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Monocytes in inflammatory bowel disease:
phagocytosis and intracellular killing
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SUMMARY The ability of peripheral blood monocytes from patients with ulcerative colitis and
Crohn's disease to phagocytose and kill a standard strain of Staphyloccus aureus has been studied.
Using lysostaphin, a rapidly acting muralytic enzyme, phagocytosis could be accurately differentiated
from intracellular killing. When compared with normal healthy individuals and patients with
gastrointestinal diseases not thought to be immunologically mediated, monocytes from patients with
inflammatory bowel disease showed a statistically significant increase in the number of bacteria
phagocytosed in 2 hours. There was no difference, however, between patients with Crohn's disease
and those with ulcerative colitis. For all groups studied, more than 95% of ingested organisms were

killed, and there was no difference between groups.

These results suggest that peripheral blood monocytes in patients with Crohn's disease and ulcera-
tive colitis are activated. It is unlikely that the granulomata of Crohn's disease result from a defect
in the microbicidal function of the monocyte/macrophage system.

The stimulus for intestinal macrophages to aggregate
and form granulomata in Crohn's disease is unknown.
It is known, however, that graulomata produced in
response to certain bacteria, such as mycobacteria
and L-forms of streptococci, are the result of macro-
phages being unable to degrade these organisms
completely.' It is also known that intestinal granu-
lomata occur in chronic granulomatous disease, a
disease in which there is impaired intracellular
killing of bacteria by neutrophils and monocytes.

Since monocytes are likely to be the major source
of tissue macrophages,3-5 the present study has
investigated the phagocytic function and intra-
cellular killing of peripheral blood monocytes.

Methods

PATIENTS STUDIED
Monocyte phagocytosis and intracellular killing was
investigated in 15 patients with Crohn's disease and
in 15 patients with ulcerative colitis and compared
with that found in 28 normal healthy controls and
16 disease controls. The diagnoses of Crohn's
disease and ulcerative colitis were made on standard
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clinical, histological, and radiological criteria.
For the patients with Crohn's disease, disease

severity was graded according to the criteria of
de Dombal et al.6 while for patients with ulcerative
colitis it was graded according to the criteria of
Truelove and Witts.7
The disease control group consisted of patients

with either peptic ulceration, chronic pancreatitis,
or the irritable bowel syndrome, none of which is
thought to be immunologically mediated.
The age and sex distribution is shown in the

Table.

Age and sex distribution of subjects studied

Subjects studied No. Sex Mean age (range)

Normal controls 28 9 F 30 6 (20-57)19 M -

Disease controls 16 7 F 43-3 (19-68)9M

Ulcerative colitis 15 9 M 37-7 (20-81)

Crohn's disease 15 9 F 41 3 (15-77)

MONOCYTE ISOLATION
A monocyte-enriched population of cells was
obtained by layering heparinised whole blood over a
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Ficoll-Triosil gradient.8 After centrifugation, the
interface was removed with a Pasteur pipette, and
the cells were washed three times in Hanks's
balanced salt solution (HBSS, Gibco Biocult,
Glasgow) before being finally resuspended in
Hanks's gel (0-1% gelatin in HBSS). Cells were
counted using a Neubauer counting chamber, and
monocytes were identified by staining for peroxidase
positivity.9 The final cell suspension was then
adjusted to 1 x 107 monocytes/ml. Cell viability
was assessed by Trypan blue exclusion.

PREPARATION OF ORGANISMS
The Oxford strain of Staphylococcus aureus was used
throughout the study. A suspension of the organism
was cultured for 14 hours overnight in Hanks's gel
to ensure that the bacteria were in a stationary phase
of their growth curve. The bacteria were then
harvested by centrifugation at 50 g for 5 minutes,
washed three times in normal saline, and finally
resuspended in Hanks's gel to a concentration of
1 x 107 organisms/ml. This was measured by
assessing the turbidity of the bacterial suspension
spectrophotometrically at a wavelength of 550 nm.
An optical density of 0-3 corresponded to approxi-
mately 1 x 107 bacteria/ml, confirmed by pour plate
colony counts.

DETERMINATION OF PHAGOCYTOSIS AND
INTRACELLULAR KILLING
Phagocytosis and killing assays were performed using
a modification of the original technique described
by Tan et al.10 for neutrophils and by Weston et al."
for monocytes.
The bacteria were opsonised by the addition of

0.1 ml of AB negative serum for a single healthy
donor to 0 5 ml of Hanks's gel containing 1 x 107
organisms/ml 30 minutes before the start of the
experiment.

