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SUMMARY

We have previously presented evidence of a highly organized and compartmentalized structure of

the small intestinal lamina propria of the pig. In this work, we have identi®ed at least two major

populations of cells in this site expressing high levels of major histocompatibility complex (MHC)

class II antigens. One is CD45 positive and is a potent initiator of a primary immune response, this is

a function usually associated with dendritic cells. These cells have characteristic dendritic

morphology, but show evidence of phagocytosis as well as other phenotypic markers of immature

dendritic cells. Some cells show evidence of ongoing immune maturation. We have also isolated

CD45 negative endothelial cells bearing signi®cant amounts of MHC class II, which do not trigger a

mixed lymphocyte reaction. These ®ndings have implications for the functional role of healthy gut

lamina propria and clearly implicate this site as capable of differential antigen presentation by a

heterogeneous population of antigen-presenting cells.

INTRODUCTION

The immunological role of the intestinal lamina propria (LP),

populated predominantly by T cells of memory phenotype, is

generally seen as a site of secondary responses, primary antigen

presentation is usually associated with the organized lymphoid

tissue of the Peyer's patches. However, the presence of

macrophages1±3.as well as of cells with dendritic morphology,

suggestive of primary presentation,4,5. has been described in

several species. Cells with dendritic morphology and functional

characteristics have been isolated from lymphatics draining the

rat intestine,6.however, the origin of these cells in either LP or

Peyer's patches is not clear. Functional studies of a relatively

impure cell population isolated from mouse LP in a primary

antigen-speci®c system in vitro, has suggested that LP antigen-

presenting cells (APC) are capable of initiating a primary

response, but cause T cells to respond with a different cytokine

pro®le compared to the one elicited by APC isolated from other

sites.6,7.However, the APC reported by most workers in this site

appear to be macrophages, for example, cells isolated by

centrifugal elutriation from the human small intestine have

been classi®ed phenotypically as CD14± macrophages.1. Sur-

prisingly, an increase in the numbers of dendritic cells (DC) has

been associated with increased immunological tolerance,8.

whereas an in¯ux of CD14+ macrophages has been observed

in in¯amed or transplanted tissue.9±13. Therefore, we know

relatively little about the antigen-presenting role of the gut LP;

but relative numbers of macrophages, DCs and other types of

APC in the healthy and diseased LP appear to have clear

implications for the immunological role of this site. An

additional complication are the functional and phenotypic

similarities between immature DCs and monocytes/macro-

phages which are increasingly reported: This has decreased the

usefulness of the conventional categories of APC and may well

have led to overlapping classi®cation of the same cells.

Additionally, major histocompatibility complex class II

(MHC II) has been found in healthy individuals on stromal

cells such as epithelial cells in rodents14.and humans15.and on

endothelial cells in pigs.16.The relevance of these stromal cells

as APC also needs to be assessed. Functional studies of the role

of endothelial cells as APC in humans, however, have been

carried out only after MHC II induction on cultured or

interferon-c (IFN-c)-treated endothelial cells.17±19.

In summary, there is evidence for at least the potential for

primary presentation, possibly in an unusual way, as well as for

secondary presentation by more than one type of intestinal

presenting cell, but we lack a detailed characterization of the

cells involved. In order to assess an antigen-presenting system,

functional as well as detailed phenotypic studies of puri®ed cell

populations are required. To date, functional studies of freshly

isolated, puri®ed cell populations from this site are relatively

rare. The large numbers of pure cells required for such studies
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are dif®cult to isolate in suf®cient numbers from rodents;

studies of normal human tissue and comparisons with cells

from other tissue sites are also dif®cult.

We have therefore chosen the pig for these studies, as a

model for antigen presentation in the healthy omnivorous

mammalian gut. Additionally, a better understanding of the

porcine immune system is useful not only because it is an

important farm species, but also in view of the increasing

interest in this species as a donor for xenotransplantation.

We have previously shown the presence of large numbers of

cells expressing high levels of MHC II in the pig jejunal LP.16,20.

