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Distribution of macrophages and granulocytes
expressing L 1 protein (calprotectin) in human
Peyer's patches compared with normal ileal lamina
propria and mesenteric lymph nodes

K Bjerke, T S Halstensen, F Jahnsen, K Pulford, P Brandtzaeg

Abstract
Antibodies to the cytosolic leucocyte LI
protein (or calprotectin) were examined for
reactivity with macrophages, neutrophils, and
eosinophils identified by paired immuno-
fluorescence staining in sections of normal
human ileal mucosa, including Peyer's
patches. Macrophages were recognised by
expression of the myelomonocytic antigen
CD68 (monoclonal antibody KP1). Neutro-
philic granulocytes were identified by their
content of neutrophil elastase, and eosino-
philic granulocytes by monoclonal antibody
EG2. Virtually all CD68+ macrophages in
normal lamina propria and Peyer's patches
were L1- and the same was true for most
extravasated macrophages in normal peri-
pheral lymph nodes. Some mesenteric lymph
nodes, however, and all peripheral lymph
nodes with overt pathological processes
(malignant lymphoma) contained many
CD68+L1+ macrophages. Numerous L1+
cells were also localised to the crypt region and
to some extent beneath the villous epithelium
in normal lamina propria, but they were mainly
identified as EG2+ eosinophils. Such cells
were remarkably scarce or absent beneath the
follicle associated epithelium in the dome
region of Peyer's patches, where CD68+LI-
macrophages were abundant. Also subepithe-
lial and interfollicular CD68- interdigitating
dendritic cells in Peyer's patches (recognised
by antibody to S-100 protein) were usually
unreactive with LI antibody. The Li protein
shows a broad spectrum of antimicrobial
activities in vitro, and its putative anti-
proliferative properties are interesting in
relation to the immunosuppression postulated
to take place in lamina propria. The virtual
absence of Li producing cells beneath the
follicle associated epithelium in Peyer's
patches may support the immunostimulatory
function of these macrophage rich structures,
which are held to be crucial for induction of
specific mucosal immunity.
(Gut 1993; 34: 1357-1363)

The immune system has evolved to defend the
individual against a diverse array of micro-
organisms. Apart from the physical protection
afforded by the surface epithelium, the innate
defence system includes primarily monocytes/
macrophages, neutrophilic and eosinophilic
granulocytes, and natural killer cells along with
various anti-microbial factors produced by all

these cell types. Specificity and memory are
properties of the adaptive immune system,
depending on B and T lymphocytes acting with
accessory cells.
The monocyte/macrophage cell lineage is

remarkably heterogenous, including classic
macrophages and various dendritic antigen pre-
senting cells.' They originate from pluripotent
bone marrow stem cells and migrate through
peripheral blood to tissues and body cavities
where they differentiate into specialised cells
showing great diversity of phenotypic and func-
tional characteristics.2 After emigration, mono-
nuclear phagocytes may remain as immobile
tissue macrophages for several months until they
are stimulated or activated.3

It remains uncertain whether the precursors of
different dendritic cells are found among the
peripheral blood monocytes4 or represent a
discrete circulating cell type. By the time the
dendritic cells appear in peripheral lymph,
however, they have become irreversibly
differentiated and may terminate as interdigitat-
ing dendritic cells in T cell zones of organised
lymphoid tissue. Interdigitating dendritic cells
are characterised by a highly irregular surface,
strong constitutive expression of major histo-
compatibility complex class II molecules, and
low phagocytic ability. Interdigitating dendritic
cells are therefore believed to function primarily
as antigen presenting cells,4 although they are
oftenincluded in thegenericterm 'macrophages'.

