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Background and aim: Accumulation and infiltration by neutrophil granulocytes is a prominent feature
in the local inflammatory process in ulcerative colitis (UC). The present study was performed to evaluate human neutrophil lipocalin (HNL) as a specific neutrophil marker in the inflamed lesions of the colon
and rectum in patients with colitis and proctitis.
Methods: The activity of intestinal neutrophils with respect to release of granule proteins was studied
in 18 patients with UC (10 with colitis and eight with isolated proctitis) and in 18 healthy controls using
perfusion fluid and biopsies from the sigmoid colon and rectum. The released amounts of the neutrophil
granule proteins HNL and myeloperoxidase (MPO) were determined by radioimmunoassays, and the
location of HNL and MPO in biopsies from colonic mucosa was examined by immunohistochemistry.
Results: Mucosal release of HNL and MPO was increased 10–55-fold in patients with colitis and proctitis compared with controls. Their bowel biopsies demonstrated that only neutrophils were stained with
anti-HNL. We also found correlations between HNL and levels of granulocyte/macrophage-colony
stimulating factor (GM-CSF) and interleukin 8 (IL-8) in perfusion fluids from the sigmoidal segments of
patients with proctitis, between HNL and GM-CSF in rectal segments in patients with proctitis, and in
sigmoidal segments in patients with colitis.
Conclusion: We conclude that the increased release of HNL and MPO in colorectal perfusion fluids
indicates neutrophil involvement in the local inflammatory process, and suggest that HNL may serve as
a specific marker of intestinal neutrophil activation in UC. GM-CSF, and to some extent IL-8, may play
a role in neutrophil accumulation and priming in this disease.

pithelial cell damage and infiltration by neutrophil
granulocytes is prominent in the local inflammatory
process of ulcerative colitis (UC).1 The neutrophil granulocyte is a potent tissue injuring and cytotoxic cell with an
undisputed role in the defence against bacteria. It is also
believed to be largely responsible for the destructive process
and symptoms seen in a variety of inflammatory diseases.
Neutrophils contain two major granule populations, primary
(azurophil) and secondary (specific) granules, which are
formed at different stages of neutrophil maturation. Primary
granules contain, as their main constituents, several proteolytic enzymes and a wide range of bactericidal proteins
including cathepsin G,2 elastase,3 myeloperoxidase (MPO),4
and lysozyme.5 6 The secondary granules contain a wide variety of different components, including lactoferrin,7 lysozyme,
collagenase,8 9 and lipocalins.10 11 On stimulation, the neutrophil can release large amounts of toxic oxygen radicals and a
variety of granule proteins and soluble proteins such as
calprotectin. It has been suggested that the influx of activated
neutrophils at sites of inflammation govern the progress of
many inflammatory diseases.
Several of the above mentioned proteins are not unique to
the neutrophil granulocyte. MPO,12 elastase,13 and lysozyme
are also found in monocytes and lysozyme also in macrophages. Lactoferrin is a neutrophil specific marker when
assessed in blood but not in other body fluids as it is produced
by many serous glands.7 14 Our group recently described the
purification and characterisation of human neutrophil lipocalin (HNL) from secondary granules of human neutrophils.
This is a protein unique to the neutrophil.15 16 For this reason,
HNL would be the optimal marker for monitoring neutrophil
activation. Recently, Kjeldsen et al reported data on a similar
lipocalin protein, the neutrophil gelatinase associated lipocalin (NGAL), which can bind bacterial formylpeptides.17 Very
high expression of NGAL was seen in colonic epithelium in

