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Increased in vitro release of soluble interleukin 2
receptor by colonic lamina propria mononuclear cells
in inflammatory bowel disease

S Schreiber, A Raedler, A R Conn, J L Rombeau, R P MacDermott

Abstract
Increased concentrations of the soluble form
of the interleukin 2 receptor have been
observed in the sera of Crohn's disease and
ulcerative colitis patients. In this study we
have observed the spontaneous release of
soluble interleukin 2 receptor by unstimulated,
isolated normal and inflammatory bowel
disease colonic lamina propria mononuclear
cells. Lamina propria mononuclear cells from
Crohn's disease patients (median=204 U/ml
(interquartile range 126-396, n 17) secreted
significantly (p<001) more soluble interleukin
2 receptor than normal controls (median=
124*5 U/ml (108-131), n 12). No statistically
significant differences were seen between
ulcerative colitis (median= 135 U/ml (92-196),
n 20) and normal controls. Moreover, signifi-
cantly (p<0-01) increased amounts of soluble
interleukin 2 receptor were secreted by colonic
diverticulitis lamina propria mononuclear cells
(median=259 U/ml (149-282), n 15) which
were used as disease specificity controls. Time
course experiments showed that the majority
of soluble interleukin 2 receptor was released
by isolated lamina propria mononuclear cells
in the first six days of culture. Upon stimula-
tion with pokeweed mitogen, Crohn's disease
(median=2258 U/ml (1435-3584), n 14),
normal control (median=2622 U/ml
(2030-3180), n 14) and diverticulitis lamina
propria mononuclear cells (median=2745
U/ml (1733-3192), n 10) reached similar
maximal soluble interleukin 2 receptor
secretion levels, while ulcerative colitis lamina
propria mononuclear cells secreted signifi-
cantly (p<0005) less soluble interleukin 2
receptor (median=912 U/ml (494-1259), n 17).
These results suggest that enhanced shedding/
secretion of soluble interleukin 2 receptor by
intestinal lymphocytes may account in part for
increased serum soluble interleukin 2 receptor
concentrations during chronic intestinal in-
flammatory reactions.

Recent studies have described the activation of
peripheral blood T cells' in Crohn's disease and
ulcerative colitis, which results in the increased
expression of lymphocyte activation antigens.'-3
These include transferrin receptor, interleukin 2
receptor, HLA-DR antigens and an activated
calcium channel recognised by the 4F2 mono-
clonal antibody. The expression of activation
antigens on intestinal lymphocytes, however, is
controversial: an increased state of intestinal
lymphocyte activation has been observed in both
Crohn's disease and ulcerative colitis,45 whereas

other studies found intestinal T cell activation
only in Crohn's disease,6 or have not seen any
significant differences in the degree of intestinal
lymphocyte activation between inflammatory
bowel disease and normal controls.'

Mueller et aP and Crabtree et aP have recently
described increased concentrations of soluble
interleukin 2 receptor in sera from active Crohn's
disease and ulcerative colitis patients, which, in
Crohn's disease, were found to be related to the
clinical activity.8-'0 Overall concentrations in
serum soluble interleukin 2 receptor were higher
in Crohn's disease than in ulcerative colitis.8 The
authors also showed an enhanced capacity of
peripheral blood mononuclear cells to secrete
soluble interleukin 2 receptor in vitro.'8 This
was regarded as being partly because of in vivo
activation of peripheral blood T lymphocytes,
which in a resting state do not express cell
surface interleukin 2 receptor and do not
secrete soluble interleukin 2 receptor,8" 12 but
upon in vivo'3 or in vitro'"'6 activation can
express membrane bound interleukin 2 receptor
and can then shed a soluble form of this receptor.
Soluble interleukin 2 receptor, which corres-
ponds to the 'Tac' antigen (a-chain), can bind
interleukin 2 and thus may participate in events
regulating interleukin 2 mediated lymphocyte
activation. 7 8 In addition to activated T lympho-
cytes, both activated macrophages'9 and B cells'4
can release soluble interleukin 2 receptor as well.
Moreover, Mahida and coworkers recently

.E >E 100.

