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Respiratory burst of intestinal macrophages in
inflammatory bowel disease is mainly caused by
CD 14+L1 + monocyte derived cells

J Rugtveit, G Haraldsen, A K H0gasen, A Bakka, P Brandtzaeg, H Scott

Abstract
Macrophages play a crucial role in intes-
tinal mucosal defence, forming dense
subepithelial aggregates, particularly in
the colon. One of their important bacteri-
cidal mechanisms is production ofoxygen
radicals but this may damage the intes-
tinal epithelium, perhaps as an early step
in inflammatory bowel disease (IBD). The
potential for release of oxygen radicals
from mucosal macrophages in IBD was
measured and whether a difference exists
between newly arrived (CD14+L1+)
monoctye-like cells and resident macro-
phages (CD14-Li-), without or with addi-
tional priming in vitro, was investigated.
Lamina propria mononuclear cells from
six patients with IBD and five with a
normal intestine were isolated with an
ethylenediaminetetra acetic acid/collage-
nase/dispase technique and cultured for
three days. The cells were tested with or
without interferon y (200 U/ml) priming
in the presence or absence of lipopoly-
saccharide (1 pug/ml) for the last 48 hours
in culture. Samples from inflamed IBD
mucosa depleted of CD14+ cells by
immunomagnetic beads were compared
with their undepleted counterparts and
with samples from virtually normal
mucosa from the same patients. The pro-
duction of oxygen radicals was measured
as the amount of reduced cytochrome C
2.5 hours after triggering with phorbol 12-
myristate 13-acetate. The oxygen radical
production in macrophages from moder-
ately or severely inflamed mucosa was
reduced by median 69% (range 220/o-79%,
p<0.027) after depletion of CD14+ cells,
reaching a level similar to that found for
virtually normal samples from the same
IBD patients. Furthermore, this produc-
tion did not increase significantly in
mucosal macrophages from normal refer-
ence mucosa and from virtually normal
or inflamed IBD mucosa after priming
with interferon y with or without addition
of lipopolysaccharide. Upregulation of a
respiratory burst in subepithelial resident
macrophages is not a likely pathogenetic
step in IBD. The increased oxygen radical
production shown by macrophages from
IBD lesions can, however, be ascribed to
recently extravasated CD14+L1+ mono-
cyte-like cells. Inhibition of extravasation
of these reactive cells may form part of a
therapeutic approach in the future.
(Gut 1995; 37: 367-373)
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Mucosal phagocytes are presumed to play
an important role in local defence against
invading micro-organisms. One of their major
microbicidal mechanisms is 'respiratory burst',
a term used for the production of oxygen inter-
mediates such as superoxide, hydrogen
peroxide, and hydroxyl groups, collectively
called reactive oxygen intermediates (ROI).1 A
potential side effect of ROI is cytotoxicity,
which may cause local tissue damage. The
dense subepithelial accumulation of macro-
phages in the intestinal mucosa2 3 suggests that
activation of these cells with induction of
respiratory burst and subsequent epithelial
destruction may be an early step in the patho-
genesis of inflammatory bowel disease (IBD).
Macrophages newly recruited from peripheral
blood4 could also contribute to this local
development. Previous investigations have
reported increased levels of ROI production in
mononuclear cells isolated from IBD mucosa,
but a distinction has not been made between
the macrophages with a monocyte-like pheno-
type and resident macrophages.5
We examined the respiratory burst of

macrophages isolated from moderately or
severely inflamed IBD mucosa compared with
parallel samples obtained from virtually
normal mucosa from the same patients. The
effect of depleting the former cultures of
recently recruited macrophages, defined by
their expression ofCD 146 7 and the L1 antigen
or calprotectin,4 was also studied. We also
examined the responsiveness of mucosal
macrophages to interferon y (IFN--y) and lipo-
polysaccharide (LPS) with regard to induction
of respiratory burst, using in vitro matured
monocytes as a positive control. Our results
showed that the CD 1 4+L1 + subset was
responsible for most of the increased respira-
tory burst activity of isolated macrophages
from inflamed IBD mucosa, and that this
activity could not be upregulated in resident
macrophages by IFN--y and LPS in contrast to
in vitro matured monocytes.

