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Heterogeneity of HLA-DR-positive histiocytes in
human intestinal lamina propria: a combined
histochemical and immunohistological analysis
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SUMMARY HLA-DR-positive histiocytes in the lamina propria of the human intestine have been
characterised using combined histochemical and immunohistological techniques. In the small
intestine, 80-90% of the HLA-DR+ histiocytes had irregular surfaces with stellate processes, and
exhibited strong membrane adenosine triphosphatase (ATPase) activity, but weak acid phos-
phatase (ACP) and non-specific esterase (NSE) activities (HLA-DR+ ACP+'- NSA+'- ATP++;
type 1 cell). In contrast, in the lamina propria of the colon the majority (60-70%) of HLA-DR+
cells were large, round cells with strong ACP and NSE activities but no detectable ATPase
activity (HLA-DR+ ACP++ NSE++ ATP+'-; type 2 cell). The colon also contained a population
of type 1 cells (30-40%). In active inflammatory bowel disease affecting the colon a third
population of HLA-DR+ histiocytes was seen. These cells were irregular in outline, with many
processes, and were ACP++ NSE+ ATP+'- (type 3 cell). The type 3 cells appeared to replace type
2 cells. After treatment, the appearances returned to normal.
These findings suggest that the different populations of HLA-DR+ histiocytes in the human

intestine may have several functions, reflecting the different forms of antigen present in the
intestine. The alterations in inflammatory bowel disease may represent activation in response to
an invading antigen.

Within the lamina propria of the human small and
large intestine are many histiocytic-type cells which
exhibit strong expression of HLA-DR (Ia-like)
antigens.' 2 These cells are found in the villi of the
small intestine and in the subepithelial region of the
colon. These sites correspond to those previously
described for intestinal macrophages.3 4
HLA-DR+ macrophage-like cells identified in

other tissues have been shown to represent a
heterogeneous population, comprised of such cells
as the Langerhans cells in the skin,5 the interdigitat-
ing (ID) cells of lymph nodes and spleen,67 cortical
cells of the thymus8 and inflammatory cells in the
synovial membrane.9 Histochemistry has been of
value in defining the characteristics of several cell
populations and particularly in the discrimination of
specific cell types of the monocyte-macrophage
series.""' Indeed, the demonstration of acid phos-
phatase in inflammatory macrophages and -of
adenosine triphosphatase activity in interdigitating,
antigen-presenting cells,'2 13 has now been shown to

Accepted for publication 15 September 1982

be of considerable value in differentiating these two
cell types, both of which are HLA-DR+, in normal
and pathological tissues.'4

In order to characterise the HLA-DR+ histiocytes
in human intestinal lamina propria we have
examined the activities of acid phosphatase (ACP),
non-specific esterase (NSE) and adenosine triphos-
phatase (ATPase) in frozen sections of normal and
diseased intestine. Double enzyme techniques and
the combination of immunofluorescence and
cytochemistry on the same section has allowed us to
demonstrate that the intestinal HLA-DR-positive
population is indeed heterogeneous. This
heterogeneity may have functional significance both
in normal intestine and in that of patients with gas-
trointestinal disease, such as ulcerative colitis or
Crohn's disease.

Material and methods

SUBJECTS AND TISSUES
Proximal small intestinal biopsies were obtained by
peroral suction from one normal subject and from
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three patients undergoing investigation for diar-
rhoea. Ileal or colonic tissue, or both, was taken
endoscopically or at laparotomy from seven patients
with either colonic neoplasia or the irritable colon
syndrome. All specimens were histologically normal
as shown by study of frozen or formalin-fixed sec-
tions. Five patients with ulcerative colitis (active in
three, inactive in two) and one with active Crohn's
disease were also studied. Four of the patients were
receiving corticosteroids and three were taking sul-
phasalazine. The specimens were orientated on
cork, covered with OCT compound (Ames Co) and
frozen in isopentane suspended over liquid nitrogen.
They were stored in liquid nitrogen until used.