:3 -0
a) <,80
a) C

c -o 60
a) "

40

U) a)
N, 0 0 2 4 6 8 11 14

Days in culture
Figure 1: Time course ofsoluble interleukin 2 receptor release
by colonic lamina propna mononuclear cells (LPMNC). No
differences were seen between normal controls, CD, UC, and
colonic diverticulitis. The lamina propria mononuclear cells
supernatant concentrations ofspontaneously released soluble
interleukin 2 receptor increased until day 4-6 and then
remained constant (a---_). Pokeweed mitogen stimulation
resulted in a gradual increase in soluble interleukin 2 receptor
concentrations reaching a plateau on day 11, (+ -* - +). It
should be noted that the absolute concentrations ofsoluble
interleukin 2 receptorfrom pokeweed mitogen stimulated
lamina propria mononuclear cells were much higher than the
concentrations ofsoluble interleukin 2 receptor spontaneously
released (Figs 2, 3). Each graph representsfour independent
experiments and data are given in per cent ofday 14
supernatant concentratons in order to compensatefor
interexperimental variation in the absolute levels.

University of
Pennsylvania,
Gastrointestinal Section,
Philadelphia, PA, USA
S Schreiber
R P MacDermott
A R Conn

University ofHamburg,
Department of Medicine,
Germany
A Raedler

and University of
Pennsylvania,
Department of Surgery,
Philadelphia, PA, USA
J L Rombeau
Correspondence to:
R P MacDermott, MD,
T Grier Miller Professor of
Medicine, Chief,
Gastrointestinal Section,
University of Pennsylvania
School of Medicine, 600
Clinical Research Building,
422 Curie Boulevard,
Philadelphia, PA 19104-6144,
USA.
Accepted for publication
24 April 1990

236



Increased in vitro release ofsoluble interleukin 2 receptor by colonic lamina propria mononuclear cells in inflammatory bowel disease

observed that soluble interleukin 2 receptor is
actively released in the venous blood from
inflamed inflammatory bowel disease tissue, thus
indicating that substantial amounts of soluble
interleukin 2 receptor may be secreted by intes-
tinal lymphocytes.20

This study evaluated intestinal lamina propria
mononuclear cells as a possible source for the
release of soluble interleukin 2 receptor in in-
flammatory bowel disease. Local release of
soluble interleukin 2 receptor within the
involved intestinal tissue could have relevance
for the control of intestinal lymphocyte activa-
tion in ulcerative colitis and Crohn's disease.
Moreover, the disease specificity of soluble inter-
leukin 2 receptor release by lamina propria
mononuclear cells was investigated by the use of
colonic specimens from chronic diverticulitis
patients, a bacterial inflammatory disease
distinctly different in aetiology, patho-
physiology, and clinical manifestations from
inflammatory bowel disease.

Methods

ISOLATION OF HUMAN INTESTINAL LAMINA
PROPRIA MONONUCLEAR CELLS
Unless indicated otherwise, all chemicals were
purchased from Sigma (St. Louis, MO, USA).
Fetal calf serum was obtained from GIBCO
(Grand Island, NY, USA) and heat inactivated
before use. Colonic tissue was obtained as pre-
viously described by MacDermott et aP" at the
time of surgery from patients with active in-
flammatory bowel disease (ulcerative colitis,
n 21 and Crohn's disease, n 22), from disease
specificity controls (chronic diverticulitis, n 15)
or from normal individuals from whom organs
were harvested for transplantation (n 15). Intes-
tines were obtained from the latter group of
individuals immediately after the removal of
other organs while still being perfused and
oxygenated.22 Tissues obtained from inflamma-
tory bowel disease specimens were histologically
involved with active disease. All patients with
inflammatory bowel disease had undergone
surgical resections because of refractory disease
or complications.
Mononuclear cells from intestinal lamina

propria were isolated as previously described by
Bull and Bookman23 and MacDermott et al.2' In
brief, the mucosa was dissected free from under-
lying musculature and minced into small pieces.
Epithelial cells were subsequently removed by
washing repeatedly in Hank's balanced salt solu-
tion (without Ca++ or Mg+') containing EDTA
(0 75 mM) for 45 minutes at 20°C. Mononuclear
cells were freed from tissue by overnight col-
lagenase digestion (16 U/ml, Worthington, Free-
hold, NJ, USA, 37C) and subsequently isolated
by serial density centrifugations using Ficoll-
Hypaque (Pharmacia, Piscataway, NJ, SG
1-077) and Percoll-HBSS (Pharmacia, SG 1-040)
as described previously.2' Contamination by
epithelial cells was evaluated microscopically
and found to be - 1%. Viability was determined
using either trypan blue or propidium iodide
exclusion. Only lamina propria mononuclear
cells preparations with -95% viable cells were

