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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 ceifsvivo. 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 BY.2ells was found. In inflamed IBD mucosa, however,
subsets appeared consisting of both B7aad B7.1" cells as well as CD1% macrophages. Notably,
outside lymphoid aggregates the prominent fraction of recently recruited ®Didcrophages
comprised most= 80%) of the B7.1' cells, whereas most(70%) B7.2" cells were identified as
resident mucosal macrophages (C81gt 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 IL-5, IL-6 and IL-13 as well as IL-10 [6]. In humans, polarization

TiS best documented for IFN-(Th1) versusiL-4 and IL-5(Th2).
These two profiles favour cell-mediated and humoral immune

responses, respectively [7,8].

d The two CD4 T cell subsets are only extremes of an array of

Effective activation of naive T cells requires engagement of the
cell receptor with MHC—peptide complex, in parallel with costi-
mulation via accessory molecules that ligate the antigen-presentin
cell (APC) to the T cell. Both signals need to be delivered by the . A .
same cell for optimal T cell responses to occur [1]. Recent wor ossible phenotypes occurriiigvivo. Clones producing Thl and

has demonstrated that CD28 is the primary costimulatory signadhzi c:t?k:jnﬁ_ién velllrlo%s ciﬁntwr?iln?tlons ?rthftferr'] f(t)iurrwldi Elherefoirte
receptor on T cells, and B7.1(CD80) and B7.2(CD86) are its esignate cells [6]. S respect, he functional necessity

ligands on APC [2-4]. Blocking costimulatory interactions f?trh theh wo CIIDZ? d(;our;]ter-receptorst ésthc%r;e;tiy ugk;;)v;/n,
through CD28 inhibits T cell activatiom vitro and may rather atthougn several studies have suggested that B7.% an < can
. . ifferentially skew T cell responses in a Thi-like or Th2-like
induce a state of unresponsiveness, termed T cell anergy [5]. Both. =~ .

murine and human CD4T cell clones can be divided into two ' ccton: respectively [9-12]. Thus, B7.2 has been found to be

major subsets based on their cytokine profiles. In the mouse, Thgrlilc:ltfofr trh;'r}ggcitr'l?nn OIJ h2 arnd Thr? respgnic\e/s 'rn nlalvg;' ferlrlf‘
cells mainly produce IL-2, interferon-gamma (IFNl-and tumour ut notor maintaining these responses. LOoNversely, /7. ay

necrosis factor-alpha (TNE), whereas Th2 cells produce IL-4 provide a more neutral signal, although its later kinetics probably
' ' favours maintenance of Thi responses that depend on continuing
CD28 engagement [9,12,13]. Furthermore, a similar polarizing
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Accumulation of CD14B7.1" macrophages in IBD 105

vivo remain controversial [12], but the two molecules appear to(CsA; 100mg and 60mg/day, respectively), one CD patient
exert quite different functions in disease processes [10,11,15—-17teceived azathioprin (100 mg/day), and seven CD patients and
Nevertheless, B7.1 and B7.2 may mediate similar signals undethree UC patients received steroids (10—45 mg/day). The normal
certainin vitro conditions [18,19], although the latter molecule control specimens from colon were from two patients operated for
shows only 26% amino acid identity with the former [12]. Such obstipation, one for fistula to the intestine from a newly implanted
disparity betweelin vivo and certairin vitro findings could partly  graft on the abdominal aorta, and five patients subjected to
result from differential expression of B7.1 and B7.2 on separateendoscopy for abdominal symptoms but with normal endoscopic
APC subsetin vivo [12]. In this respect, a differential distribution and histological findings. The normal control specimens from the
of B7.1 and B7.2 on APC in human intestinal mucosa might be ofsmall intestine were from three organ donors in whom the
critical importance in the modulation of local T cell responses andperipheral circulation was artificially maintained, and from seven
induction or break of oral tolerance to luminal antigens. patients investigated for different intestinal symptoms but with

