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SUMMARY

The molecules B7.1 and B7.2 deliver costimulatory signals of critical importance to naive T cells, and
may thus be involved in abrogation of oral tolerance in IBD. Functional disparity apparently exists
among antigen-presenting cellsin vivo. We wanted to examine if differential B7 expression occurs on
mucosal macrophage subsets. Cryosections of bowel specimens from patients with IBD and normal
controls were subjected to immunofluorescence and immunoperoxidase staining. In normal mucosa,
selective subepithelial accumulation of B7.2þ cells was found. In inflamed IBD mucosa, however,
subsets appeared consisting of both B7.2hi and B7.1hi cells as well as CD14hi macrophages. Notably,
outside lymphoid aggregates the prominent fraction of recently recruited CD14hi macrophages
comprised most (< 80%) of the B7.1hi cells, whereas most (< 70%) B7.2hi cells were identified as
resident mucosal macrophages (CD14lo or CD14–). Differential expression of B7.1 and B7.2 on two
functionally different subsets of intestinal macrophages implies separate immunoregulatory roles for the
two molecules. This finding is in keeping with recent experimental data demonstrating that monocyte-
derived cells are crucial for immune responses at mucosal surfaces. Preferential B7.1 up-regulation
might be critical in breaking the immunological tolerance to luminal antigens in IBD, but it cannot be
excluded that it is a secondary pathogenic event.
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INTRODUCTION

Effective activation of naive T cells requires engagement of the T
cell receptor with MHC–peptide complex, in parallel with costi-
mulation via accessory molecules that ligate the antigen-presenting
cell (APC) to the T cell. Both signals need to be delivered by the
same cell for optimal T cell responses to occur [1]. Recent work
has demonstrated that CD28 is the primary costimulatory signal
receptor on T cells, and B7.1 (CD80) and B7.2 (CD86) are its
ligands on APC [2–4]. Blocking costimulatory interactions
through CD28 inhibits T cell activationin vitro and may rather
induce a state of unresponsiveness, termed T cell anergy [5]. Both
murine and human CD4þ T cell clones can be divided into two
major subsets based on their cytokine profiles. In the mouse, Th1
cells mainly produce IL-2, interferon-gamma (IFN-g) and tumour
necrosis factor-alpha (TNF-a), whereas Th2 cells produce IL-4,

IL-5, IL-6 and IL-13 as well as IL-10 [6]. In humans, polarization
is best documented for IFN-g (Th1) versusIL-4 and IL-5 (Th2).
These two profiles favour cell-mediated and humoral immune
responses, respectively [7,8].

The two CD4þ T cell subsets are only extremes of an array of
possible phenotypes occurringin vivo. Clones producing Th1 and
Th2 cytokines in various combinations are often found, therefore
designated Th0 cells [6]. In this respect, the functional necessity
for the two CD28 counter-receptors is currently unknown,
although several studies have suggested that B7.1 and B7.2 can
differentially skew T cell responses in a Th1-like or Th2-like
direction, respectively [9–12]. Thus, B7.2 has been found to be
critical for the induction of Th2 and Th0 responses in naive T cells,
but not for maintaining these responses. Conversely, B7.1 may
provide a more neutral signal, although its later kinetics probably
favours maintenance of Th1 responses that depend on continuing
CD28 engagement [9,12,13]. Furthermore, a similar polarizing
effect of the two CD28 ligands on the cytokine profiles of CD8þ T
cells has recently been reported [8,14].

The roles for B7.1 and B7.2 in differential T cell activationin
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vivo remain controversial [12], but the two molecules appear to
exert quite different functions in disease processes [10,11,15–17].
Nevertheless, B7.1 and B7.2 may mediate similar signals under
certain in vitro conditions [18,19], although the latter molecule
shows only 26% amino acid identity with the former [12]. Such
disparity betweenin vivo and certainin vitro findings could partly
result from differential expression of B7.1 and B7.2 on separate
APC subsetsin vivo [12]. In this respect, a differential distribution
of B7.1 and B7.2 on APC in human intestinal mucosa might be of
critical importance in the modulation of local T cell responses and
induction or break of oral tolerance to luminal antigens.