Previous studies of the distribution and nature
of macrophages in human intestinal mucosa and
Peyer's patches have shown a bewildering
heterogeneity, probably reflecting both develop-
mental and functional overlaps (see Discussion).
The formalin resistant myelomonocytic LI
antigen detected by polyclonal and monoclonal
antibodies has previously been proposed as a
marker for reactive macrophages and certain
monocyte derived histiocytoses (reviewed in
ref 5). Because of the interesting anti-microbial
and anti-proliferative properties of this cytosolic
protein, which is also called calprotectin,5 we
decided to examine its distribution in macro-
phages and granulocytes of the normal human
gut, focusing on ileal mucosa and Peyer's
patches. Virtually all peripheral blood mono-
cytes and neutrophilic granulocytes are LI
positive.5 Conversely, circulating eosinophils
have been shown to be negative, whereas they
apparently may express LI after extravasation
into inflamed tissue.5 It has been reported that
there is very little overlap between major histo-
compatibility complex class II (HLA-DR) and
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LI expressing lamina propria cells in normal
human gut mucosal but the nature of those
producing L1 at this site has not been deter-
mined. LI expression was therefore in this study
related to the distribution of various other cell
markers identifying macrophages (CD68),"
neutrophils (neutrophil elastase), and eosino-
phils (eosinophil cationic protein)7 by two or
three colour immunofluorescence staining in
situ. For comparison, similar marker studies
were performed on sections of peripheral and
mesenteric lymph nodes.

Methods

COLLECTION AND PREPARATION OF TISSUE
SPECIMENS
Specimens of distal ileal mucosa containing
Peyer's patches identified macroscopically, and
mesenteric lymph nodes, were obtained from
seven organ donors with maintained peripheral
circulation (age 10-47 years) and from one
patient (age 57 years) with cancer of the ascend-
ing colon. Additional ileal biopsy specimens
from eight patients (age 15-78 years) and eight
peripheral lymph nodes removed for diagnostic
purposes were included. Histological examina-
tion of the material showed normal mucosa with
frequent appearance of secondary (activated)
lymphoid follicles in Peyer's patches. Slight
reactive changes were seen in the lymph nodes,
dominated by follicular hyperplasia in the peri-
pheral and sinus histiocytosis in the mesenteric
ones. Peripheral lymph nodes with high grade

TABLE I Primary and secondary antibody reagents usedfor two colour immunohistochemistry

Working
concentratin
and incubation

Reagent time Source

Rabbit antiserum to human LI, both chains 1:100 Authors' laboratorya
(IgG, 0 5 g/l) 20 hours

TRITC-labelled rabbit anti-human L1, both 1:100 Authors' laboratorya
chains (IgG, 0-5 g/l) 20 hours

Mouse anti-human LI (Mac 387), both chains 1:1000 DAKO A/Sb
(ascites, IgGI) 20 hours

Mouse anti-CD68, clone KP1 (supernatant, 1:10 Pulford K A F and Mason D Y,
IgGI) 20 hours Oxfordc

Rabbit antiserum to S-100 protein 1:336 DAKO Corporationd
20 hours

Mouse anti-human HLA-DR, clone L243 1:20 Becton Dickinsone
(purified, IgGi) 20 hours

Mouse anti-human HLA-DR, clone BMA 022 1:200 Behringf
(purified, IgG2a) 20 hours

Mouse anti-human eosinophil cationic protein 1:20 Spry C J F, Londong
(ECP), clone EG2 (supernatant, IgGI) 20 hours

Mouse anti-human neutrophil elastase, clone 1:200 DAKO A/Sb
NP57, (supernatant IgG) 20 hours