It has recently been suggested that IBD results from abrogatiomormal endoscopic and histological findings.
of mucosal tolerance to the indigenous microbial gut flora [20,21].  Histological grading of inflammation was performed on a 0—4
We therefore examineih situ whether the expression profiles of scale [22], as follows: 0, normal mucosa; 1, architectural distortion
B7.1 and B7.2 on different putative APC subsets, particularly theof crypts, mucosal atrophy, no active inflammation in the lamina
newly recruited and the resident macrophages, are altered in IBPropria; 2, mild active inflammation in the lamina propria, some
lesions compared with the situation in normal intestinal mucosacrypt abscesses, mild goblet cell depletion, architectural changes;
Striking inflammation-associated cellular up-regulation was3, moderate active inflammation in the lamina propria, crypt
observed for both B7.1 and B7.2; notably, outside lymphoidabscesses, more evident goblet cell depletion, superficial erosions,
aggregates and follicles, B7.1 was preferentially expressed oarchitectural changes; and 4, severe active inflammation in the
newly recruited macrophages. To our knowledge, this is the firstamina propria, significant epithelial destruction with ulceration.
direct demonstration of differential B7 expression on subsets offhe distribution of the degree of inflammation in the mucosal
APCin situassociated with inflammatory diseases and preferentiabpecimens from the different IBD patients was as follows: UC,
up-regulation of B7.YersusB7.2 on macrophages newly recruited median 4 (3—4); colonic CD, median33(2:5—4); and ileal CD,
to the lesion. median 25 (25-35).

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
Tissue specimens were present. Lymphoid aggregates were not found in the speci-
Tissue specimens were obtained from macroscopically inflamednens from normal control small intestine, which were all from
mucosa of 10 patients with clinically and histologically well the jejunum. The inflamed IBD specimens contained a variable
established ulcerative colitis (UC) and 23 patients with Crohn’snumber of relatively large lymphoid aggregates (range 0—4); they
disease (CD); the latter included ileal surgical specimens from 12vere present in all of the 10 specimens from UC, in nine of the 11
and colonic specimens from 11, all from different patients. Incolonic CD specimens, and in eight of the 12 ileal CD specimens.
addition, we also obtained specimens from histologically Overt germinal centres were histologically found in three of the
uninflamed colonic mucosa from three of the CD patients andnflamed UC specimens and in two of the inflamed colonic CD
three of the UC patients. For comparison, four surgical and fourspecimens, but follicular dendritic cells (FDC) were found in more
biopsy specimens from histologically normal colonic mucosa, andf them (see Results). For brevity, lymphoid aggregates and
two surgical and eight biopsy specimens from histologically lymphoid follicles, including their adjacent T cell zones, will be
normal jejunal mucosa, were selected as control material. Regretalled lymphoid structures (Fig. 1).
tably, no fresh material from non-IBD inflamed intestinal mucosa
was available at our hospital. Immunohistochemistry—methodological considerations

The tissue specimens were immediately transported to the Characterization of APC subsets in lamina propridhe
laboratory in ice-chilled isotonic saline and, after excising smallimmunohistochemical staining protocols are described in the
tissue blocks from the surgical material, the samples were orienfollowing sections. All antibody reagents and immunofluorescence
tated on thin slices of carrot, embedded in ornitine carbamylfluorochrome conjugates are listen in Table 1, together with the
transferase tissue compound (OCT; Tissue Tek, Miles Labsspecifications of applied working dilutions. To our knowledge, no
Elkhart, IN), and snap-frozen in liquid nitrogen. Cryosections generally accepted alternative to CD68 [23,24] as a pan-macro-
were cut at 4m perpendicular to the mucosal surface and air-phage marker is available. In cryosections this marker is according
dried overnight before they were fixed in acetone (10 miriC20 to our experience only satisfactorily revealed by immunostaining
and wrapped in aluminium foil and stored at 2@Quntil use. when applying the MoAb KP1, which is of the murine 1gG1

The sex and age distributions of the patients were as followssubclass. Adequate paired immunofluorescence staining with this
UC, four men and six women, median 40years (range 32-MoAb was therefore precluded in combination with the two
46 years); colonic CD, four men and seven women, mediaravailable MoAbs that performed satisfactorily fior situ demon-
3lyears (24-37years); ileal CD, six men and six women,stration of B7.1 and B7.2, both being of the IgG1 subclass as well.
median 31years (26—46 years); normal colon from four men anddowever, MoAb RFD1 (murine IgM), reported to identify a unique
four women, median 55years (range 25-66years); and normaHC class Il antigen expressed preferentially by dendritic cells,
small intestine from three men and seven women, median 35 yeatsas been shown to decorate most macrophages both in normal and
(range 4—66 years). IBD mucosa [25-27]. In accordance with this, we found by paired