It has recently been suggested that IBD results from abrogation
of mucosal tolerance to the indigenous microbial gut flora [20,21].
We therefore examinedin situ whether the expression profiles of
B7.1 and B7.2 on different putative APC subsets, particularly the
newly recruited and the resident macrophages, are altered in IBD
lesions compared with the situation in normal intestinal mucosa.
Striking inflammation-associated cellular up-regulation was
observed for both B7.1 and B7.2; notably, outside lymphoid
aggregates and follicles, B7.1 was preferentially expressed on
newly recruited macrophages. To our knowledge, this is the first
direct demonstration of differential B7 expression on subsets of
APC in situassociated with inflammatory diseases and preferential
up-regulation of B7.1versusB7.2 on macrophages newly recruited
to the lesion.

MATERIALS AND METHODS

Tissue specimens
Tissue specimens were obtained from macroscopically inflamed
mucosa of 10 patients with clinically and histologically well
established ulcerative colitis (UC) and 23 patients with Crohn’s
disease (CD); the latter included ileal surgical specimens from 12
and colonic specimens from 11, all from different patients. In
addition, we also obtained specimens from histologically
uninflamed colonic mucosa from three of the CD patients and
three of the UC patients. For comparison, four surgical and four
biopsy specimens from histologically normal colonic mucosa, and
two surgical and eight biopsy specimens from histologically
normal jejunal mucosa, were selected as control material. Regret-
tably, no fresh material from non-IBD inflamed intestinal mucosa
was available at our hospital.

The tissue specimens were immediately transported to the
laboratory in ice-chilled isotonic saline and, after excising small
tissue blocks from the surgical material, the samples were orien-
tated on thin slices of carrot, embedded in ornitine carbamyl
transferase tissue compound (OCT; Tissue Tek, Miles Labs,
Elkhart, IN), and snap-frozen in liquid nitrogen. Cryosections
were cut at 4mm perpendicular to the mucosal surface and air-
dried overnight before they were fixed in acetone (10 min, 208C)
and wrapped in aluminium foil and stored at –208C until use.

The sex and age distributions of the patients were as follows:
UC, four men and six women, median 40 years (range 32–
46 years); colonic CD, four men and seven women, median
31 years (24–37 years); ileal CD, six men and six women,
median 31 years (26–46 years); normal colon from four men and
four women, median 55 years (range 25–66 years); and normal
small intestine from three men and seven women, median 35 years
(range 4–66 years).

Several IBD patients received immunosuppressive therapy:
one with CD and one with UC were treated with cyclosporin A

(CsA; 100 mg and 60 mg/day, respectively), one CD patient
received azathioprin (100 mg/day), and seven CD patients and
three UC patients received steroids (10–45 mg/day). The normal
control specimens from colon were from two patients operated for
obstipation, one for fistula to the intestine from a newly implanted
graft on the abdominal aorta, and five patients subjected to
endoscopy for abdominal symptoms but with normal endoscopic
and histological findings. The normal control specimens from the
small intestine were from three organ donors in whom the
peripheral circulation was artificially maintained, and from seven
patients investigated for different intestinal symptoms but with
normal endoscopic and histological findings.

Histological grading of inflammation was performed on a 0–4
scale [22], as follows: 0, normal mucosa; 1, architectural distortion
of crypts, mucosal atrophy, no active inflammation in the lamina
propria; 2, mild active inflammation in the lamina propria, some
crypt abscesses, mild goblet cell depletion, architectural changes;
3, moderate active inflammation in the lamina propria, crypt
abscesses, more evident goblet cell depletion, superficial erosions,
architectural changes; and 4, severe active inflammation in the
lamina propria, significant epithelial destruction with ulceration.
The distribution of the degree of inflammation in the mucosal
specimens from the different IBD patients was as follows: UC,
median 4 (3–4); colonic CD, median 3.3 (2.5–4); and ileal CD,
median 2.5 (2.5–3.5).

Lymphoid aggregates or follicles were found in only three of
the eight specimens from normal control colon and two of the six
specimens of uninflamed IBD colon; no apparent germinal centres
were present. Lymphoid aggregates were not found in the speci-
mens from normal control small intestine, which were all from
the jejunum. The inflamed IBD specimens contained a variable
number of relatively large lymphoid aggregates (range 0–4); they
were present in all of the 10 specimens from UC, in nine of the 11
colonic CD specimens, and in eight of the 12 ileal CD specimens.
Overt germinal centres were histologically found in three of the
inflamed UC specimens and in two of the inflamed colonic CD
specimens, but follicular dendritic cells (FDC) were found in more
of them (see Results). For brevity, lymphoid aggregates and
lymphoid follicles, including their adjacent T cell zones, will be
called lymphoid structures (Fig. 1).

