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SUMMARY

Imbalance in Th1 and Th2 subsets and their derived cytokines seems to be involved in the immune
abnormalities underlying UC and CD. CD30 is a member of the tumour necrosis factor/nerve growth
receptor superfamily expressed on T cells producing Th2 cytokines and released as a soluble form. In
this study high levels of soluble CD30 were found in sera of UC patients independently of disease
activity. Furthermore, increased titres of soluble CD30 molecule were shown, in the same patients, by
mitogen-stimulated cultures of peripheral blood mononuclear cells. Our data seem to indicate that an
activation of Th2 immune response is involved in the pathogenesis of UC, but not of CD. Furthermore,
this finding indicates that serum soluble CD30 measurement may be helpful for differentiating these two
forms of inflammatory bowel disease.
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INTRODUCTION

The pathogenic mechanisms underlying UC and CD are unknown,
although much evidence indicates that T cells play an important
role in the immune events involved in the pathogenesis of these
diseases. In fact, autoreactive T cells have been found in patients
with inflammatory bowel disease (IBD) [1] and increased circulat-
ing and tissue-infiltrating T lymphocytes exhibiting an activated
phenotype have been shown in the same patients [2,3].

CD4þ T cells constitute the predominant cell type infiltrating
the bowel wall during IBD [4]. They can be divided into two
functional subsets, based on their different cytokine production.
Type 1 T helper (Th1) lymphocytes, secreting IL-2 and interferon-
gamma (IFN-g), are the prime movers of cell-mediated immunity,
whereas Th2 cells, secreting IL-4, IL-5, IL-10 and IL-13, are
mainly responsible for antibody responses [5]. Recently, it has
been shown that Th2 lymphocytes co-express on their surface the
CD30 antigen, which is a member of the tumour necrosis/nerve

growth receptor superfamily originally described on Reed–Stern-
berg cells in Hodgkin’s lymphoma [6,7]. In addition to its expres-
sion in a variety of malignancies of lymphoid origin, CD30 has
been recognized on activated human T and B cells [8]. CD30 was
found to be highly and consistently expressed on CD4þ T clones
producing Th2 cytokines and virtually absent on Th1 lymphocytes
[9]. The membrane-associated CD30 molecule is proteolytically
cleaved to produce a soluble form (sCD30), detectable in culture
supernatants of activated T and B cells and in the serum of patients
with CD30þ neoplasia [10].

A different cytokine profile has been recently identified for CD
and UC. IL-2 and IFN-g are increased in the gut tissue of CD
patients, while mucosal IL-4 and IL-10 mRNA are increased in UC
but not in CD [11–14]. Thus, these data suggest a Th1/Th2
dichotomy in the immunopathogenesis of CD and UC. In this
study, we evaluated sCD30 serum levels of IBD patients, both UC
and CD, and correlated these findings with both disease activity
and inflammatory markers such as erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP). We also evaluated in the
same patients the sCD30 titres in supernatants of phytohaemag-
glutinin (PHA)-stimulated and unstimulated peripheral blood
mononuclear cells (PBMC). Furthermore, in order to assess the
possible expansion of the Th2 subset and its relationship with the
clinical stage of these diseases, we evaluated the percentage of
circulating CD30þ T cells.
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PATIENTS AND METHODS

Patients and controls
After informed consent, 35 consecutive patients meeting the
inclusion criteria were entered into the study. Seventeen had
UC and 18 CD (20 men and 15 women). IBD was diagnosed by
the usual clinical, radiological, endoscopical and histological
criteria. Disease activity was assessed in all patients at the time
of immunological studies. In UC, disease activity was evaluated
by Truelove’s criteria [15], in CD using the Best’s index (CDAI)
[16], and in patients with colonic involvement by endoscopy. UC
patients had a median age of 31·5 years (range 16–68 years), and
the duration of the disease ranged from 1 to 26 years. Two
patients had proctitis, 10 had proctosigmoiditis, and five had
pancolitis. Eight patients had active, nine quiescent disease. CD
patients had a median age of 35 years (range 18–63 years), and
the disease had been diagnosed from 1 month to 24 years before.
Ten patients had ileal involvement, six had ileocolitis and two
colitis. Ten patients had active, eight quiescent disease. Two CD
patients had been previously operated by ileocaecal resection.
Steroid treatment was discontinued at least 3 months before the
enrolment. Thirty-two patients were receiving oral salazopyrine
or controlled-release 5-ASA tablets, and three patients were
receiving no specific treatment. Twenty-eight healthy volunteers
with age and sex distribution similar to IBD patients were
enrolled as controls.

