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Serum interleukin-2-receptor in coeliac disease: response to
treatment and gluten challenge
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SUMMARY

Concentrations of the soluble interleukin-2 receptor (sIL-2R) in the serum of 33 patients with coeliac
disease were measured by ELISA. The levels of sIL-2R were significantly raised in 15 patients with
untreated coeliac disease compared with treated patients and age- and sex-matched symptomatic and
non-symptomatic control groups. Longitudinal studies in individual coeliac patients showed that

serum sIL-2R fell following commencement of a gluten-free diet. Gluten challenge of 16 treated
coeliac patients for 1 week resulted in a significant increase in serum sIL-2R, which returned to pre-
challenge levels within 4 weeks of recommencement of a gluten-free diet. We suggest that serum sIL-
2R levels in patients with coeliac disease reflect specific immunological activation in response to
gluten ingestion. Measurement ofserum sIL-2R may therefore be useful in the assessment ofresponse
to treatment in patients with coeliac disease.
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INTRODUCTION

Activation of T lymphocytes with specific antigen or mitogens
induces the synthesis of interleukin-2 (IL-2) and the expression
of the specific cell surface receptors for this molecule (IL-2R)
(Leonard et al., 1983; Smith, 1984). The binding of IL-2 via its
high-affinity receptor results in T lymphocyte proliferation and
a cascade of immunological responses (Smith, 1984). Ex-
pression ofIL-2R is not restricted to the T cell lineage. Although
IL-2R have been demonstrated on activated macrophages
(Hancock, Muller & Cotran, 1987; Mahida, Patel & Jewell,
1988) and activated B cells (Waldmann et al., 1984), they occur
at considerably lower densities than on activated T lymphocytes
(Waldmann et al., 1984).

The human receptor for IL-2 is composed of at least two
polypeptide chains with different binding affinities (Wang &
Smith, 1987). In vitro studies have shown that the low-affinity,
smaller 55 000 Mr alpha chain of the IL-2R receptor (the 'Tac'
protein) is shed from activated cells in soluble form (sIL-2R)
(Rubin et al., 1985a). sIL-2R is detectable in the serum of
healthy individuals, but concentrations of circulating sIL-2R
are elevated in certain disease conditions characterized by
increased immune activation such as rheumatoid arthritis
(Symons et al., 1988), graft rejection (Colvin et al., 1987),
chronic dermatological inflammatory conditions (Colver,
Symons & Duff, 1989) and lymphoreticular malignancies

Correspondence: Dr J. E. Crabtree, Department of Medicine, St
James's University Hospital, Leeds LS9 7TF, England.

(Nelson, 1986). Recent studies have shown serum concentra-
tions of sIL-2R to be an excellent monitor of disease activity in
rheumatoid arthritis (Wood, Symons & Duff, 1988).

Coeliac disease is characterized by lymphocytic and plasma
cell infiltrates in the small intestinal mucosa which resolve on
gluten exclusion (Howdle& Losowsky, 1986). There is immuno-
histological (Malizia et al., 1985; Kelly et al., 1987) and
functional (Ferguson et al., 1975; Howdle, Bullen & Losowsky,
1982; Crabtree, Heatley & Losowsky, 1989) evidence of
enhanced mucosal lymphocyte activity in patients with
untreated coeliac disease, and several systemic immunological
abnormalities have been reported (reviewed by Strober, 1985).
As sIL-2R appears to be a marker of immune activation, we
have examined patients with coeliac disease before and after
gluten exclusion to observe whether changes in serum sIL-2R
levels are an indicator of response to treatment. We have
additionally examined the effect of gluten challenge on serum
sIL-2R concentrations in patients with treated coeliac disease.