Several IBD patients received immunosuppressive therapystaining with MoAb RFD1 in combination with MoAb KP1 or the
one with CD and one with UC were treated with cyclosporin A macrophage marker detected by MoAb RFD7 [25] that the vast

MATERIALS AND METHODS
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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.

majority (>80%) of RFD1" cells outside lymphoid structures co- otherwise stated. The primary antibodies (Table 1) were applied on
expressed CD68 (Fig. 2a) and were also positive for RFD7 (Figcryosections for 1 h at room temperature, followed by a brief rinse
2b). Outside the lymphoid structures (Fig. 1), only scatteredin PBS and fixation in paraformaldehyde (1%) lysine-periodate
CDI1c" dendritic cells [28] and CD20 B cells were present, fixative (PLP 1%, 10 min, &) before application of biotinylated
therefore making their contribution to the total number of APC horse anti-mouse IgG for-3h. The tissue sections were then
in the lamina propria negligible. incubated with 6% H,O, in methanol for 5min to block

On the basis of these results, it seemed justified to apply RFD&ndogenous peroxidase activity and then with the ABC (Dako)
to identify mucosal macrophages in lamina propria by paired two-solution for 30 min. This last incubation was followed by a rinse in
colour immunofluorescence staining for B7.1 or B7.2, allowing Tris-buffered (@1m, pH 7-6) isotonic saline for 5min before
application of a MoAb with sufficient B7 isoform affinity irre- addition of a solution of @5% (w/v) diaminobenzidine and
spective of its IgG subclass; the use of subclass-specific seconda@®015% HO, in Tris-buffered saline as chromogen substrate for
antibody conjugates (that generally provide reduced stainindlO min. Counterstaining was performed with haematoxylin for
sensitivity) could thereby be avoided. In this manner a satisfactoryl min.
immunofluorescence detection level was obtained for B7 isoform It was decided to use the immunoenzyme method only for
expression in paired staining with MoAb RFD1 by applying single staining, because co-expression of two markers at the same
biotinylated goat anti-mouse IgG (affinity-purified to avoid location (e.g. on the cell surface membrane) cannot be reliably
cross-reaction against mouse IgM); the achieved detection levelisualized by this approach; critical detection of variable double
appeared to be between that of the highly sensitive immunoperexpression therefore has to rely on paired immunofluorescence
oxidase (ABC, streptavidin—biotin complex; Dako, Glostrup, Den- staining [29].
mark) method and subclass-specific paired immunofluorescence
staining (see below). Paired immunofluorescence staining

Definition of the variable expression levels of B7.1, B7.2 andCryosections were treated as described above, and primary as
CD14 When immunofluorescence staining for B7.1, B7.2 andwell as secondary antibody reagents are listed in Tablel
CD14 was performed with relevant 1gG subclass-specific secondtogether with the respective working dilutions. The sections
ary reagents, the expression levels revealed were arbitrarily definaslere incubated with various pairs of primary antibodies (differ-
as high (B7.%, B7.2" and CD14"; this seemed justified because ent isotypes) for 1 h at room temperature, followed by the
the subclass-based staining approach, contrary to the ABC methodppropriate pair of secondary reagents for 1 h. For staining of
did not reveal any of these leucocyte markers in normal intestinatells with the phenotype CDi4B7.1", CD14" B7.2", CD20
mucosa or in uninflamed specimens of IBD mucosa except foB7.1" or CD20 B7.%' (see above), both B7™and B7.2' cells
scattered CD1% cells and B7.2 cells in the latter. Therefore, the (detected by MoAbs of the IgG1 subclass) were visualized by
expression levels visualized solely by the highly sensitive ABCadditional incubation for 30min with Cy3-conjugated (red

method were defined as low (B¥,1B7.2° and CD1%). signal) goat anti-mouse lgG1, whereas CD20 or CHbells
were visualized by biotinylated subclass-specific secondary anti-
Immunoperoxidase staining body followed by FITC-labelled (green signal) streptavidin—the