used in this study. In parallel, peripheral blood
mononuclear cells, exposed to enzymatic pro-
cedures similar to the intestinal lamina propria
mononuclear cells, were used as controls. Those
peripheral blood mononuclear cells spon-
taneously secreted less than 30 U/ml soluble
interleukin 2 receptor.

All study protocols were reviewed and
approved by medical ethics committees at
Washington University, St. Louis, MO, USA
and University of Pennsylvania, Philadelphia,
PA, USA. Blood and tissue donations were
voluntary and obtained after informed consent.
Organ donor tissue was obtained in accordance
with our human studies protocols, after agree-
ment by the transplant service coordinator and
after informed consent of the donor relatives.

FLUORESCENCE ACTIVATED CELL SORTER ANALYSIS
Isolated human lymphocytes at a concentration
of 20x 106/ml were added to wells of a V-bottom
microtitre plate (final volume 0-05 ml) and
washed twice (400 g, 10 min) in fluorescence
activated cell sorter buffer (phosphate buffered
saline with 1% BSA and 0-1% sodium azide).
The pellet was resuspended in 0-05 ml of un-
labelled anti-CD25 antibody (Becton-Dickinson,
Mountain View, CA, USA, 1:2'5 dilution) and
incubated for 30 minutes. After two washes,
incubation in Texas RedR coupled goat anti
mouse IgG (0-05 ml, 30 minutes, Organon-
Technika-Cappel, West Chester, PA, USA) was
performed. After two more washes directly
labelled (phycoerythrin) antibodies against
T cell (CD3-leu 4 (1:10); CD4-leu 3a (1:5);
CD8-leu 2a (1:2-5), all Becton-Dickinson) or B
cell specific determinants (CD19-leu 12 (1:2-5),
Becton-Dickinson) were added (0-05 ml total
volume). After incubation (30 minutes) cells
were washed twice, fixed in paraformaldehyde
(2% (w/v), 10 min), resuspended and analysed on
an Epics 753 flow cytometer (Coulter, Hilaleah,
FL). The entire procedure was carried out at 40C
and dilutions used are given in parentheses with
the antibodies. A total of five normal control
specimens from organ donor intestines were
used in addition to two specimens from a patient
with atonic colon and a patient with caecal
haemangioma, respectively. Eight ulcerative
colitis, five Crohn's disease and six diverticulitis
specimens were analysed. In addition, normal
peripheral blood mononuclear cells were
exposed to similar conditions as those used for
enzymatic digestion of lamina propria without
seeing significant expression of interleukin 2
receptor induced by the procedure.

ENZYME LINKED IMMUNOADSORBENT ASSAY
(ELISA) FOR SOLUBLE INTERLEUKIN 2 RECEPTOR
Supernatants from 14 day cultures with or
without pokeweed mitogen (final concentration,
1% v/v, Gibco) or serum samples from patients
were analysed for concentrations of soluble inter-
leukin 2 receptors by a sandwich ELISA (T cell
Sciences, Cambridge, MA, USA). In brief, 96
well plates were coated with anti interleukin 2
receptor antibody, blocked, and soluble inter-
leukin 2 receptor from samples (in duplicate)
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absorbed. After extensive washing, a murine,
horseradish peroxidase coupled antibody
directed against a different soluble interleukin 2
receptor epitope was added. After washing,
substrate was added for 30 minutes at room
temperature, the reaction stopped with H2SO4,
and absorbance read at 490 nm on a Dynatech
MR-7000 ELISA reader. The assay was cali-
brated by standards (from stimulated human
lymphocyte supernatants), which were supplied
by the manufacturer and comprised a range from
200 U/ml to 1000 U/ml.

