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Macrophage heterogeneity in normal colonic mucosa
and in inflammatory bowel disease
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of Medicine, London

SUMMARY Immunohistological techniques using monoclonal antibodies were employed to study the
morphology and phenotypic expression of macrophage like cells in ulcerative colitis, Crohn's colitis
and histologically normal colonic mucosa. The antibody RFD1 identifies interdigitating (antigen
presenting) cells whereas RFD7 binds to mature tissue macrophages. In normal colonic mucosa, the
majority of cells recognised by these reagents were positive for Class II antigen expression and a
median 87% (range 80-95%) were positive for both RFD1 and RFD7, with 6.5% (ranges 1-14%)
positive for either antibody alone. There was much greater macrophage heterogeneity in the
ulcerative colitis and Crohn's colitis biopsies than in normal mucosa. Clusters of RFD9+ cells
(epithelioid cells) were found in Crohn's colitis and, to a lesser extent, in ulcerative colitis. Some
Crohn's colitis sections showed replacement of the normal colonic macrophage phenotype with
RFD1-RFD7+ cells (classical scavenger macrophages). The degree of this replacement correlated
with the histological severity ofthe disease. By contrast, large numbers ofRFD1+ RFD7- cells, with
long dendritic processes, were found in intimate association with the lymphoid infiltrates in the
lamina propria ofthe ulcerative colitis sections. Future studies of the factors controlling macrophage
differentiation in tissues may help to explain the greater macrophage heterogeneity in inflammatory
bowel disease and the differences between ulcerative colitis and Crohn's colitis observed in this
study.

It is probable that non-lymphoid mononuclear cells
(macrophage like cells) play an important role in the
chronic intestinal inflammation that characterises
ulcerative colitis (UC) and Crohn's disease. The
absolute peripheral blood monocyte count is
increased in these diseases and correlates with
disease activity.' There is an increased density of
mucosal macrophages in Crohn's disease compared
with control samples,2 however, studies of macro-
phage turnover showed only a slight increase in
patients with UC and Crohn's disease.3
The advents of monoclonal antibodies and

intestinal mucosal cell isolation techniques have
stimulated much interest in possible disorders of
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mucosal immune regulation in inflammatory bowel
disease, but the tissue subpopulations of macrophage
like cells and their possible functional inter-
relationships has received little attention. Selby et al
reported that large numbers of irregular histiocytes
expressing Class II antigens and strong cytoplasmic
acid phosphatase activity, were present in colonic
mucosa from patients with active inflammatory
bowel disease, but absent from normal mucosa.4
Time lapse photography of intestinal mononuclear
cell preparations from patients with inflammatory
bowel disease has revealed significant numbers of
veiled cells, a finding not present in control prepara-
tions.5 The veiled cell is a type of dendritic cell
capable of presenting antigen to immunocompetent
T lymphocytes.6

It is now recognised that the macrophage family of
cells is heterogeneous. The dendritic cell is con-
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sidered to be a specialised antigen presenting cell
that is morphologically and functionally distinct from
the classic phagocytic tissue macrophage.7 The
epithelioid cell is another member of the macrophage
family that is poorly phagocytic and is seen character-
istically in association with granulomas.8 Monoclonal
antibodies capable of distinguishing subpopulations
of macrophage like cells have been developed
recently.90 Immunohistological studies using these
reagents may help to unravel the pathogenetic
mechanisms underlying chronic inflammatory dis-
orders. We have applied this technology to the study
of histologically normal colonic mucosal sections,
comparing the results with samples from patients
with active UC or Crohn's disease.

Methods

PATI ENTS
Histologically normal colonic biopsies or resection
specimens were obtained from nine patients without

inflammatory bowel disease. Five patients had
undergone segmental colectomy for colorectal
carcinoma, and samples were taken at least 10 cm
away from the tumour in these cases. Four histologic-
ally normal colonic biopsies were obtained from
patients undergoing colonoscopy for investigation of
large bowel symptoms; a clinical diagnosis of irritable
colon had been made in these patients. Mucosal
biopsies or resection specimens were also obtained
from areas of endoscopic and histological involve-
ment with UC (five patients) and Crohn's colitis (12
patients). The diagnosis of ulcerative colitis and
Crohn's colitis had been independently established
by endoscopic, radiological, and histological criteria
in each case.

PREPARATION OF TISSUES
Tissue samples were orientated on cork, covered
with OCT compound (Miles Scientific Laboratories
Ltd) and snap-frozen in isopentane in a liquid
nitrogen bath. Cryostat sections 6 [im thick were cut
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at -35°C, air dried, and fixed for 10 minutes in a 1:1
solution of chloroform and acetone.