Immunohistochemistry—methodological considerations
Characterization of APC subsets in lamina propria. The

immunohistochemical staining protocols are described in the
following sections. All antibody reagents and immunofluorescence
fluorochrome conjugates are listen in Table 1, together with the
specifications of applied working dilutions. To our knowledge, no
generally accepted alternative to CD68 [23,24] as a pan-macro-
phage marker is available. In cryosections this marker is according
to our experience only satisfactorily revealed by immunostaining
when applying the MoAb KP1, which is of the murine IgG1
subclass. Adequate paired immunofluorescence staining with this
MoAb was therefore precluded in combination with the two
available MoAbs that performed satisfactorily forin situ demon-
stration of B7.1 and B7.2, both being of the IgG1 subclass as well.
However, MoAb RFD1 (murine IgM), reported to identify a unique
MHC class II antigen expressed preferentially by dendritic cells,
has been shown to decorate most macrophages both in normal and
IBD mucosa [25–27]. In accordance with this, we found by paired
staining with MoAb RFD1 in combination with MoAb KP1 or the
macrophage marker detected by MoAb RFD7 [25] that the vast
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majority (>80%) of RFD1þ cells outside lymphoid structures co-
expressed CD68 (Fig. 2a) and were also positive for RFD7 (Fig.
2b). Outside the lymphoid structures (Fig. 1), only scattered
CD1cþ dendritic cells [28] and CD20þ B cells were present,
therefore making their contribution to the total number of APC
in the lamina propria negligible.

On the basis of these results, it seemed justified to apply RFD1
to identify mucosal macrophages in lamina propria by paired two-
colour immunofluorescence staining for B7.1 or B7.2, allowing
application of a MoAb with sufficient B7 isoform affinity irre-
spective of its IgG subclass; the use of subclass-specific secondary
antibody conjugates (that generally provide reduced staining
sensitivity) could thereby be avoided. In this manner a satisfactory
immunofluorescence detection level was obtained for B7 isoform
expression in paired staining with MoAb RFD1 by applying
biotinylated goat anti-mouse IgG (affinity-purified to avoid
cross-reaction against mouse IgM); the achieved detection level
appeared to be between that of the highly sensitive immunoper-
oxidase (ABC, streptavidin–biotin complex; Dako, Glostrup, Den-
mark) method and subclass-specific paired immunofluorescence
staining (see below).

Definition of the variable expression levels of B7.1, B7.2 and
CD14. When immunofluorescence staining for B7.1, B7.2 and
CD14 was performed with relevant IgG subclass-specific second-
ary reagents, the expression levels revealed were arbitrarily defined
as high (B7.1hi, B7.2hi and CD14hi); this seemed justified because
the subclass-based staining approach, contrary to the ABC method,
did not reveal any of these leucocyte markers in normal intestinal
mucosa or in uninflamed specimens of IBD mucosa except for
scattered CD14hi cells and B7.2hi cells in the latter. Therefore, the
expression levels visualized solely by the highly sensitive ABC
method were defined as low (B7.1lo, B7.2lo and CD14lo).

Immunoperoxidase staining
All incubation steps described below were followed by gentle
washing of the tissue sections for 2–3 min in PBS pH 7.6, if not

otherwise stated. The primary antibodies (Table 1) were applied on
cryosections for 1 h at room temperature, followed by a brief rinse
in PBS and fixation in paraformaldehyde (1%) lysine-periodate
fixative (PLP 1%, 10 min, 48C) before application of biotinylated
horse anti-mouse IgG for 1.5 h. The tissue sections were then
incubated with 0.6% H2O2 in methanol for 5 min to block
endogenous peroxidase activity and then with the ABC (Dako)
solution for 30 min. This last incubation was followed by a rinse in
Tris-buffered (0.01M, pH 7.6) isotonic saline for 5 min before
addition of a solution of 0.05% (w/v) diaminobenzidine and
0.015% H2O2 in Tris-buffered saline as chromogen substrate for
10 min. Counterstaining was performed with haematoxylin for
1 min.