MATERIALS AND METHODS

Patients
Thirty-three patients with coeliac disease were studied. Jejunal
tissue was obtained using a Crosby capsule or a Quinton
hydraulic multiple biopsy instrument. Peripheral blood samples
were taken at the time of the investigative procedure and sera
were stored at - 70°C until assayed. Fifteen patients were
untreated (eight women, seven men; mean age 41-4 years +335
s.e.m.; range 17-69) and on normal diets at the time of biopsy.
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The mucosa of 14 patients showed subtotal villous atrophy on

histological examination and one patient had severe partial
villous atrophy. Thirteen ofthe untreated patients have, to date,
shown histological improvement on gluten-free diets. Two
patients are yet to be rebiopsied. The results of one additional
patient, who presented with subtotal villous atrophy and
showed symptomatic but no histological improvement after 20
months on a gluten-free diet are included for comparative
purposes. Four relapsed coeliac patients, with poor dietary
compliance, were also examined (three women, one man; ages

15, 23, 41, and 58, respectively), who all presented with subtotal
villous atrophy. These patients had previously shown improved
histology on gluten exclusion. Twenty-four treated coeliac
patients (15 women, nine men; mean age 39 2+2 6; range 17-
69) were studied. All had been on gluten-free diets for a

minimum period of 2 months and had shown histological
improvement following gluten exclusion. Biopsies from seven

treated patients were histologically normal, 15 showed partial
villous atrophy and two severe partial villous atrophy. Ten of
the 24 treated coeliac patients were among those investigated
while on a normal diet. The length oftime on a gluten-free diet in
the patients examined both before and after treatment varied
from 2 to 14 months (mean duration 6-2 months).

Control subjects
Two groups of control subjects were examined. A symptomatic
control group (mean age 42-6+ 3-5) consisted of 15 patients age-

and sex-matched to the untreated coeliac patients, who had a

jejunal biopsy to exclude coeliac disease. The jejunal mucosa

was normal on histological examination and no other intestinal
inflammatory conditions were demonstrated on further investi-
gation. Patients with rheumatoid arthritis, psoriasis and atopic
eczema (Symons et al., 1988; Colver et al., 1989) were excluded.
The eventual diagnoses of patients in the symptom control
group were irritable bowel syndrome/motility disorder (10
subjects), lactase deficiency (one), diverticular disease (one),
rectal polyp (one) and hypothyroidism (one). An additional
control group of 15 sex- and age-matched, non-symptomatic
healthy volunteers (mean age 42 7 + 3 5) was also studied. The
project was approved by the Clinical Research (Ethics) Com-
mittees of the Health Districts and informed consent was

obtained from all patients and control subjects.

coated with the monoclonal antibody 2R1.2, washed and
blocked. Samples were assayed in duplicate for 2 h at 370C.
After washing, the plates were incubated for a further 2 h with
horseradish peroxidase-conjugated 7G7/B6 monoclonal anti-
body. 7G7/B6 does not block IL-2 or anti-Tac binding to the
IL2-R alpha chain (Rubin et al., 1985b) and recognizes an

epitope distinct from 2RI.2. After further washing, bound
peroxidase-conjugated antibody was detected using the sub-
strate O-phenylenediamine. The reaction was quenched after 30
min incubation at room temperature with 1 M H2SO4 and the
absorbance was measured at 490 nm. Units of sIL-2R were

calculated from a standard curve obtained by assaying serial
dilutions of a supernatant from phytohaemagglutinin (PHA)
stimulated peripheral blood mononuclear cells (T Cell Sciences)
defined as 1000 U/ml. Mean inter-assay variability was 7-12%.

Statistical analysis
Data are expressed as means + s.e.m. Analysis of variance was

carried out using the Kruskall-Wallis test. Statistical compari-

sons between mean values of unpaired data were carried out
using the Mann-Whitney U-test for non-parametric data. A
Wilcoxon's signed rank test was used to analyse paired data.