STATISTICS AND SAMPLE SELECTION
Only specimens from Crohn's disease patients
with a Crohn's disease activity index >150 were
used in the study. Ulcerative colitis specimens
were obtained from clinically active patients. In
addition, the fresh specimens obtained at oper-
ation were ranked on a scale of 1 (normal) to 10
(most inflamed) by macroscopic appearance and
only those with a score >5 were used in this
study. Diverticulitis specimens were obtained
from patients being operated on because of
chronic, active disease. All tissue samples were
from macroscopically involved sites. All diag-
noses were confirmed by a pathologist. Most
inflammatory bowel disease patients were on
steroids (18/22 Crohn's disease (mean 12 mg
prednisone daily (8*1) (SD)) and 16/21 ulcerative
colitis patients (9- 1 mg (8 3)) and/or azulphidine/
5-ASA therapy (21/22 and 14/21, resp) at the
time of surgery. No correlation, however,
between levels of in vitro soluble interleukin 2
receptor secretion and preoperative steroid treat-
ment was observed. Exclusion criteria were
treatment with cytotoxic agents or an age younger
than 18 or over 75 years. Statistics were carried
out using the Wilcoxon's rank-sum test for
groups > 10.24 Data from pokeweed mitogen
stimulated samples were analysed by a modifica-
tion of the Wilcoxon's rank-sum test for multiple
groups based on a modified X2 test.24 Membrane
bound interleukin 2 receptor expression on
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lymphocytes as analysed by flow cytometry was
evaluated using the Student's t test. Statistical
significance for differences was assumed with a p
value <0 05. If not stated differently, data are
given as median (interquartile range).

Results

SERUM CONCENTRATIONS OF SOLUBLE
INTERLEUKIN 2 RECEPTOR
Serum concentrations of soluble interleukin 2
receptor in inflammatory bowel disease patients
were evaluated. In both active Crohn's disease
(738 U/ml (412-1097), mean (SEM) 802 (95)
n 20) and active ulcerative colitis (694 U/ml
(395-1152), 809 (109), n 17) raised concentra-
tions of soluble interleukin 2 receptor were
detected in serum compared with controls (487
U/ml (362-612), 501 (33), n 17). These dif-
ferences were statistically significant (p<0O02
and p-AO01, respectively) and confirmed the
previous results reported by Mueller et a18 and by
Crabtree et al.9

TIME COURSE OF SOLUBLE INTERLEUKIN 2
RECEPTOR RELEASE BY ISOLATED COLONIC LAMINA
PROPRIA MONONUCLEAR CELLS DURING 14 DAY
CULTURES
The time course of spontaneous release of
soluble interleukin 2 receptor was investigated
(Fig 1). No differences in the kinetics of soluble
interleukin 2 receptor release were seen between
normal controls, Crohn's disease, ulcerative
colitis, and colonic diverticulitis. The increase in
spontaneous soluble interleukin 2 receptor con-
centrations in the supernatants reached a plateau
between days 4 and 6 and then stayed constant to
day 14. In contrast interleukin 2 receptor secre-
tion by lamina propria mononuclear cells, which
were stimulated with pokeweed mitogen,
reached a plateau in supernatant concentrations
by day 11, although much higher absolute con-
centrations were reached (Figs 2, 3).

* NS *

Normal
tntrol subjects

n = 12

Ulcerative
colitis
n = 20

Crohn's Colonic
disease diverticulitis
n= 17 n= 15

Figure 2: Spontaneous secretion ofsoluble interleukin 2
receptor by isolated colonic lamina propria mononuclear
cells during 14 day culture. Lamina propria mononuclear
cells isolatedfrom specimens from patients with colonic
Crohn's disease (204 Ulml (126-396), n 17) and with
diverticulitis (259 Ulml (149-282), n 15) secreted
significantly (p<0 01) more soluble interleukin 2 receptor
than lamina propria mononuclear cellsfrom normal
controls (124 5 Ulml (108-131) n 12). No statistically
significant difference between ulcerative colitis (135 Ulml
(92-196), n 20) and normal controls was seen. All data
are given as median (interquartile range), *=p<0.01.