All the experiments were carried out in siliconised
Leighton tubes (Trident Ltd, London).

Monocytes
1x167/ml

GS ml

Mixed
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05ml

Oxtord staphylococcus ba
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tor 30minutes with
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To 0 5 ml of the mononuclear suspension was
added 250 U of heparin. 0 5 ml of the opsonised
Staph. aureus was then added to the mononuclear
suspension such that the final monocyte/bacteria
ratio was approximately 1:1. This suspension
was sonicated for 15 seconds at 45 watts to
ensure that no clumping had occurred. A
control tube was included with each set of experi-
ments containing only bacteria and Hanks's gel.
An 0-1 ml aliquot was removed from each sample
and serially diluted in distilled water before being
plated out on Columbia blood agar (Oxoid Ltd.
Basingstoke) in triplicate. The remainder of the
samples were incubated on a shaking table at 60 rpm
and at 370C for 2 hours. At the end of this period
a further 0-1 ml was removed and plated out as
previously. A further 0-2 ml was also removed and
transferred to a 10 ml capped plastic tube (Sterilin
Ltd, Teddington) containing 50 pug of filtered
lysostaphin (Schwartz Mann, supplied by Beckton
and Dickinson Co Ltd, Wembley) in 1 ml HBSS.

This was incubated for 20 minutes at 37°C and
the lysostaphin was then neutralised with 0-1 ml
of 2-5% trypsin (Novo Industria, Denmark). A
further 0-1 ml was again removed from this suspen-
sion and diluted before being plated out. This
count represented the number of viable intra-
cellular bacteria present at the end of the experiment.
Tan et al.10 have shown that 99.9% of extracellular
bacteria are killed by this method. This was con-
firmed by plating out undiluted samples from the
control tube which yielded no growth, thus con-
firming the antistaphylococcal effect of the lyso-
staphin.
The methodology, counts, and method of calcu-

lation are shown diagrammatically in Figures 1
and 2.

STATISTICS AND ANALYSIS
The results obtained for each group were compared
using a one-way analysis of variance.

Lysastcphin neutralised
with 251/trypsin

Incubated Incubated 20minutes
2 hours + lysostaphin

*~ -N

count
I

3se count

Fig. 1 Diagrammatic representation of method
of assaying monocyte phagocytosis and
intracellular killing of Staph. aureus.
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A-B

A-number of bacteria in system

o B- number of bacteria living after
2 hours

o C- number of viable intracellular
X bacteria af ter lysostaphinj (at end of experiment)

A-B- number of bacteria killed
_ (A- B) +TC -number of bacteria

phagocytosed

.1. bacteria phagocytosed = A- B + C x 100
A

I/obacteria killed = A-B x100
A-B+C

Fig. 2 Method of calculating percentage of bacteria
phagocytosed and killed by monocytes.

Results

PHAGOCYTOSIS
The mean percentage (± SEM) of bacteria phago-
cytosed in 2 hours by the monocytes of patients with
Crohn's disease was 53 8 (± 5 2)% and by the
monocytes of patients with ulcerative colitis 57T3
(± 4-1)%. These percentages were significantly
higher than the mean percentage of 39 9 (± 2-6)%
bacteria ingested by the monocytes of the normal
control group and 41-8 (± 5 4)% bacteria ingested
by the monocytes of the disease control group
(normals v Crohn's disease, P < 0-02; normals v
ulcerative colitis, P < 0 001). There was no signi-
ficant difference between normal controls and disease
controls, or between Crohn's disease and ulcerative
colitis. These results are shown in Figure 3.
When analysed with respect to disease activity,

there was no significant difference in the percentage
of bacteria ingested by the monocytes of patients
with either active Crohn's disease (n = 7) or ulcera-
tive colitis (n = 8) when compared with those
with inactive disease (Crohn's disease, n = 8;
ulcerative colitis, n = 7). The numbers of patients
in these groups are, however, too small for meaning-
ful statistical analysis. There did not appear to be
any relation between the percentage of bacteria
phagocytosed and the length of history, extent of
disease, or drug therapy in patients with either
Crohn's disease or ulcerative colitis.