RESULTS

Serum concentrations of sIL-2R in patients with untreated and
treated coeliac disease and symptomatic and non-symptomatic
control groups are shown in Fig. 1. The mean serum concentra-
tion of sIL-2R in untreated coeliac patients (1324+223) was

significantly greater (P<0 001) than that of age-matched
control patients who had normal jejunal histology (249 + 22 4)
and non-symptomatic controls (186+25 9). The mean serum

levels ofsIL-2R in treated coeliac patients (519 + 60 3) following
gluten exclusion was significantly lower (P < 0 001) than that of
untreated patients, but greater than that of both the symptom
controls and healthy control group (P< 0001). There was no

significant difference between the sIL-2R levels in the two
control groups. The mean serum sIL-2R value in the group of
four relapsed coeliac patients (515 + 59), whosejejunal histology
showed subtotal villous atrophy following previous histological
improvement, was significantly lower (P< 0-05) than that of

Gluten challenge of treated coeliac patients
Sixteen additional patients (mean age 48-6+ 3-9; range 17-73)
with histologically proven coeliac disease (an abnormal jejunal
biopsy with morphological improvement on a gluten-free diet),
who had been on gluten-free diets for a minimum of 6 months,
were given 30 g of gluten powder (BDH, Poole, UK) daily for 7

days. Blood samples were taken immediately before commence-
ment of gluten challenge, after 7 days of gluten ingestion and

after a further 4 weeks following re-instatement of a gluten-free
diet. This study was part ofa wider research protocol, which was
approved by the local Clinical Research (Ethics) Committee.

ELISA for serum sIL-2R
Serum sIL-2R levels were determined by an ELISA (T Cell
Sciences Inc., Cambridge, MA) using two non-competing
monoclonal antibodies (Rubin et al., 1985b) to the alpha chain
of the IL-2R, as previously described (Symons et al., 1988).
Briefly, microtitre plates (Nunc, Roskilde, Denmark) were
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Fig. 1. Serum sIL-2R levels in untreated (UTC) and treated (TC) coeliac

patients and symptomatic and healthy controls.
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Fig. 2. Serum sIL-2R in patients with coeliac disease before (UTC) and
after (TC) gluten exclusion. A, the patient with subtotal villous atrophy
who showed no histological response to a gluten free diet.

newly presenting coeliac patients, but was greater than both
control groups (P<0-01).

The serum sIL-2R values of coeliac patients examined
before and after gluten exclusion are shown in Fig. 2. The serum
sIL-2R concentration fell significantly on treatment (P <001).
One patient showed a 56% reduction in serum sIL-2R values
after only 2 months on a gluten-free diet. In one patient who
initially presented with subtotal villous atrophy but showed no

histological improvement over a 20-month period on a gluten-
free diet, no reduction in serum sIL-2R values was observed
(Fig. 2).

The effects of ingestion of 30 g gluten/day for I week on
serum sIL-2R levels in 16 patients with treated coeliac disease
are illustrated in Fig. 3. The mean serum sIL-2R level after
gluten ingestion for 1 week (498-8+64-7) was significantly
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Fig. 3. Serum sIL-2R levels following gluten challenge in treated coeliac
patients.

greater (P < 0-025) than that at the commencement of the study
(423 + 54-5). Ten ofthe 16 patients showed an increase in sIL-2R
levels greater than 10% of pre-challenge values and in only one
patient was there a comparable reduction in sIL-2R value.
Following the 1 week of gluten challenge, reversion to a gluten-
free diet for 4 weeks resulted in a significant reduction (P < 0-01)
in serum sIL-2R values (Fig. 3), with the mean 5 week sIL-2R
level (367 + 58&8) being lower, but not significantly different than
the pre-challenge value.