Rabbit antiserum to human epidermal keratin 1:100 Authors' laboratory"
20 hours

FITC labelled goat anti-mouse IgG2a 1:20 Southern Biotech Assoc'
1-5 hours

Biotinylated goat anti-mouse IgGI 1:50 Southern Biotech Assoc'
1-5 hours

TRITC-labelled swine anti-rabbit Ig 1:16 Authors' laboratoryi
30 minutes

Biotinylated horse anti-mouse IgG 1:80 Vector laboratoriesk
3 hours

AMCA labelled goat anti-rabbit IgG 1:20 Vector laboratoriesk
30 minutes

FITC labelled Avidin B 1:200 Vector laboratoriesk
30 minutes

Texas Red labelled Streptavidin 1:400 BRL
30 minutes

FITC labelled Streptavidin 1:50 Boehringerm
30 minutes

aDale I, et al, AmJ Clin Pathol 1987; 87: 681-99; bGlostrup, Denmark; cPulford, et al,J Clin Pathol
1989; 42: 414-21; dSanta Barbara, CA, USA; 'Sunnyvale, CA, USA; fMarburg, Germany;
gSt George's Hospital and Medical School, London; Huitfeldt H, Brandtzaeg P. Histochemistry 1985;
83: 381-9; 'Birmingham, AL, USA; 'Brandtzaeg P, Rognum TO. HistochemJ 1983; 15: 655-99;
kBurlingame, CA, USA; 'Gaithersburg, MD, USA; mMannheim, Germany.

malignant non-Hodgkin's B cell lymphoma
(n=4) were also included.
The specimens from the organ donors were

immediately placed in ice cold isotonic saline.
Small tissue blocks of Peyer's patches and the
surrounding mucosa at some distance were
excised as soon as possible (less than two hours)
after collection, and were fixed in cold ethanol
(96%) and then embedded in low melting
paraffin wax.8 Additional specimens were fixed
in buffered formalin (10%, pH 7-4) at room
temperature for 48 to 72 hours before routine
paraffin embedding. Serial sections were cut at
4-6 ,um perpendicular to the mucosal surface.

After dewaxing, one section from each series
was stained with haematoxylin and eosin for
histological evaluation; the remainder were sub-
jected to paired immunohistochemical staining
(see below). Sections of formalin fixed tissue
were pretreated with trypsin (1-0 g/l) for 10-15
minutes at 37°C before application of the
primary antibodies.9 Sections of ethanol fixed
tissue were prefixed in periodate lysine (2%)
paraformaldehyde for 10 minutes at 4°C and
briefly washed in isotonic phosphate buffered
saline (pH 7-5) before use.

TWO AND THREE COLOUR IMMUNOFLUORESCENCE
STAINING
Table I lists the different monoclonal and poly-
clonal primary antibody reagents as well as the
secondary reagents. In paired stainings (Table
II) the reaction sites of monoclonal antibody
to CD68, HLA-DR, eosinophil cationic protein,
or L1 were detected by a three step method
employing biotinylated horse anti-mouse IgG
and fluorescein isothiocyanate (FITC) labelled
Streptavidin.9 The first step also included
tetramethylrhodamine isothiocyanate (TRITC)
labelled rabbit anti-LI'" or unlabelled rabbit
anti-S-100 protein whose red signal was achieved
in the last incubation step by means of TRITC
labelled anti-rabbit IgG.9 For paired staining of
CD68 andHLA-DRthe first markerwas detected
by biotinylated goat anti-mouse IgGI and
Streptavidin Texas Red, and the second by
FITC conjugated goat anti-mouse IgG2a (Table
I). The gut epithelium could in this combination
be delineated by costaining for cytokeratin with a
primary rabbit antiserum followed by 7-amino-
4-methylcoumarin-3-acetic acid (AMCA) conju-
gated goat anti-rabbit IgG (Table I)."
To discriminate clearly between various L1

containing cell types in the same section, five
step three colour staining was performed as
follows: (a) monoclonal antibody to either
eosinophil cationic protein or neutrophil elastase

TABLE II Combinations ofcell markers used in two colour
immunofluorescence staining after different tissue preparation

Flourescein label* Rhodamine label* Tissuefixation

1 CD68 (KP1) Li Formalin
2 HLA-DR LI Ethanol
3 ECP (EG2) LI Ethanol
4 HLA-DR (L243) ECP (EG2) Ethanol
5 CD68 (KPI) S-l00 protein Formalin
6 LI S-l00 protein Formalin
7 HLA-DR (BMA 022) S-100 protein Formalin
8 CD68 (KPI) HLA-DR (L243) Ethanol