It was decided to use the immunoenzyme method only for
single staining, because co-expression of two markers at the same
location (e.g. on the cell surface membrane) cannot be reliably
visualized by this approach; critical detection of variable double
expression therefore has to rely on paired immunofluorescence
staining [29].

Paired immunofluorescence staining
Cryosections were treated as described above, and primary as
well as secondary antibody reagents are listed in Table 1
together with the respective working dilutions. The sections
were incubated with various pairs of primary antibodies (differ-
ent isotypes) for 1 h at room temperature, followed by the
appropriate pair of secondary reagents for 1 h. For staining of
cells with the phenotype CD14hi B7.1hi, CD14hi B7.2hi, CD20
B7.1hi or CD20 B7.2hi (see above), both B7.1hi and B7.2hi cells
(detected by MoAbs of the IgG1 subclass) were visualized by
additional incubation for 30 min with Cy3-conjugated (red
signal) goat anti-mouse IgG1, whereas CD20 or CD14hi cells
were visualized by biotinylated subclass-specific secondary anti-
body followed by FITC-labelled (green signal) streptavidin—the
latter being co-incubated with the Cy3-conjugated anti-mouse
IgG1. The green signal for CD14 was further amplified by a
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*40% true lymphoid follicles

Fig. 1. Schematic depiction of the two tissue compartments of intestinal mucosa investigated: lymphoid structures (for further characteriza-
tion, see text) and the remaining lamina propria (hatched area). The frequency of specimens with lymphoid structures is indicated in the panel.



subsequent incubation for 30 min with FITC-conjugated goat anti-
streptavidin.

For simultaneous staining with MoAb RFD1 together with
MoAb against CD68, CD20, CD1c, RFD7, B7.1 or B7.2 the
secondary incubations included biotinylated rabbit anti-mouse
IgG (affinity-purified against mouse IgM) for 1 h, followed by
30 min with FITC-conjugated rabbit anti-mouse IgM together with
Cy3-conjugated streptavidin for 30 min. For amplification of the
B7.1 and B7.2 signals, two additional 30-min incubations were
included, consisting of biotinylated goat anti-streptavidin and then
Cy3-conjugated streptavidin.

Negative control stainings were obtained for all markers by
applying isotype- and concentration-matched primary murine
MoAbs of irrelevant specificity (Table 1).

Microscopy and histomorphometry
Counting of cells stained by the immunoperoxidase method was
performed by ordinary light microscopy. At least 3 mm mucosal

length at full thickness of the lamina propria were examined in
each section at×400 magnification. The numbers of B7.1þ and
B7.2þ cells within lymphoid structures (Fig. 1) of IBD specimens
were recorded on a semiquantitative scale from 1 to 4, defining 1 as
scattered few positive cells, 2 as>20–40 positive cells, 3 as>40–
100 positive cells, and 4 as>100 positive cells. The staining results
for the two markers in the same lymphoid structure were compared
in adjacent serial sections mounted on the same glass slide.

Sections subjected to paired immunofluorescence staining were
examined as earlier described [30] with a Leitz DMRDXE micro-
scope camera system (Leitz, Wetzlar, Germany) equipped with a
Ploem-type vertical illuminator and DIC optics. When examining
areas of lamina propria outside lymphoid structures, at least four
high-power fields (×400 magnification) were included per section.
The fraction of B7.1 or B7.2 cells co-expressing CD14hi or the
RFD1 antigen in these areas was determined only in sections where
>100 B7.1hi or B7.2hi cells were found.

Photographs (single and double exposures) were taken on
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Table 1. Characteristics of immunoreagents used in the study

Immunoglobulin class/ Origin of Conjugate/ Final Producer/
Clone Specificity subclass antibody labelling dilution source

Primary antibodies
RM052 CD14 IgG2a Mouse None 3mg/ml Biosys, Compiegne, France
KP1 CD68 IgG1 Mouse None 7mg/ml Dako, Glostrup, Denmark
RFD1 ‘‘Dendritic cells’’ IgM Mouse None Supernatant, Serotec, Oxford, UK