areas of inflammation, both in inflammatory bowel disease
(IBD) and in non-malignant epithelium, investigated by
immunohistochemistry and mRNA in situ hybridisation.18
NGAL content in rectal dialysates and in faeces was suggested
to be a useful marker for severe disease activity in UC.19
Local accumulation and activation of neutrophils in lamina
propria may be related to proinflammatory cytokines such as
interleukin 1 (IL-1), IL-6, IL-8, and tumour necrosis factor α
(TNF-α). Furthermore, monocytes, activated macrophages,
endothelial cells, and epithelial cells are major sources of IL-8,
and IL-8 activates neutrophil chemotaxis, diapedesis, degranulation, and respiratory burst.20 IL-8 production is known
to be induced by several cytokines such as IL-2, IL-3, TNF-α,
and granulocyte/macrophage-colony stimulating factor (GMCSF).21 Increased mucosal generation of IL-8 in IBD and
correlations between disease activity and expression of IL-8
mRNA in active Crohn’s disease have been demonstrated
recently.22 23 Raab et al found a correlation between intestinal
release of IL-8 and MPO, suggesting IL-8 as a possible factor in
the local accumulation and activation of neutrophil granulocytes in IBD.24 Platelets from patients with IBD expressed more
GM-CSF receptors compared with controls,25 and CD4+ T cells
positively stained for GM-CSF were found in immunodeficient
(scid) mice with IBD.26
The primary aim of our study was to evaluate HNL as a specific neutrophil marker in the colon and rectum of patients
.............................................................
Abbreviations: HNL, human neutrophil lipocalin; UC, ulcerative colitis;
MPO, myeloperoxidase; GM-CSF, granulocyte/macrophage-colony
stimulating factor; IL, interleukin; NGAL, neutrophil gelatinase associated
lipocalin; IBD, inflammatory bowel disease; TNF-α, tumour necrosis factor
α; RIA, radioimmunoassay; PBS, phosphate buffered saline; BSA, bovine
serum albumin.
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MATERIAL AND METHODS
Patients and control group
There were 18 patients with UC (nine women and nine men;
median age 38 years (range 21–75)) included in the study.
Disease was defined according to the Garland criteria for
definitive cases.27 Eight patients had isolated proctitis and 10
colitis; six patients had distal colitis, three left sided, and one
patient had total colitis (disease extension proximal to the
splenic flexure). The clinical symptoms varied from mild disease with little blood in stools to intermediately active disease
with diarrhoea and blood in most stools. Six patients were
treated with and two had recently finished oral and/or enema
steroids; two patients had received only lidocaine enema or
oral sulphasalazine, respectively. Eight patients had received
no treatment.
Eighteen healthy controls (11 women and seven men;
median age 27 years (range 21–64)) were also included.
The study was approved by the ethics committee of the
Medical Faculty, Uppsala University.
Perfusion technique
Subjects were prepared as for routine flexible rectosigmoid
endoscopy—that is, two days of diet restriction, an oral purgative in the morning and afternoon of the day before the examination, and a non-irritative rectal enema 1–2 hours before the
examination, as previously reported.28 Meperidine (25–50 mg)
and diazepam (2.5–5 mg) were given intravenously as routine
premedication.
The perfusion technique has been described in detail
elsewhere.28 The perfusions were performed with a specially
constructed tube with five latex balloons attached to its wall.
The procedure started with endoscopy of the rectum and sigmoid colon with the tube inserted over the endoscope. Then
the tube, with the endoscope acting as a guide, was introduced
into the rectum and advanced into the colon to the predetermined position and the balloons were inflated with air. Two
balloons, one on each side of the anal canal, were used to stabilise the position of the tube. The other balloons created two
segments, one distal rectal segment and one proximal sigmoid
segment. After withdrawal of the endoscope, the position of
the tube was checked fluoroscopically. Channels in the wall of
the tube were used either to inflate the balloons with air, to
perfuse and drain the segments, or to administer dye marker
at the tip of the tube. The open main channel of the tube
allowed passage of gas and fluids from the intestine above to
the tube during perfusion.
The segments were perfused with a buffer (120 mM NaCl,
5.4 mM KCl, 2 mM Na2HPO4, 10 mM glucose, 35 mM mannitol, and 1 g/l polyethylene glycol (molecular weight 4 kDa), pH
7.20–7.25, osmolality 290 mosmol/l) at 37°C and at a speed of
3 ml/minute. After 70 minutes of continuous rinsing/
perfusion, the perfusate was collected for 20 minutes by gravity drainage. Aprotinin 10 ml (10 000 KIU/ml) was added to
every litre of perfusion buffer to inhibit proteolytic activity.
Preparation of samples
All samples were collected on ice and frozen at −70°C. Because
some of the radioimmunoassays (RIA) and immunoassays
used could be influenced by even small amounts of proteases
in the perfusate, on the day of analysis all samples were
thawed on ice and the protease inhibitor phenylmethylsulphonyl fluoride (Sigma Chemical Co., St. Louis, Missouri, USA)
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was added immediately to a final concentration of 2 mM
before the analyses were undertaken.
RIA of MPO and HNL
The concentration of MPO in perfusion fluids was assayed
using a specific RIA (Pharmacia & Upjohn, Diagnostic AB,
Uppsala, Sweden) and HNL was assayed by a double antibody
RIA described in detail elsewhere.29 The inter- and intra-assay
coefficients of variations were <10% for all tests. The lower
detection limits of each mediator were MPO 7.9 µg/l and HNL
1.9 µg/l.
Processing of biopsy specimens
Biopsies were taken from the rectal segment in five patients
and five healthy controls when the perfusions had been completed, and rapidly frozen in liquid propane and stored in liquid nitrogen until sectioning. Frozen sections of a thickness of
4 µm were cut in a cryostat (Microm, HM500M, Germany) and
collected on silanised microscope slides. The sections were air
dried, packaged in aluminium foil, and stored at −70°C.
Immunohistochemistry
After a slow thawing of the sections, the microscope slides
were placed in a humid chamber and the tissue sections were
fixed and permeabilised in undiluted Ortho Permeafix (Ortho
Diagnostics, UK) for 40 minutes. After a short rinse in
phosphate buffered saline (PBS) and wiping of the microscope
glass around the sections, a drop of PBS with 0.1% bovine
serum albumin (BSA) was placed on the sections. Six different
primary monoclonal anti-HNL antibodies and one monoclonal anti-MPO antibody were obtained from Pharmacia &
Upjohn, Diagnostic (Uppsala, Sweden). The specificity of these
antibodies had been tested by ELISA and confirmed using
BIAcore (Pharmacia & Upjohn, Biosensors, Uppsala, Sweden).
Sections were then incubated with a cocktail of anti-HNL
antibodies in a final concentration of 0.02 mg/ml or in
anti-MPO in a concentration of 0.02 mg/ml for 30 minutes at
room temperature. Incubation with primary antibody was
terminated by washing in PBS containing 0.2% BSA. The
antigen-antibody complex was visualised using a commercial
APAAP kit (K671; Dako, Glostrup, Denmark) and a Fast Red
substrate, according to the instructions given in the manual.
In the negative controls, the primary antibody was omitted.
The samples were then counterstained with Mayers haematoxylin (Merck D-6071, Darmstadt, Germany) for six minutes.
The cover glasses were mounted with Dako fluorescence
mounting medium (S3023; Dakopatts, Glostrup, Denmark).
Immunostained biopsy specimens were examined microscopically, and two independent observers counted the number of
positively stained (anti-HNL or anti-MPO) neutrophils in 10
crypts and tissue in high power fields. The samples were
observed with a Leica DRMB microscope. Fuji 200 film was
used for the colour prints.
Statistical evaluation
The Mann-Whitney U test, Wilcoxon’s signed rank test, and
Spearman’s rank correlation test were used. All statistical calculations were performed on a personal computer using the
statistical package Statistica (Stafsoft, Inc., Tulsa, Oklahoma,
USA).