We have also shown that it is possible to isolate large numbers

of LP cells from normal animals without contaminating cells

from either the Peyer's patches or from epithelium.21. In this

work, we have studied two highly puri®ed MHC II-high cell

populations, freshly isolated by ¯ow cytometric cell sorting

from this site.

MATERIALS AND METHODS

Animals

Large White/Landrace hybrid pigs aged 4±5 months and raised

under conventional husbandry conditions were used for

histology, isolation and characterization of presenting cell

populations. Pigs were killed by exsanguination following

electrical stunning. Responder lymphocytes for mixed lym-

phocyte reactions (MLR) were isolated from venous blood

taken from MHC-inbred Minnesota minipigs, cc strain aged 1±

9 months.22.

Two-colour ¯ow cytometry was carried out on ®ve different

animals, with quanti®cation of the distribution of MHC II for

three animals; three-colour ¯ow cytometry was carried out for

four animals. Flow cytometric cell sorting for the preparation

of cytospins as well as for functional studies (MLR) was carried

out on six animals. Immunostaining for extra- and intracellular

determinants was carried out on three animals. Representative

results are shown in each case.

Immunohistology

Three-colour ¯uorescent immunohistology was carried out on

cryosections, taken from mid-jejunum of slaughterweight

Large White/Landrace pigs as previously described,16. as

previous studies had shown the presence of large numbers of

MHC II-positive cells in this site.16,20. Brie¯y, 4 mm thick

cryosections were cut from OCT (Tissue Tek, BDH, Lutter-

worth, UK) embedded and snap-frozen tissue. Sections were

air dried and ®xed for 10 min in ice-cold acetone. They were

used either fresh or following storage at x20u for a maximum

period of 2 weeks. Fc receptors were blocked for 30 min with

phosphate-buffered saline (PBS) containing 5% pig serum and

5% goat serum. Combinations of pretitrated monoclonal

antibodies were applied in PBS for a minimum of 2 hr. Slides

were washed thoroughly in three changes of PBS for 5 min

each. Secondary reagents were isotype speci®c goat anti-mouse

anti-sera (Southern Biotechnology, Birmingham, AL) conju-

gated to biotin, ¯uoroscein isothiocyanate (FITC) or Texas

Red, applied in combination at optimal dilutions. For antibody

cocktails containing the monoclonal antibody MIL11 of

immunoglobulin E (IgE) isotype, the secondary reagent to

mouse IgE was a biotinylated rat anti-mouse IgE monoclonal

antibody (Southern Biotechnology). Goat anti-mouse IgG1

antisera also bound to this rat monoclonal antibody. There-

fore, the goat anti-mouse IgG1 conjugate was preabsorbed

with 10% rat serum for 1 hr before use. Conjugates were

incubated for 1 hr. Following three more thorough washing

steps, the biotinylated reagents were detected with 7-amino-4-

methylcoumarin-3-acetic acid (AMCA)-Avidin D (Vector

Laboratories, Burlingame, CA). After a ®nal wash, the sections

were mounted in Fluoromount (Vector Laboratories) and

sealed with nail varnish. Stained slides were examined using a

Leica epi¯uorescence microscope ®tted with a combined

excitation and emission ®lter block speci®c for FITC, Texas

Red (TXRD) and AMCA. Images were recorded on a digital

camera (Photonic Science, Milham Mount®eld, UK). The

coexpression of MHC II and other surface molecules was

quanti®ed by counting ®ve representative tissue sections each.

Monoclonal antibodies

Antibodies used for this study are listed in Table 1..

Cell isolation

Leucocytes were isolated from jejunal LP by collagenase

digestion as described previously.21.Brie¯y, an inverted in¯ated

gut sac was incubated for 2±3 hr in several changes of calcium

and magnesium-free Hank's balanced salt sloution (HBSS),

containing 1 mM of ethylenediamine tetra-acetic acid (EDTA),

at 37u on a shaking platform. This procedure largely removed

the epithelial layer. The remaining tissue was then digested in

RPMI-1640 (Dutch Modi®cation, Life Technologies Ltd,

Paisley, UK. Cat. no. 22409-015) containing 100 units/ml of

collagenase (Collagenase Grade V, Sigma, St Louis, MO; Cat.