INTRACELLULAR KILLING
The mean (± SEM) percentage of ingested bacteria
killed by the monocytes of patients with Crohn's
disease at 2 hours 20 minutes was 96-5 (± 1 1)%
and by the monocytes of patients with ulcerative
colitis 97 7 (± 0 7) %.
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(28) CONTROLS (15) (15)

(16)
Fig. 3 Percentage of bacteria phagocytosed by patients
with Crohn's disease and with ulcerative colitis, and
disease controls and normal controls.

These percentages are not significantly different
from the figures of 97-8 (± 0-3) % ingested bacteria
killed by the monocytes of normal healthy controls
or 96-9 (± 0.6)% ingested bacteria killed by the mono-
cytes of the disease control group. These results are
shown in Figure 4.
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Fig. 4 Percentage of ingested bacteria killed in
patients with Crohn's disease and with ulcerative colitis,
and disease controls and normal controls.

Discussion

Granuloma formation may be due to the nature of
the inciting agent,12 to an inability of the cells of the
monocyte/macrophage series to degrade the inciting
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agent to an appropriate level,' or to a combination
of the two.

Currently, there is much interest in the possibility
of a transmissible agent being responsible for both
Crohn's disease and ulcerative colitis.'3 Some of the
candidate organisms, for example, strains of myco-
bacteria'4 and cell wall deficient bacteria,'5 are
capable of giving rise to granuloma formation in
other situations.' Apart from chronic granulomatous
disease, the ability of cells of the monocyte/
macrophage series to degrade microorganisms in
those diseases where the presence of granuloma is
a distinct histological feature has not been studied
in man.
Using lysostaphin, a rapidly acting muralytic

enzyme specific for Staph. aureus, we have shown
that phagocytosis of this organism by the
monocytes of patients with Crohn's disease and
ulcerative colitis is increased compared with that
observed in disease and healthy controls. Once
phagocytosed, however, the organisms are killed by
the monocytes of the patients as effectively as in the
control groups.
The use of Staph. aureus is not ideal since

it is not known to produce granulomas, and the
mechanisms of intracellular degradation of this
organism are different from that of facultative and
obligate intracellular parasites. However, the organ-
ism does have several advantages. Lysostaphin can
be used to ensure extracellular killing, the results
are reproducible, and the organism is easily cultured.
None of these factors applies to recognised
granuloma-producing organisms. In addition, it
should be noted that the microbicidal defect in
patients with chronic ganulomatous disease allows
survival and dissemination of catalase-positive
bacteria such as Staph. aureus. Intestinal lesions
indistinguishable from those seen in Crohn's
disease have been described in patients with chronic
granulomatous disease,2 even though these patients
do not have an increased incidence of infections
with known granuloma-inducing organisms.
The present results may be accounted for in several

different ways. Activation of monocytes by a variety
of stimuli, including endotoxin, immune complexes,
and lymphocyte-derived factors, can lead to a non-
specific increase in phagocytosis.16 17 Many of these
activating factors are known to occur in patients
with inflammatory bowel disease, including immune
complexes'8 and endotoxin.19 Products of activated
T lymphocytes may also be important since cell-
mediated responses to colonic bacterial antigens
have been described in patients with both Crohn's
disease and ulcerative colitis.20-22 The ingestion of
microorganisms themselves may also act as a
stimulus to monocyte/macrophage activation, re-

sulting in enhanced phagocytic activity against
either similar or other organisms.23

Opsonisation with immunoglobulin and/or com-
plement is required for the attachment of most
microorganisms to the surface of phagocytic cells.24
This attachment is facilitated by the presence of
IgG and C3 receptors on the surface of the monocyte/
macrophage.25 It is known that the monocytes of
patients with Crohn's disease have both increased
IgG receptor and C3 receptor activity.26
Ward27 has proposed that a defect in the ability of

the cells of the monocyte/macrophage series to
inactivate ingested organisms is responsible for the
histological lesions seen in Crohn's disease. The
suggestion was that ingestion but non-degradation
of certain organisms may act as a continual stimulus
for the secretion of tissue-damaging lysosomal
enzymes. Indeed, certain organisms such as
mycobacteria, brucella, and streptococcal L-forms,
which are known to produce granulomas, are less
completely degraded by macrophages than non
granuloma-producing organisms.' While our results
do not negate this hypothesis for granuloma-
producing organisms, they do show that monocyte
phagocytic activity for Staph. aureus is enhanced
and that microbicidal activity for the same organism
is normal in patients with inflammatory bowel
disease. The enhanced phagocytic activity is further
evidence that monocytes are circulating in these
patients in an activated state.28
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