*See Table I.
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or a mix ofboth was first applied; (b) biotinylated
horse anti-mouse IgG; (c) mix of FITC-labelled
Streptavidin, monoclonal antibody to CD68,
and unconjugated antiserum to LI; (d) biotiny-
lated horse anti-mouse IgG; and (e) AMCA-
conjugated goat anti-rabbit IgG mixed with
Streptavidin Texas Red. Eosinophils (EG2+) or
neutrophils (elastase+) or both (EG2+ and
elastase+) stained green, macrophages (CD68+)
red, and L1+ cells blue (see Fig 3 below).
Expression of L1 could therefore be related to
each phenotype, allowing in particular CD68+
macrophages to be distinguished from neutro-
phils expressing this marker.'2

Reagents were appropriately diluted (Table I)
in phosphate buffered solution containing
bovine serum albumin at 125 g/l, and all incuba-
tions of the primary antibodies took place for 20
hours at room temperature. Biotinylated anti-
mouse IgG and Streptavidin were applied for
three hours or 30 minutes, respectively, whereas
the subclass specific goat anti-mouse IgG conju-
gates were applied for 11/2 hours. Negative
controls were obtained by omitting or exchang-
ing the primary antibodies. To ensure that
conjugates were not non-specifically bound to
eosinophils, control sections were treated with
1% chromotrope 2R (Sigma, St Louis, USA).7

After a final wash in phosphate buffered
saline (10-15 minutes), all sections were briefly
rinsed in deionised water, air dried, and
mounted in buffered (pH 8) polyvinyl alcohol.

IMMUNOFLUORESCENCE COMBINED WITH
CYTOCHEMISTRY
Monoclonal anti-CD68 or anti-LI was applied
for 20 hours on ethanol fixed sections, and both
markers were visualised as described above with
FITC fluorescence. For costaining of acid phos-
phatase the sections were thereafter incubated
for one hour at 37°C in the following substrate
solution: 2 ml Naphthol AS-MX Phosphate acid
(Sigma 388-B), 2 ml 2-5 M acetate buffer (pH
5 2), 46 ml distilled water, and Fast Garnet GBC,
15 mg per 50 ml (Sigma F-6504).

TABLE III Median
percentage (range) ofcells in
normal ileal lamina propria
recognised by two colour
immunofluorescence staining
informalin fixed mucosal
specimens (n=8)

Antibody comnbination*

Anti-LI Anti-CD68

48 (30-60) 52 (40-60)

*Only six cells out of 2302
(mean cell count per specimen,
259) were stained by both
antibodies.

FLUORSCENCE MICROSCOPY AND
HISTOMORPHOMETRY
The tissue sections were examined in a Leitz
Orthoplan fluorescence microscope equipped
with a Ploem-type epi-illuminator, an x 25 Leitz
immersion objective, and an x10 ocular. The
filter system facilitated repeated study of
individual cells with regard to fluorescein
(green), rhodamine or acid phosphatase (red),
and AMCA (blue) emission. The spatial relation
between the two or three colours was further
evaluated in double or triple exposed colour
slides taken on Kodak Ektachrome 800 ASA
daylight film (see Figs 1-3).
An ocular grid (Leitz code No. 519902), to

count the fluorescent gut cells, was moved
systematically along the villous epithelium and
the typical flattened goblet cell depleted follicle
associated epithelium of Peyer's patch domes.
By permitting one side of the frame to touch the
basement membrane, the subepithelial zone was
divided into areas of 0-008 mm2, which usually

included the whole lamina propria of the villi and
the so called 'mixed cell zone' of the Peyer's
patch domes. Cells expressing LI within each
grid and in the corresponding epithelial layer
were counted in relation to the CD68 marker. In
such enumerations, CD68 negative eosinophils'2
as well as CD68 positive macrophages could
generally be distinguished from neutrophils
(which showed much brighter staining for LI
than the macrophages). Preliminary counts sug-
gested that only about 5% of the LI positive
cells in the lamina propria were neutrophils, a
finding supported by staining for chloroactate
esterase in the same sections.'3

