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Soluble interleukin-2 receptor in Crohn's disease:
relation of serum concentrations to disease activity

J E Crabtree, L D Juby, R V Heatley, A J Lobo, DW Bullimore, A T R Axon

Abstract
Serum concentrations of soluble interleukin-2
receptor (sIL-2R) were measured as a marker
of immune activation in a group of 30 patients
with Crohn's disease. sIL-2R concentrations
were determined by enzyme linked immuno-
sorbent assay during periods of active and
inactive disease and correlated with standard
parameters of disease activity. Serum concen-
trations of sIL-2R were significantly raised in
patients with active Crohn's disease compared
with patients with inactive disease (p<0001)
and control subjects. There was a significant
correlation between serum sIL-2R concentra-
tions and disease activity as assessed by the
Harvey-Bradshaw index (r=0.42, p<0 01),
platelet numbers (r=0.49, p<001), and oroso-

mucoid (r=0.47, p<001), alpha, antitrypsin
(r=0.44, p<001), and C reactive protein con-
centrations (r=0.48, p<0001) but not with the
erythrocyte sedimentation rate. Measurement
of serum sIL-2R concentration is a simple and
useful laboratory means of assessing disease
activity. Raised concentrations in patients with
active Crohn's disease is further evidence for
in vivo immune activation occurring in this
disease.
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Although the aetiology of Crohn's disease is
unclear, both cellular and humoral immune
phenomena are considered to play a part in the
pathogenesis of the condition.' The importance
of T lymphocytes in regulating intestinal
defences in Crohn's disease is well recognised.'
Both changes in immunoregulatory T cell
function34 and altered expression of molecular
markers of T cell activation on peripheral and
mucosal lymphocyte populations have been des-
cribed.56

Activation of resting T lymphocytes with
specific antigen or mitogens results in the cell
surface expression of interleukin-2 receptors
(IL-2R).78 The binding of interleukin-2 to this
high affinity receptor induces T cell proliferation
and a chain of immunological responses.7 The
IL-2R is composed of at least two interleukin-2
binding polypeptides9 and in vitro studies have
shown that after activation the 55 000 Mr alpha
chain, the Tac peptide, is released in a soluble
form (sIL-2R)."° sIL-2R is detectable serologic-
ally in healthy people, and concentrations are

raised in diseases associated with increased
immune activation such as rheumatoid arthritis,"
sarcoidosis,"2 parasitic infections,'3 atopic
eczema,14 and graft rejection.'5 Recent studies
have shown serum sIL-2R concentrations to be
an excellent marker of gluten sensitivity in
coeliac disease, with concentrations falling
rapidly in response to gluten withdrawal. 16

In Crohn's disease few well defined bio-
chemical markers satisfactorily quantify disease
activity, the disease being characterised by
periods of activity and quiescence. As serum
sIL-2R concentrations seem to indicate the
extent of in vivo immune activation in various
disease states, we investigated patients with
Crohn's disease to determine whether serum
sIL-2R concentrations reflect disease activity
and examine the relation of sIL-2R to other
standard assessments of disease activity.

Methods

PATIENTS AND CONTROL SUBJECTS
Thirty patients with Crohn's disease were
studied (14 men, 16 women; mean (SE) age 33-9
(2 34) years). Twenty three of the patients were
examined in both active and inactive phases of
the disease. The diagnosis ofCrohn's disease was
based on standard clinical, endoscopic, histo-
logical, and radiological criteria. In 10 patients
the disease affected both the ileum and the colon,
in 10 patients the colon, and in 10 the small
bowel. Twenty patients were receiving steroids
(mean (SE) dose 14 (2 7) mg) and six azathio-
prine (mean (SE) dose 125 (9 5) mg).
A control group of 18 healthy volunteers (10

women, eight men; mean (SE) age 39-6 (3-4)
years) was studied. A disease control group
consisted of 13 patients (seven women, six men;
mean (SE) age 43 (3 1) years), of whom 11 had
an irritable bowel syndrome/motility disorder,
one diverticular disease, and one rectal polypys.