1:250 (, 4mg/ml)
RFD7 ‘‘Tissue IgG1 Mouse None Supernatant, Serotec

macrophages’’ 1:250 (, 4mg/ml)
L26 B cells (CD20) IgG2a Mouse None 2mg/ml Dako
M241 CD1c IgG1 Mouse None Ascitic Courtesy Dr R.S. Blumberg,

fluid Brigham and Women’s
1:1000 Hospital, Boston, MA

L307.4 CD80 IgG1 Mouse None 10mg/ml Becton Dickinson, San Jose, CA
Fun-1 CD86 IgG1 Mouse None 5mg/ml Pharmingen, San Diego, CA
Ki-M4 Follicular IgG Mouse None 5mg/ml BMA Biomedicals AG, Augst,

dendritic cells Switzerland
55/8 Irrelevant IgM Mouse None * Courtesy Dr R. Burns, Scottish

(control) Agricultural Sci. Agency,
Edinburgh, UK

60/3.4 Irrelevant IgG1 Mouse None * Courtesy Dr R. Burns
(control)

42/2 Irrelevant IgG2a Mouse None * Courtesy Dr R. Burns
(control)

Secondary antibodies, tertiary antibodies and fluorochrome conjugates
Mouse IgG2a Goat Biotinylated 2.5mg/ml Southern Biotechnology Assoc.

Inc., Birmingham, AL
Mouse IgG1 Goat Biotinylated 2.5mg/ml Southern Biotechnology
Mouse IgG Horse Biotinylated 20mg/ml Vector Labs, Burlingame CA
Mouse IgG1 Goat Cy3 2.5mg/ml Southern Biotechnology
Biotin Cy3-conjugated 0.5mg/ml Jackson ImmunoResearch

streptavidin Lab., Inc. West Grove, PA
Mouse IgG Rabbit Biotinylated 6mg/ml Jackson
Streptavidin Goat Biotinylated 2.5mg/ml Vector
Streptavidin Goat FITC 5mg/ml Vector
Mouse IgM Rabbit FITC 40mg/ml Zymed Labs, Inc.

San Francisco, CA
Biotin FITC-conjugated 20mg/ml Boehringer Mannheim,

streptavidin Mannheim, Germany

* Comparable to that of the relevant antibody.



Kodak Elite II 400 ISO daylight film pushed to 800 ISO for
fluorescence.

Statistical analysis
The data were considered to be non-parametric, and comparisons
between groups were therefore performed by the Mann–Whitney
U-test for unpaired samples (two-tailed). Results are presented as
median and 95% confidence interval if not otherwise stated. When
the sample size is<n¼ 8, the dispersion is reported as the observed
range.

RESULTS

Lymphoid structures
Characterization. Lymphoid structures were frequently seen in

inflamed IBD specimens, but were scant in normal control mucosa
(Fig. 1). Such structures often contained a peripheral dense
population of CD1cþ dendritic cells intermingled with T cells,
mimicking parafollicular zones adjacent to true lymphoid follicles.
By immunostaining with anti-CD14 [32] and Ki-M4 [33], the latter

selectively detecting FDC, it was substantiated that median 40%
(range 0–70%) of the lymphoid structures in IBD were true
follicles, with no apparent difference between UC and CD.

Only a few scattered CD1cþ cells were seen in each section
outside the lymphoid structures in IBD and normal mucosa. The
vast majority (>90%) of the CD1cþ cells were co-stained with
RFD1, as were the various B cell subsets in overtly organized
lymphoid follicles. This result was confirmed by co-staining for the
specific B cell marker CD20. Lymphoid structures generally
contained only a few scattered CD68þ cells (tingible body macro-
phages) and showed little or no co-expression (<1%) when RFD1
was combined with CD68 or RFD7 (Fig. 2a,b).

Lymphoid structures in IBD. In the inflamed IBD specimens,
the frequency of lymphoid structures was significantly increased
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Fig. 2. Paired immunofluorescence staining of two acetone-fixed cryosec-
tions from the same inflamed ulcerative colitis specimen. Dense sub-
epithelial accumulations of macrophages that appear yellow because they
co-express the RFD1 antigen (green) and (a) CD68 (red) or (b) RFD7
antigen (red). Interdigitating dendritic cells or B cells (green) in the
periphery of a large lymphoid structure are identified by RFD1 and are
not decorated for CD68 and RFD7 antigen. Note that CD68 detected by KP1
is also typically expressed apically by the epithelium. CE, Crypt epithelium;
SE, surface epithelium; LS, lymphoid structure. Original mag.×250.