5. - Normal Ulcerative
tn) C control subjects colitis

n 4 n= 17
Crohn's Colonic
disease diverticulitis
n=4 n= 10

Figure 3: Pokeweed mitogen stimulated secretion ofsoluble
interleukin 2 receptor by isolated colonic lamina propria
mononuclear cells during 14 day culture. No statistical
differences were seen between maximally stimulated colonic
lamina propria mononuclear cells from normal controls
(2622 Ulml (2030-3180), n 14), Crohn's disease (2258
Ulml (1435-3584), n 14), and diverticulitis (2745 Ulml
(1733-3192), n 10). Ulcerative colitis lamina propria
mononuclear cells (912 Ulml (494-1259), n 17) secreted
significantly less soluble interleukin 2 receptor than normal
controls or colonic diverticulitis (p<0 005). All data are
given as median (interquartile range), **=p<0.005.
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238



Increased in vitro release ofsoluble interleukin 2 receptor by colonic lamina propria mononuclear cells in inflammatory bowel disease

SPONTANEOUS RELEASE OF SOLUBLE INTERLEUKIN
2 RECEPTOR BY ISOLATED COLONIC INTESTINAL
LAMINA PROPRIA MONONUCLEAR CELLS DURING
14 DAY CULTURES
As seen in Figure 2, significantly (p<0c01) more
soluble interleukin 2 receptor was spontaneously
released by Crohns disease lamina propria mono-
nuclear cells (204 U/ml (126-396), n 17) than by
normal controls (1245 U/ml (108-131, n 12).
Moderately increased secretion of soluble inter-
leukin 2 receptor by ulcerative colitis intestinal
lamina propria mononuclear cells was observed
(135 U/ml (92-196), n 20), but was not statisti-
cally different from normal control lamina
propria mononuclear rells (Fig 2). No correlation
between spontaneou. soluble interleukin 2
receptor release and tLle macroscopic degree of
mucosal inflammation or preoperative steroid
dosage was seen. Colonic tissue from
diverticulitis patients was examined as a disease
specificity control. Importantly, diverticulitis
lamina propria mononuclear cells also showed
significantly (p<001) increased concentrations
of spontaneous soluble interleukin 2 receptor
release when compared with normal controls
(259 U/ml (149-282), n 15). This result indicates
that the findings observed for inflammatory
bowel disease lamina propria mononuclear cells
are not uniquely specific for Crohn's disease or

ulcerative colitis.

POKEWEED MITOGEN STIMULATED RELEASE OF

SOLUBLE INTERLEUKIN 2 RECEPTOR BY ISOLATED
COLONIC LAMINA PROPRIA MONONUCLEAR CELLS

DURING 14 DAY CULTURES
When sufficient lamina propria mononuclear
cells were available, cells were cultured in the
presence ofpokeweed mitogen, a mitogen which
activates B cells as well as T lymphocytes and
macrophages. No significant differences between
maximally stimulated soluble interleukin 2
receptor concentrations in supernatants from
normal control lamina propria mononuclear cells
(2622 U/ml (2030-3180), n 14), Crohn's disease
lamina propria mononuclear cells (2258 U/ml
(1435-3584), n 14), or colonic diverticulitis
lamina propria mononuclear cells (2745 U/ml
(1733-3192), n 10) were seen (Fig 3). Ulcerative
colitis lamina propria mononuclear cells
exhibited a significantly (pO-0005) diminished
release of soluble interleukin 2 receptor in
response to pokeweed mitogen stimulation (912
U/ml (494-1259), n 17), compared with poke-
weed mitogen stimulated normal, diverticulitis,
or Crohn's disease lamina propria mononuclear
cells.

PHENOTYPIC ANALYSIS OF ISOLATED LAMINA
PROPRIA MONONUCLEAR CELLS
We were interested to know whether increased
soluble interleukin 2 receptor secretion could be
attributed to differences in the distribution of
lamina propria mononuclear cells subpopulations
rather than the state of activation. In addition to
subpopulation specific determinants, membrane
interleukin 2 receptor expression of freshly
isolated lamina propria mononuclear cells was