No. C9263) at 37u for 2r45 min. Similarly, cells were isolated

from spleen tissue fragments by collagenase digestion using

identical conditions. Cells from both tissues were suspended in

a 30% Percoll in HBSS solution and underlaid with a 50%

Percoll solution. Low-density cells were recovered from the

30%/50% gradient interface.

Flow cytometry, cell sorting and cytospin preparations of

sorted cells

Leucocytes (1r106) were suspended in 50 ml of PBS containing

Table 1. ..Speci®city and source of antibodies

Clone Speci®city Isotype Source

MSA3 MHC II DR IgG2a Dr J. Lunney39.

K274.3G8 MHC II DQ IgG1 Authors40.

76-7-4 CD1 IgG2a Dr J. Lunney41.

TMG.6-5 CD11b (human) IgG1 Dr I. Ando

MIL2 CD14 IgG2b Authors42.

G7 CD16 IgG1 Dr B.Y. Kim43.

CC51 CD21 IgG2b Dr C. Howard44.

LC1-4 CD31*. IgG1 Dr P. Kilshaw45.

K252.1E4 CD45 IgG1 Authors46.

Bb-1 CD80 (CD74) IgM Pharmingen

74-22-15 SwC3 IgG2b Dr J. Lunney23.

C4 SwC9 IgG1 Dr T. Whittall24.

MIL11 Capillary endothelium*. IgE Authors16.

*The cell surface expression of CD31 was used to identify endothelial
cells in ¯ow cytometry; MIL11 was used to identify endothelium in
immunohistology.
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5% pig serum plus 0.2% sodium azide (PBSA) and incubated

with 50 ml each of optimized concentrations of monoclonal

antibodies for 1 hr at 4u. Cells were washed in PBSA, and

incubated with 50 ml each of pretitrated isotype-speci®c

af®nity-puri®ed goat anti-mouse anti-sera, biotinylated or

conjugated to FITC and phycoerythrin (PE), respectively

(Southern Biotechnology). For two-colour ¯ow cytometry,

only PE and FITC conjugates were used, for three-colour ¯ow

cytometry, the third colour was visualized using the appro-

priate isotype-speci®c biotinylated antiserum followed by a

third step consisting of the addition of 1 ml of streptavidin-

Tricolor (Caltag Laboratories, Burlingame, CA). Cells were

washed in PBSA, and ¯uorescence was quanti®ed using an

EPICS CS or XL Flow Cytometer (Coulter Electronics, Luton,

UK). Appropriate isotype-matched controls were used. Cells

were electronically gated on forward light scatter (FLS) to

exclude small contaminating debris. For ¯ow cytometric cell

sorting and subsequent cell culture, PBS at 4u without azide

was used for all washing and incubation steps.

Sorted cells were also used to make cytospin preparations

using a Shandon Southern cytospin centrifuge (Shandon

Scienti®c, Runcorn, UK). These preparations from sorted cells

were viewed stained with Leishmann's stain using standard

methods.

Mixed lymphocyte reaction (MLR)

Peripheral blood lymphocytes (PBL) isolated from Minnesota

minipigs were cultured at 106 cells/ml in triplicate 200 ml wells

in RPMI-1640, Dutch modi®cation, supplemented with 1 mM

mercaptoethanol, 1 mM glutamine, 10 IU/ml penicillin/strep-

tomycin and 2% normal pig serum. To these were added the

stimulator cell populations from Large White/Landrace pigs in

ratios indicated on Figs 6.and 7.. Preliminary experiments had

indicated an optimum ratio of APC : responders of 1 : 100.