Fig. 3.Paired immunofluorescence staining of acetone-fixed cryosection of
Crohn’s colitis specimen showing the periphery of a lymphoid structure.
The central area is packed with CD20þ B cells (green), whereas the border
zone to the left contains cells that appear yellow either because they
co-express B7.1 (red) and CD20, or because B7.1þ putative interdigitating
dendritic cells (red) are in intimate contact with B cells. Original mag.
×400.

Fig. 4.Paired immunofluorescence staining of acetone-fixed cryosection of
Crohn’s colitis specimen showing the periphery of a lymphoid structure. In
the B cell area (top), numerous packed cells appear variably yellow because
they co-express CD20 (green) and B7.2 (red), or because B cells have
intimate contact with dendritic cells that express B7.2. In the adjacent T cell
zone (bottom), only CD20– cells express B7.2, probably representing
interdigitating dendritic cells. Original mag.×400.



(Fig. 1); and because such structures were generally larger and
exhibited a density of B7.2þ and B7.1þ cells at least matching
that of comparable structures in normal control mucosa, the
number of aggregated cells expressing these costimulatory mole-
cules in IBD was evidently increased. Because these structures
generally contained only a few scattered CD68þ cells, macro-
phages did not represent any significant contribution to their B7.1
or B7.2 expression. The small number of lymphoid structures in
normal control mucosa precluded comparison concerning possi-
bly altered expression levels of B7.1 relative to B7.2.

Reliable determination of the identity of B7þ cells in B cell
areas of lymphoid structures by paired immunofluorescence stain-
ing was generally prohibited by the fact that FDC and B cells were
in intimate contact with each other (Fig. 3). However, in the
adjacent T cell zones the vast majority (> 90%) of both B7.1hi

and B7.2hi cells co-expressed the RFD1 antigen, which was also
co-expressed by most (>90%) CD1cþ cells found in this location
(Fig. 1). Furthermore, because most of them were CD20–, they
were deemed to be interdigitating dendritic cells (Fig. 4).

The semiquantitative scoring of the number of cells stained in
the lymphoid structures by the immunoperoxidase method demon-
strated that the relative expression levels of the two CD28 ligands
in these compartments did not appear to differ significantly
between UC and CD (Table 2). Too few (a total of three) such
structures were present in the normal colonic mucosal specimens
for statistical comparison, but the B7 markers appeared to be
up-regulated in the inflamed IBD specimens (Table 2).

Lamina propria outside lymphoid structures
Normal control mucosa. A subepithelial accumulation of

B7.2lo large cells, often showing blunt projections, was detected
by immunoperoxidase staining in most (five of eight) of the colonic
specimens, and often (eight of 10) also in the villi of the small
intestine (Fig. 5). Because of their extremely low B7 expression,
they could not be clearly and consistently revealed by any of the
paired immunofluorescence staining protocols described above.
The same was true for a population of cells with faint CD14
expression, most numerous in the colon (Fig. 5). However,
immunoperoxidase staining for CD68 (macrophages), CD20 (B
cells) and CD1c (dendritic cells) in adjacent serial sections
suggested that virtually all of these B7.2lo and CD14lo cells were
CD68þ macrophages. No B7.1þ cells were found in any of the
normal control specimens.

Uninflamed IBD mucosa. There was no apparent increase in the
expression of B7.1, B7.2 or CD14 compared with normal controls,
as judged by immunoperoxidase staining (n¼ 6, data not shown).
As in normal control mucosa, faintly CD14þ and B7.2þ cells were
relatively common, but B7.1þ cells were rare. By the less sensitive
immunofluorescence staining protocol (see above), only a few
scattered B7.2hi and CD14hi cells were detected, while B7.1hi cells
were absent.

Inflamed IBD mucosa. Cells deemed to show B7.2hi expression
occurred in all CD specimens from the small intestine and colon as
well as in all UC specimens. Most of these cells were located in the
upper parts of the lamina propria, mainly densely packed below the
surface epithelium. Parallel to the up-regulated expression of this
marker on individual cells, the number of positive cells detected by
immunoperoxidase staining per mm length unit of lamina propria
at full mucosal height was significantly increased (P< 0.001)
compared with normal (Fig. 5).