Methods

TISSUE SPECIMENS
The material included surgical specimens
from six patients with IBD (one specimen
from the ileum and five from the large bowel)
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and normal intestinal reference specimens
(jejunum) from five organ donors in whom
peripheral circulation was artificially main-
tained. Three of the IBD patients had Crohn's
disease and three ulcerative colitis as judged by
ordinary clinical and histopathological criteria.
From each IBD patient specimens were taken
from mucosa with macroscopically little or no
inflammation (internal controls) as well as
from mucosa with moderate or severe inflam-
mation. The intensity of inflammation was
further evaluated by conventional histological
staining of paraffin sections from ethanol-fixed
specimens8 taken from the respective mucosal
areas. Microscopically, the inflammatory reac-
tion was scored as 'no', 'mild', 'moderate', or
'severe', with special emphasis on the degree of
mononuclear cell infiltration, crypt abscesses,
and crypt destruction. Mucosa from the same
patients showing no or only mild inflammation
is referred to as 'histologically normal IBD
mucosa'.
Two of the IBD patients were not treated

with steroids at all and none received more
than 15 mg prednisolone per day during the
last two weeks before surgery. Two patients
were given mesalazine and one sulphazalasin in
addition to prednisolone. Only one of the
organ donors had received steroids for terminal
brain oedema.

MONOCYTES
Monocytes from six healthy blood donors were
isolated by Isopaque-Ficoll (Lymphoprep,
Nycomed AS, Oslo, Norway) gradient centri-
fugation followed by plastic adherence in
microtitre trays (Multiwell, Falcon, Becton
Dickinson, UK) or to chamber slides (LAB-
TEK, Nunc, Roskilde, DK); 3X 106 mono-
nuclear cells/ml in RPMI-1 640 (Biowhittaker,
Walkersville, MD) containing 5% fetal calf
serum (Gibco BRL, Paisley, Scotland) were
incubated for 1 hour followed by three gentle
washings with prewarmed medium.

LAMINA PROPRIA MONONUCLEAR CELLS
Lamina propria mononuclear cells (LPMNC)
were isolated by a modification of the tech-
nique described by Bull and Bookman.9
Briefly, the surgical specimens were washed
extensively in calcium-free and magnesium-
free phosphate buffered saline (CMF-PBS),
pH 7.4, before incubation in CMF-PBS with 1
mM dithiothreitol (DTT; Sigma Chemical
Company, St Louis, MO) for 15 minutes at
20°C with shaking, followed by four incuba-
tions at 37°C in CMF-PBS with 5 mM EDTA,
30 minutes each, also with shaking. After
this procedure to remove epithelial cells,
the mucosa with adjoining submucosa was
dissected free from the muscularis propria, cut
in small pieces, and incubated for 1-2 hours at
37.C in 25 mM Hepes buffered RPMI-1640
with 1 mg/ml collagenase A from Clostridium
perfringens (Boehringer Mannheim Bio-
chemica, D-6800 Mannheim, Germany) 2 mg/
ml dispase (Boehringer), and 0.04 mg/ml
DNase (Boehringer). The cell suspension was

then filtered through a 200 ,um steel mesh
(Bellco Glass Inc, Vineland, NJ) before
Isopaque-Ficoll separation. The viability of the
cells obtained was determined by fluorescence
microscopy after staining with acridine
orange/ethidium bromide.)0

While keeping the LPMNC suspension at
4°C, aliquots representing moderately or
severely inflamed IBD mucosa were depleted
of CD14+ cells by immunomagnetic beads
armed with antibodies to this antigen (Dynal,
Oslo, Norway) and next cultured in parallel to
undepleted counterparts as well as samples
representing histologically normal mucosa
from the same patients. The cells were seeded
at a concentration of 3x 106 cells/ml in
microtitre trays and on chamber slides
coated with 0-1% gelatin (Sigma), and 50%
(v/v) inactivated human plasma,11-13 before
adherent cells were obtained by washing away
the non-adherent cells after 2-3 hours incuba-
tion as described above for blood monocytes.