All incubation steps described below were followed by gentlelatter being co-incubated with the Cy3-conjugated anti-mouse
washing of the tissue sections for 2—-3 min in PBS p&] T not IgG1. The green signal for CD14 was further amplified by a
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Table 1. Characteristics of immunoreagents used in the study
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Immunoglobulin class/ Origin of Conjugate/ Final Producer/
Clone Specificity subclass antibody labelling dilution source
Primary antibodies
RMO052 CD14 19G2a Mouse None w8/ml Biosys, Compiegne, France
KP1 CD68 1gG1 Mouse None p/ml Dako, Glostrup, Denmark
RFD1 “Dendritic cells” IgM Mouse None Supernatant, Serotec, Oxford, UK
1:250 ¢ 4 ug/ml)
RFD7 “Tissue 19G1 Mouse None Supernatant, Serotec
macrophages” 1:250~ 4 pug/ml)
L26 B cells (CD20) 19G2a Mouse None pa/ml Dako
M241 CDl1c 1gG1 Mouse None Ascitic Courtesy Dr R.S. Blumberg,
fluid Brigham and Women'’s
1:1000 Hospital, Boston, MA
L307.4 CD80 1gG1 Mouse None y/ml Becton Dickinson, San Jose, CA
Fun-1 CD86 1gG1 Mouse None w@/ml Pharmingen, San Diego, CA
Ki-M4 Follicular 19G Mouse None ag/mi 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 1gG1 Mouse None * Courtesy Dr R. Burns
(control)
422 Irrelevant 19G2a Mouse None * Courtesy Dr R. Burns
(control)
Secondary antibodies, tertiary antibodies and fluorochrome conjugates
Mouse IgG2a Goat Biotinylated ‘2ug/ml Southern Biotechnology Assoc.
Inc., Birmingham, AL
Mouse 1gG1 Goat Biotinylated -2ug/ml Southern Biotechnology
Mouse IgG Horse Biotinylated 2@/ml Vector Labs, Burlingame CA
Mouse 1gG1 Goat Cy3 Bug/ml Southern Biotechnology
Biotin Cy3-conjugated G pg/ml Jackson ImmunoResearch
streptavidin Lab., Inc. West Grove, PA
Mouse IgG Rabbit Biotinylated fa/ml Jackson
Streptavidin Goat Biotinylated ‘2ug/ml Vector
Streptavidin Goat FITC pg/ml Vector
Mouse IgM Rabbit FITC 4@g/ml Zymed Labs, Inc.
San Francisco, CA
Biotin FITC-conjugated  2@g/ml Boehringer Mannheim,

streptavidin

Mannheim, Germany

* Comparable to that of the relevant antibody.

subsequent incubation for 30 min with FITC-conjugated goat antidength at full thickness of the lamina propria were examined in
streptavidin. each section ak400 magnification. The numbers of B7.:and
For simultaneous staining with MoAb RFD1 together with B7.2" cells within lymphoid structures (Fig. 1) of IBD specimens
MoAb against CD68, CD20, CD1c, RFD7, B7.1 or B7.2 the were recorded on a semiquantitative scale from 1 to 4, defining 1 as
secondary incubations included biotinylated rabbit anti-mousescattered few positive cells, 2 a20—40 positive cells, 3 as40—
IgG (affinity-purified against mouse IgM) for 1 h, followed by 100 positive cells, and 4 as100 positive cells. The staining results
30 min with FITC-conjugated rabbit anti-mouse IgM together with for the two markers in the same lymphoid structure were compared
Cy3-conjugated streptavidin for 30 min. For amplification of the in adjacent serial sections mounted on the same glass slide.
B7.1 and B7.2 signals, two additional 30-min incubations were  Sections subjected to paired immunofluorescence staining were
included, consisting of biotinylated goat anti-streptavidin and thenexamined as earlier described [30] with a Leitz DMRDXE micro-
Cy3-conjugated streptavidin. scope camera system (Leitz, Wetzlar, Germany) equipped with a
Negative control stainings were obtained for all markers byPloem-type vertical illuminator and DIC optics. When examining
applying isotype- and concentration-matched primary murineareas of lamina propria outside lymphoid structures, at least four
MoADbs of irrelevant specificity (Table 1). high-power fields ¥400 magnification) were included per section.
The fraction of B7.1 or B7.2 cells co-expressing CHidr the
Microscopy and histomorphometry RFD1 antigen in these areas was determined only in sections where
Counting of cells stained by the immunoperoxidase method was 100 B7.1" or B7.2" cells were found.
performed by ordinary light microscopy. At least 3mm mucosal  Photographs (single and double exposures) were taken on

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$10:104-113



108 J. Rugtveit, A. Bakka & P. Brandtzaeg

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 CD2B 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 Bpuitative interdigitating
dendritic cells (red) are in intimate contact with B cells. Original mag.
x400.