Sera for sIL-2R measurement were stored at
-70°C until assayed. Collection of blood for
other laboratory tests (C reactive protein,
erythrocyte sedimentation rate, platelet number,
orosomucoid and a, antitrypsin concentrations)
was performed concurrently according to
standard procedures.

DETERMINATION OF DISEASE ACTIVITY
Disease activity was assessed by the Harvey-
Bradshaw index, which is based on a patient's
well being, abdominal pain, number of liquid
stools, presence of an abdominal mass, and
extraintestinal manifestations, such as arthralgia
and aphthous ulcers. 7 This index correlates well
with other more complex indices of disease
activity. "

ELISA FOR sIL-2R
Serum sIL-2R concentrations were determined
by an enzyme linked immunosorbent assay
(ELISA) (T Cell Sciences, Cambridge MA)
using two non-competing monoclonal anti-
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Figure 1: Serum sIL-2R concentrations in patients with active
and inactive Crohn's disease, disease control subjects, and
healthy control subjects.

bodies'8 to the alpha chain of IL-2R, as described
previously." Microtitre plates (Nunc, Rosklide,
Denmark) were coated with the monoclonal
antibody 2R1.2, washed, and blocked. All
samples were assayed in duplicate for 2 h at 37°C.
After washing, plates were incubated for 2 h with
horseradish peroxidase-conjugated 7G7/B6
monoclonal antibody, which does not block IL-2
or anti-Tac binding to the IL-2R alpha chain.'8
Bound antibody was detected using the substrate
O-phenylenediamine and units of sIL-2R were
determined from a standard curve of serial
dilutions of supernatant from phytohaemag-
glutinin stimulated peripheral blood mono-
nuclear cells (T Cell Sciences) defined as 1000
units/ml. Interassay variability was 7 12% and
the limits of sensitivity 50 units/ml.
The laboratory parameters of platelet number

and erythrocyte sedimentation rate were deter-
mined using standard techniques. C reactive
protein, orosomucoid, and a, antitrypsin con-
centrations were measured by radial immuno-
assay. 1'

p< 0.001
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Figure 2: Serum sIL-2R concentrations in patients with
Crohn's disease during active and inactive phases.

STATISTICAL ANALYSIS
Data are expressed as medians (SEM). Statistical
comparisons were carried out using the Kruskal-
Wallis test, Mann-Whitney U test, Wilcoxon's
signed rank test for paired data, and Spearman
rank correlation coefficient.

Results
Serum concentrations of sIL-2R in patients with
active (Harvey-Bradshaw index 5-13) and
inactive (0-4) Crohn's disease and control groups
are shown in Figure 1. The median (SEM) serum
concentration of sIL-2R in the group of 24
patients with active Crohn's disease (785 (61 9))
was significantly greater (p<0001) than that of
healthy subjects (160 (22 9)) and disease control
subjects (280 (21-5)). Five patients with active
disease, however, had serum sIL-2R concentra-
tions within the control range. The median
serum sIL-2R concentrations in 29 patients with
inactive Crohn's disease (460 (40 3)) was signific-
antly lower (p<0001) than in patients with
active disease, but greater than both control
groups (p<001). The serum sIL-2R concentra-
tions in the disease control group were signific-
antly greater (p<0O01) than in the healthy
control group.
Serum sIL-2R concentrations in patients with

Crohn's disease examined during both active and
inactive phases of disease activity are shown in
Figure 2. Serum sIL-2R concentrations fell in
all patients with high index scores of disease
activity and raised sIL-2R concentrations who
responded to treatment. In only two patients
with a high clinical index, who were biochemic-
ally inactive (according to C reactive protein and
erythrocyte sedimentation rate) was there no
reduction in sIL-2R after reversion to a clinically
inactive disease state.
There was a significant correlation between

the serum sIL-2R concentrations and disease
activity as assessed by the Harvey-Bradshaw
index (r=0-42, p<001, n=53) (Fig 3). In
addition, there was a significant correlation
between serum sIL-2R concentrations and
platelet number (r=0-495, p<001, n=36) and
orosomucoid (r=0-474, p<001, n=45), cc anti-
trypsin (r=0 44, p<001, n=44), and C reactive
protein concentrations (r=0-485, p<0001, n=
46), but not with the erythrocyte sedimentation
rate (r=0-23, n=29). The Table shows the range
and median values for C reactive protein, cc
antitrypsin, and orosomucoid in the patients
with active and inactive Crohn's disease.