By paired immunofluorescence staining, it was shown that
most (range 60–95%) of the B7.2hi cells in the IBD specimens
co-expressed the RFD1 antigen (Fig. 6), which identified the vast
majority of macrophages outside lymphoid structures (see
above)—that is, median 80%, 65% and 90% for CD specimens
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Table 2. Expression of B7.1 and B7.2 in lymphoid structures

Nos of Expression score†
specimens Specimen
evaluated* category B7.1 B7.2

n¼ 3 Normal colon 0 1 (1–2)‡
n¼ 10 Ulcerative colitis 2 (1–3) 3 (1–4)
n¼ 9 Crohn’s colitis 2 (0–3) 3 (1–4)
n¼ 8 Crohn’s ileitis 2 (1–4) 3.5 (1–4)

* See Fig. 1.
† Semiquantitative comparison of the number of cells positive for B7.1

and B7.2 was performed after parallel staining of adjacent sections for the
two markers (see Materials and Methods).

‡ Median and observed range.
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Fig. 5. Cellular expression of B7.1, B7.2 and CD14 in mucosal lamina
propria outside lymphoid structures (that includes the adjacent T cell zones)
as detected by immunoperoxidase staining of cryosections from (a)
inflamed ileal Crohn’s disease (CD) specimens (n¼ 12) and normal
jejunum (n¼ 10), as well as (b) inflamed colonic CD specimens (n¼ 11),
ulcerative colitis (UC) specimens (n¼ 10), and normal colon (n¼ 8). The
number of positive cells per mm length unit of lamina propria sectioned
perpendicular to the mucosal surface was counted. Median and 95%
confidence intervals are indicated.



from the ileum and colon and from UC specimens, respectively.
About one-third of the B7.2hi cells also co-expressed CD14 in both
UC and CD. Such co-expression apparently paralleled the relative
size of the CD14hi subset as a fraction of the total macrophage
population in IBD mucosa [30,31]. Less than 2% of the B7.2hi cells
co-expressed CD20 in these areas. Furthermore, because dendritic
cells identified by CD1c were found only as scattered cells by
immunoperoxidase staining outside the lymphoid structures, such
cells could not contribute significantly to the B7-expressing
population in the lamina propria.

In addition to the strikingly increased population of B7.2hi

cells, immunoperoxidase staining revealed the appearance of a
prominent fraction of B7.1þ cells, together with a significantly
(P< 0.02) increased population of CD14þ cells in nearly all IBD
specimens (Fig. 5). Paired immunofluorescence staining demon-
strated the emergence of a population of B7.1hi cells in both
diseases, most of these also being CD14hi (median 74%; colonic

CD 75%; and UC 90%), in contrast to the relatively moderate
representation of this phenotype among B7.2hi cells (Figs 7 and 8).
In CD, similar phenotypic changes also extended into the deeper
parts of the submucosa.

The relation between B7.1 and B7.2 expression by lamina
propria macrophages did not seem to differ significantly between
UC and CD colitis (Fig. 5b).

DISCUSSION

This study examined, apparently for the first time, the detailed
cellular distribution of the CD28 ligands B7.1 and B7.2 in human
intestinal mucosa. The up-regulated expression of these molecules
on mucosal macrophages in inflamed IBD lesions suggested a
significant change in their costimulatory potential via CD28. This
pathway is believed to play a critical role in immune responses,
both with regard to cytokine production and avoidance of anergy
in naive T cells [2,5,8,13], which are known to extravasate
increasingly in IBD lesions [34].

It was of special interest that B7.1 remained undetectable in
normal mucosa even with the highly sensitive immunoperoxidase
method applied in this study. The appearance of B7.1hi on CD14hi

cells in active IBD lesions might at least partly be a response to
invading Gram-negative bacteria [35,36], triggered through the
lipopolysaccharide (LPS) receptor CD14 [37–39], on such recently
recruited macrophages [31]. The inverse relation between the
expression of B7.1 and B7.2 found on these CD14hi macrophages,
compared with the remaining macrophage population, could in fact
reflect the function of CD14 as a dominant trigger of B7.1
expression [37]. This result agreed with the reported dominant
role of up-regulated B7.1 for the APC and IFN-g-inducing func-
tions of monocytes [40]. Furthermore, CD14hi macrophages have
recently been shown to possess a prominent potential for IL-10
production [38]; this cytokine is reported to selectively down-
regulate B7.1 on APC [41]. Therefore, an autoregulatory effect of
IL-10 secreted by recently recruited mucosal macrophages might
contribute to down-regulation of B7.1 (and thus a preferential B7.2
profile) as they gradually differentiate when approaching the sur-
face epithelium in the normal situation, and to a lesser extent also
in active IBD.