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 thg
co-express the RFD1 antigen (green) and (a) CD68 (red) or (b) RFD
antigen (red). Interdigitating dendritic cells or B cells (green) in the
periphery of a large lymphoid structure are identified by RFD1 and arg
not decorated for CD68 and RFD7 antigen. Note that CD68 detected by KP|
is also typically expressed apically by the epithelium. CE, Crypt epithelium;

SE, surface epithelium; LS, lymphoid structure. Original maZ50. 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
:‘Tl?c()jreékscilrlltcee” 400 IS0 daylight film pushed to 800 ISO for 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
L . zone (bottom), only CD20 cells express B7.2, probably representing
Statistical analysis interdigitating dendritic cells. Original mag;.400.

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 &electively detecting FDC, it was substantiated that median 40%
median and 95% confidence interval if not otherwise stated. Wheifrange 0-70%) of the lymphoid structures in IBD were true
the sample size isn= 8, the dispersion is reported as the observedfollicles, with no apparent difference between UC and CD.
range. Only a few scattered CDTccells were seen in each section
outside the lymphoid structures in IBD and normal mucosa. The
vast majority £90%) of the CD1¢ cells were co-stained with
RFD1, as were the various B cell subsets in overtly organized
Lymphoid structures lymphoid follicles. This result was confirmed by co-staining for the
CharacterizationLymphoid structures were frequently seen in specific B cell marker CD20. Lymphoid structures generally
inflamed IBD specimens, but were scant in normal control mucos@ontained only a few scattered CD68ells (tingible body macro-
(Fig. 1). Such structures often contained a peripheral densphages) and showed little or no co-expressiof%) when RFD1
population of CD1¢ dendritic cells intermingled with T cells, was combined with CD68 or RFD7 (Fig. 2a,b).
mimicking parafollicular zones adjacent to true lymphoid follicles. Lymphoid structures in IBDIn the inflamed IBD specimens,
By immunostaining with anti-CD14 [32] and Ki-M4 [33], the latter the frequency of lymphoid structures was significantly increased

RESULTS
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Table 2. Expression of B7.1 and B7.2 in lymphoid structures

< 140 — (@)
Nos of Expression scoret % 120
specimens Specimen E 100
evaluated* category B7.1 B7.2 s
S 80
n=3 Normal colon 0 1 (1-2)f S 6o
n=10 Ulcerative colitis 2 (1-3) 3 (1-4) E
n=9 Crohn’s colitis 2 (0-3) 3 (1-4) < 40
n=8 Crohn’s ileitis 2 (1-4) 5 (1-4) =
E 20
2 0
*See Fig. 1. 8 B7.1 B7.2 CD14 B7.1 B7.2 CD14
T Semiquantitative comparison of the number of cells positive for B7.1 cD Normal

and B7.2 was performed after parallel staining of adjacent sections for the

two markers (see Materials and Methods). 140 —
; (b)
F Median and observed range. =
o 120 |~
c
@
. o 100 —
(Fig. 1); and because such structures were generally larger and s
exhibited a density of B72and B7.1 cells at least matching S 80|
that of comparable structures in normal control mucosa, the o
number of aggregated cells expressing these costimulatory mole- g 60 —
cules in IBD was evidently increased. Because these structures £ 40 -
generally contained only a few scattered CD6&ells, macro- E
phages did not represent any significant contribution to their B7.1 & 20|
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 B7cells in B cell
areas of lymphoid structures by paired immunofluorescence stairfig- 5. Cellular expression of B7.1, B7.2 and CD14 in mucosal lamina
ing was generally prohibited by the fact that FDC and B cells werePropria outside Iymphoid structu‘res (that inc!udes the adjacent T cell zones)
in intimate contact with each other (Fig. 3). However, in the as detect_ed by |mm’uno_perOX|dase stalnln_g of cryosections from (a)
adjacent T cell zones the vast majorityQ0%) of both B7.1i  nflamed ileal Crohn's disease (CD) specimems=(2) and normal

P cells co-exoressed the RED1 antigen. which was als ejunum ¢1=1_Q), as well as (b) inflamed colonic CD specimens=(11),
and B7.2" ce p 9 o . Icerative colitis (UC) specimens & 10), and normal colonn(=8). The
co_—expressed by most 00%) CD1c" cells found in this location number of positive cells per mm length unit of lamina propria sectioned
(Fig. 1). Furthermore, because most of them were CDR®Y  perpendicular to the mucosal surface was counted. Median and 95%
were deemed to be interdigitating dendritic cells (Fig. 4). confidence intervals are indicated.