Unfractionated stimulator cells were used with and without

staining with primary and secondary reagents, as well as before

and after enrichment by ¯ow cytometric cell sorting. Cells were

cultured for ®ve days, pulsed for 6 hr with 1 mCi 3H-thymidine

(Amersham International), and harvested onto glass ®bre mats.

The incorporated 3H-thymidine was quanti®ed with a Rack-

beta 1219 liquid scintillation counter (LKB).

Three-colour staining for extra- and intracellular determinants

To investigate the distribution of extra- and intracellular CD3,

MHC class II or other determinants, the following procedure

was carried out. Unfractionated cell preparations, obtained

after a brief collagenase digestion of 15 min in order to

minimize the risk of in vitro-induced phagocytosis of lympho-

cytes, were stained in solution, as described for ¯ow cytometric

staining, with the ®rst antibody and labelled with FITC

(extracellular determinant, green). Cytospin preparations were

then made of stained cells, re-stained with the ®rst antibody

and labelled with AMCA (blue, intra-and extracellular

staining).

Figure 1. Section from mid jejunum stained with (a) anti-CD45 (FITC, green) (b) anti-MHC II (TXRD, red) and (c) the endothelial

marker MIL11 (AMCA, blue). In the composite image (d), orange to yellow colouring shows cells coexpressing MHC II and CD45,

mauve colouring indicates MHC II on capillary endothelium. Arrow head shows MHC II expressing cell penetrating the capillary

network, (E) marks endothelium, (L) a lacteal and the dot shows an area which is pure red and therefore indicative of MHC II on

other (non-endothelial) stromal cells. Magni®cation r500.
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RESULTS

Immunohistology

The presence of many cells bearing MHC II on a section from

mid-jejunum is shown in Fig. 1.. High levels of MHC II were

found on many cells in the LP, predominantly on and

immediately below the capillary plexus. Occasionally, we

observed MHC II+ cells in the epithelium itself or protruding

through the capillary network into the epithelial layer beyond

(arrow head). Most of these MHC II+ cells coexpressed CD45,

as shown by their yellow to orange (green + red) colouring.

The presence of MHC II on capillary and lacteal endothelium

is indicated by the purple to mauve coloration. However, we

found consistently that some MHC II inside the LP was not

coexpressed with either CD45 or endothelium (red coloration

only).

We have quanti®ed the coexpression of MHC II with CD45

as well with CD16 (not shown). Flow cytometry suggested that

CD16 was the most characteristic cell surface marker of the

population under study, see Fig. 3.) by counting single- and

dual-expressing cells on tissue other than the capillary

endothelium. Table 2. shows that approximately 50% of

CD45+ cells expressed MHC II, MHC II+ cells represented

a very numerous cell population. Conversely, approximately

80% of total MHC II in LP was accounted for by CD45 (or

CD16) positive cells, suggesting that high levels of MHC II

together with CD45 or CD16 identi®ed the same or largely

overlapping cell populations. The remaining 20% of MHC II

appeared to be in stromal tissue deep inside the LP. In contrast

to ®ndings in other species but consistent with previous reports

in the pig, intestinal epithelium did not express MHC II.

Figure 2.shows the coexpression of CD80 with MHC II,

together with labelling of the endothelial network. CD80

(green) is present on a subset of MHC II (red) expressing cells

as shown by the yellow (green+red) colouring, mainly close to

the capillary plexus.

Immunohistology therefore suggested a minimum of three

different cell populations bearing high levels of MHC II and

therefore presumably capable of antigen presentation in

normal pig jejunum: a population expressing CD45 as well

as CD16, capillary endothelium and stromal tissue in the core

of the LP.

Phenotypic studies of isolated cells

Following cell isolation by tissue digestion and density gradient

centrifugation, the resultant low density cell population was

analysed by two- and three-colour ¯ow cytometry. Addition-

Table 2. MHC class II co-expression with other cell-surface molecules

by immunohistology..

