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Polymorphonuclear leucocytes in Crohn's disease and
ulcerative proctocolitis: association between enhanced
adherence to nylon fibre and disease variables
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SUMMARY The adherence of polymorphonuclear leucocytes (PMN) to nylon fibre was investigated
in patients with Crohn's disease, ulcerative proctocolitis, and anorexia nervosa, and compared with
changes of circulating PMNs, C reactive protein concentrations, erythrocyte sedimentation rates,
and clinical assessment of disease activity. PMN adherence was in excess of the maximum value
detected for healthy subjects in 14 of25 patients with Crohn's disease and two of 10 with proctocolitis,
but it was within the normal range for all eight with anorexia nervosa. High adherence in Crohn's
disease, however, was not associated with quantitative or qualitative changes ofPMN populations,
absolute concentrations ofC reactive protein, erythrocyte sedimentation rates, disease severity, drug
regimens, malnutrition, or zinc deficiency. High PMN adherence in Crohn's disease may therefore
reflect the activation in vivo of normal PMN by humoral factors.

Adherence of polymorphonuclear leucocytes (PMN)
to vascular endothelium is an early event in the acute
inflammatory response and may be examined in vitro
by measuring the adherence of PMN to nylon fibre.'
PMN from patients with various chronic inflam-
matory conditions,2 including inflammatory bowel
disease,5 exhibit high adherence values, and this
feature may be a useful indicator of acute episodes.
The causes of enhanced PMN adherence in inflam-
matory bowel disease, however, are largely unknown.
Humoral substances have been implicated5 and these
may be acute phase proteins. Alternatively, high
adhesiveness may be due to qualitative or quantitative
disturbances6 of circulating PMN.

In this study PMN adherence to nylon fibre in
Crohn's disease and ulcerative proctocolitis was
examined and results were compared with changes of
circulating PMN, C reactive protein (CRP) concentra-
tion, erythrocyte sedimentation rates (ESR), and
clinical assessment of disease activity. Crohn's disease
is often complicated by malnutrition7 and zinc
deficiency,'° " the effects of which on PMN adherence
are also unknown. Accordingly, these factors were
examined in patients with Crohn's disease or with
ulcerative proctocolitis. A further group of patients
with anorexia nervosa was studied to assess the effect
of malnutrition on PMN adherence.
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It was anticipated that changes in PMN adherence
might relate to features of an acute phase response or
to the severity ofinflammatory bowel disease, or both.

Patients and methods

All subjects fasted overnight and blood samples were
taken between 08.00 and 11.00 am the following
morning. Twenty five healthy subjects with a median
age of 35 (range 21-67) years (14 males); eight women
with anorexia nervosa (median age 22, range 19-25
years, one receiving chlorpromazine), and 41 patients
with inflammatory bowel disease were studied. Not all
of the subjects were investigated with respect to all
variables.

Patients with inflammatory bowel disease were
diagnosed from clinical, radiological, and histological
evidence. Twenty nine (fifteen men) had Crohn's
disease (median age 30, range 18-74 years) for periods
of one to 24 years. Severity of disease was assessed by
the Crohn's disease activity index,'2 with scores in
excess of 150 indicative of active disease: further
clinical details are given in table 1.
Twelve patients (six men) had ulcerative proc-

tocolitis (median age 42, range 22-62 years). Of these,
three had severe, one moderate to severe, five
moderate, and one mild disease, and two were in
remission, assessed by the method of Truelove and
Witts.'3 Three patients were receiving no treatment;
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Table 1 Clinical details of the patients with Crohn's disease

Site ofdisease:
Small intestine 5
Terminal ileum 12
Large intestine 11
Rectum 2
Anus 3

Drug regimen:
Prednisolone (2 5-15 mg/day) 9
Sulphasalazine (0-51-5 g/day) 11
Azathioprine (150 mg/day) I
Adrenocorticotrophic hormone (I mg/week) I
Indomethacin (50 mg/day) I
Codeine phosphate (64 mg/day) 4
Nil 11

Active disease: 19
(Active disease = activity index greater than 150; values ranged

from scores of 28 to 471.)

four, sulphasalazine (0 5-2-0 g/day); two, sul-
phasalazine (1.5 and 3 g/day) and prednisolone (2.5
mg/day); one, sulphasalazine (1 g/day) and Colifoam
enemas; and two, oral prednisolone alone (2-5 and 7 5
mg/day).