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 Uninflamed IBD mucosd here was no apparent increase in the
in these compartments did not appear to differ significantlyexpression of B7.1, B7.2 or CD14 compared with normal controls,
between UC and CD (Table 2). Too few (a total of three) suchas judged by immunoperoxidase stainimg=(6, data not shown).
structures were present in the normal colonic mucosal specimen&s in normal control mucosa, faintly CD14and B7.2" cells were
for statistical comparison, but the B7 markers appeared to beelatively common, but B7Lcells were rare. By the less sensitive

B7.1B7.2 CD14 B7.1B7.2 CD14 B7.1B7.2 CD14
CD ucC Normal

up-regulated in the inflamed IBD specimens (Table 2). immunofluorescence staining protocol (see above), only a few
scattered B72 and CD14' cells were detected, while B'ells
Lamina propria outside lymphoid structures were absent.
Normal control mucosaA subepithelial accumulation of Inflamed IBD mucosaCells deemed to show B7'2xpression

B7.2° large cells, often showing blunt projections, was detectedoccurred in all CD specimens from the small intestine and colon as
by immunoperoxidase staining in most (five of eight) of the colonicwell as in all UC specimens. Most of these cells were located in the
specimens, and often (eight of 10) also in the villi of the small upper parts of the lamina propria, mainly densely packed below the
intestine (Fig. 5). Because of their extremely low B7 expressionsurface epithelium. Parallel to the up-regulated expression of this
they could not be clearly and consistently revealed by any of thenarker on individual cells, the number of positive cells detected by
paired immunofluorescence staining protocols described abovémmunoperoxidase staining per mm length unit of lamina propria
The same was true for a population of cells with faint CD14 at full mucosal height was significantly increaseld<(0-001)
expression, most numerous in the colon (Fig. 5). Howevercompared with normal (Fig. 5).

immunoperoxidase staining for CD68 (macrophages), CD20(B By paired immunofluorescence staining, it was shown that
cells) and CD1c (dendritic cells) in adjacent serial sectionsmost (range 60—95%) of the BP'Zells in the IBD specimens
suggested that virtually all of these B'?.2nd CD1% cells were  co-expressed the RFD1 antigen (Fig. 6), which identified the vast
CD68" macrophages. No B7ticells were found in any of the majority of macrophages outside lymphoid structures (see
normal control specimens. above)—that is, median 80%, 65% and 90% for CD specimens

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$10:104-113
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Fig. 6.Paired immunofluorescence staining of acetone-fixed cryosection ofig. 8. Scatter diagram depicting fraction (%) of B.ar B7.2" cells co-
ulcerative colitis specimen shows subepithelial accumulation of macroexpressing CDI%in mucosal lamina propria outside lymphoid structures