IMMUNOFLUORESCENCE
HLA-DR antigens were detected by an antiserum
raised in chickens'5 using a rhodamine-conjugated
second layer antiserum. In several sections the
anti-HLA-DR antiserum was used in combination
with antisera to human IgA, IgM or IgG or with a
monoclonal antibody to human leucocyte antigen
(2D1) in a double marker immunofluorescence
technique described in full elsewhere.'6 Tissue sec-
tions were also studied using the monoclonal anti-
body NA1/34 which reacts with cortical thymocytes
as well as Langerhans cells.'4 1' Immunofluorescence
was detected using a Standard 14 Zeiss microscope
with IV Fl epifluorescence condenser. Selective
filters for rhodamine and fluorescein enabled simul-
taneous detection of HLA-DR antigens and Ig sub-
class on the same section.

HISTOCHEMISTRY
Histochemical methods for detecting ACP, NSE and
ATPase have been described in full elsewhere.'4
Briefly, the pararosaniline method for ACP was
used. This involves incubation of the slides in a
medium containing the substrate naphthol ASBI
phosphate and used hexazotised pararosaniline as a
simultaneous coupler. The lead precipitation

Characteristics ofHLA-DR' histiocytes in the human
intestinal lamina propria

% Morphology ACP A7Pase 7ype

Small
intestine 80-90) small, stellate +/ ++ 1

10-20 large, round ++ +/ 2
Large
intestine 6(0-70 large, round ±+ +/- 2

30-4() small, stellate +/- ++ 1
Active
IBD 50-6(0 small, irregular ++ +/ 3
*3(4() small, stellate +/_ + + 1

10-20 large, round ++ +/ 2

IBD = inflammatory bowel disease

method was used to detect ATPase. This used
adenosine triphosphate as a substrate and lead
nitrate as a coupler; sections were developed after
incubation in a solution of ammonium sulphide.
Staining for these two enzymes was done separately
as well as in combination on the one section. Stain-
ing for ACP was also combined with
immunofluorescence for HLA-DR antigens on the
same section. In this case, the Gomori lead method
for ACP was used'8 as the pararosaniline method
resulted in considerable autofluorescence. The two
methods for ACP gave similar results. Non-specific
esterase activity was detected using a naphthyl ace-
tate as a substrate.

Results

SMALL INTESTINE (TABLE)
HLA-DR-positive histiocytic cells occurred predo-
minantly in the villi. Double-labelling with the anti-
Ig antisera confirmed that these cells were neither
plasma cells nor B lymphocytes. In the small intes-
tine approximately 80-90% of the cells were small,
stellate cells with processes extending from the cell
surface (Fig. la). Cytochemical analysis demons-
trated that this cell type expressed strong membrane
activity of ATPase, while activity of ACP was either
weak or negative (Fig. 2a). Activity of NSE was
similar to that of ACP. This type of cell (HLA-DR+
ACP`' NSE+'- ATP++) was designated type 1. A
smaller proportion of the HLA-DR+ histiocytes
(approximately 10-20%) were large and round in
appearance and had strong cytoplasmic ACP and
NSE activities but weak or negative ATPase activ-
ity. This cell type (HLA-DR+ ACP++ NSE++
ATP+'-) was designated type 2. Of some interest
was the observation that in some of the HLA-DR+
cells the distribution of the HLA-DR antigens
appeared to be cytoplasmic as well as membrane-
associated.

In the ileum, most of the villi contained type 1
cells. However, in one of the ileal specimens, from a
patient with the irritable colon syndrome, there
were occasional villi which were packed with type 2
cells.
Combined analysis of HLA-DR antigens and

ACP clearly identified the HLA-DR+ histiocytes,
but these were only infrequently ACP+.