This investigation was approved by the ethical
committee of St Thomas's Hospital and all patients
gave informed consent.

Nutritional state was assessed as the percentage of
desirable body weight for height; Metropolitan Life
Assurance Company tables, and subjects below 90%
desirable body weight judged to be malnourished.
Plasma zinc concentrations were determined using

an IL-257 flame atomic absorption spectrophotometer
(Instrumentation Laboratories). Plasma C reactive
protein concentrations (CRP) were measured by
radial immunodiffusion (Partigen plates; Behring Ins-
titute) over a range from zero to "in excess of95 mg/l".
For statistical analysis, readings in excess of the
maximum detectable-that is, > 95 mg CRP/1-were
taken to be 95 mg/l. Erythrocyte sedimentation rates
were determined by the department of haematology,
St Thomas's Hospital, and are expressed as mm/hour
(Westergren).

Adherence was determined on samples of whole
blood (containing 5 units of preservative free heparin/
ml blood; Leo Laboratories) by a modification of
Stecher's method,' within one hour of venepuncture.
Barrels of disposable tuberculin syringes (Gillette)
were packed with 20 mg teased, scrubbed nylon fibre
(Fenwal Laboratories) and compressed to the 0-1 ml
mark with the plunger. A 25 gauge needle (Becton
Dickinson) was fitted and the column incubated at
37°C for 10 minutes. Blood (300 sl) was introduced
into the open end of the syringe, the plunger replaced
and slowly advanced until the blood reached the
bottom of the nylon fibre. The column was then
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incubated at 37°C for 10 minutes. The needle was
removed to avoid subjecting the cells to shear forces
and the blood expelled. Adherence was estimated by
comparison of total and differential leucocyte counts
before and after incubation. Results are expressed as
the percentage ofPMN retained in the-column (mean
of triplicate estimates).
PMN populations were assessed morphologically

by determining the average number of nuclear lobes in
each cell from counts of 100 cells in blood smears.
These were prepared by staining with Leishman's
solution (0-3% w/v in methanol; Gurr) for 20-40
minutes at room temperature, washing in tap water,
and drying in air. Stained smears were examined by
oil-immersion microscopy at x 1600 magnification.
Data were compared by Wilcoxon's rank sum test

(PMN numbers, subpopulations, and adherence to
nylon fibre) and, for the correlation ofPMN numbers,
CRP concentrations and erythrocyte sedimentation
rates to adherence values, by least squares linear
regression analysis.

Results

All eight patients with anorexia nervosa, none of 12
with proctocolitis, 10 of 21 with Crohn's disease, and
one of 18 healthy subjects were malnourished (below
90% of desirable body weight). Median plasma zinc
concentrations were slightly lower for patients with
proctocolitis or those with Crohn's disease compared
with healthy subjects or those with anorexia nervosa;
these differences were not significant (table 2). One of
nine healthy subjects, two of I1 with proctocolitis, 12
of 23 with Crohn's disease, but none of the anorexia
nervosa patients had detectable CRP (table 2). Nine-
teen of 26 patients with Crohn's disease and five of 14
with proctocolitis had ESR values in excess of the
maximum detected for the healthy subjects (16 mm/
hour) (table 2).

Circulating PMN numbers were significantly higher
for those patients with Crohn's (p < 0-01) disease and
for those with proctocolitis (p < 0 01), but slightly
reduced in those with anorexia nervosa (p > 01),
compared with healthy subjects (fig I a). The numbers
of nuclear segments ofPMN were slightly lower for all
patient groups compared with those of healthy
subjects, but these differences were small (fig I b).
Median PMN adherence was significantly greater

for patients with Crohn's disease (p < 0-01) and those
with proctocolitis (p < 0 05), but lower in those with
anorexia nervosa, compared with that of healthy
subjects (fig 2). Fourteen of 25 with Crohn's disease
and two of 10 with proctocolitis had adherence values
in excess of the maximum value (77% PMN adherent)
for healthy subjects. The data for these 14 patients
with Crohn's disease were therefore analysed further.
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Table 2 Plasma zinc and C reactive protein (CRP) concentrations, and erythrocyte sedimentation rates (ESR)