Surface antigen

% coexpressing

MHC II (SD)

% of total

MHC II (SD)

CD45 52.0 (14.2) 83.8 (3.9)

CD16 77.5 (10.5) 78.4 (6.1)

Figure 2. Section from mid jejunum stained with (a) anti CD80 (FITC, green) (b) anti-MHC II (TXRD, red) and (c) the endothelial

marker MIL11 (AMCA, blue). In the composite image (d), orange to yellow colouring shows cells coexpressing MHC II and CD80,

mauve colouring indicates MHC II on capillary endothelium. Arrow head shows MHC II expressing cell penetrating the capillary

network. Magni®cation r250.
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ally, cells isolated by ¯ow cytometric cell sorting were used for

cytospin preparations and stained with Leishmann's.

Figure 3.shows evidence for two major MHC II-high cell

populations: population A expressed CD45 (Fig. 3d., gate A)

and CD16 (Fig. 3c.) as well as SwC3 (Fig. 3b., gate A), the

myeloid/monocytic cell surface cluster determinant in pigs.23.

Note also that the expression of MHC II dR was synchronous

with MHC II dQ on all cells. Similar gates were also used for

three-colour ¯ow cytometry and cell sorting. Co-expression of

high levels of surface MHC II and CD16 appeared the most

characteristic markers for population A. Gate B showed a

population of cells, expressing MHC II, but none of the other

cell surface molecules in this study. Leishmann's-stained

cytospin preparations of cells sorted from gate A are shown

in Fig. 4(a.). These cells showed dendritic morphology. They

were also strongly adherent, both with each other as well as

with small lymphocytes, which were frequently found adhering

to these large DC. Occasionally, the nucleus of a lymphocyte

appeared within the DC, suggesting phagocytosis (arrow). In

contrast, although expressing comparably high levels of MHC

II, population B showed a different morphology (Fig. 4b.), with

very pale cytoplasmic staining and dense oval nuclei. These

cells tended to associate in an end-to-end arrangement, had no

adhering lymphocytes and were negative for all leucocytic cell

surface molecules. The CD45+ cells expressing low amounts of

MHC II were shown to consist predominantly of lymphocytes

by ¯ow cytometric cell sorting (Fig. 3d., gate C, results not

shown).

The identity of population A as CD45+/CD16+/SwC3+

and of population B as CD45±/CD16±/SwC3± suggested by

two-colour ¯ow cytometry was established in three-colour ¯ow

cytometry, with the addition of several other cell surface

molecules for more detailed phenotyping (Fig. 5a±j.). Gating

based on the coexpression of high levels of MHC II as well as

SwC3 showed that the majority of MHC II+++/CD45+ cells

also expressed SwC3 (approximately 90%, not shown).

Conversely, all MHC II+++/SwC3+ cells (Fig. 5e.) were

CD45+, and MHC II++/SwC3± cells were CD45± (Fig. 5f.).

We could thus identify population A as MHC II+++/SwC3+/

CD16+/CD45+/CD11b+/CD31±(Fig. 5a,c,e,g.,i). Population

B was MHC II++/SwC3±/CD16±/CD45±/CD11b±/CD31+

(Fig. 5b, d, f, h, j.). CD31 had been con®rmed by immunohis-

tology to be expressed on capillary endothelium (not shown),

as reported for other species.

Other cell surface molecules studied by ¯ow cytometry were

SwC9, a marker for pig tissue macrophages,24.CD14, CD1 and

CD21. None of these surface molecules were found on cells

isolated from LP, but were present on cells isolated in parallel

studies from spleen (not shown). The lack of these cell surface

markers was also con®rmed by immunohistology (not shown),

preliminary immunohistochemistry studies had shown no CD1

MHC II DR

(a)

M
H

C
 II

 D
Q

SwC3 CD16 CD45

(b) (c) (d)

B
A A

B

C

Figure 3. Two-colour ¯ow cytometry on lamina propria cells, isolated by collagenase digestion and density gradient isolation.