CELL CULTURES
RPMI- 1640 (Biowhittaker) was used as
medium in all cultures, with the addition of
10% (v/v) human serum (Sigma), penicillin
(100 U/ml), streptomycin (100 mg/ml), genta-
mycin (40 mg/ml), amphotericin B (0.25
mg/ml), and L-glutamine (2 mmol/l).

Adherent LPMNC were cultured for 3 days
with the addition of 1000 U/ml granulo-
cyte/macrophage colony-stimulating factor
(GM-CSF; kindly provided by Schering-
Plough Research, Bloomfield, NJ) to increase
the viability and survival of the cells'4; in some
experiments (see below) the last 2 days adding
IFN-y at 200 U/ml (Genzyme Corp,
Cambridge, MA), LPS at 1 pKg/ml (from
Escherichia coli strain-26 colon B-6, Sigma), or
both at the same concentrations. In three
experiments (one normal reference sample
and two inflamed IBD specimens) the non-
adherent LPMNC were cultured in parallel for
comparison.

Adherent mononuclear cells from peripheral
blood were cultured for 10 days, the last 2 days
including parallels with addition of IFN-,y (200
U/ml) in the presence or absence of either LPS
(1 ,ug/ml) or GM-CSF (1000 U/ml), or with all
three agents combined at the concentrations
mentioned. These experiments were per-
formed to compare the responsiveness to stim-
ulation with that observed for the adherent
LPMNC cultures.

CELL NUMBERS AND PHENOTYPES IN CULTURES
Determination of the cell number in the
microtitre trays was performed by a modifica-
tion of the method described by Gillies et al.'5
Briefly, after measurement of the superoxide
production the trays were centrifuged at 500 g
for 3 minutes and emptied. The cells were air
dried and fixed in 70% ethanol, stained with
crystal violet, and solubilised; the relative cell
number per well was determined spectro-
photometrically. Standard curves constructed
for monocytes and for adherent LPMNC were
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made and showed good correlation between
changes in optical density (OD) and cell num-
bers (r>09) within each tray, in accordance
with previous reports. 15 All the three categories
of adherent LPMNC obtained from each IBD
patient (see above) were examined in the same
microtitre tray.
The percentage of macrophages in the three

sample categories of adherent LPMNC from
IBD patients was compared by applying
butyrate esterase staining of acetone-fixed
chamber slide cultures treated identically with
those in the microtitre trays. To control for
contamination of granulocytes, parallel prepa-
rations were stained by nuclear staining and
also for chloroacetate esterase (neutrophilic
granulocytes).

Immediately after separation by immuno-
magnetic beads, samples of CD14+ LPMNC
from inflamed mucosa from four of the
patients were fixed for 1 hour in 1 0% formalin
and cytospins were prepared and incubated
for 1 hour with tetramethylrhodamine iso-
thiocyanate (TRITC) labelled rabbit IgG
(0.035 g/l) specific for the myelomonocytic
marker Li or calprotectin.16 TRITC labelled
normal rabbit IgG at the same concentration
was used as a negative control, and both conju-
gates had been prepared in our laboratory with
a similar fluorochrome:protein ratio.17
To evaluate the efficiency of the depletion of

the CD14+ LPMNC by immunomagnetic
beads, acetone fixed cytospins of depleted
samples were stained for CD 14 by monoclonal
antibody (mAb) against C 14 (Becton Dickin-
son, Immunocytometry systems, 2350 Qume
Drive, San Jose, CA 95131-1807) applied at
1/40 for 1 hour followed by biotinylated horse
anti-mouse IgG (0.025 g/l; Vector Labora-
tories, CA, USA) for 1.5 hours and strep-
tavidin-Texas red (Bethesda Research
Laboratories, MD, USA) at 1/400 for 30
minutes. Negative controls were obtained by
omitting the primary antibody.
The maturation of the monocyte cultures

was evaluated after one week by examining the
expression of differentiation antigens defined
by mAbs of the Max series (MAX 1, MAX 3,
and MAX 11)18 in a cell ELISA performed as
described previously.'9