Results

CD68+ macrophages in the ileal lamina propria
were deemed to coexpress LI quite rarely (about
0 5%). Most LI + cells at this site were thus taken
to represent granulocytes, which was supported
by the fact that the CD68+LI- cells showed a
much stronger reaction for acid phosphatase
than those expressing LI in all ethanol fixed
specimens examined. Acid phosphatase was also
expressed apically on the epithelium, which
served as an inherent control.
CD68+ macrophages were on the whole

slightly more numerous than L1+ granulocytes
in formalin fixed tissue (Table III). In prelimi-
nary counts on ethanol fixed sections (n=8) the
values were somewhat reversed (56% v 44%),
probably because of LI leaching when cross
linking fixative was omitted.5 The LI + granulo-
cytes were often quite numerous at the base of
the villi and in the crypt area (Fig 1A), while
CD68+ macrophages were relatively predomi-
nant near the tips of the villi (Fig 2A). The few
positive intraepithelial cells seen in the villus
epithelium after costaining for CD68 and LI
were usually granulocytes; less than 10% were
CD68+Ll- macrophages (six of a total of 64
evaluated cells).

Relatively few L1 + cells were seen in the dome
area of Peyer's patches (defined as the zone
beneath the typical flattened follicle associated
epithelium containing few or no goblet cells);
and they were totally absent in the germinal
centres ofPeyer's patches (Fig IA), as previously
seen in other lymphoid tissues.5 Conversely,
CD68+LI- macrophages abounded in the dome
area (Fig 2B and Table IV), and such large cells
were also frequently seen in the germinal centres
where they apparently represented tingible body
macrophages.

In the lamina propria about 90% of the LI+

TABLE IV Median number (range) ofsubepithelial cells per
grid (O-008 mm2) recognised by two colour
immunofluorescence staining in formalinfixed normal ileal
mucosal specimens (n=8)

Antibody combination

Location* Anti-LI Anti-CD68
Villus 5-5 (1-8-8-2) 6-2 (3-7-8 5)
PP domet 0-8 (03-1-5) 3-9 (10-5-7)
*Median number of grids examined per specimen in villus and
Peyer's patch (PP) dome was 26 and 14, respectively; tBeneath
goblet cell depleted parts of follicle associated epithelium.
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I

Figure 1: Formalin fixed mucosal sections subjected to two
colour immunofluorescence staining of(A) Peyer's patchfor
LI (green) and S-100 protein (red), and (B) villus mucosafor
Li (green) andEG2 (red). Note abundantS-100 protein',
probably interdigitating dendritic cells in dome and also some
close to the villous epithelium on the right, and that Li + cells
are mainly located in lamina propria outside the Peyer's patch
(A). AllEG2+ eosinophils contain Li (B). VE=villus
epithelium; FAE=follicle associated epithelium; FC=
follicle centre (original magnification (A) x 160; (B) x410).

cells taken to be granulocytes were by the specific
marker eosinophil cationic protein shown to be
eosinophilic granulocytes (median number of
EG2+ cells examined per specimen: 120, range
9-225; n=7). In fact, no Li- eosinophils were
seen in the lanina propria (Fig 1B) by con-
trast with lymph nodes where some such cells
apparently lacked this protein (see below). The
density of both Li+ cells (Table IV) and EG2+
cells (Table V) was on average seven times higher
in the ileal villi than in the Peyer's patch domes.