Serum samples
Serum samples were obtained from IBD patients and controls. All
samples were aliquoted and stored at¹808C until used for sCD30
measurement.

Cell cultures
PBMC were separated from 27 IBD patients (14 UC and 13 CD)
and 20 controls by standard Ficoll–Hypaque density gradient
centrifugation. Their viability was routinely>95%, as assessed
by trypan blue dye exclusion. After two washes, PBMC were
counted and resuspended at 2×106 cells/ml in RPMI 1640 supple-
mented with 10% heat-inactivated fetal calf serum (FCS), 1%L-
glutamine, 100 U/ml penicillin, 200mg/ml streptomycin and
100mg/ml gentamicin. The cells were cultured in the presence of
medium alone or medium plus PHA (Biochrom KG, Berlin,
Germany) at a final concentration of 10mg/ml, at 378C in a 5%
CO2 atmosphere. Supernatants were harvested after 48 h of culture,
aliquoted and stored at –808C until use.

Assay for sCD30 in supernatants and blood samples
sCD30 was measured by ELISA test kits (Dako CD30, Ki-1
antigen ELISA; Glostrup, Denmark). The assay is based on the
dual immunometric sandwich principle and was performed
according to the manufacturer’s instructions.

Cell phenotype
The surface co-expression of CD30 on PBMC was determined by
two-colour immunofluorescence after incubation with a FITC-
conjugated anti-CD30 MoAb (Ki-1 antigen, CD30/FITC; Dako)
in combination with PE-conjugated MoAbs against CD3, CD4
and CD8 molecules (Leu-4, Leu-3 and Leu-2, respectively;
Becton Dickinson, Mountain View, CA). The phenotypical ana-
lysis was performed by flow cytometry (FACScan; Becton
Dickinson).

Statistical analysis
Because of the non-normal distribution of our results the following
non-parametric tests were used for statistical analysis: Mann–
Whitney U-test for non-paired samples, Wilcoxon’s signed-rank
test for paired data and Spearman’s correlation coefficient.

RESULTS

sCD30 serum levels
Serum sCD30 values (expressed as median, range) were signifi-
cantly higher in UC patients (23·3 U/ml, range 9·5–86 U/ml), both
active (30 U/ml, range 9·5–86 U/ml) and quiescent (23·3 U/ml,
range 10–65 U/ml), than in controls (6·93 U/ml, range 2–30 U/ml)
(P¼ 0·0001,P¼ 0·0007,P¼ 0·0004, respectively). Furthermore,
significant differences of sCD30 titres were observed between UC
and CD patients (10·94 U/ml, range 3·6–22 U/ml), both active
(10·44 U/ml, range 4·57–22 U/ml) and quiescent (12 U/ml, range
3·6–21 U/ml) (P¼ 0·002,P¼ 0·01,P¼ 0·04, respectively). sCD30
serum levels in CD patients were comparable to controls indepen-
dently of disease activity (Fig. 1). No correlation was observed
between sCD30 serum values and both ESR and CRP in IBD
patients independently of the clinical phase of disease.

sCD30 levels in cell culture supernatants
Supernatants of unstimulated cultures of UC patients showed
increased titres of sCD30 (8·25 U/ml, range 4·3–18 U/ml) com-
pared with controls (4·9 U/ml, range 3·3–13·3 U/ml) (P¼ 0·0018),
and this increase could be related to the higher levels of sCD30
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Fig. 1. Serum levels of sCD30 in active (W) and quiescent (X) UC, active
(A) and quiescent (B) CD patients and controls (Ctr) (V). Bars represent
medians of total patients (active and quiescent). The titres are significantly
higher in UC patients, independently of disease activity, compared with
both CD patients and controls (P¼ 0·002 andP¼ 0·0001, respectively). No
differences can be observed between CD patients and controls (Mann–
WhitneyU-test).