RESULTS
Concentrations of HNL and MPO in colorectal perfusion
fluid

Control group
In healthy controls, released amounts of MPO during
colorectal perfusion were below the detection limit (table 1)
whereas concentrations of HNL in the sigmoidal segments
were below and in the rectal segments about 4.5 times above
the detection limit (table 1).
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with UC compared with MPO. The secondary aim was to elucidate the location of HNL to neutrophils or epithelial cells in
the inflamed mucosa, and compare it with that of MPO. We
also evaluated local production of two cytokines, IL-8 and
GM-CSF, that may be involved in the recruitment and activation of neutrophils in the local inflammatory process in UC.
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Table 1 Concentrations of human neutrophil lipocalin (HNL) and myeloperoxidase (MPO) (median, lower and upper
quartiles) in perfusion fluids from sigmoidal/rectal segments of patients with proctitis and colitis, and of controls
Segment
Sigmoidal (n=8)
Rectal (n=7)
Sigmoidal (n=9)
Rectal (n=10)
Sigmoidal (n=18)
Rectal (n=18)

Colitis
Controls

MPO (µg/l)

13.4 (7.8–21.4)***
245 (149–557)***
105 (19.6–586)***
358 (55.2–430)***
<2
9.2 (3.3–13.2)

†
NS
††

17.6 (<8–76.2)*
179 (139–581)**
83.4 (20.1–414)***
270 (102–492)***
<8
<8 (<8–21.3)

†
NS

Statistical differences between the control group and patients with colitis and proctitis, as determined by the Mann-Whitney U test are indicated: *p<0.05,
**p<0.01, ***p<0.001.
Statistical differences between the sigmoidal and rectal segments within the colitis and proctitis groups, as determined by Wilcoxon’s signed rank test, are
also indicated: †p<0.05,††p<0.01.
NS, not significant.