assessed with fluorescent labelled monoclonal

antibodies. Three colour flow cytometry using
monoclonal antibodies against T lymphocyte
(CD3), B lymphocyte (CD19), T cell subpopula-
tion (CD4, CD8) and interleukin 2 receptor
specific determinants (CD25, anti-Tac) were
used. No significant differences between ulcera-
tive colitis (eight), Crohn's disease (five), diver-
ticulitis (six) and normal control intestines
(seven) were observed with regard to the relative
representation of lamina propria mononuclear
cells subpopulations. T lymphocytes accounted
for 45 (15)%/43 (11)%/41 (14)%/36 (14)% (mean
(SD) of total lamina propria mononuclear cells,
respectively, and 19 (14)%/17 (9)%/16 (12)%/21
(7)% of lamina propria mononuclear cells were
identified as B cells. CD4/CD8 ratios ranged
between 1 6 and 2 5. In both Crohn's disease and
ulcerative colitis an increase in interleukin 2
receptor expressing cells was observed in the T
cell (8 (5)%/31 (12)%/20 (10)% for normal con-
trols, ulcerative colitis and Crohn's disease,
respectively) as well as in the B cell population (9
(4)%/49 (8)%126 (12)%) (p<0 05 for all Crohn's
disease and p<0 005 for all ulcerative colitis
lamina propria mononuclear cells subpopula-
tions compared with normal controls). Similar
findings were seen in both the CD4+ and the
CD8+ T cell subpopulations (10 (6)%/29 (8)%/20
(8)% and 9 (5)%137 (9)%/20 (9)%, respectively).

Discussion
In this study we have shown a marked increase in
the spontaneous release of soluble interleukin 2
receptor by isolated intestinal lamina propria
mononuclear cells from patients with Crohn's
disease as well as lamina propria mononuclear
cells from patients with colonic diverticulitis,
who served as a disease specificity control.
Intestinal lamina propria mononuclear cells from
patients with ulcerative colitis showed a moder-
ately increased spontaneous release of soluble
interleukin 2 receptor. The release of soluble
interleukin 2 receptors could be further stimu-
lated by addition of pokeweed mitogen, a
polyclonal activator of B and T lymphocytes as
well as monocytes/macrophages. In vitro soluble
interleukin 2 receptor release by lamina propria
mononuclear cells stimulated with pokeweed
mitogen reached similar concentrations in normal
controls, Crohn's disease, and colonic diverti-
culitis but was significantly lower in ulcerative
colitis. Phenotypic analysis of isolated colonic
lamina propria mononuclear cells showed in-
creased percentages of B cells, T lymphocytes,
CD4+ T cells and CD8+ T cells expressing
interleukin 2 receptor in both Crohn's disease
and ulcerative colitis, indicating activation of
these lymphocyte populations. No differences in
the percentages of B or T cells in the total
inflammatory bowel disease lamina propria
mononuclear cells populations were seen, thus
ruling out the possibility that the increase in
soluble interleukin 2 receptor secretion in inflam-
matory bowel disease reflects differences in the
distribution of lamina propria mononuclear cells
subpopulations rather than in the state of activa-
tion.
The expression of interleukin 2 receptor on T

cells, B lymphocytes or macrophages is regarded
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as mirroring early processes in cellular activa-
tion.25 26 After surface expression, a soluble form
of the receptor can be released by all these cell
types.'3"'5 1" In the peripheral blood, the popula-
tion of activated T cells is regarded as the main
source for soluble interleukin 2 receptor release
by activated peripheral blood mononuclear
cells,89 a finding which might in part be
explained by the fact that T lymphocytes com-
prise the largest proportion of cells in peripheral
blood in comparison with other mononuclear cell
subpopulations.
Serum concentrations of soluble interleukin 2

receptor were significantly increased in patients
with Crohn's disease and ulcerative colitis as
compared with healthy volunteers, similar to
previous studies.8 '0 Mueller et al8 as well as
Crabtree and coworkers9 showed increased con-
centrations of soluble interleukin 2 receptor in
the serum of patients with active Crohn's disease
as well as active ulcerative colitis but not patients
with chronic longstanding ulcerative colitis. The
authors concluded that increased soluble inter-
leukin 2 receptor serum concentrations in inflam-
matory bowel disease may mirror peripheral
blood T cell activation.
Our findings suggest that intestinal lamina