LARGE INTESTINE
In the lamina propria of the colon HLA-DR+ his-
tiocytes were concentrated subepithelially in clusters
(Fig. lb). They did not label with antisera to the Ig
subclasses. In contrast to the findings in the small
intestine, the majority of HLA-DR+ histiocytes in
the colon (approximately 60-70%; Table) were of
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Fig. 1 HLA-DR antigens in human intestinal mucosa. (a) Small intestine: the HLA-DR t histiocytes in the lamina propria
are irregular in shape and show heterogeneity ofsize. (b) Large intestine: Many HLA-DR + cells are large and round (type
2 =large arrows). Smaller, irregular cells are also seen (type 1 =small arrows) X400

Fig. 2 Double histochemical analysis for ACP and A TPase. (a) In the normal small intestine histiocytes with membrane
A TPase activity predominate (type 1; cells with brown reaction product). There are occasional cells with strong cytoplasmic
ACP activity (red reaction product). (b) In the colon most of the histiocytes are large, round cells with strong ACP activity
(type 2 cells; red reaction product). There are also a few type I cells (brown reaction product).

the large, round type, with strong ACP and NSE
activities but weak or undetectable ATPase activity
(type 2 cells). Thirty to 40% of HLA-DR+ cells
were type 1 cells (Fig. 2b). All of the cells with
strong ACP activity were also HLA-DR+ and, con-
versely, all large, round HLA-DR+ cells had strong
ACP activity.

Caecal biopsies were examined from the patients
in whom ileal tissue was studied. In each case, type 2
cells predominated in the caecum and type 1 cells
predominated in the ileum (see above).

Both in the small intestine and in the large
intestine, the HLA-DR+ cells showed weak
reactivity with 2D1, but were NA1/34-.

INFLAMMATORY BOWEL DISEASE
When sections of colonic biopsies from patients with

ulcerative colitis or Crohn's disease were studied it
was found that the characteristics of the HLA-DR+
histiocytes were clearly different from those seen in
the normal large intestine. The majority of the cells
were irregular in outline with many elongated pro-
cesses (Fig. 3) and, unlike the histiocytes in the small
intestine, had strong cytoplasmic ACP activity but
weak or no ATPase activity (Fig. 4, Table). NSE
activity was variable. This cell type was designated
type 3. Type 2 cells appeared to be considerably
reduced in number, making up some 10-20% of the
HLA-DR+ population in the inflamed colon. Type 1
cells were present in proportions similar to those
seen in the normal colon. The HLA-DR+ histiocytes
in the colon of patients with inflammatory bowel
disease were not clustered but rather were scattered
diffusely throughout the subepithelial region, sepa-
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Fig. 3 Cotonic biopsy from a panent witn acnve Cronn s
colitis, showing the distribution ofHLA-DR antigens. The
HLA-DR' histiocytes appear small and irregular.
Individual cell outlines are difficult to distinguish, and there
are many processes extending throughout the lamina
propria. The colonic epithelium is also HLA-DR+ X400

rated from each other by oedema and by the
inflammatory cell infiltrate.

After treatment, the HLA-DR-positive histiocyte
populations returned to normal.

Discussion

The combination of immunofluorescent and his-
tochemical analysis of tissue sections had indicated
that there are at least two populations of HLA-DR+
histiocytic-type cells within the normal lamina prop-
ria. In the small intestine the majority of these cells
are ATPase++ ACP+'- NSE+'- and are relatively
small with a stellate appearance (type 1). In the
colon, large, round HLA-DR+ cells predominate.
They are ACP++ NSE++ ATPase+'- (type 2).

Several workers have examined the histochemical
characteristics of the human small intestine4 19-21

and large intestine.22 These studies confirmed our
findings with respect to ACP activity, although
results for other enzymes were inconsistent. In the
most comprehensive study, Riecken et :23 described
histochemical characteristics of small intestinal mac-

rophages similar to those observed in the present
study. However, they made no mention of mac-

rophage morphology, nor did they examine the dis-
tribution of HLA-DR antigens.