Patients with proctitis
In patients with proctitis, there were increased median
concentrations of HNL (p<0.001) and MPO (p<0.01) in the
perfusion fluid obtained from the rectal segments compared
with controls (table 1). In the sigmoidal segments both HNL
and MPO were increased compared with controls (p<0.001
and p<0.05, respectively).
There was a significant correlation between released
amounts of HNL and MPO (r=0.83, p<0.01, n=8) in the sigmoidal segments, and a similar trend was observed in the rectal segments (r=0.75, p=0.052, n=7).

Patients with colitis
In patients with colitis, median release of HNL and MPO in the
rectal segment was significantly higher (p<0.001) than
median concentrations in the control group (table 1).
Increased concentrations of HNL and MPO (p<0.001) were
also found in perfusion fluids obtained from the sigmoidal
segments compared with controls (table 1). In patients with
colitis there were no significant differences between the two
segments for concentrations of HNL and MPO (table 1).
Significant correlations were found between released
amounts of HNL and MPO (r=0.96, p<0.0001, n=9) in the
sigmoidal segments but no discernible relationships were
observed in the rectal segments in patients with colitis
(r=0.56, p=0.090, n=10).
Localisation of HNL and MPO in biopsies from patients
with colitis and proctitis by immunohistochemistry
Biopsy specimens obtained from patients with proctitis and
colitis undergoing colorectal perfusion showed strongly
stained HNL positive neutrophils in the lamina propria,
between crypt cells, and in the lumen of crypts of inflamed
rectal or sigmoid tissue. In sigmoid biopsies from patients
with proctitis and in biopsies from controls, very few HNL
stained neutrophils were seen (fig 1A, B). There was no staining of other leucocytes, or of the colonic surface epithelium
cells or crypt epithelium cells.

Figure 2A and B show stained MPO positive neutrophils
mainly in the lamina propria but also between crypt cells and
in the lumen of crypts of inflamed rectal and sigmoid tissue
from patients with proctitis and colitis. In biopsies from controls and in sigmoid biopsies from patients with proctitis, only
a small number of MPO stained neutrophils were observed.
There was no staining of other cells in the biopsy specimens.
Quantification of the immunohistochemistry data for HNL
or MPO stained neutrophils was carried out on biopsy
specimens from patients and controls undergoing colorectal
perfusion. Two independent observers counted the number of
positively stained (anti-HNL or anti-MPO) neutrophils in 10
crypts and tissue in high power fields. In biopsies from colitis
(n=3), the range for MPO stained neutrophils was 1.2–
29.1/mm and for HNL 0.7–7.0/mm whereas in patients with
isolated proctitis (n=2) the range for MPO stained neutrophils was 1.2–3.9/mm and for HNL 0–3.2/mm. In specimens
from controls (n=5), less than 1 neutrophil/mm was stained
with MPO or HNL.
Relationship between released amounts of HNL and
the cytokines GM-CSF and IL-8
Perfusion fluid concentrations of GM-CSF from patients with
colitis were significantly increased in sigmoidal and rectal
segments, and in rectal segments in patients with isolated
proctitis, as described by Carlson and colleagues.30 Perfusion
fluid concentrations of IL-8 were significantly increased in
both segments in colitis and in rectal segments in patients
with proctitis, as described by Raab and colleagues.24 In the
perfusion fluid from sigmoidal segments obtained from
patients with proctitis, released amounts of HNL were significantly correlated with released amounts of GM-CSF and IL-8
whereas in rectal segments there was only a relationship
between HNL and GM-CSF (table 2). In patients with colitis
there was a correlation between released amounts of HNL and
GM-CSF in perfusion fluids from sigmoidal segments. In perfusion fluid from rectal segments, no discernible relationships
were observed.