Also most of the CD68+ macrophages occur-
ring in the fairly normal peripheral lymph nodes
lacked Li. In some of the mesenteric lymph
node specimens, however, many macrophages
were CD68+Li+, perhaps because of increased
traffic of mononuclear cells as suggested by
comparatively pronounced sinus histiocytosis;

Figure 2: Ethanolfixed sections ofnormal ileal villus (A) and
Peyer's patch (B) subjected to two colour immunofluorescence
staining with KPI for CD68 (red) and HLA-DR (green).
Note abundant CD68+DR+ macrophages (yellow) in
subepithelial area. The endothelium ofsmall vessel expresses
onlyDR (arrowed) and two granulocytes are stained onlyfor
CD68, one indicated by arrow (A). Note double expression of
CD68 andDR apically on epithelium (A). There are
numerous double expressing macrophages (yellow) in the dome
(B). Small CD68-DR+ cells represent mainlyB
lymphocytes, whereas larger such cells are probably of
interdigitating dendritic variety. FAE =follicle associated
epithelium; FC=follicle centre (original magnification
x410).

on average, 50% of all L1 + cells without granulo-
cyte markers expressed CD68 in these nodes (Fig
3A, Table VI). Also, CD68+ smaller round cells
considered to be monocytes often occurred
intravascularly in ileal lamina propria and lymph
node pulpa as well as in marginal sinuses. By
contrast with the normal situation, most CD68+
macrophages (70-90%) infiltrating areas of
lymph nodes occupied by malignant B cells
expressed L1 (Fig 3B). These tumour areas
contained only scattered L1+ granulocytes and
some of the eosinophils (0-20%) seemed to lack
Li.
The abundant subepithelial and intrafollicular

CD68+ macrophages seen in Peyer's patches

1360

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.34.10.1357 on 1 O

ctober 1993. D
ow

nloaded from
 

http://gut.bmj.com/


Macrophages, granulocytes, and Peyer's patches compared with ileal lamina propria and lymph nodes

Figure 3: Ethanolfixed
sections ofnormal mesenteric
lymph node (A) and
peripheral lymph node with
B-cell lymphoma (B)
subjected to three colour
staining with KPI for CD68
(red), eosinophil cationic
protein and neutrophil
elastase (green), and L
(blue). Green emission
omitted in (A) because of
absence ofgranulocytes.
Note CD68+L] + and
CD68+LI-macrophages in
both (A) and (B). A
granulocyte (heavy arrow) is
triple stained in (B) (original
magnification x410).

were all HLA-DR positive (Fig 2B), as were the
S-100 protein' interdigitating dendritic cells
sometimes found beneath the follicle associated
epithelium (Fig 1A). Conversely, most L1+ cells
both in Peyer's patches and lamina propria did
not express HLA-DR; only 1% (range 0-8 9%)
of these cells were DR+ (median number of L1+
cells evaluated per ethanol fixed ileal specimen:
115, range 75-201; n=8). This implied that
eosinophils in normal gut mucosa generally do
not express class II molecules, which was

directly confirmed by paired staining for eosino-
phil cationic protein (EG2) and HLA-DR
(median number of EG2+ cells examined: 101,
range 64-280, n=4) in which only four double
positive cells were found.
Most S-100 protein' interdigitating dendritic

cells were clustered in the interfollicular zones of
Peyer's patches. Also at this site they were

CD68-Li- but expressed strongly HLA-DR.
Only four S-100 protein' cells in eight double
stained formalin fixed sections seemed to express
CD68 and two Li (median 65, respectively 73,
S-100 protein' cells were examined). A few
S-100 protein', comparatively large elements
(deemed not to be nerve fibres) were seen
scattered or as small clusters in the villous lamina
propria (Fig 1A).

Follicle associated epithelium and villous

TABLE V Median number (range) ofsubepithelial eosinophils
recognised by EG2 immunofluorescence in ethanolfixed
normal ileal mucosal specimens (n= 7)

Location* Cells/grid (0-008 mm2)

Villus 2-8 (14-3.3)
PP domet 0.4(0-0 7)

*Median value of grids examined per specimen in villus and
Peyer's patch (PP) dome was 25 and 16, respectively; tBeneath
goblet cell depleted parts of follicle associated epithelium.