It is now well established that cells of the "mac-

Fig. 4 Colonic biopsy from a patient with active ulcerative
colitis, showing ACP and A TPase activities. Most of the
ACP+ lamina propria histiocytes are smaller and more
irregular than in normal colon, and are scattered more
difftsely (type 3 cells). Type 2 cells are infrequent. Some
type I cells (brown A TPase activity) can be seen. Strong
A TPase activity occurs in the vessel walls.

rophage family" are indeed heterogeneous,2425 This
has recently been demonstrated in a variety of situa-
tions using a combined analysis similar to that used
in this study.9 14 26 This heterogeneity of HLA-DR+
histiocyte populations, in particular the presence of
either strong ACP activity or strong ATPase activ-
ity, may have important functional significance. For
example, the antigen-presenting interdigitating cells
of the lymph node paracortex are stellate or dendri-
tic in appearance, exhibit strong expression of
HLA-DR antigens and have strong ATPase activity
with weak or negative ACP activity.'47257 These
cells are thought to be important in the ingestion of
soluble antigens and presentation of these antigens
to T lymphocytes.7 Similar features and role have
been shown for Langerhans cells of the skin28""
although these cells are NA1/34+.'4 The predomin-
ant HLA-DR+ histiocyte in the small intestine, the
type 1 cell, has similar morphology and enzyme
activity to the interdigitating cell. The small intesti-
nal mucosa is exposed to a large variety of soluble
food antigens, but has only a scanty bacterial popu-
lation.3" This may explain the predominance of
HLA-DR+ cells of the antigen-presenting type
within the small intestine. These cells may ingest
soluble antigens which have crossed the epithelial
barrier and then present these to local helper T Iym-
phocytes, which then, in turn, regulate the immune
response to the antigens. The predominance of
helper-type T lymphocytes in the lamina propria of
the intestine, and the close relation between these
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lymphocytes and the HLA-DR+ cells, would sup-
port this hypothesis.2
The characteristics of the predomninant HLA-

DR+ population in the colon (type 2 cell) are those
of phagocyctic "scavenger" macrophages.'4 31 Cells
of this type are responsible for the ingestion of par-
ticulate antigens.27 The colon contains an extremely
large bacterial flora.32 This could account for the
presence of a high proportion of type 2 cells in the
colonic lamina propria, where they could deal with
any penetrating bacterial antigens or cellular debris.
Type 1 cells are also present and these may process

any soluble antigens entering the mucosa.
In patients with active inflammatory bowel dis-

ease there was an increase within the colon of small,
irregular HLA-DR+ ACP++ NSE+ ATPase`'
(type 3) cells. These cells appeared at the expense of
the type 2 cells. The findings suggest that the his-
tiocytes in inflammatory bowel disease may be
important in pathogenesis, the altered characteris-
tics perhaps representing activation in response to
foreign antigen. An increase in the number of mac-
rophages in the mucosa of patients with Crohn's dis-
ease has recently been reported, and these mac-
rophages were shown to have large lysosomes con-

taining dense inclusions.33 The scattered distribution
of type 3 cells resulting from oedema and the
inflammatory cell infiltrate may allow T cell-
macrophage interactions to take place throughout
the mucosa where numbers of helper T and
suppressor-cytotoxic T cells are increased (Selby-et
al, submitted). Increased turnover of circulating
monocytes in patients with inflammatory bowel dis-
ease and increased monocyte lysosomal enzyme

activity provides evidence for the recruitment of
activated macrophages into the intestinal
mucosa.34135 After treatment, the appearances

returned to normal, indicating that the alterations
seen in the histiocyte populations in inflammatory
bowel disease are not primary to the disease process.

Heterogeneity of non-lymphoid, NSE-positive
cells thought to have arisen from intestinal mucosa
of rats has recently been shown in vitro.36 The ability
to isolate and study histiocytes from human intesti-
nal lamina propria37 will allow closer analysis of the
functions of these important cell populations. Such
studies, in combination with continued examination
of the cellular microenvironment in situ, shall
undoubtedly increase our understanding of the
immunological mechanisms active in the human
intestinal tract.
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