ANALYSIS OF SUPEROXIDE PRODUCTION
The production of superoxide anions was
measured in a rapid spectrophotometric
microassay20 as the amount of reduced
cytochrome C expressed by the proportional
increase ofOD at 550 nm during the 2-5 hours
after addition of a reactant solution. Briefly,
after centrifugation of the microtitre trays (3
minutes, 300 g), aspiration of the cell culture
medium, and gentle washing with prewarmed
colourless RPMI- 1 640 (Gibco, Life Tech-
nologies, Paisley, Scotland), a mixture of 2
mg/ml cytochrome C (Sigma) and 200 nM
phorbol 1 2-myristate 13-acetate (PMA,
Sigma) in 100 gl colourless RPMI-1640 was
added to each well and incubated for 2.5 hours
at 37°C. Superoxide dismutase (SOD, Sigma)
was added at 300 U/ml to selected wells to

block the superoxide anion-dependent reduc-
tion of cytochrome C; these wells were used as
blanks. In four of the experiments, freshly iso-
lated monocytes were analysed in the same
microtitre tray as the adherent LPMNC; these
wells were used as positive controls. The
results were recorded in an automated enzyme
immunoassay reader (Termomax Microplate
Reader; Molecular Devices Corp, Mento Park,
CA) connected to a Macintosh computer with
a microtitre tray reader program (Softmax pro-
gram for Macintosh, version 2.2, Molecular
Devices, Menlo Park, CA).

EFFECT OF ISOLATION PROCEDURE
The LPS concentration in the enzyme solution
after 1 hour's treatment of the mucosal tissue
was tested by the chromogenic limulus amebo-
cyte lysate assay (Kabi Vitrum AB, Stockholm,
Sweden) and found to be in the range of
0.5-8.5 ng/ml. To evaluate the possible influ-
ence of pre-exposure to collagenase A and dis-
pase or endotoxin during the isolation
procedure on the superoxide production and
its response to priming with IFN-y in the
LPMNC, monocyte derived macrophages
were used as a model system. Adherent blood
mononuclear cells cultured for 8 days were
subjected to either collagenase A (1 mg/ml)
and dispase (2 mg/ml) of LPS (10 ng/ml) for 1
hour, centrifuged briefly (300 g, 3 minutes) to
avoid loss of non-adherent cells, washed gently
with prewarmed RPMI-1640, and then
(parallel to the adherent LPMNC) cultured for
3 days with GM-CSF (1000 U/ml), the last
2 days with or without IFN-y (200 U/ml).

STATISTICS
The data were considered non-parametric and
comparisons between groups were performed
by the Mann-Whitney U test for unpaired
samples (two tailed) and by the Wilcoxon
signed rank test for paired samples.
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Figure 1: Scatter plot comparing degree of inflammation as
judged macroscopically and by conventional
histopathological examination of mucosal inflammatory
bowel disease specimens. One specimen with no or mild
macroscopic inflammation and one with moderate to severe
inflammation were includedfrom each patient (specimens
with histological score of 'no' or only 'mild' inflammation
are referred to as 'histologically normal' inflammatory
bowel disease mucosa in the text).
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Figure 2: Coexpression ofLi and CD14 in isolated lamina propria mononuclear cellsfrom
inflamed inflammatory bowel disease mucosa. Immunofluorescence microscopy showing the
presence ofLl in cells isolated by immunomagnetic beads armed with antibody to CD14
(arrow indicates Ll-positive cell surrounded by beads).

Results

HISTOLOGICAL EVALUATION OF DEGREE OF
INFLAMMATION
The histopathological findings in intestinal
tissue sections taken from the IBD specimens
confirmed the macroscopical evaluation of the
mucosal samples (Fig 1). This comparison was
performed in a blinded manner by an experi-
enced histopathologist.

VIABILITY AND CELL PHENOTYPES IN CULTURES
The viability ofLPMNC after density gradient
centrifugation was median 92% (range 85°/o-
96%); after adherence separation all cells were
judged to be viable. The percentage of
mononuclear cells decorated with immuno-
magnetic beads determined microscopically in
conjunction with the depletion ofCD 141 cells,
was median 30/0 (range 1%/o-5%). Staining for
CD14 in LPMNC after depletion showed that
>80% of the CD14+ cells were removed by
the immunomagnetic beads. The percentage
of macrophages determined by butyrate
esterase staining in adherent LPMNC
(counted immediately after adherence separa-
tion) from histologically normal IBD mucosa
(median 1600%, range 15.70/o-17.8%) was
not significantly different from that in samples
representing mucosa with moderate or severe
inflammation (median 17-6%, range 15.3%/--
20.4%). However, the proportion of such
macrophages in the CD14 depleted counter-
parts of the latter samples (median 12-8%,