Table 2 Correlations between the amounts of human neutrophil lipocalin (HNL) and the cytokines granulocyte/
macrophage-colony stimulating factor (GM-CSF) and interleukin 8 (IL-8) in perfusion fluids from rectal and sigmoidal
segments of patients with ulcerative proctitis and colitis
Segment

Protein

Cytokine

Spearman’s R

p Value

n

Proctitis

Rectal

Proctitis

Sigmoidal

Colitis

Rectal

Colitis

Sigmoidal

HNL
HNL
HNL
HNL
HNL
HNL
HNL
HNL

GM-CSF
IL-8
GM-CSF
IL-8
GM-CSF
IL-8
GM-CSF
IL-8

0.9286
0.6786
0.7711
0.8571
0.4303
0.1905
0.9160
0.6071

0.0025
0.0938
0.0250
0.0065
0.2145
0.6514
0.0005
0.1482

7
7
8
8
10
8
9
7

The coefficient of correlation and the significance of the correlations were calculated by Spearman’s rank correlation test.
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Figure 2 Cryosections from biopsy specimens from a patient with
colitis (A) and a healthy control (B) undergoing colorectal perfusion.
(A) Neutrophils in the lamina propria and in the crypt lumen were
strongly stained with anti-myeloperoxidase (MPO). The colonic
surface epithelium cells and crypt epithelium cells were not stained.
Magnification ×470. (B) In healthy controls very few anti-MPO
stained neutrophils were seen. Magnification ×240.

Relationship between clinical condition scores and
concentrations of HNL in perfusion fluid
The amount of HNL in perfusion fluid in rectal and sigmoid
segments was evaluated in relation to patient clinical scores.
Significant correlations were found between released
amounts of HNL and clinical score (r=0.79, p<0.03, n=7) in
the rectal segments in patients with proctitis. In patients with
colitis, significant correlations were found between released
amounts of HNL and clinical score in both the sigmoidal
(r=0.76, p<0.02, n=9) and rectal (r=0.75, p<0.01, n=10)
segments, respectively.

During colorectal perfusion in patients with colitis, mucosal
release of HNL was, on average, increased by nearly 40-fold in
rectal segments and by 55-fold in sigmoidal segments
compared with controls. In patients with isolated proctitis,
released amounts of HNL were about 27 times higher than in
healthy controls whereas in sigmoidal segments about sevenfold higher levels were found. Our data suggest that local
release of HNL in patients reflects accumulation and
activation of neutrophils which are signs of ongoing inflammation. In sigmoidal segments in patients with isolated proctitis, increased release of HNL may be a sign of subclinical
activation of these cells. Previous investigators have shown
several fold increases in local release of MPO in rectal and sigmoidal segments in patients with colitis and in rectal
segments in patients with isolated proctitis.24 These results
were confirmed by us. MPO, a constituent of the primary
granules of neutrophils, has been widely used as a marker for
the presence and activation of neutrophil granulocytes. MPO
is not unique to neutrophil granulocytes as the protein is also
found in monocytes.12 However, during transformation of
monocytes into macrophages in tissue, production of MPO is
downregulated.31 32 Previous results indicated that HNL is a
protein unique to the neutrophil.15 33 For this reason, HNL
would be the optimal marker for monitoring neutrophil activity. Our studies showed that perfusate levels of HNL were significantly increased in rectal and sigmoidal segments in both
colitis and proctitis. Moreover, our results demonstrated
strong correlations between HNL and MPO in sigmoidal segments in patients with colitis as well as in patients with

DISCUSSION
The perfusion system used in this study is well established and
standardised, allowing collection of soluble substances under
steady state conditions from two physiologically closed
segments of the colon and rectum.28 The technique allows
monitoring of the local inflammatory process in UC. The
present investigation demonstrated increased mucosal release
of HNL, a new neutrophil marker protein, and MPO, during
colorectal perfusion in patients with this disease.
In healthy controls, perfusion fluid concentrations of HNL
and MPO in the sigmoid segments were below the limit of
detection whereas HNL in rectal segments was about four
times above the detection limit. Levels of HNL in rectal
segments were unexpected but may be due to a higher degree
of release of HNL compared with MPO, a marker of primary
neutrophil granules.15
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Figure 1 Cryosections from biopsy specimens from a patient with
proctitis (A) and a healthy control (B) undergoing colorectal
perfusion. (A) Neutrophils in the lamina propria and in the crypt
lumen were strongly stained with anti-human neutrophil lipocalin
(HNL). The colonic surface epithelium cells and crypt epithelium cells
were not stained. Magnification ×470. (B) In healthy controls very
few anti-HNL stained neutrophils were seen. Magnification ×120.

