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Serum level of soluble interleukin-2 receptor o
correlates with the clinical course and activity of
Wilms’ tumour and soft tissue sarcomas in children
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Abstract

Wilms’ tumour (WT) and soft tissue sarcomas (SA) in children lack reliable biochemical
markers. This study was carried out to determine the clinical significance of serum soluble
interleukin-2 receptor o (sIL-2Ra) in the diagnostics and treatment monitoring of children with
WT and SA. The study included 48 children: ten with WT, eight with SA and 30 healthy
controls. The sIL-2Ra levels (ELISA) and rates of elevated sIL-2Ra values were estimated
prospectively at diagnosis and in complete remission during treatment and after therapy. As the
dependence on age was determined, the levels of sIL-2Ra were expressed as multiplications of
the upper value of the normal range for a particular age ( XxN). Median pretreatment levels of
sIL.-2Ra in patients exceeded those of healthy controls (1.79 xN for WT and 1.53 for SA vs.
0.61 for controls; p <0.001) as did the rates of elevated sIL.-2Ra values (80% of WT and 87.5%
of SA patients vs. 0% of controls). Good response to therapy was paralleled by a significant
decline of pretreatment sIL-2Ra levels and its elevated rates. Thus, sIL-2Ra determination may
be of some value in the diagnostics and treatment monitoring of childhood WT and SA.
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Introduction

Since Morgan et al. reported in 1976 that interleukin-2 (IL-2) is a T-cell growth
factor, IL.-2 has been investigated and characterised as one of the most important
interleukins in the regulation of the immune system (Morgan et al. 1976). It plays an
essential role in a great number of anti-tumour reactions, stimulating the proliferation
and function of T, B and natural killer (NK) cells as well as other cytotoxic effector
cells. To exert its biological effect, IL-2 must interact with its specific receptor (IL-2R)
expressed on the cell membrane of activated T and B lymphocytes and monocytes
(Armitage et al. 1986, Kawashima et al. 2000, Sondel 1997). The cell surface-bound
IL-2R is composed of at least three distinct subunits called o (55 kDa), B (75 kDa)
and y (64 kDa) chains. Each subunit is able to bind the ligand independently with
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either low (IL-2Ra) or intermediate (IL-2RB and y) affinity (Honda et al. 1990,
Sondel 1997). It has been shown that the high-affinity receptor for IL.-2 consists of all
three subunits combined non-covalently and the presence of the o chain is necessary
for the high-affinity IL-2R formation (Gutgsell & Malek 1994). Although resting as
well as mature activated lymphocytes constitutively express the  and y chains, the
o chain (also termed Tac molecule) is rapidly induced and expressed only after
activation of mononuclear cells (Djeu et al. 1993, Espinoza-Delgado et al. 1990,
Sugamura et al. 1990).

In 1985, Rubin et al. reported that the soluble form of the o subunit of IL-2R (sIL-
2Ra) was released spontaneously in the culture supernatants of i vitro cultured T
cells after stimulation with lectins and mitogens. The authors have proven that the
soluble form of the o chain is smaller than its membrane counterpart (45 kDa vs.
55 kDa), but it retains the ability to bind IL-2 efficiently (Rubin et al. 1986, Rubin &
Nelson 1990). An enzyme-linked immunosorbent assay (ELISA) with the use of two
non-competitive murine antihuman IL-2Ra antibodies (anti-Tac and 7G7/B6) has
enabled detection and quantification of the released soluble form of the Tac molecule
(sIL-2Ra)) (Waldmann et al. 1992).

Soluble IL-2Ra has been found in the serum and other body fluids of healthy
individuals and its level reflects the activation of innate immunological responses
occurring under physiological stimuli (Rubin et al. 1985, Rubin & Nelson 1990).
Increased serum levels of sIL.-2Ra have been found in a variety of autoimmune,
inflammatory and infectious diseases as well as in acquired immunodeficiency
disorders (Naveau et al. 1999, Peteiro-Cartelle & Alvarez-Jorge 1999, Shi et al.
1999). Highly increased sIL.-2Ra levels have been reported at diagnosis of the
majority of lymphoproliferative disorders, including hairy cell leukaemia (HCL),
adult T-cell leukaemia (ATL), Hodgkin’s and non-Hodgkin’s lymphomas (HL,
NHL), chronic myeloid leukaemia (CML), chronic lymphoblastic leukaemia (CLL)
and others (Chilosi et al. 1987, Janik et al. 2004, Marcon et al. 1988, Moon et al.
2004, Nakase et al. 2005, Stasi et al. 1994, Viviani et al. 1998). It is suggested that
in these haematological conditions, sIL-2Ra is directly released by the neoplastic
cells and thus reflects the tumour burden and disease activity. However, in most
malignant solid tumours, inflammatory and autoimmune diseases, elevated levels of
sIL.-2Ra are likely to be the product of normal peripheral mononuclear cells
activated in response to the neoplasm’s development and growth (Murakami
2004). Nevertheless, the pretreatment serum levels of sIL.-2Ra have been shown to
reflect the activity, advancement and biological aggressiveness of most neoplasms in
adults, as well as correlating with prognosis and overall survival.

