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Increased concentrations of interleukin 1I3,
interleukin-2, and soluble interleukin-2 receptors in
endoscopical mucosal biopsy specimens with active
inflammatory bowel disease

J Brynskov, N Tvede, C B Andersen, M Vilien

Abstract
Concentrations of interleukin-13 (IL-1>),
interleukin-2 (IL-2), and soluble IL-2
receptors (sIL-2R) were determined by
enzyme linked immunosorbent assays
(ELISA) in supernatants of sonicated endo-
scopical mucosal biopsy specimens from 31
patients with inflammatory bowel disease and
19 controls. IL-1lB was detected in 53% of the
patient supernatants (p=00001), IL-2 in 35%
(p=00031), compared with none of the con-
trols. Soluble IL-2R was present in 55% and
26% of the specimens, respectively (p=007).
The concentrations of IL-1 (p=000015),
IL-2 (p=00019), and sIL-2R (p=00073) were
highest in the most inflamed biopsy specimens,
compared with less inflamed specimens and
controls. There were no significant differences
in IL-113, IL-2, and sIL-2R concentrations
between ulcerative colitis (16) and Crohn's
disease patients (15). The results suggest that
enhanced celiular immunity operates in vivo
at the mucosal level in active inflammatory
bowel disease.
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T cell proliferation and differentiation depend
on the interplay between interleukin-2 (IL-2)
production and IL-2 receptor (IL-2R) expres-
sion.' Increased circulating concentrations of
IL-22 and soluble form of IL-2R (sIL-2R) have
recently been shown in vivo in active inflamma-
tory bowel disease using enzyme linked
immunosorbent assays (ELISA).2' At the gut
level, the IL-2 dependent pathway of immune
activation has largely been studied in vitro using
mononuclear cells isolated from surgical speci-
mens which often represent end pathological
states.?56
The advent of specific ELISAs has facilitated

the measurement of cytokines in small volumes
(50-100 il). Therefore, it seemed of interest to
determine the mucosal concentrations of IL-2
and sIL-2R, using ELISAs, as markers of in vivo
T cell activation in endoscopical biopsy speci-
mens from patients with less advanced inflam-
matory bowel disease. Because the initiation of a
T cell response is facilitated by interleukin-1
(IL-1) (a family of polypeptides produced
primarily by antigen presenting cells),7 the con-

tent of IL-1f3 was also measured.

Methods

PATIENTS
Mucosal biopsy specimens were obtained at

colonoscopy (or coloileoscopy) from 31 consecu-
tive inflammatory bowel disease patients (19
women and 12 men) with suspected activity.
Median age was 40 years (range 18-73) and the
disease time three years (range 0-32). Sixteen
patients had ulcerative colitis8 and 15 Crohn's
disease9 (seven ileocolonic, five colonic, and
three small bowel disease). The biopsy speci-
mens were taken by standard colonoscopy
biopsy forceps and preferably obtained from
inflamed mucosa. The material consisted of 27
colon (seven proctosigmoid) and four small
bowel mucosal biopsy specimens. Only one
biopsy specimen from each patient was included.

Clinical activity was measured on a semiquan-
titative scale'° of: I (inactive), II (slightly active),
III (moderately active), and IV (very active) in
ulcerative colitis patients (median III, range
I-IV) and by the Simple Index (SI)" in Crohn's
disease patients (median 6, range 1-10). All
ulcerative colitis and 10 Crohn's disease patients
(67%) had clinically active disease (SI>4). Six-
teen patients received sulphasalazine treatment
(median 3 g/day., range 2-4), and one oral
prednisolone 20 mg/day.
Normal colon tissue was obtained from 19

patients (four women and 15 men) with a median
age of 65 years (range 45-83) who underwent
control colonoscopy, because of previous poly-
pectomy. None of the patients had cancer of the
colon and the biopsies were obtained from
macroscopically normal colonic mucosa.