observed in active UC patients (9 U/ml, range 6·5–18 U/ml) than in
controls (4·9 U/ml, range 3·3–13·3 U/ml) (P¼ 0·001). In fact,
there were no significant differences between quiescent patients
(7·6 U/ml, range 4·3–12·5 U/ml) and controls. Unstimulated
culture supernatants of UC patient sCD30 titres did not differ
from CD patients (6 U/ml, range 2·51–9 U/ml) (P¼ 0·07). In
contrast, active UC patients showed increased levels of sCD30
compared with active CD patients (6 U/ml, range 2·5–9 U/ml)
(P¼ 0·037); no significant differences were observed between
quiescent UC and CD (5·5 U/ml, range 2·98–14 U/ml). In unstimu-
lated culture supernatants of CD patients, sCD30 levels were
similar to controls independently of clinical status of the disease
(Fig. 2).

Raised sCD30 levels were detected in 48 h PHA-stimulated
cultures of PBMC of UC patients (12 U/ml, range 5·18–25·3 U/
ml), both active (18·3 U/ml, range 5·18–25·3 U/ml) and quies-
cent (11 U/ml, range 6·5–17·8 U/ml), compared with controls
(5·03 U/ml, range 3–10 U/ml) (P¼ 0·0001, P¼ 0·002,
P¼ 0·0005, respectively). These levels were significantly
higher than those of CD patients (6·5 U/ml, range 3·8–11 U/
ml), both active (4·7 U/ml, range 3·8–7·5 U/ml) and quiescent
(7·5 U/ml, range 4·5–11 U/ml) (P¼ 0·001, P¼ 0·01, P¼ 0·035,
respectively). Stimulated culture supernatants of CD patients,
both active and quiescent, showed sCD30 values comparable to
controls (Fig. 2).

UC stimulated supernatants showed increased levels of sCD30
compared with unstimulated culture supernatants (P¼ 0·04).
Furthermore, we observed that sCD30 levels in supernatants of
PHA-stimulated cultures of quiescent UC patients (11 U/ml, range
6·5–17·8 U/ml) were significantly increased compared with their
unstimulated cultures (7·6 U/ml, range 4·3–12·5 U/ml) (P¼ 0·03).
In contrast, no differences were observed in sCD30 titres between
PHA-stimulated and unstimulated cultures of active UC patients.
sCD30 values in PHA-stimulated and unstimulated culture super-
natants of CD patients, both active and quiescent, were similar
(Fig. 2).

Surface phenotype of PBMC
The percentage of peripheral blood CD3þ/CD30þ, CD4þ/

CD30þ and CD8þ/CD30þ T lymphocytes in IBD patients did not
significantly differ from controls (Table 1).