Neoplastic disease of childhood comprises a broad spectrum of malignant disorders
characterised by multiple histopathological, clinical and biological features, very
different from those in adults. Reports concerning the significance of serum sIL-2Ra
determination in paediatric malignancies are not numerous and concentrate pre-
dominantly on its level at diagnosis before treatment administration (Bodey et al.
1996, Pui et al. 1987, Pui et al. 1988, 1989, 1993). To the best of our knowledge there
have been only two publications considering the role of sIL.-2Ra in children affected
by malignant solid tumours. Furthermore, no reports exist on the clinical usefulness of
serial measurements of sIL.-2Ra during anti-tumour therapy in childhood solid
malignancies.
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Thus, the aim of the present study was to evaluate whether serum levels of soluble
interleukin-2 receptor correlate with the clinical course and response to therapy in
children affected with two common types of paediatric solid neoplasms: nephroblas-
toma (Wilms’ tumour) and soft tissue sarcomas. These tumour types lack any specific
biochemical marker able to supplement the diagnostic and prognostic methods used
in everyday oncological practice.

Material and methods

The study included 18 children with malignant solid neoplasms, treated in the
Division of Haematology and Oncology of the Department of Paediatrics, Haematol-
ogy, Oncology and Endocrinology, Medical University of Gdansk, Poland, during
1995-2000. The group covered two distinct histological types of childhood
malignancies, i.e. Wilms’ tumour (WT, ten patients) and soft tissue sarcomas (SA,
eight patients). The diagnosis, staging, treatment and assessment of response to
therapy were carried out in full accordance with schemes provided by the Interna-
tional Society of Paediatric Oncology (SIOP) and Polish Paediatric Solid Tumours
Study Groups for each type of neoplasm. Pathological examinations were verified in
two distinct institutions. The control group consisted of 30 healthy children in whom
no inflammatory or infectious diseases had been reported during the previous
3 months. The clinical characteristics of the patients and controls are shown in
Table 1.

In the cancer patients, serum levels of sIL.-2Ra were determined in a prospective
manner at particular stages of disease: before treatment (at diagnosis), in complete
clinical remission (CR) during treatment, and after successful termination of therapy.
The determination of sIL-2Ra was carried out both for the whole malignant solid
tumours group and separately for the WTand SA patients. Also, the rates of elevated sIL-
2Ra measurements were estimated for the whole oncological group, for each subgroup
separately and for each phase of disease course. Serum sIL-2Ra levels were evaluated
once in the children in the control group, after informed consent by the parents.

Table I. Clinical characteristics of patients affected with solid malignancies and controls.

Wilms tumour Soft tissue sarcomas Control group
Number of patients 10 8 30
Age (years):
Range 0.9-10.6 0.3-13.1 2.3-16.6
Median 4.2 5.7 8.8
Sex (F/M) /3 6/2 15/15
Primary tumour left kidney — 6 minor pelvis — 3 Completely healthy
localisation right kidney — 4 limbs — 2 children with
head/neck — 2 no previous or actual
orbit — 1 infection
Histology
Favourable 2 2 -
Unfavourable 8 6 -
Stage at presentation
I+1I 4 2 -
II+1V 6 6 -
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The study was approved by the Local Ethical Committee (decision no.
367/95).

Soluble serum IL-2Ro assay

Blood collected from patients and controls was centrifuged at 2000 rpm for 15
min to separate the serum. Serum samples were stored frozen at —70°C until
assayed. Measurements of sIL-2Ra levels were performed in duplicate by the
commercially available enzyme-linked immunosorbent assay (ELISA, Dako,
Heverlee, Belgium). To avoid the possible influence of immunological activation
caused by factors other than malignancy on serum sIL-2Ra determinations, the
blood samples during oncological treatment were collected with respect to strict
rules. All the serum sIL-2Ra measurements during therapy were performed in
patients with no clinical signs of actual or previous (at least 14 days before)
infectious or inflammatory disorder. Blood samples were collected at least 30 days
after termination of radiotherapy, general anaesthesia and surgical procedure and
at least 14 days after stopping the haematopoietic growth factor (granulocyte
colony stimulation factor, G-CSF) administration. In addition, to exclude the
influence of renal impairment on serum levels of sIL-2Ra, serum blood urea
nitrogen (BUN) and creatinine level were checked. They appeared to be normal
in all patients and controls at the time of sample collection. Children included in
the control group were examined for actual and previous infectious conditions, as
well as impairment of other body organs. The blood count, renal and liver
function tests, as well as the erythrocyte sedimentation rate (ESR) and C-reactive
protein concentration, were within normal range in all children in the control

group.