Plasma zinc (pg/ml) CRP (mg/l) -'FSR (mm/hour, Westergren)
(n) Median Range (n) Median Range (n) Median Range

Healthy subjects (17) 0-97 0-88-1 22 (9) 0 0- 11-8 (8) 4 1-16
Crohn's disease (29) 0-88 0-67-1 20 (23) 4 0->95* (26) 24 3-74*
Ulcerative proctocolitis (10) 0-86 0-70-105 (11) 0 0- 73 (14) 8 5 3-45t
Anorexia nervosa (8) 096 076-113 (10) 0 0 NR NR NR

*p <001 v healthy subjects.
tp < 0-05 v healthy subjects.
NR, not recorded.
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Fig 1 (a) Numbers ofpolymorphonuclear leucocytes in
blood ofsubject groups studied (median and individual values
are indicated (Crohn's disease and ulcerative proctocolitis v

healthy subjects p < 0 01). (b) Average numbers ofnuclear
lobes polymorphonuclear leucocytes (median values are

indicated).

Within this group (table 3) the proportions of
patients with active Crohn's disease (69%, nine of 13)
or receiving treatment (62%) were not significantly
different from those with normal adherence values
(50% and 58%, respectively). Malnutrition was twice
as common among those with high adherence values
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Fig 2 Percentage ofbloodpolymorphonuclear leucocytes
adherent to nylonfibrefor patients with Crohn's disease,
ulcerative proctocolitis, anorexia nervosa, and healthy
subjects. Median and individual values are shown (Crohn's
disease v healthy subjects p < 0 01: ulcerative proctocolitis v
healthy subjects p < 0 05).

(54%) compared with the remainder (25%). Overall,
however, PMN adherence values for the malnourished
(n = 10, median adherence 80%, range 64-89 5%)
and normally nourished (n = 11, median 775%,
range 55 5-88-5%) patients with Crohn's disease did
not differ significantly.
PMN adherence values for the patients with

Crohn's disease did not parallel their numbers of
circulating PMN (fig 3). Furthermore, eight of 10
patients with Crohn's disease with detectable plasma
CRP also had adherence values in excess of the
maximum for healthy subjects; there was no simple
association between absolute concentrations of CRP
and PMN adherence values (fig 4a). Similarly, there
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Table 3 Clinical details ofpatients with Crohn's disease with
adherence values in excess of maximum detectedfor healthy
subjects (77% PMN adherence)

Percentage
Case CDAI ofdesirable Drug
No score body weight regimen

SM 471 85-2 Prednisolone
GP 455 79.7 Sulphasalazine
FD 132 79-6 0
RB 168 97-3 Sulphasalazine and

prednisolone
JA 243 98 5 Sulphasalazine
LN 343 122-2 Adrenocorticotrophic

hormone
AD 300 86-8 0
LB 99 851 Sulphasalazine
HL 104 981 0
GR 226 726 0
JO 208 92 7 Sulphasalazine
IM 140 72 2 Prednisolone
Mc Not recorded Not recorded Not recorded
LK 247 90 2 0

CDAI, Crohn's disease activity index
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was no apparent association between ESR values and
PMN adherence for patients with Crohn's disease:
indeed, only five of the 20 patients assessed had the
combination of an ESR and a PMN adherence value
that was in excess ofthe respective maximum value for
healthy subjects (fig 4b).

Discussion

PMN adhesiveness to nylon fibre was high for some
patients with Crohn's disease and a few with ulcerative
proctocolitis compared with that found in healthy
subjects. Enhanced PMN adhesiveness also occurs in
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Fig 4 (a) Association between polymorphonuclear
leucocyte adherence values and C reactive protein
concentrationsfor patients with Crohn 's disease (r = 0 209;
p > 0 1). (b) Association between polymorphonuclear
leucocyte adherence values and erythrocyte sedimentation
ratesfor patients with Crohn's disease (r = 0-204, p > 01).

alcoholic cirrhosis,2 rheumatoid arthritis,3 systemic
lupus erythematosus, vasculitis and pneumonia4 and
may represent a change that accompanies episodes of
acute inflammation. Some of the beneficial effects of
glucocorticoids in inflammatory bowel disease may be
due to their ability to reduce PMN adherence.'4