phages that appear yellow because they co-express RFD1 antigen (gregmat includes the adjacent T cell zones) in inflamed IBD specimens.
and B7.2 (red). Only a few purely RFDXells 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 represeftD 75%; and UC 90%), in contrast to the relatively moderate
non-specific fluorescence of eosinophils. SE, Surface epithelium. Originalepresentation of this phenotype among B'7c2lls (Figs 7 and 8).
mag. x400. 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].
Fig. 7.Paired immunofluorescence staining of acetone-fixed cryosection of It was of special lnt_erest that B7.1 remaln_ed undetectable In
inflamed colonic Crohn’s disease specimen showing that most cells positiv80rmal mucosa even with the highly sensitive immunoperoxidase
for B7.1 (red) co-express CD4green) and therefore appear yellow. SE, Method applied in this study. The appearance of B CD14"
Surface epithelium. Original mag.400. cells in active IBD lesions might at least partly be a response to
invading Gram-negative bacteria [35,36], triggered through the
from the ileum and colon and from UC specimens, respectivelylipopolysaccharide (LPS) receptor CD14 [37—-39], on such recently
About one-third of the B7'2 cells also co-expressed CD14 in both recruited macrophages [31]. The inverse relation between the
UC and CD. Such co-expression apparently paralleled the relativexpression of B7.1 and B7.2 found on these Chiacrophages,
size of the CD1% subset as a fraction of the total macrophage compared with the remaining macrophage population, could in fact
population in IBD mucosa [30,31]. Less than 2% of the Bic2lls reflect the function of CD14 as a dominant trigger of B7.1
co-expressed CD20 in these areas. Furthermore, because dendritixpression [37]. This result agreed with the reported dominant
cells identified by CD1c were found only as scattered cells byrole of up-regulated B7.1 for the APC and IFNinducing func-
immunoperoxidase staining outside the lymphoid structures, suctions of monocytes [40]. Furthermore, CD'{acrophages have
cells could not contribute significantly to the B7-expressingrecently been shown to possess a prominent potential for IL-10
population in the lamina propria. production [38]; this cytokine is reported to selectively down-
In addition to the strikingly increased population of BY.2 regulate B7.1 on APC [41]. Therefore, an autoregulatory effect of
cells, immunoperoxidase staining revealed the appearance of la-10 secreted by recently recruited mucosal macrophages might
prominent fraction of B7.1 cells, together with a significantly ~contribute to down-regulation of B7.1 (and thus a preferential B7.2
(P<0-02) increased population of CDi4ells in nearly all IBD  profile) as they gradually differentiate when approaching the sur-
specimens (Fig. 5). Paired immunofluorescence staining demorface epithelium in the normal situation, and to a lesser extent also
strated the emergence of a population of B7dells in both  in active IBD.
diseases, most of these also being CH{#edian 74%; colonic Considerable controversy exists in the literature concerning
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possible differences between UC and CD lesions with regard tGhe Research Council of Norway, The Norwegian Cancer Society,
local production of immunoregulatory cytokines [42,43], including Medinnova Governmental Research Organization and Helga Semb’s Fond.
IL-2 and IFN< [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 REFERENCES
two studies have presented combined data for both Th1l and Th2 . )

. . . 1 Janeway CJ, Bottomly K. Signals and signs for lymphocyte responses.
cytokines, allowing evaluation of the balance between Thl and Cell 1994:76:275-85.
Th2 clones operating in the actual lesions; both reports document & Allison JP. CD28-B7 interactions in T-cell activation. Curr Opin
predominant IFNy response and a minimal or decreased IL-4  |ymunol 1994:6:414-09.
response in UC as well as in CD [48,49]. A selectively increased 3 Robey E, Allison JP. T-cell activation: integration of signals from the
IL-5 production was shown for CD4T cells from UC, but its level antigen receptor and costimulatory molecules. Immunol Today 1995;
was extremely small compared with that of IRN49]. Interest- 16:306-10.
ingly, we did not find any apparent disparity between the two types 4 Linsley PS, Ledbetter JA. The role of the CD28 receptor during T cell
of lesion in terms of the balance between B7.1 and B7.2 expression responses to antigen. Annu Rev Immunol 1998191-212.
on lamina propria macrophage subsets or on the prominent® 'c-:e”SCOhC?WIDJ' B'“elsig’;‘;;%-; CE'Z'CO'St'm“'a“O” andvotolerance.

. . . urr Opin Immuno N —o2.

pmci)grl:la\:\ll(;ﬂsbgfinA::ec;S;Jyvr;fhhc:dp;strslijgrgrfoslé -(I;?l:ﬁe ?VL\J/:) 'gé;lés 6 Kelso A. Thl and Th2 subsets: paradigms lost? Immunol Today 1995;

. . L . 16:374-9.

ligands ln_det_ermlnlng the balance between Th1 and Th2 Cytc’k'ne7 Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns of

responsesn vivo [8-12]. lymphokine secretion lead to different functional properties. Annu Rev
Although the functions of B7.1 and B7.B vivo remain Immunol 1989:7:145-73.

controversial [12], and a dominating role of CD28-mediated 8 Mosmann R, Sad S. The expanding universe of T-cell subsets: Th1, Th2
signals in Th subset differentiation has been questioned [51], the and more. Immunol Today 1996;7:138—46.

strikingly preferential expression of B7.1 on newly recruited 9 Freeman GJ, Boussiotis VA, Anumanthaetal B7-1 and B7-2 do not
CD14" versusCD14° or CD14 resident macrophages in IBD is deliver identical costimulatory signals, since B7-2 but not B7-1 pre-
strongly suggestive of different roles played by the two CD28 ferentially costimulates the initial production of IL-4. Immunity 1995;
ligands, as also reflected by recémtvitro studies of monocytes 2:523-32.