DISCUSSION

Although the pathogenesis of coeliac disease is unclear, there is
evidence of altered immunological responses in untreated
patients (reviewed in Strober, 1985). It is not known whether
such changes are primary or secondary phenomena in coeliac
disease but recent studies with fetal intestinal tissue suggest that
T lymphocytes may have a primary role in enteropathy
(MacDonald & Spencer, 1988). A central event in antigen-
induced activation ofT lymphocytes is the secretion of IL-2 and
the expression of cell surface IL-2R to permit clonal expansion
of antigen specific T cells. The shedding of the IL-2R (Rubin et
al., 1985a), which occurs in proportion to their cell surface
expression, permits evaluation of in vivo immune activation by
serological measurement of the sIL-2R.

The results of this study show that untreated coeliac patients
have significantly elevated serum sIL-2R concentrations. The
raised concentrations in untreated patients clearly differentiated
such patients from treated patients and control groups. The
significant reduction in serum sIL-2R following treatment in
patients with coeliac disease, examined over time, which
mirrored histological improvement of the jejunal mucosa,
suggests that measurement of sIL-2R levels following gluten
exclusion may be a useful adjunct in the monitoring of
treatment.

To establish whether the raised levels observed in untreated
patients in this study result from long-term immune stimulation
and to permit kinetic analysis of cellular activation in vivo to a
specific antigen, we examined the effects of gluten challenge on
serum sIL-2R levels in a group of treated coeliac patients. After
only 1 week ofgluten ingestion there was a significant increase in
sIL-2R levels. However, the values did not increase to those
observed in the untreated coeliac patients, suggesting that the
high levels of sIL-2R observed in untreated patients are a result
of long-term immunostimulation. Clearly, if T cell-mediated
events are a primary phenomenon in inducing coeliac disease as
recently postulated (MacDonald & Spencer, 1988), variable
levels of T cell activation as measured by serum sIL-2R
concentrations result in the pathological changes characteristic
of coeliac disease. The significant decrease in sIL-2R values
following a 4-week period on a gluten-free diet in the challenge
patient group demonstrates a rapid response to gluten exclu-
sion. The reduction to below pre-challenge values could be a
result of improved dietary compliance following closer medical
supervision (Anon., 1988).

In vitro studies on the kinetics of IL-2R expression by T
lymphocytes have shown that receptor expression occurs more
rapidly in primed cell populations (Cantrell & Smith, 1983). A
rapid in vivo response to immune stimulation with gluten by pre-
sensitized lymphocytes, therefore, would account for the serolo-
gical increase in IL-2R after gluten ingestion for 1 week.
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Challenge with gluten has been shown to induce a rapid
infiltration of T lymphocytes into the jejunal epithelium in
patients with treated coeliac disease (Freedman et al., 1987).
Following antigen exposure, the receptor for IL-2R is only
transiently expressed and the shedding of the receptor is
considered to be an important mechanism by which the
specificity of the immune response is maintained (Reske-Kunz
et al., 1984; Rubin et al., 1985a).

The source of the high serum levels of sIL-2R in untreated
coeliac patients is unclear. Although increased immunolabelling
of cells with anti-Tac (a monoclonal antibody specific for IL-
2R) has been observed in jejunal mucosa of untreated coeliac
patients relative to control patients (Kelly et al., 1987), the levels
of expression on T lymphocytes are low, relative to the Ta-l
marker of immune activation (Kelly et al., 1987) and the CD7
marker ofstimulation (Malizia et al., 1985). A possible explana-
tion for the low expression ofIL-2R on mucosal cells is that with
chronic immunostimulation, the rapid release of IL-2R is a
protective mechanism to prevent excessive T cell proliferation.
One possible source ofthe serum sIL-2R could be the mesenteric
lymph nodes. In patients with sarcoidosis, thoracic lymph node
cells label strongly with anti-Tac (Hancock et al., 1986).

Whatever the source of sIL-2R in patients with coeliac
disease, the results of this study are supportive evidence for the
role of T lymphocytes in the pathogenesis of coeliac disease
(Ferguson et al., 1975) and measurement of serum sIL-2R
appears a simple, non-invasive means ofassessment ofimmuno-
logical activation to gluten in patients with this disorder.
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