HNL and MPO in ulcerative colitis

tissue accumulation of neutrophils in IBD could be delay of
neutrophil apoptosis under the influence of soluble mediators
such as GM-CSF and G-CSF.37
We also demonstrated a correlation between clinical score
and rectal and sigmoidal release of HNL in patients with colitis, and rectal release of HNL and clinical score in proctitis.
These data suggest the validity of the assay regarding clinical
status.
We conclude that intestinal neutrophils during colorectal
perfusion in patients with UC have an increased propensity to
release their granule proteins. This phenomenon reflects the
fact that these cells have been primed by cytokines such as
IL-8 and GM-CSF as part of the inflammatory process in the
bowel. Our data suggest that GM-CSF, and to some extent
IL-8, may play a role in neutrophil priming and activation in
both UC and proctitis. We propose that HNL may serve as a
specific marker of intestinal neutrophil activation in UC.
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isolated proctitis, indicating the same sources of these
proteins. However, the lack of correlation between HNL and
MPO in rectal segments in patients with colitis may indicate
that these proteins are differentially handled in this part of the
inflamed gut mucosa. In biopsy specimens obtained from
patients with proctitis and colitis undergoing colorectal
perfusion, strongly stained HNL positive neutrophils were
shown in the lamina propria, between crypt cells, and in the
lumen of crypts in inflamed rectal and sigmoidal tissue. There
was no staining of other cells although some released material
could be seen in the specimens. These data support the nature
of HNL as being a unique marker for neutrophils. This is in
keeping with recent findings where HNL was shown to be a
unique marker for secondary granules of the neutrophil
granulocyte, demonstrated in peripheral blood cells and lung
tissue by the use of flow cytometry and immunocytochemistry.16
The N terminal and four tryptic fragment amino acid
sequence analysis of HNL indicated a sequence identity with
NGAL.15 The cellular specificity of NGAL has recently been
investigated, and northern blotting (mRNA) of a variety of
tissues revealed that NGAL is mainly expressed in neutrophil
precursors in bone marrow34 and in the trachea.35 Nielsen and
colleagues18 also detected NGAL in epithelial cells of inflamed
colon whereas a very weak signal was found in healthy colonic
epithelium. These findings are in contrast with those of the
present study where only neutrophils were positively stained
with HNL in biopsy specimens from patients with colitis and
proctitis undergoing colorectal perfusion. One reason could be
that NGAL was detected using polyclonal antibodies in
immunohistochemistry staining whereas we used a cocktail of
six monoclonal antibodies. If colonic epithelial cells produce
HNL, as well as NGAL, one would expect a higher degree of
local mucosal release of HNL compared with MPO. In our
study, the magnitude of local mucosal release of HNL was
almost equal to that of MPO in rectal and sigmoidal segments
in both proctitis and colitis. This finding corresponds to the
theoretical amount of released proteins. Thus the amount of
HNL has been shown to be 0.59 µg/106 neutrophils, of which
51.4±9% was released on stimulation with serum opsonised
particles15 whereas MPO has been shown to be 2.83 µg/106
neutrophils36 of which only 12.7±3.5% was released after
stimulation.15 These estimates suggest that equal amounts of
HNL and MPO are released to the extracellular environment
on stimulation despite considerable differences in their cellular contents. Hence HNL may serve as the most specific marker
of neutrophil activation in UC. Nevertheless, further studies of
mRNA expression of HNL, for example, in colonic epithelium
would be of great interest.
The mechanism behind local accumulation and activation
of neutrophils in the lamina propria may be related to neutrophil activating cytokines such as GM-CSF and IL-8. In our
study, increased concentrations of both GM-CSF and IL-830
were obtained in both segments in patients with colitis, and in
rectal segments in patients with proctitis. Furthermore,
increased concentrations of IL-8 were obtained in sigmoidal
segments in patients with proctitis. A correlation between
intestinal release of IL-8 and MPO was shown, suggesting IL-8
as a possible factor in local activation and accumulation of
neutrophils in UC.24 We found a significant correlation
between levels of HNL and GM-CSF and IL-8, respectively, in
sigmoidal segments and between HNL and GM-CSF in rectal
segments in patients with proctitis. Moreover, there was a significant relationship between HNL and GM-CSF in sigmoidal
segments in patients with colitis. In contrast, there was no
correlation between HNL and GM-CSF or IL-8 in rectal
segments in patients with colitis. These findings suggest that
accumulation and activation of neutrophil granulocytes may
be dependent on cytokines and chemokines such as GM-CSF
and IL-8 in proctitis while other factors may be more
important in this process in colitis. Possible mechanisms for
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