TABLE I Effect of isolation procedure on superoxide production in monocyte derived
macrophages

Priming with IFN-y (48 h)

Pre-exposure* None 200 U/ml

Control 0-02 (0-0 04)t 0-08 (0.05-0.16)
Lipopolysaccharide (10 ng/ml) 0-03 (0-01-0-04) 0.10 (0.07-0 14)
Collagenase (1 mg/ml) and dispase (2 mg/mi) 0.05 (0-02-0-12) 0-12 (0-06-0-14)

*Exposure (1 h) to lipopolysaccharide or collagenase A and dispase 3 days before testing (three
blood donors, same experiment). tValues expressed as change in optical density at 550 nm and
adjusted to 50 000 cell/well (median and observed ranges); detection limit: 0.005.

range 12- 1%-/o1 5 1%) was significantly reduced
(p=0.026) although the difference was rela-
tively small (27% reduction).
Median 70% (range 650/o-77%) of the cells

isolated by the anti-CD14 immunomagnetic
beads were positive for the myelomonocytic Li
marker (Fig 2). After adherence separation the
fraction of granulocytes in the cultures was
median 1-0% (range 0-50/o-4.0%), and at the
time of the superoxide analysis this contamina-
tion was reduced to <0-5% as determined by
nuclear morphology (routine staining) and
chloroacetate esterase staining. The fraction of
monocytes in the monocyte cultures after 8
days was median 93% (900/o-95%) as deter-
mined by butyrate esterase staining and no
granulocytes were seen.

SUPEROXIDE PRODUCTION
The PMA stimulated superoxide production
in monocyte derived macrophages, both with
or without IFN-y priming for 2 days, was
not inhibited by incubation of the cultures for
1 hour with medium in the presence of LPS
(10 ng/ml) or collagenase A (1 mg/ml) and
dispase (2 mg/ml) 3 days before testing
(Table I). Also, the addition of LPS (1 ,ug/ml)
or GM-CSF (1000 U/ml) together with IFN-y
for 48 hours did not affect the increase in
respiratory burst compared with addition of
IFN-y alone (Table II). Nor did GM-CSF
(1000 U/ml) alone increase the respiratory
burst in monocyte derived macrophages (n=3,
data not shown) compared with controls.
The superoxide production in the un-

depleted LPMC cultures from moderately or
severely inflamed IBD mucosa was signifi-
cantly increased (p=0.028) by median 30%
(range 200/o-200%) compared with samples
representing histologically normal mucosa
from the same patients; after CD14 depletion
this level was significantly (p=0.027) reduced
by median 69% (range 220/o-79%), and
became similar to that of the undepleted
samples from histologically normal mucosa of
the same patients (Fig 3).

There was no significant increase in PMA
stimulated superoxide production in any of
the samples of adherent LPMNC from IBD
patients after 2 days with IFN-y (200 U/ml)
and LPS (1 ,ug/ml). In adherent LPMNC from
normal reference mucosa a small increase was
observed (median 30%, range 00/o-120%) after
priming with LPS with or without IFN-y
(Fig 4) but this trend did not reach statistical
significance. By contrast, there was a signifi-
cant increase (median 107%, range 30%--
300%; p=0.028) in the superoxide production
of monocytes cultured for 8 days and then sub-
jected to the same priming (Table II), and also
when the monocytes had been pre-exposed to
collagenase and dispase or LPS as mentioned
above (data not shown). These monocytes had
reached a mature phenotype as determined by
cell ELISA for the antigens defined by the
mAbs of the MAX series (Table III). The
superoxide production per macrophage
(butyrate esterase positive cell) in non-
adherent LPMNC was in each case less than
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TABLE II Superoxide production in monocyte cultures