HISTOLOGICAL EXAMINATIONS
Serial sections from the snap frozen tissue block were
examined histologically and immunohistologically by
independent observers. Histological examination
was done by light microscopy after routine haema-
toxylin and eosin staining. Samples from the 12
patients with Crohn's disease were ranked by the
histopathologist (APD) in order of increasing
severity (1=least inflamed, 12=most inflamed).

MONOCLONAL ANTIBODIES
The antibodies used in this study were RFDR1
(identifying an HLA-DR framework epitope),
RFD1 (interdigitating cells), RFD7 (mature macro-
phages), RFD9 (epithelioid cells and tingible body
macrophages), and UCHM1 (monocytes). The pre-
paration and reactivity of these antibodies have been
described elsewhere.'2 Peripheral blood monocytes
are positive for UCHM1, but negative for the other
markers used in this study.

IMMUNOPEROXIDASE STUDIES
An indirect immunoperoxidase method was used.'3
Tissue sections were incubated with the monoclonal
antibodies in parallel with positive control sections
(human palatine tonsil) for one hour. One section
from each patient was incubated in phosphate
buffered saline (PBS) alone and served as a negative
control. After rinsing in PBS for five minutes, all
sections were incubated in a rabbit antimouse
peroxidase conjugate for 45 minutes. Further rinsing
was followed by development with a solution con-
taining hydrogen peroxide and di-amino benzidine.
Preparations were counterstained in Harris' haema-
toxylin, dehydrated, and mounted in DPX (BDH
Chemicals Ltd). Each section was analysed using a
computer assisted morphometry device (Medical
Research Council, SSRCON Software package).
This equipment enables the observer to draw a two
dimensional map of the mucosal field being studied
under the microscope. Areas occupied by lymphoid
follicles, luminal and glandular epithelium can be
subtracted from the total area of the field to give the
area occupied by the lamina propria. Any cells within
that area exhibiting identifiable reactions on their cell
membranes distinct from background were scored as
positive. The number of positive cells per mm2 of
lamina propria was calculated from the printout.

DOUBLE IMMUNOFLUORESCENT STUDIES
Double immunofluorescence labelling was done
using a combination of RFD1 (IgM class) and RFD7
(IgG class) as a first layer. 14 After washing in PBS, the

sections were incubated with a second layer mixture
of anti-IgG FITC (fluorescein isothiocyanate) and
anti-IgM TRITC (tetraethyl rhodamine isothio-
cyanate) in PBS. Preparations were mounted in
buffered glycerol and viewed with a Zeiss microscope
equipped with epifluorescent illumination and selec-
tive filters for FITC and TRITC. At least 150 mucosal
macrophage like cells in each section were assessed
for the presence or absence of one or both markers.
The validity of this method of quantification was
examined by assessing the presence of each marker
(or both) on 150-200 cells in 10 different fields of one
large section of normal mucosa and calculating the
percentage standard error of count variability
between these 10 fields.

STATISTICAL ANALYSIS
Significances of observed differences between the
groups in absolute numbers of RFD1 + and RFD7+
cells per mm2, and in percentage proportions of cells
bearing one or both markers, were assessed using
unpaired Wilcoxon's tests. The Crohn's colitis
sections were examined for the degree of correlation
between the histological disease severity ranking and
the proportion of cells positive for RFD7 alone.

Results

VALIDATION OF DOUBLE IMMUNOFLUORESCENT
COUNTS
The standard errors for counts of cells positive for
each marker in 10 different fields of a histologically
normal section were 2-12% for RFD1+ RFD7+,
1-96% for RFD1+ RFD7- cells and 1.14% for
RFD1- RFD7+ cells. These low percentage
standard errors suggest that individual counts of 150-
200 fluorescing mucosal macrophage like cells are
reasonably representative of the section as a whole
and that sampling differences are not a major
problem in the interpretation of histologically normal
mucosa. The same assumption cannot be made in UC
or Crohn's colitis because the inflammatory changes
may be patchy.

NORMAL COLONIC MUCOSA
Epithelial cells were negative for RFDR1 in all
samples of normal colonic mucosa, a finding in
agreement with previous observations using other
markers for Class II antigen expression.'` The distri-
butions and phenotypic expression of macrophage
like cells within the lamina propria were very similar
in all the samples of normal colonic mucosa that were
studied. RFDR1 and RFD1 labelled many large non-
lymphoid cells between the crypts and immediately
beneath the epithelial surface. Lymphoid cells
scattered within the lamina propria were negative for
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Figs 2a, b Double RFDIIRFD7 immunofluorescence preparation ofa section of histologically normal colonic mucosa.