Coexpression of cell surface MHC II dR (y-axis) with (a) MHC II dQ (x-axis) (b) SwC3 (x-axis) (c) CD16 (x-axis) and (d) CD45

(x-axis). Gates A, B and C were used for ¯ow cytometric cell sorting.

Figure 4. Cytospin preparations from cells sorted by ¯ow cytometry,

stained with Leishmann's. (a) Morphology of population A isolated

from lamina propria, sorted from gate A in Fig. 3(d.). Arrow shows DC

containing a small lymphocyte. (b) Morphology of population B

isolated from lamina propria, sorted from gate B in Fig. 3(d.).

Morphology is compatible with endothelial cells. Magni®cation r750.
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or CD21+ cells and only very low numbers of CD14+ cells in

this tissue.

The existence of a third population (MHC II+/CD45±) in

the LP, suggested by immunohistology (Table 2.) could not be

con®rmed, as we could not positively identify this cell type on

isolated cells with any cell-surface marker.

Functional studies of isolated cells, MLR

We also assessed the ability of both cell types to trigger

unprimed T cells, using puri®ed cell preparations obtained by

¯ow cytometric cell sorting (gated as shown in Fig. 3.). Figure 6.

is a typical trace of one of ®ve repeat experiments, and shows

that the CD45+ subset isolated from LP is a potent initiator of

a mixed lymphocyte reaction. The magnitude of the stimula-

tory effect of the sorted population A is particularly signi®cant

in view of a clear inhibitory effect of staining with primary and

secondary reagents. The CD45± population does not have a

stimulatory capacity, in spite of considerable MHC II

expression. In one experiment, we compared cells isolated

from LP with those isolated similarly from spleen. In this case,

sorting was based on the coexpression of high levels of MHC II

and SwC3 for both tissues, to avoid the numerous CD21+ B

cells in spleen. Figure 7.shows that cells isolated from LP were

more effective as stimulators of an MLR.

Evidence for phagocytosis and intracellular MHC II

The granularity and size ± forward light scatter/side scatter

(FLS/SS) ± characteristics of the MHC II-high population A

(a)

SwC3-positive

CD16

CD45

(b)

(c) (d)

(e) (f)

(g) (h)

(i) (j)

SwC3-negative

CD11b

CD31

Control

Figure 5. Three-colour ¯ow cytometry. Cells gated as MHC II+++/SwC3+ cells (a, c, e, g, i) and MHC II++/SwC3± cells (b, d, f, h,

j), as shown in Fig. 3(b.). Traces show staining with third reagent: control mouse serum, diluted 1 : 1000 (a, b), CD16 (c, d), CD45 (e, f),

CD11b (g, h) and CD31 (i, j). The dotted lines show the cut-off values for both populations with control mouse serum.
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from LP were found to be relatively high in comparison to

similar cells isolated from spleen (not shown). Additionally,

Fig. 4(a.) indicated the intracellular presence of a lymphocyte

(arrow) in a DC. This was suggestive of ongoing phagocytosis.

Multicolour staining for extra- and intracellular MHC II

showed the presence of intracellular MHC class II as well as

extracellular MHC II in many cells (Fig. 8.). This, as well as the

evidence for phagocytosis, con®rmed the immature status of

some of these DC.

DISCUSSION

In this study of the healthy gut of young adult pigs, we have

found evidence of an antigen-presenting environment that is

both complex as well as capable of providing strong stimuli to

local T cells in the jejunal LP. However, we have found little

evidence for the presence of classic macrophages, a cell type

linked predominantly to in¯amed gut tissue.9±13.

We have found a large population of APC, potent

stimulators in an MLR and therefore capable of primary

presentation and by de®nition functional DC. This classi®ca-

tion was supported by characteristic DC morphology of sorted

cells. However, other functional and phenotypic characteris-

tics, such as the ability to phagocytose and the expression of

CD11b and CD16, would conventionally classify these cells as

macrophages. Thus, macrophages have been reported in this

site in humans1,2. and the pig.3. However, these cells were

classi®ed as `CD14±' macrophages in humans.1. Our studies

showed little evidence of monocytic APC other than the DC

population A, CD14+ cells were present but exceedingly rare.