All patients gave informed consent in accord-
ance with the Second Helsinki Declaration.

TISSUE
Biopsy specimens were immediately embedded
in Tissue-Tek (Miles, Indiana, USA), snap
frozen in solid ice/2-methyl butane (Merck,
Darmstadt, West Germany) mixture and stored
at -700C.

Histological examination was carried out
blindly without knowledge of the results of the
cytokine measurements using a haematoxylin-
eosin stained frozen section of the biopsy speci-
men. Two of 41 (5%) originally examined biopsy
specimens were excluded because the frozen
sections were technically inadequate for histo-
logical grading. A further eight specimens (20%)
were excluded, because only deep biopsies con-
taining the muscularis mucosa were considered
representative. The histological degree of
inflammation was graded according to the
criteria ofMorson and Dawson'2 on the following
scale: 0 (normal), 1 (slightly active), 2 (moder-
ately active), and 3 (very active).
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Figure 1: Interleukin 16
(ILI-B) concentrations in
supernatants ofsonicated,
endoscopical colon (0) or
small bowel (0) mucosal
biopsy specimens from
patients with inflammatory
bowel disease (IBD) and
controls. Histological
inflammation is gradedfrom
0 (normal) - 3 (very active).
Bars represent median and
25-75% ranges: p=OOOO15
(7onckheere-Terpstra test).
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SUPERNATANTS
After thawing, the biopsy specimens were gently
rinsed, dried for a few seconds on filter papers,
and placed at 0°C in polypropylene tubes (Nunc,
Roskilde, Denmark) at a concentration of 5 mg
tissue/ml in 0-5% human albumin/RPMI 1640
(Gibco, Paisley, UK). After sonication for three
minutes using a Branson Sonifier (duty cycle
50%) (Vesenaz-Genf, Switzerland), the super-
natants were collected by centrifugation (1800 g,
10 minutes), divided in several aliquots and deep
frozen in polypropylene tubes (Nunc).

CYTOKINES
The amount ofIL- 1 , present in the supernatants
were measured using solid-phase ELISA (Inter-
leukin 13, Cistron Biotechnology, NJ, USA).
Briefly, a monoclonal IL-13 antibody was
absorbed onto microtitre plates and supernatant
samples were added in duplicates together with
known IL-1l8 standards. Polyclonal rabbit anti-
IL-,13 was used to detect IL-1lB bound in the
solid phase. Horseradish peroxidase conjugated
antirabbit-IgG was added to the test wells and
after development of the substrate, the colour
intensity was measured using a microtitre plate
reader. The amount of IL-1,13 in each sample was
derived from the optical density of the known
standards. Previous studies have documented
the specificity of this assay for IL-13 and that the
sensitivity is equivalent to or better than bio-
assays. II

The amount of IL-2 (Intertest-2, Genzyme
Corporation, Boston, MA, USA) and sIL-2R
(Cellfree, T Cell Sciences, Cambridge, MA,
USA) were determined by solid phase ELISAs
as described in detail previously.2 The repro-
ducibility of all measurements were within 10%
in our laboratory.

STATISTICAL ANALYSIS

Unpaired data were tested by the Mann-Whitney
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Figure 2: Interleukin 2 (IL-2) (upper) and solublelshed IL-2
receptor (sIL-2R) concentrations (lower) in supernatants of
sonicated, endoscopical colon (0) or small bowel (0) mucosal
biopsy specimens from patients with inflammatory bowel
disease (IBD) and controls. Histological inflammation is
gradedfrom 0 (normal)-3 (very active).
Bars represent median and 25-75% ranges: p= 001 9
(upper; p=0 0073 (lower) (7onckheere-Terpstra test).

test and variance for ordered alternatives by the
Jonckheere-Terpstra test; correlations by the
Spearman rank order test and outcome ratios by
Fisher's test according to Siegel and Castellan. 14
Two sided tests were used (except for the
Jonckheere-Terpstra test which is one tailed).
p<0 05 were considered significant.