DISCUSSION

Our study seems to indicate that serum levels of sCD30 are
increased in UC patients independently of disease activity, while
they are within normal range in CD patients. Increased sCD30
levels were found in several autoimmune diseases associated with
Th2-like responses such as systemic lupus erythematosus (SLE)
and systemic sclerosis (SSc) [17,18], thus suggesting the involve-
ment of this subsetin vivo. Similarly, our data suggest that thein
vivo expansion and/or activation of the Th2 cell compartment may
drive a Th2-dominated immune response in the pathogenesis of
UC. Furthermore, the difference in sCD30 levels between UC and
CD strongly suggests different pathogenic mechanisms in these
diseases. Recently, it has been proposed that in CD, cell-mediated
immune reactions play a key role; in contrast, during UC the
humoral responses of the immune system could be involved in the
pathogenesis of tissue damage [19–22]. Differences in the cyto-
kine pattern between UC and CD, showing increased mucosal
levels of IL-2 and IFN-g in CD and of IL-4 and IL-10 in UC, are in
keeping with the hypothesis that the immune response is mainly
mediated by Th1 cells in CD, and by Th2 lymphocytes in UC [11–
14]. Furthermore, accumulation of Th1 cells has been shown in gut
biopsies of CD patients, and their mucosal CD4þ cells did not
express CD30 [4]. Evidence that CD30þ T cells are more effective
than Th1 in activating B cells [23] for immunoglobulin production
suggests that this subset may be responsible for polyclonal activa-
tion of B cells and (auto)antibody production identified in UC
patients [21,22,24]. In this light, our results suggest that CD30
molecule, in UC, may be associated with a Th2 cytokine produc-
tion pattern, as previously reported, although recently some
authors have proposed that CD30 molecule could be expressed
by T cells producing both IL-4 and IFN-g [25,26]. We found that
higher serum sCD30 levels in UC patients did not correlate with
the clinical status of the disease, suggesting a chronic activation of
CD30-producing cells. A tentative explanation of these findings is
that stimulating factors persistin vivo and activate these cells,
inducing the secretion of sCD30 molecule. In the culture media
assays we observed that the PBMC of active UC patients sponta-
neously produce higher levels of sCD30in vitro, confirming that
these cells have already been primedin vivo. In fact, our findings
indicate that, in this phase of disease, PBMC are maximally
activated in vivo and unresponsive to furtherin vitro mitogen
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Fig. 2. sCD30 levels in supernatants of both phytohaemagglutinin (PHA)-
stimulated (a) and unstimulated (b) cultures of active (W) and quiescent (X)
UC, active (A) and quiescent (B) CD patients and controls (Ctr) (V) after
48 h. Bars represent the medians of total patients (active and quiescent). (a)
In PHA-stimulated cultures sCD30 levels were significantly increased in
UC patients compared with both CD patients and controls (P¼ 0·001 and
P¼ 0·0001, respectively). No differences could be observed between CD
patients and controls. (b) In unstimulated cultures sCD30 levels were
significantly increased only in active UC patients compared with controls
(P¼ 0·0018). No significant differences could be observed between UC and
CD patients and between CD patients and controls (Mann–WhitneyU-test).

Table 1. Percentages of CD3þ, CD4þ and CD8þ cells co-expressing the
CD30 surface antigen in the peripheral blood of patient with inflammatory

bowel disease (IBD) and controls

Disease CD30þ/CD3þ CD30þ/CD4þ CD30þ/CD8þ

UC 2·8 (0·9–4) 1·75 (0·8–2·5) 0·7 (0·1–1·3)
CD 2 (0·7–3·7) 1·2 (0·5–2·3) 0·65 (0·2–1·1)
Ctr 2·2 (0·5–3) 1·3 (0·4–2) 0·65 (0·1–1)

All values are expressed as median (range). No differences were
observed between patients, both UC and CD, and controls (Ctr) (P>0·05,
Mann–WhitneyU-test).



stimulation. In contrast, PBMC of quiescent patients do not
produce increased amounts of sCD30 spontaneously, but they
appear more sensitive to mitogen stimulation than PBMC of both
CD and controls. In fact, increased levels of sCD30 were found in
culture media of mitogen-stimulated PBMC from UC patients,
both in the active and quiescent phases of disease.

The discrepancy found in our study between the increased
serum sCD30 levels and the normal percentage of circulating
CD30þ/CD3þ T cells in UC patients may have several explana-
tions. First of all we have to consider that T cells releasing sCD30
could be confined to the specific target organs as found in inflamed
joint effusions of rheumatoid arthritis patients [27]. Recently, it has
been shown that CD30 expression is IL-4-dependent [28]. This
cytokine has been found increased in UC gut tissue, and mucosal
CD4þ T cells produced IL-4 [4,13]. These data suggest that IL-4
could inducein vivo local production and release of sCD30 by T
cells into the circulation. On the other hand, a possible contribution
of B cells to the sCD30 increase in UC sera cannot be excluded.
Lastly, a defective detection of CD30 T cells has been found in
healthy individuals with the use of FITC-based methods [29].

In IBD, differently from other autoimmune diseases such as
SLE and SSc, no correlation between sCD30 and both ESR and
CRP was observed. The relationship between sCD30 and inflam-
mation is still unclear, and several questions concerning the
pathophysiological role of CD30 remain to be answered.

Several lines of evidence indicate that different immunopatho-
logical mechanisms act in UC and CD. Our data provide further
support to this view, and suggest that sCD30 serum values may be
a helpful marker for differentiating these two forms of IBD.
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