propria mononuclear cells could represent
another possible source for increased serum
soluble interleukin 2 receptor. This suggestion is
underscored by the in vivo findings of Mahida
et al showing secretion of soluble interleukin 2
receptor into effluent venous blood from inflamed
inflammatory bowel disease intestine.20 One pos-
sible lamina propria mononuclear cells source of
soluble interleukin 2 receptor might be intestinal
T cells, which show increased expression of early
lymphocyte activation antigens in both
diseases.4 5 Our present study confirmed in-
creased T cell and B lymphocyte interleukin 2
receptor expression and thus activation in both
diseases without differences between CD4+ and
CD8+ T cell lymphocytes. Previous studies by
our group and others have also shown increased
intestinal B cell activation 5 as well as increased
activation of intestinal macrophages.67 Thus,
intestinal T cells, B lymphocytes and macro-
phages showing an enhanced expression ofmem-
brane interleukin 2 receptors might be potential
sources of soluble interleukin 2 receptor as well.
Future studies, therefore, will be important to
functionally evaluate isolated intestinal lamina
propria T cells, B cells and macrophages.

It is interesting that intestinal lamina propria
mononuclear cells from ulcerative colitis patients
in our study exhibited less spontaneous and less
pokeweed mitogen stimulated soluble inter-
leukin 2 receptor secretion than those from
Crohn's disease patients although such dif-
ferences were not seen in interleukin 2 receptor
expression offreshly isolated cells. Thus, in vitro
soluble interleukin 2 receptor secretion may not
necessarily reflect the in vivo state of activation,
but may be indicative of the in vitro completion
of activation processes. In addition, our studies
confirmed very recent similar results to be
reported by Matsuura and coworkers,27 also
indicating lower concentrations of soluble inter-
leukin 2 receptor secretion in ulcerative colitis
than in Crohn's disease. Mueller et als observa-

tions8 as well as those by others20 suggest that the
capacity for soluble interleukin 2 receptor
secretion in ulcerative colitis might be dependent
on disease duration and chronic activity. It is
therefore possible that differences between
disease chronicity and duration in the different
groups may influence the results. In order to
analyse large numbers of patients, soluble inter-
leukin 2 receptor secretion by lamina propria
mononuclear cells from patients with differing
durations of Crohn's disease or ulcerative colitis
will be assessed in future studies using intestinal
biopsy derived lamina propria mononuclear cells.

Stimulation with pokeweed mitogen showed
maximal concentrations of in vitro soluble inter-
leukin 2 receptor secretion. Interestingly, lower
levels were again observed in ulcerative colitis.
The differences cannot be attributed to different
percentages of T cells, as no differences in
percentages of lamina propria mononuclear cells
subpopulations between inflammatory bowel
disease patients, normal controls and diverti-
culitis patients were observed by us and others.7
The delineation of these differences in maximal
soluble interleukin 2 receptor secretion capacity
between ulcerative colitis and Crohn's disease
are presently under investigation. They may be
of importance in the regulation of interleukin 2
mediated activation of intestinal lymphocytes as
soluble interleukin 2 receptor can remove free
interleukin 2 by binding the cytokine. 17 18 More-
over, our study indicates that infectious pro-
cesses leading to a chronic local stimulation of
the mucosal immune system such as chronic
diverticulitis can result in an increased spon-
taneous soluble interleukin 2 receptor release by
intestinal lamina propria mononuclear cells as
well. This finding suggests that the increased in
vitro release of soluble interleukin 2 receptor by
intestinal lamina propria mononuclear cells does
not represent a functional event unique to the
pathophysiology of inflammatory bowel disease.
The time courses for stimulated soluble inter-
leukin 2 receptor secretion are in agreement with
those described by others29 and indicate that
there are no differences in the mechanism of
soluble interleukin 2 receptor secretion between
stimulated lamina propria mononuclear cells and
peripheral blood mononuclear cells.
The functional consequence of these findings

will be an important area for future investiga-
tions. Soluble interleukin 2 receptor can bind to
free interleukin 2 and thus could be involved in
modulatory functions in intestinal lymphocyte as
well as macrophage activation. Future studies
will be necessary to delineate the applicability of
these in vitro findings to the in vivo patho-
physiology of inflammatory bowel disease. It will
be important to evaluate the possibility that
lymphocyte activation processes in inflammatory
bowel disease may be the result of immunologic
events within the diseased intestine, and subse-
quently involve the peripheral blood lymphocyte
compartment as well.
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