TABLE VI Median percentage (range) ofCD68 positive
mononuclear phagocytes detected by three colour
immunofluorescence staining among L I positive cells in
ethanolfixed lymph nodes*

Peripheral nodes (n= 7) Mesenteric nodes (n=8)

0 (0-35) 51(0-94.6)

*Median cell count (range) per specimen in peripheral and
mesenteric lymph nodes was 203 (83-250) and 120 (41-227),
respectively.

epithelium showed apical expression of CD68,
apparently related to the brush border in a
granular pattern completely congruent with that
ofHLA-DR (Fig 2A). Because the CD68 antigen
is derived from lysosomes,6 this finding is in
agreement with the fact that lysosomal proteins
may be subjected to apical transport, thus reach-
ing the microvilli of polarised cells.5

Discussion

The Mr approximately 36&5 K myelomonocytic
L1 protein complex belongs to the S-100 protein
family and may play a part in the regulation of
cellular proliferation and differentiation.5 Its two
chains (L1L and L1H) are regrettably referred to
by a bewildering collection of names, various
authors having different preferences (MRP-8
and MRP-14; p8, p14; CFA or calgranulin A and
B).5 The most recent proposal is calprotectin
because of LI's calcium binding properties and
its anti-microbial effects shown in vitro.5 In this
study we examined expression of Li by macro-
phage subpopulations in the normal distal ileum
using CD68 and S-100 protein as cell markers.
Similar examinations were performed in reactive
lymph nodes for comparison, because previous
studies have shown striking expression of Li by
macrophages infiltrating pathological processes.5
In the normal ileum, however, we found that
virtually all CD68+ macrophages and (not
unexpectedly)5 S-100 protein' dendritic cells
lacked this protein.
Lamina propria macrophages thus show

remarkably downregulated Li production in
the normal state. The usual course for mono-
nuclear cells after extravasation is in fact to lose
functional capacity; resident macrophages in
normal tissues are therefore in some aspects less
differentiated than monocytes, but they may
nevertheless be more active in other instances.2
Macrophage heterogeneity is indeed quite
common, even within a single lymphoid organ. 14
Monoclonal antibodies have greatly helped to
dissect such subpopulations, but the results are
often inconclusive because of overlapping react-
ivity and lack of related functional information.
Available information about the distribution of
various macrophage subsets in the human gut
(Table VII) has mostly been based on single
immunohistochemical staining in serial tissue
sections, rendering evaluation of multiple
marker expression difficult or impossible. The
monoclonal antibodies 25F9 and RFD7 bind to
mature human tissue macrophages'5 whereas
RFDI identifies interdigitating dendritic cells.
Interestingly, in normal colonic lamina propria
most cells (87%) recognised by these reagents
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TABLE VII Labelling ofcells ofthe monocytelmacrophage family with monoclonal antibodies
previously reported for normal human ileal mucosa including Peyer's patches

Peyer's patches
Mucosal

Antibody code Dome Follicle Interfollicular lamina
and reference Reactivity area centre area propna

RFDI3' Dendritic cells (some B cells) + + + +
RFD73s Tissue macrophages - - - +
RFD936 Epitheloid cells and tingible body - +

macrophages
Y 1/82i7 Monocytes and macrophages + + - +
EBM1 138 Tissue macrophages + + - +
UCHM139 Monocytes - + - -
25F9'5 Mature macrophages + + - +

seem to be positive for all three markers2 and can
apparently function both as phagocytes and
antigen presenting cells.216 By contrast, antibody
RFD7 does not react with macrophages in the
dome region or germinal centres of Peyer's
patches,'7 while antibodies EBMl1 and Y1/82
directed against CD68,6 have been found to
detect most intestinal macrophages. This also
includes the two latter tissue sites, which is in
keeping with our findings based on antibody
KP1.