Considerable controversy exists in the literature concerning
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Fig. 6.Paired immunofluorescence staining of acetone-fixed cryosection of
ulcerative colitis specimen shows subepithelial accumulation of macro-
phages that appear yellow because they co-express RFD1 antigen (green)
and B7.2 (red). Only a few purely RFD1þ cells are seen (arrows). RFD1 is
known to decorate the vast majority of the prominent subepithelial resident
macrophage population. Faint orange-red cells in the background represent
non-specific fluorescence of eosinophils. SE, Surface epithelium. Original
mag.×400.

Fig. 7.Paired immunofluorescence staining of acetone-fixed cryosection of
inflamed colonic Crohn’s disease specimen showing that most cells positive
for B7.1 (red) co-express CD14hi (green) and therefore appear yellow. SE,
Surface epithelium. Original mag.×400.
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possible differences between UC and CD lesions with regard to
local production of immunoregulatory cytokines [42,43], including
IL-2 and IFN-g [44–49]. However, similar and rather modest
production of IL-4 in CD, UC and normal controls has been
reported in two recent studies [49,50]. To our knowledge, only
two studies have presented combined data for both Th1 and Th2
cytokines, allowing evaluation of the balance between Th1 and
Th2 clones operating in the actual lesions; both reports document a
predominant IFN-g response and a minimal or decreased IL-4
response in UC as well as in CD [48,49]. A selectively increased
IL-5 production was shown for CD4þ T cells from UC, but its level
was extremely small compared with that of IFN-g [49]. Interest-
ingly, we did not find any apparent disparity between the two types
of lesion in terms of the balance between B7.1 and B7.2 expression
on lamina propria macrophage subsets or on the prominent
populations of APC in lymphoid structures. Thus, our results
might well be in keeping with a possible role of the two CD28
ligands in determining the balance between Th1 and Th2 cytokine
responsesin vivo [8–12].

Although the functions of B7.1 and B7.2in vivo remain
controversial [12], and a dominating role of CD28-mediated
signals in Th subset differentiation has been questioned [51], the
strikingly preferential expression of B7.1 on newly recruited
CD14hi versusCD14lo or CD14– resident macrophages in IBD is
strongly suggestive of different roles played by the two CD28
ligands, as also reflected by recentin vitro studies of monocytes
[40]. Thus, the appearance of the CD14hi B7.1hi monocyte-like
subset in IBD lesions may represent a major change favouring a
significant shift away from a normal anergic mucosal state towards
enhanced Th1-type local immune activation [52,53], including a
break of tolerance against the indigenous bacterial flora [20,54].
CD14hi macrophages, in addition, possess an increased potential
for release of other tissue-aggressive factors in the IBD lesion, such
as the proinflammatory cytokines IL-1 [55] and TNF-a [38], as
well as reactive oxygen metabolites [31]. IL-1 and TNF-a, more-
over, have been reported to synergize with IL-12 in inducing a
Th1-like response [54].

In the normal state, as well as in IBD, CD14þ peripheral blood
monocytes recruited to the intestinal mucosa are supposedly a
major source of potent APC, because recent reports suggest that
monocytes can differentiate into classical dendritic cells under
certainin vitro conditions [56,57]. In the human intestinal mucosa
such cells probably share functional properties with dendritic cells
that are reported to traffic and populate mucosal surfaces in the rat
[58–60]. Near the epithelial surfaces of the intestine, monocyte-
derived CD14þ cells probably differentiate to APC, with suppres-
sive effects on untoward T cell activation induced by luminal
antigens [61–64]. However, the potential importance of mucosal
macrophage subsets in the modulation of tolerance to the luminal
flora needs to be investigated further by relevant functional studies,
because information to this end appears not to exist. Although an
excessive accumulation of CD14þB7.1þ macrophages in IBD
might represent a secondary event following epithelial damage
and microbial invasion, it could nevertheless be important for the
chronicity and aggravation of both UC and CD [42].
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