Whlen viewed with red fluorescent light (a), numerous RFDI + non-lymphoid cells are seen distributed throughout the lamina
/propria, especially just beneatlh the epitlielial surface. Using green fluorescence (b), numerous RFD7+ cells become apparent.

Most cells identified by these markers are clearly positive for both.

RFDR1 and RFD1, but there were some RFDI+
round cells within the lymphoid aggregates (RFD1
binds to about 20% of tonsillar B cells).' RFD7
identified many non-lymphoid stellate and fusiform
cells distributed throughout the lamina propria.
Morphometry showed approximately equal numbers
of RFD 1+ cells (median 265/mm2 lamina propria)
and RFD7+ cells (mean 245/mm2). Double immuno-
fluorescence showed that approximately 87% of cells
fluorescing with RFDI or RFD7 were positive for
both reagents (doubles) and that equally small
numbers of cells were positive for either reagent
alone (Figs 1, 2a, and b). RFD9+ cells were confined
to lymphoid aggregates. A few UCHM1+ cells were
seen between the crypts.

UIC E RATIVE CLI TIS

The epithelium in these sections was RFDR1+, in

keeping with previous observations.'> The inflamed

lamina propria contained similar numbers of RFD1+
and RFD7+ cells (medians 299/mm2 and 206/mm2
respectively) when compared with the histologically
normal mucosa. Aggregates of RFD7+ and RFD9+
cells were seen in the basal quarter of the lamina
propria. A typical basal aggregate of RFD9+ cells is
shown in Figure 3. Double immunofluorescence
revealed that RFD1 + RFD7+ doubles were signific-
antly less common in UC than in normal mucosa

(medians 66% v' 87%, p<0-01) and that RFD1+
RFD7- cells were much more frequent in UC (30%
v, 6%, p<0-01). Interestingly the RFD1+ 'singles' in
UC exhibited long thin processes up to 50 [tm long
that formed a branching network within the lamina
propria (Fig. 4).

CROHNS COl- IT-IS
The epithelium in the 10 most inflamed sections was
RFDR1+, as in UC. As might be expected in this
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Fig. 3 Immunoperoxidase preparation ofa section of Fig. 4 RFD] immunofluorescence preparation of a section
colonic mucosa from a patient with active ulcerative colitis. from a patient with active ulcerative colitis. There are many
The monoclonal antibody RFD9 has identified several large irregular RFD! + cells wit/i long processes in the lamina
macrophage like cells with darkly staining membranes propria of this section (arrows).
(arrows). This collection of epithelioid cells is situated at the
base ofa disrupted crypt. revealed populations of UCHM1+ cells within the

disease there were striking abnormalities in the
mucosal macrophage patterns. The most obvious
difference from normal and UC was the smaller
number of RFDl+ cells per unit area of lamina
propria (medians 41 v, 265/mm' in normal subjects,
p<0-05) and in the proportions of RFD1+ RFD7+
doubles (Figs 1 and 5). This apparent loss of RFD1 +
cells was particularly obvious in the most inflamed
sections especially adjacent to mucosal aphthoid
ulcerations, fissures or granulomas. Double immuno-
fluorescence showed a concomitant rise in the pro-

portion of RFD7+ 'singles' (65% v, 7% in normal
subjects, p<0-0O). The falls in proportions of
RFD I + RFD7+ doubles and the rises in proportion
of RFD7+ 'singles' correlated with histological
disease severity (r=-0-62 and +0-62, respectively:
p<(0)5) (Fig. 6). Immunoperoxidase staining

infiltrates of RFD7+ cells. Focal accumulations of
RFD7+ and RFD9+ cells were abundant in the areas
of greatest histological abnormality within the lamina
propria, extending deep into the submucosa in many
cases. The surviving RFDI+ cells extended long
processes similar (but less impressive) in appearance
to those in UC.

Discussion

The majority of macrophage like cells in normal
colon were found to be positive for RFDR1, RFD1,
and RFD7 but negative for UCHM1. Most of these
large stellate cells have the morphology of inter-
digitating cells and lie immediately beneath the
columnar epithelial layer. These findings are of great
interest because cells bearing the RFDI+ RFD7+
phenotype have not been found in any other histo-
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Fig. 5 RFD7 immunofluorescence preparation ofa section
from a patient with severe Crohn 's colitis. There is a dense
accumulation ofRFD7+ cells, nearly all of which are

RFD]I-.