Change in OD at 550 nm
Stimulation (48 hfrom day 8) (median (range))*

Control (day 1) freshly isolated (n=6) 0-22 (0.16-031)t
Control (day 10) only medium from day 8 (n=6) 0.07 (0-02-0-10)
IFN-y (200 U/ml) (n=6) 0.16 (0.12-0-21)
IFN-y (200 U/ml) +LPS (1 ,ug/ml) (n=6) 0-15 (011-0-18)
IFN-y (200 U/ml)+GM-CSF (1000 U/ml) (n=3) 0-15 (0-11-0-18)
IFN-y (200 U/ml)+GM-CSF (1000 U/ml)+LPS (1 jLg/ml) (n=3) 0-17 (0.16-018)

OD=optical density; IFN-.y=interferon y; LPS=lipopolysaccharide; GM-CSF=granulocyte
macrophage-colony stimulating factor.
*Results adjusted to 50 000 cells/well. tDetection limit: OD 0.005.

one third of that in the adherent cells from the
same patient (p<005), as determined in two
inflamed IBD specimens and in one normal
reference sample (data not shown).

Discussion
Functional properties of macrophages
obtained from IBD mucosa were evaluated in
relation to phenotype by studying their in-
herent and inducible capacity for respiratory
burst (release of ROI). In the isolation pro-
cedure, LPMNC were exposed to enzymes
(collagenase and dispase) and trace amounts of
LPS, which might have interfered with their
function. The LPS concentration in the super-
natant after enzymatic tissue digestion for 1
hour was 0.5-8*5 ng/ml. Incubation for 1 hour
with trace amounts of LPS (1 ng/ml) has been
reported to block the priming effect of IFN-y
on the release of ROI from murine peritoneal
macrophages.21 Furthermore, the addition of
10 ngfml of LPS together with IFN-y

0-16 k-

(0.1-1000 U/ml) for 48 hours to cultures of
murine peritoneal macrophages reduced the
IFN-y dependent upregulation of the ROI
release.22 However, using in vitro matured
monocytes as a macrophage model system, we
did not find that LPS reduced the priming
effect of IFN-y on ROI production, either
when the cultures were pre-exposed to LPS
at 10 ng/ml for 1 hour at the beginning of the
culture period, or when LPS at relatively high
concentrations (1 pug/ml) was incubated
together with IFN-y for 48 hours.

Proteolytic enzymes have been reported to
exert a priming effect on PMA triggered ROI
production in murine peritoneal macro-
phages,23 out Mahida et al5 could not find
such an effect on human monocytes. both
studies measured ROI production directly
after the enzyme treatment. In our study, in
vitro matured monocytes showed no inhibition
ofPMA triggered ROI production or its prim-
ing by IFN--y measured 3 days after exposure
to collagenase and dispase for 1 hour. Con-
versely, the PMA triggered ROI release tended
to be increased, but not significantly so.

In our study, adherent LPMNC cultures
were allowed to reconstitute for 24 hours in
medium containing GM-CSF to improve the
viability before priming with IFN-y, with or
without addition of LPS. Coleman et al 24
found that GM-CSF stimulated the oxidative
metabolism after 48 hours' incubation of
murine resident peritoneal macrophages, but
other studies did not show any effect of GM-
CSF on ROI production in human monocyte
derived macrophages.25-27 Our results with in
vitro matured monocytes showed no additional
increased in PMA triggered ROI production
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expressed as the proportional changes in optical density
due to a reduction of cytochrome C in the reacting solution
added to the cultures 2.5 hours before measuring at
550 nm. Interferon-y (IFN-y) (200 U/ml),
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TABLE III Expression of maturation antigens in monocyte
cultures*

OD (median (range))t

Antibody 1 Day culture 7 Day culture

MAX 1 0-01 (0-0 07) 0 11 (0-05-0 20)
MAX 3 0-02 (0-0 02) 0-12 (0-02-0 18)
MAX 11 0 (0-004) 0-095 (0-05-017)

*Expression detected by the mAbs of the MAX series
measured in cell-ELISA (three donors, same experiment).
tValues expressed as optical density at 550 nm; detection
limit: 0 005.