Results
The median histological grade of inflammation
in the patient biopsy specimens was 2 (moder-
ately active) (range 0-3). Eight of 19 control
specimens showed signs of slight inflammation;
the rest were normal.

IL-13 was detected in 15 of 28 (53%) of the
patient supernatants studied, compared with
none of the controls (p=0 0001). The median
IL-1 13 concentration in patient specimens was 26
pg/ml (range 0-1000) (p=00002). Figure 1
shows that significantly greater amounts of IL-
1B were present in the most inflamed biopsy
specimens (median 48 pg/ml, range 0-1000),
compared with less inflamed specimens (median
0 pg/ml, range 0-102) and controls. IL-B was
present in one of four small bowel biopsy speci-
mens (Fig 1). There was no difference in IL-1B
concentrations between ulcerative colitis
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(median 20 pg/ml, range 0-192) and Crohn's
disease patients (median 32 pg/ml, range 0-1000)
(p=07).

IL-2 was detected in 10 of 28 (35%) of the
patient supernatants studied, compared with
none of the controls (p=00031). The median
IL-2 concentration in patient supernatants was
0 U/ml (range 0-13 8) (p=0004). Figure 2
shows that significantly greater amounts of IL-2
were present in the most inflamed biopsy speci-
mens (median 0 U/ml, range 0-13-8), compared
with less inflamed specimens (median 0 U/ml,
range 0-8 9) and controls. None of the small
bowel biopsy specimens contained IL-2. There
was a tendency towards higher IL-2 concentra-
tion in ulcerative colitis (median 2-5 U/ml, range
0-14), compared with Crohn's disease patients
(median 0 U/ml, range 0-8 9) (p=0 07).

Soluble IL-2R was detected in 16 of 29 (55%)
of the patient supernatants studied, compared
with five of 19 controls (26%); this difference
being only borderline significant (p=007). The
median sIL-2R concentration in patient speci-
mens, however, was increased (median 50 U/ml,
0-195), compared with controls (median 0 U/ml,
range 0-90) (p=003). Figure 2 shows that
significantly greater amounts of sIL-2R were
present in the most inflamed biopsy specimens
(median 50 U/ml, range 0-195), compared with
less inflamed specimens (median 0 U/ml, range
0-135) and controls. sIL-2R was present in two
of four small bowel biopsy specimens (Fig 2).
There was no difference in sIL-2R concentra-
tions between ulcerative colitis (median 50 U/ml,
range 0-195) and Crohn's disease patients
(25 U/ml, range 0-160) (p=05 1).
A significant correlation was found only

between patient supernatant IL-16 and sIL-2R
concentrations (R(S)=0-505, p=0-012). No
significant correlations were found between
IL-1i3, IL-2, or sIL-2R concentrations and
clinical activity measures of ulcerative colitis or
Crohn's disease.

Discussion
It was found in this study that endoscopical
mucosal biopsy specimens from patients with
inflammatory bowel disease contained signifi-
cantly increased amounts of IL-1i, IL-2, and
sIL-2R. Furthermore, the highest concentra-
tions were consistently found in the most
inflamed biopsy specimens (Figs 1, 2). The
histological grade of inflammation was used as
the reference, because clinical (and endo-
scopical) indices may underestimate the extent of
the disease at the tissue level.'0 15 Accordingly, we
were unable to show any correlations between
clinical activity indices of Crohn's disease or
ulcerative colitis and IL-1i3, IL-2, or sIL-2R
concentrations.