It is quite possible that cooperation between
various macrophage subsets takes place in
Peyer's patches. Wright et al'8 reported that
particulate antigens, after initial phagocytosis,
may be reprocessed for presentation to T cells,
and Guidos et al'9 proposed a functional comple-
mentation between mononuclear phagocytes and
interdigitating dendritic cells. The first sub-
population may thus provide processed antigens
in a form more suitable for presentation by
dendritic cells lacking acid phosphatase,2 20
whereas the second (with strong constitutive
class II expression) may present very efficiently
antigenic peptides to CD4+ T cells. Perhaps
such a dichotomy exists between the CD68+ and
S-100 protein+ cell populations in Peyer's
patches. A particular difference between murine
class II-expressing macrophages and inter-
digitating dendritic cells seems to be that only
the second subset is capable of triggering resting
T cells,2' whereas the first needs primed T cells to
induce immune responses.22 Formation of
clusters with unprimed T cells has thus been
shown to be a functional feature of dendritic
cells23; this may explain the striking appearance
of S-100 protein+ cells in Peyer's patches, which
are considered important sites for induction of
primary immune responses.24
The exact activation state of normal lamina

propria macrophages is currently unknown, but
the lack of intercellular adhesion molecule-i
(CDa4)25 may restrict their function in antigen
presentation especially to unprimed CD4+ T
cells despite being pan-class Il-positive.26 With
regard to their lack of Li, this feature is shared
with resident macrophages in many other normal
tissues such as tonsils, peripheral lymph nodes,
thymus, spleen, and liver.5 We have recently
found that in inflammatory bowel disease, large
numbers of CD68r+sL1i+ mononuclear cells
occur in the affected gut mucosa. They most
likely represent recently emigrated monocytes
and may thus turn out to be highly responsive
young 'inflammatory macrophages'.27 It is
currently unknown, however, whether this sub-
set belongs to the same functional category as the

CD68+Ll+ mononuclear cells infiltrating malig-
nant lymph node processes and often present
in normal (reactive) mesenteric lymph nodes.
Further studies are also required to evaluate any
disparity in their expression of the two LI
chains. These peptides are complexed in both
neutrophils and monocytes,28 29 but recently
extravasated mononuclear cells have been
claimed to express only the LH chain in acute
inflammation - contrasting with chronic inflam-
matory conditions in which macrophages often
are found to express both chains.527 One
hypothesis is thus that lack of LIL downregula-
tion might reflect failure ofmonocyte differentia-
tion to macrophages in chronic inflammation.29
More work is needed, however, to clarify such
putative differential regulation of the two LI
chains; possible immunohistochemical artifacts
cannot be discounted because quite contrasting
results have been reported with regard to expres-
sion of the two chains in immune granulomas.527
Our results show that eosinophilic granulo-

cytes are the main cellular source of LI in the
normal gut. Circulating eosinophils have been
reported to be negative for Li10 and they
apparently show only variable positivity in
inflamed tissue.5 It is remarkable, therefore, that
in normal ileal mucosa these cells all express LI.
As well as its anti-microbial activities,5 an anti-
proliferative function has recently been shown
for LI and tentatively ascribed to its inhibition of
casein kinase II.P Such a putative immuno-
suppressive effect of LI might accord with the
intestinal distribution seen of the Li+ eosino-
phils: they are localised mainly in the lamina
propria where a downregulating effect on
lymphocyte proliferation would be beneficial to
dampen immune responses to food antigens, but
they are virtually absent beneath the follicle
associated epithelium of Peyer's patches where
adequate immunostimulation to potentially
pathogenic antigens is desirable. Interestingly,
Li may share an immunoregulatory function
with another eosinophil product, eosinophil
cationic protein, which has been shown to inhibit
the proliferation ofhuman T and B cells and also
the immunoglobulin production of plasma cell
lines in vitro.3031 This inhibition can be reversed
by IL-6,3° a cytokine which has been implicated
as a positive factor for mucosal IgA production.32

In vitro experiments have suggested that
secretory IgA is a very potent activator of
eosinophils as measured by degranulation, being
two to three times more potent than monomeric
IgA.33 Locally produced polymeric IgA anti-
bodies may therefore be the principal immune
stimulator of eosinophil effector functions at
mucosal surfaces, both in protective and tissue
destructive situations.34 Much more work is
required, however, to clarify possible immuno-
regulatory and immunopathological interactions
between eosinophils and the mucosal IgA system
in the human gut.
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