However, recent evidence shows that the ability to phagocy-

tose, the presence of large amounts of intracellular MHC II and

the expression of the cell surface molecules CD16 and CD11b

are compatible with the phenotype of immature DC.25,26.This

would suggest that the major professional APC population in

the small intestine of the pig is a population of immature DC,

capable of phagocytosis, yet potent stimulators of a primary

response. Some of these cells appear to be undergoing

functional maturation and express the costimulatory molecule

CD80. Most evidence to date suggests that costimulation by

CD80 is not essential for antigen-experienced cells. Therefore,

the role of CD80 in the LP, dominated by T cells of this

phenotype, is not entirely clear. DCs are highly migratory. It is

possible to speculate that mature CD80-expressing DC are

destined for emigration, and may prime antigen-naive cells in

other lymphoid sites such as mesenteric lymph nodes, inducing

a productive proliferative primary response there. These T cells

in turn may return as mature memory cells to the LP.

Recent work shows many parallels between macrophages
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Figure 6. Proliferative response of peripheral blood mononuclear cells

(PBMC) isolated from cc Minnesota minipigs, 200 000 cells/well.

Means of triplicate wells t SD. x-axis shows numbers of stimulator

APC isolated from Large White/Landrace LP.
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Figure 7. Proliferative response of PBMC isolated from cc Minnesota

minipigs, 200 000 cells/well. Means of triplicate wells t SD. x-axis

shows numbers of stimulator APC isolated from Large White/

Landrace LP and spleen.

Figure 8. Composite picture of representative cells, selected from

cytospin preparations from unfractionated cellular digests, stained for

extra- and intracellular MHC II. Extracellular staining in solution for

MHC II (FITC, green).., followed by cytospin preparation and staining

in situ with MHC II (AMCA, blue). Magni®cation r1000.
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and immature DC, and monocytes can be converted to DC in

vitro by a suitable cytokine environment.27,28.Many cell-surface

molecules are shared by both cell types.29. Therefore, the

classi®cation of cells to one or other of these APC types can be

ambiguous, and our evidence is compatible with all available

evidence in the pig as well as in other species, although the

presence of some classic macrophages cannot be excluded in

other species or other intestinal sites.

Many of the factors triggering the maturation of immature

DC such as the ingestion of apoptotic30,31. or virally infected

cells,26.bacterial products of commensal as well as pathogenic

organisms and cytokines such as interleukin-4 (IL-4)32,33. are

likely to be present in this site. Apoptotic endothelial fragments

have been reported in DC cells emigrating via the thoracic

duct,34.other authors have reported epithelial-derived apopto-

tic fragments in macrophages in the human intestine.35. The

transport of bacteria from the intestinal lumen to blood via

CD18+ cells in the LP has also been shown.35,36.

There appears to be a contradiction between the presence of

potent primary presenting cells and T cells of predominantly

memory type in the same environment. However, memory

T cells such as those present in the LP37. show an increased

propensity to activation-induced apoptosis.38.One of the roles

of the DC may therefore be the provision of a strong signal to

memory T cells, speci®c for environmental antigens and prone

to apoptosis, together with the capacity for phagocytosing the

resulting apoptosing T cells. Increased numbers of DC have

indeed been linked to the induction of oral tolerance.8.

Additionally, there is clearly the possibility of primary

presentation to the less numerous T cells without antigen

experience in this site.

Additionally, we have con®rmed that pig capillary

endothelium expresses high levels of cell-surface MHC II, in

agreement with previous ®ndings of MHC II expression on

porcine endothelial cells in many but not all tissues.16.These

freshly isolated endothelial cells appear functionally incapable

of primary presentation, but may be capable of stimulating

secondary responses. The third population of CD45±/MHC

II+ stromal cells indicated by immunohistology in the LP itself

could not be identi®ed by ¯ow cytometric studies and requires

further study.
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