i i : 10 Lenschow DJ, Ho SC, Sattardtlal. Differential effects of anti-B7-1 and
i hi ’ y
[40]. Thus, the appearance of the CDBY.1 monocyte-like anti-B7-2 monoclonal antibody treatment on the development of diabetes

s_ubs_gt in IBD_ lesions may represent a major change favouring a i, the nonobese diabetic mouse. J Exp Med 1984:1145-55.
significant shift away from a normal anergic mucosal state towardg1 kuchroo VK, Das MP, Brown J/&t al. B7-1 and B7-2 costimulatory
enhanced Thl-type local immune activation [52,53], including @  molecules activate differentially the Th1/Th2 developmental pathways:
break of tolerance against the indigenous bacterial flora [20,54]. application to autoimmune disease therapy. Cell 1885/07—18.
CD14" macrophages, in addition, possess an increased potentidk Thompson CB. Distinct roles for the costimulatory ligands B7-1 and
for release of other tissue-aggressive factors in the IBD lesion, such B7-2in T helper cell differentiation? Cell 19981:979-82.

as the proinflammatory cytokines IL-1 [55] and TNF38], as 13 Webb LM, Feldmann M. Critical role_ of CD28/B7 costimulation in the
well as reactive oxygen metabolites [31]. IL-1 and TNFmore- development of human Th2 cytokine-producing cells. Blood 1995;

: . L . 86:3479-86.
over,.have been reported to synergize with IL-12 in inducing a14 Sad S, Marcotte R, Mosmann TR. Cytokine-induced differentiation of
Thl-like response [54].

. D1 . precursor mouse CDS8T cells into cytotoxic CD8 T cells secreting
In the normal state, as well as in IBD, CD1peripheral blood Th or Th2 cytokines. Immunity 1992:271—9.

monocytes recruited to the intestinal mucosa are supposedly g |iplau RS, Singer SM, McDevitt HO. Th1 and Th2 CDA# cells in the
major source of potent APC, because recent reports suggest that pathogenesis of organ-specific autoimmune diseases. Immunol Today
monocytes can differentiate into classical dendritic cells under 1995;16:34-38.

certainin vitro conditions [56,57]. In the human intestinal mucosa 16 Matulonis U, Dosiou C, Freeman & al. B7-1 is superior to B7-2
such cells probably share functional properties with dendritic cells ~ costimulation in the induction and maintenance of T cell-mediated
that are reported to traffic and populate mucosal surfaces in the rat antileukemia immunity. Further evidence that B7-1 and B7-2 are
[58-60]. Near the epithelial surfaces of the intestine, monocyte- _ functionally distinct. J Immunol 1996,561126-31. _
derived CD14 cells probably differentiate to APC, with suppres- Windhagen A, Newcombe J, Dangon@Fal. Expression of costimu-

. ffect t d T cell activati ind d by luminal latory molecules B7-1 (CD80), B7-2 (CD86), and interleukin 12
sive €eflects on untowar cell activation induced by iumina cytokine in multiple sclerosis lesions. J Exp Med 199821985-96.

antigens [61-64]. However, the potential importance of MucoSalg | anjer L1, O'Fallon S, Somoza €t al. CD8O0 (B7) and CD86 (B70)
macrophage subsets in the modulation of tolerance to the luminal  provide similar costimulatory signals for T cell proliferation, cytokine
flora needs to be investigated further by relevant functional studies, production, and generation of CTL. J Immunol 1995497—105.
because information to this end appears not to exist. Although an9 Levine BL, Ueda Y, Craighead N, Huang ML, June CH. CD28 ligands
excessive accumulation of CD187.1" macrophages in IBD CD80 (B7-1) and CD86 (B7-2) induce long-term autocrine growth of
might represent a secondary event following epithelial damage CD4" T cells and induce similar patterns of cytokine secretiowitro.

and microbial invasion, it could nevertheless be important for the [Nt Immunol 1995;7:891-904.

chronicity and aggravation of both UC and CD [42]. 20 Du_chmar_m R,_ Kaiser I, Hermann & a!. Tole_ran_ce exists towards
resident intestinal flora but is broken in active inflammatory bowel

disease (IBD). Clin Exp Immunol 199302448-55.
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