logically normal tissue so far studied. A few RFD1 +
RFD7+ cells are present in bronchoalveolar lavage
fluid from normal subjects but this cell phenotype is
not seen in histologically normal transbronchial
biopsies."b Large numbers of RFD1+ RFD7+ cells
have been found in sections of pannus synovial lining
from patients with rheumatoid arthritis'7 and in the
lesions of lepromatous leprosy."
There was a wide spectrum of morphological

appearances and phenotypic expressions of macro-
phage like cells in UC and Crohn's colitis. This
heterogeneity was much greater than in normal colon
and was particularly obvious in the sections where
histological severity was judged to be greatest. The
findings confirm and extend those of Selby and his
colleagues.4 Their histochemical study of HLA-DR-
positive histiocytes (those expressing Class II

antigens) suggested that at least two different sub-
populations were present in normal colonic mucosa

Fig. 6 The proportions ofcells, recognised by the markers
RFDI and RFD7, that were positive for RFD7 alone
(RFD7+ singles) in each Crohn's colitis section has been
plotted against the independently assessed histological
severity ranking ofthat section. There is a positive correlation
between the proportion ofRFD7+ singles and histological
severity (r=0-62, p<0-05).

and that a third population emerged in inflammatory
bowel disease. The present study provides further
evidence for the hypothesis that greater macrophage
heterogeneity in inflammatory bowel disease may
represent a state of mucosal activation in response to
an invading antigen.
A striking feature in the ulcerative colitis sections

was the identification of RFDR1+ RFD1+ RFD7-
cells with long dendritic processes in areas of exten-
sive lymphoid infiltration. These cells were less
obvious in Crohn's colitis and absent from normal
mucosa; they may be the same population as the
veiled cells observed by Wilders et al.' Their mor-

phology, distribution and expression of RFD1 and
Class II antigen are all consistent with the belief that
these cells are actively presenting antigen to helper
T lymphocytes which would, in itself, initiate or

perpetuate a cell-mediated immune response. An
identical cell phenotype prevails in the extensive
lymphoid infiltrates of rheumatoid synovium,'7
suggesting that rheumatoid arthritis and ulcerative
colitis may share a similar mechanism of chronic
inflammation that does not involve the formation of
granulomas.
The macrophage marker profile in the Crohn's

colitis sections differed from that seen in the ulcera-
tive colitis and histologically normal samples. In the
most severely inflamed sections, the normal colonic
mucosal macrophage phenotype was virtually
replaced by RFD1- RFD7+ cells (the classic
scavenger macrophages). Many of these cells were

0
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positive for the peripheral blood monocyte marker
UCHM1. Peripheral blood monocytes are negative
for the RFD markers but become positive for either
RFD1 or RFD7 after seven days in culture.9 There-
fore the mature tissue macrophage infiltrate in
Crohn's colitis probably contains a population of cells
that have been recently recruited from the peripheral
blood monocyte pool. Another possible source of
classical macrophages is the normal RFD1+ RFD7+
colonic macrophage population: these cells may be
capable of differentiating into phenotypically distinct
antigen presenting cells (RFD1+ RFD7-) or mature
tissue macrophages (RFD1- RFD7+). The emerg-
ing proportions of these subpopulations would
depend on the tissue microenvironment (which may
differ in ulcerative colitis and Crohn's colitis),
accounting for the differences between the two
diseases observed in this study.

Further evidence that macrophage heterogeneity
is greater in inflammatory bowel disease than in
normal mucosa comes from the immunoperoxidase
studies using RFD9. Positive cells were confined to
lymphoid aggregates in the normal sections: here the
antibody was recognising the so-called germinal
centre or tingible body macrophages. By contrast,
clusters of free lying RFD9+ cells (epithelioid cells
and multinucleate giant cells) were present in
Crohn's colitis and, to a lesser extent, in ulcerative
colitis - a finding in agreement with Mahida and his
colleagues."9 The RFD9+ cells were larger and less
frequent than RFD7+ cells, being more focally
distributed adjacent to disrupted glandular tissue or
granulomas. The clear distinction between RFD9+
and RFD7+ cells in Crohn's colitis is also seen in the
delayed hypersensitivity granulomas of sarcoidosis.'0

In conclusion, this study has shown that the
majority of normal colonic macrophage like cells
recognised by our panel of monoclonal antibodies
bear the unusual RFDR1+ RFD1+ RFD7+
UCHM1- phenotype. Compared with the normal
sections, those from patients with inflammatory
bowel disease displayed greater heterogeneity of
macrophage morphology and phenotypic expression.
Further work is being done to examine the macro-
phage marker profiles in other colonic inflammatory
disorders such as infections and ischaemia. The
relevance of macrophage heterogeneity to the patho-
genesis of the idiopathic inflammatory bowel diseases
may become clearer when the results of these studies
are available.

We thank Mr A A M Lewis and the other Consultant
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is in receipt of a grant from the Wellcome Trust. We

are also indebted to Professor S Pocock for statistical
advice and Mrs J Young for typing the manuscript.
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