocytosed and recycled at the apical surface
of polarised epithelial cells after it has been
transported by the polymeric immunoglobu-
lin receptor from the basolateral membrane.
Only about 5°/0 can be transported from the
apical membrane back to the basolateral
membrane in Madin-Derby canine kidney
cells expressing the polymeric immuno-
globulin receptor.26 There is little evidence
for receptor mediated transport of IgG across
the intestinal epithelium: this has only been
established in the neonatal rat.27 We
examined whether IgA might be involved in
the translocation process of gliadin into late
endosomes or lysosomes of enterocytes. Our
detection of IgA in vacuoles enriched with
class II MHC proteins or gliadin (Figs 3A and
B) indicates that IgA may reach a lysosomal
compartment of epithelial cells under patho-
logical conditions, as binding of a receptor to
a polyvalent ligand could increase its down
regulation.28 Alternatively, we cannot exclude
the possibility that some gliadin molecules
may already associate with HLA-DR antigens
at the plasma membrane, after which they are
transported to lysosomes. Whether binding of
gliadin to IgA or the HLA-DR antigens on
the apical surface of jejunal enterocytes
contributes to the routing of gliadin to a
lysosomal compartment remains to be
explained.

Coeliac disease represents an interesting
model for studying the endocytic transport of
exogenous antigen to a compartment contain-
ing class II MHC proteins. This translocation
process is necessary for the antigen presenta-
tion of gliadin and the immune reactions that
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result in this condition. The presentation of
exogenous antigens by epithelial cells of the
small intestine is suggested, but this remains to
be proved.29 30 Exogenous antigen presenta-
tion has so far been shown to be restricted
to lymphoid cells.5 6 Our results provide addi-
tional evidence in vivo, that exogenous antigen
presentation may occur in non-lymphoid
cells - that is, epithelial cells that have not
been shown so far to present antigen to
T lymphocytes. Our experiments with control
enterocytes show that gliadin is only present in
vesicular and tubular structures of control
enterocytes without any co-localisation with
class II MHC proteins and cathepsin D. We
speculate that gliadin is recycled back to the
plasma membrane in control enterocytes in
contrast to jejunal enterocytes of patients with
untreated coeliac disease, where it is trans-
located to a late endosomal or lysosomal
compartment enriched with class II MHC
proteins. HLA-DR antigens are not co-
localised with chicken egg and bovine albumin,
two other nutrients. The localisation of gliadin
to an HLA-DR antigen positive compartment
of coeliac disease small intestinal enterocytes
seems to be a specific translocation process.
Whether this transport is mediated by anti-
bodies originally directed against a peptide
corresponding to amino acids 31-49 of
a gliadin, which has recently been shown to
exacerbate coeliac disease using in vivo
challenge feeding studies, is not known.3' The
results described, however, suggest a role for
epithelial cells of the small intestinal mucosa
in the transport of gliadin to an HLA-DR
positive compartment which precedes antigen
presentation of gliadin to antigen sensitive
T lymphocytes.
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