Intestinal immune functions in inflammatory
bowel disease have been studied mainly in vitro,
us«ing techniques for isolating mucosal cells from
surgical specimens. The presently devised
method, using ELISAs and endoscopical
mucosal biopsy specimens, is simple and facili-
tates the study of local immune functions in vivo
in a broader range of inflammatory bowel disease
patients. Furthermore, the effects of surgery,

anaesthesia, ongoing intense immunosuppres-
sive treatment, and cell isolation procedures'6 are
to some extent avoided. Longitudinal studies are
required to establish whether the determination
ofmucosal cytokine concentrations also provides
a simple means of monitoring disease activity in
vivo at the gut level in inflammatory bowel
disease, including the effects of medical treat-
ments. It should be noted, however, that even in
some of the most inflamed biopsy specimens,
cytokine concentrations were zero (Figs 1, 2).
This is probably not as a result of technical
problems, because the biopsies were taken in a
uniform way and strict criteria were applied to
include only technically adequate and repre-
sentative biopsy specimens. Because inflamma-
tion may be focally distributed perhaps more
than one frozen section should be examined to
ensure a representative assessment of the grade
of histological inflammation in individual biopsy
specimens.

Interleukin 1 production and antigen presen-
tation are involved in T cell activation,7 which
leads to IL-2 production and IL-2R expression. '
The present demonstration of increased in vivo
mucosal concentrations of IL-6ll in active
inflammatory bowel disease extends to previous
in vitro studies on both cultured mucosa'7 and
intestinal mononuclear cells.'8 In addition to T
(and B) cell activation, IL-1 orchestrates a wide
spectrum of immunoinflammatory activities
pertinent to inflammatory bowel disease.7
Activated macrophages appear to be the major
source in the inflamed mucosa,' and our results
supports earlier notions that this monokine may
play an important role in the pathogenesis of
inflammatory bowel disease.'718 IL-1 has also
recently been shown to be cytotoxic to islet of
Langerhans'9 and cytostatic to thyrocytes,20 but
it remains to be studied whether a similar cellular
effect also operates against mucosal cells in
inflammatory bowel disease.

Increased in vivo concentrations of IL-2 have
been previously shown by ELISA using plasma
samples from patients with active Crohn's
disease.2 The present demonstration of increased
IL-2 concentrations also in mucosal inflam-
matory bowel disease biopsies extends this
observation, although it seems to contrast the
conclusions reached in in vitro experiments
using bioassay. Here isolated mononuclear cells
have been found to produce decreased amounts
IL-2, and it has been suggested that deficiency
of this essential growth factor may hamper the
development of a normal immune response in
inflammatory bowel disease.5 Mucosal lympho-
cytes, however, produce high amounts of IL-2
after challenge with a strong antigen unspecific
stimulus,5 suggesting that these cells have been
preactivated in vivo. Even other mechanisms,
such as the presence of inhibitory factors, have
been proposed to explain low IL-2 production in
vitro.2' We did not test whether the IL-2 present
in the biopsy specimens was biologically active,
but the demonstration of locally increased IL-2
concentrations in vivo seems to fit the recent
demonstration that cyclosporin, a potent
inhibitor of IL-2 production, has a beneficial
therapeutic effect in patients with Crohn's
disease22 and perhaps ulcerative colitis.23
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The human IL-2R consists of a low affinity 55
kDa a chain and an intermediate affinity 75 kDa
t3 chain which form a dimeric, biologically active
high affinity IL-2R complex.2127 The 55 kDa a
chain, previously known as the Tac receptor, is
released/shed from activated T cells in a soluble
form, and Rubin et a128 devised an ELISA to
determine sIL-2R as a marker of in vivo T cell
activation in biological fluids. Slightly increased
in vitro T cell surface expression of IL-2R have
been previously shown in inflammatory bowel
disease.6 The recent demonstration of substan-
tially increased sIL-2R concentrations in
serum,24 and now in mucosal inflammatory
bowel disease biopsies indicate, however, that T
cell activation also occurs in vivo in active
inflammatory bowel disease. Soluble IL-2R
binds free IL-2 and may even have a role at the
gut level as a down regulator of T cell functions
by trapping free ligand.29
Taken together, the results of this study

suggest that enhanced cellular immunity operate
in vivo at the mucosal level in active inflamma-
tory bowel disease.
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