Discussion
There is considerable evidence that Crohn's
disease is associated with immune activation
both in the intestinal mucosal202' and systemic-
ally.6 Activation of T lymphocytes is accom-
panied by the cellular expression of the IL-2R
(the Tac antigen) and, after immune stimulation
in vitro, this receptor is shed from activated
cells.'0 The release of the IL-2R alpha chain,
which occurs in proportion to its cell surface
expression, allows assessment of in vivo immune
activation by serological measurement of soluble
IL-2R.
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Figure 3: Relation between serum sIL-2R concentrations and disease activity as assessed by the
Harvey-Bradshaw index (r=042, p<001).

The results of this study show that patients
with active Crohn's disease have significantly
raised serum sIL-2R concentrations and the
circulating levels correlated well with disease
activity as assessed by the Harvey-Bradshaw
index. Even during inactive phases, sIL-2R
values were raised in patients with Crohn's
disease compared to control subjects. Although
some studies have shown that clinical improve-
ment in Crohn's disease is accompanied by a
decrease in activated peripheral T cells express-
ing T9 (the transferrin receptor) and HLA/DR
antigens,6 others have found persistence of early
activation antigens on peripheral and intestinal
mononuclear cells in quiescent phases of
disease.5 The median serum sIL-2R concentra-
tion of the disease control patients was signific-
antly greater than that of the healthy control
group; however, no one in the former group had
serum sIL-2R concentrations greater than 400
U/ml, the values being in the upper ranges of
those of the healthy controls. The diagnosis in
the disease control group was largely irritable
bowel syndrome reached by excluding other
serious disease.

Cellular expression of IL-2R is not restricted
to cells of the T cell lineage, as activated B cells22
and activated macrophages23 also express IL-2R.
The cellular origin of the raised circulating
sIL-2R concentrations in Crohn's disease is
unclear. There seems to be no imbalance of
immunoregulatory T cell populations in the
intestinal mucosa in Crohn's disease24 25; how-
ever, it has recently been shown that intestinal
macrophages in inflammatory bowel disease
express IL-2R.26 Whether macrophages release
IL-2R in a similar manner to activated B and T

Range and medians ofacute phase reactants in patients with
active and inactive Crohn's disease

Inactive (n=24) Active (n=23)

Orosomucoid (gil) 0 67-3 45 (1-33) 0-39-4-58 (2 33)*
ali antitrypsin (gil) 1 95-5 77 (3 78) 1 99-10 3 (4.68)*

* ~~~~Creactive protein
(mg/i) <10-13 (10) <10-137 (22)t

*p<O-Ol; tp<O-OOl.

cells27 is unknown. The median (SEM) sIL-2R
concentration in active Crohn's disease (785
(61 9)) was lower than that observed in untreated
patients with coeliac disease (1090 (223)),'6 but
clearly both of these intestinal inflammatory
conditions are associated with increased immune
activation, as assessed by serum sIL-2R concen-
trations.
The lack of correlation of serum sIL-2R

concentrations with the erythrocyte sedimenta-
tion rate is not altogether surprising since this is
sometimes normal in patients with inflammatory
bowel disease even when the disease is active.28
Serum sIL-2R concentrations were correlated,
however, with other laboratory indices of
disease activity including platelets, C reactive
protein, a1 antitrypsin, and orosomucoid. This
suggests that these parameters are directly
related to the extent of immune activation and
are not simply a reflection of the acute phase
response. Recent studies have shown interleukin-
6 to be a major mediator of the acute phase
response.2930 A relation between serum sIL-2R
concentrations and platelet counts has also been
observed in rheumatoid arthritis where sIL-2R
concentrations were found to be an excellent
monitor of clinical disease activity and to predict
disease exacerbation.3'
The results of this study suggest that serum

sIL-2R measurements in patients with Crohn's
disease may be a useful marker of disease
activity, although current use is likely to be
limited to clinical trials or research. Longitu-
dinal studies could have a predictive value in
relation to the onset of active phases of the
disease.
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