when GM-CSF was added to IFN-y; nor was
any increase noted when GM-CSF alone was
added to the medium. On the basis of this
macrophage model system, we concluded that
the isolation procedure and culture conditions
of lamina propria macrophages had no serious
effects on the functional variable under investi-
gation. Furthermore, the functional properties
of LPMNC subjected to bead depletion of
CD 14+ cells were apparently not adversely
affected with respect to interleukin 6 produc-
tion as determined in three IBD samples (un-
published observations).
No significant increase was observed in

PMA triggered superoxide production by
macrophages from IBD mucosa as well as from
normal reference mucosa after priming with
IFN-,y for 2 days, with or without addition of
LPS. This was in striking contrast to the results
obtained with in vitro matured monocytes, also
when these cells had been subjected to similar
enzyme and LPS concentrations 3 days before
analysis, like the intestinal macrophages. Our
findings agreed with previous results reported
for isolated human intestinal macrophages
examined by semiquantitative methods.5 A
similar unresponsiveness of murine Kupffer
cells has also been reported.28
The unresponsiveness of mucosal macro-

phages to IFN-y in the presence or absence of
LPS observed in the present test system is not
a general phenomenon; similar conditions
resulted in significantly increased production
of IL-l o (Rugtveit et al, personal communica-
tion). Steroids might have inhibited the prim-
ing by IFN--y for superoxide production, but
such an effect has not been observed29 and
only one of the organ donors had received this
treatment.
We found a decrease in ROI production

(median 69%) when LPMNC isolated from
inflamed mucosa were depleted of CD14+
cells. This significant reduction documented
for the first time that CD14+ cells are the main
contributors to the increased ROI production
shown by macrophages from inflamed IBD
mucosa, as observed both previously5 and in
this study. The strong increase in respiratory
burst activity of in vitro matured monocytes
after IFN-y priming with or without LPS, and
the maintenance of such high activity in mono-
cytes cultured for more than 1 week in the
presence of IFN-^y30 and LPS,3' supported the
possibility that monocytes extravasating at
inflammatory sites retain a high capacity for
respiratory burst. Using the myelomonocytic
Li marker or calprotectin,32 we have pre-
viously shown a relative increase in the

monocyte-like fraction of cells in IBD mucosa
with increasing degree of inflammation.4 The
high percentage of CD 14+ cells which reacted
with antibody to Li in LPMNC isolated from
inflamed IBD mucosa substantiated our con-
clusion that most CD14± cells responsible for
an increased respiratory burst have been
recently extravasated in the lesion.
The difference in respiratory burst activity

observed between adherent LPMNC from
inflamed and histological normal IBD mucosa
remained unchanged after stimulation with
IFN--y in the presence or absence of LPS.
This finding was compatible with the notion
that inflamed IBD mucosa contains a fraction
of already highly activated macrophages
newly derived from peripheral blood, and that
resident macrophages in the mucosa of IBD
patients are resistant to an upregulation of
respiratory burst by inflammatory mediators
such as IFN--y and by LPS. The same was
found to hold true for macrophages in
LPMNC cultures obtained from normal
reference mucosa. The significant response to
the same agents seen in the in vitro-matured
monocytes 3 days after incubation with LPS
and enzymes, suggested that the absent up-
regulation in resident macrophages was not a
result of the experimental conditions but
reflected an intrinsic property of these cells.
Their lack of response to LPS is also in line
with the view that CD 14 is crucial for the
cellular recognition and stimulatory effect of
this factor.33 It would be interesting to com-
pare the results we obtained for intestinal
resident macrophages with those of similar
studies of such cells from other human
mucosae as well as non-mucosal tissues. As
far as we know there are no such data avail-
able.

In conclusion, we found an increased res-
piratory burst in isolated macrophages from
mucosal areas with moderate or severe inflam-
mation compared with virtually normal
mucosa from the same IBD patients tested
in parallel. Our results strongly suggested
that this increased respiratory burst arose in
recently recruited CD14+L1+ monocyte
derived cells rather than being explained by
inflammation induced upregulation of such
activity in resident macrophages. Inhibition of
extravasation of the C14+L1+ subset might
play a part in treatment in the future. Based on
our findings, stimulation of respiratory burst in
the normal subepithelial population of
mucosal macrophages is not likely to be
involved in the pathogenesis of IBD.
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