Although previous studies have found evidence of
impaired PMN function in Crohn's disease,'5 more
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recent studies suggest that PMN play an active part in
acute episodes: there is a pronounced migration of
PMN to affected regions.'6 A raised adherence may
facilitate the margination and migration of PMN to
the base of ulcers in Crohn's disease and the mucosa in
proctocolitis.'7 High adherence has sometimes been
associated with chemotactic unresponsiveness'8; the
present results may alternatively explain the overall
paucity ofPMN in the gut wall of Crohn's disease-
apart from at sites of ulceration.'9 Such a failure of the
PMN response might account for the incomplete
removal ofany putative antigenic material and predis-
pose to granuloma formation.20
The adhesiveness of PMN to nylon fibre is often

comparable with their adhesiveness to cultured
endothelial cells.2' The adhesiveness to endothelial
cells, however, may be influenced by other factors such
as the elaboration of mediators from both cell types.22
In addition, interaction of these cells depends on the
CDwl 8 PMN membrane complex23: genetic deficiency
of the CDw18 glycoprotein MOI causes defective
PMN adherence to inert materials such as glass2"29 or
to endothelial cells,25303' PMN-PMN aggregation,2`9
and severe infections in childhood. Thus there is no
reason to suspect that the simplicity of the assay
system used in the present study detracts from its
validity in assessing PMN adhesiveness.

Functional,32 morphological,33 and numerical chan-
ges of circulating PMN occur during acute infection
and these may affect PMN adherence. According to
morphological criteria used in the present study,
however, PMN were normal in Crohn's disease-in
accordance with the findings of other reports.34 While
many patients with Crohn's disease had PMN
leucocytosis this was not related to raised adherence
values.

Alternatively, high adherence of PMN may
represent cellular activation by soluble factors in sera
from patients with Crohn's disease.5 These substances
may include the complement component C5a35 and
circulating immune complexes,36 which both activate
PMN and enhance their adhesiveness. Immune com-
plexes can be detected in the sera of patients with
Crohn's disease37 38 and also in or on their PMN, but
their presence does not always correlate with PMN
adherence values.3 Another possibility is that acute
phase proteins modulate the adhesiveness of PMN.
While CRP was detected in many of the plasmas from
those patients with Crohn's disease with supranormal
PMN adherence values, absolute values for plasma
CRP and PMN adherence were not statistically
associated. Furthermore, high PMN adherence did
not correlate positively with erythrocyte sedimenta-
tion rates nor with assessments of disease severity for
patients with Crohn's disease. These observations may
be due to temporal differences between the changes in

PMN adherence and clinical or biochemical features
of disease.

Other aspects of inflammatory bowel disease may
affect PMN adhesiveness, but neither drug treatment
nor zinc depletion explained the present results.
Interestingly, malnourished patients with Crohn's
disease tended to have slightly greater adherence
values than those who were nonnally nourished, yet
those with anorexia had reduced values. This disparity
may be due to the differing types of malnutrition in
these two conditions, or may reflect an association
between malnutrition and severe or prolonged
Crohn's disease. Although low plasma zinc concentra-
tions may occur in Crohn's disease,`' 1' true tissue zinc
deficiency is unusual (CC Ainley, J Cason, and RPH
Thompson, unpublished observations). The low
plasma zinc concentrations in some patients with
Crohn's disease probably reflect the cumulative effects
of low albumin concentrations and acute phase
changes rather than being a true deficiency.

Several of the present observations (PMN
leucocytosis; detectable plasma CRP; low zinc concen-
trations) may be due to the biological activities of
interleukin- 1 (IL- 1). Indeed, mononuclear cells from
some patients with Crohn's disease and also, but less
commonly, from patients with proctocolitis, release an
IL-1 activity (lymphocyte activating factor) without
exogenous stimulation in vitro.39`' This is perhaps
caused by endotoxinaemia, which is often associated
with active disease.4'

In conclusion, PMN adhesiveness to nylon fibre is
high in many patients with inflammatory bowel dis-
ease, particularly those with Crohn's disease. This
abnormality was not explained by differences of
circulating PMN populations, and was not related
to CRP concentration, ESR values, drug regimen,
malnutrition, zinc depletion, or disease severity.

This work was presented in part to the British Society
for Immunology, November 1985. We are grateful for
support from the Samuel Thomas Johnson Founda-
tion (JC), the Wellcome Trust (CCA), and the Special
Trustees of St Thomas's Hospital.
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