Statistical analysis

The results were subjected to statistical analysis using the computer programmes:
Stanistica 5.0 and S-PLUS. Correlation of serum sIL-2Ra with the age of
the children in the control group was analysed using the non-parametric
Spearman test. Once the dependence of sIL-2Ra level on age had been
determined (correlation factor R=0.54, p =0.002), the values from the receptor
analysis were expressed as a multiplication of the upper limit of the normal range
(95% confidence interval for residual values) assessed for a particular age.
To eliminate the influence of age on IL-2Ra levels obtained in oncological
patients, the values of the receptor analysis were presented as ‘XN’ (where N
indicates the value of the upper limit of the normal range for a particular age).
After ascertainment of the data distribution using the Kolmogorov—Smirnov test,
all results of sIL.-2Ra determinations were subjected to statistical analysis using
non-parametric tests (Mann—Whitney U test, Wilcoxon’s Matched Pairs Test,
Sign Test). All p values less than 0. 05 were considered to be statistically
significant.
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Table II. Serum sIL-2Ra levels in cancer patients at different stages of disease in comparison to healthy
controls.

Levels of sIL-2Ra (xN) at Wilms Soft tissue Solid tumours Control
different phases of disease tumour sarcomas together group
At presentation (7) 10 8 18 30
Range 0.87-8.65 0.95-4.98 0.87-8.65 0.18—-1.06
Median 1.79"% 1.53" 1.59"" 0.61
% of elevated values 80% 87.5% 83.3% 0%
CR during therapy () 7 5 12
Range 0.66—-2.58 0.35-2.39 0.35-2.58
Median 1.39** 0.95** 1.06**
% of elevated values 57% 14% 35.7%
CR after treatment (n) 5 3 8
Range 0.60-3.93 0.60-0.98 0.60-3.93
Median 1.12** 0.61** 0.82**
% of elevated values 43% 10% 29.2%

CR, complete remission.
*p <0.001 compared to healthy controls, **p <0.05 compared to measurements at presentation, 'p <0.05
compared to CR during therapy, *p <0.05 compared to CR after treatment.

Results
Correlation of serum sIL-2Ro. with age

Analysis of serum sILL.-2Ra levels in healthy children in the control group proved their
dependence on age (correlation factor R =0.54, p =0.002). Thus, the levels of IL-2Ra.
obtained in oncological patients were expressed as a multiplication of upper value of
normal range assessed for a particular age. This was presented as ‘ x N’.

Levels of sIL-2Ra and rates of elevated values ar neoplasm diagnosis

Serum sIL-2Roa levels for cancer patients at diagnosis and for the controls are
reported in Table II. The median pretreatment level of sIL-2Ra determined for
the whole oncological group was significantly elevated when compared with
healthy children (p <0.001). Similarly, when analysed separately in two distinct
histological types of neoplasms, serum sIL.-2Ra levels proved to be signi-
ficantly higher in both WT and SA patients compared with the control group
(p <0.001). The rates of elevated initial values of Tac antigen for the whole
group of cancer patients, as well as for children with WT and SA, were 83.3%,
80% and 87.5%, respectively. In the healthy children from the control group, no
levels of sIL.-2Ra exceeding the upper limit of the normal range for a particular
age were found.

Levels of sIL-2Ra and rates of elevated values ar different stages of neoplastic disease

The sIL-2Ra levels in children with solid neoplasms at different stages of disease are
shown in Table II. It was observed that sIL-2Ra values determined for the whole
oncological group at all stages of anti-tumour treatment were significantly elevated
when compared with the median level determined in the healthy controls. The median
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level of sIL-2Ra at diagnosis significantly exceeded the level observed in the phase of
complete CR, both during treatment and after stopping therapy (p <0.05). It was
shown that, in parallel with the attainment of CR of the cancer, the level of sIL-2Ra
decreased considerably; however, it still remained higher than in children from the
control group (p <0.05). Also, the rates of elevated sIL-2Ra values determined for
particular phases of neoplastic disease seemed to reflect its course and activity. High
rates of increased sIL.-2Ro measurements were reported at diagnosis (83.3%), while in
CR, during and after termination of therapy, they decreased to 35.7% and 29.1%,
respectively. Both the median level of sIL-2Ra and the rate of sIL-2Ra elevated values
determined in the CR phase of disease, even after treatment, did not return to the
normal range.

Discussion and conclusions

To the best of our knowledge, the study presented here is the first one to demonstrate
the clinical use of serial measurements of serum sIL.-2Ra during oncological therapy
of children with WT and SA.

In our report, the pretreatment serum levels of sIL-2Ra in 18 children with the
above-mentioned malignant solid neoplasms were significantly elevated when
compared with healthy children (p <0.001). This phenomenon was found in both
the whole oncological group and in two distinct histological subtypes of neoplasms,
including WT and SA. Similarly, the rates of elevated initial values of Tac antigen for
the whole group of cancer patients, as well as for WT and SA patients separately,
exceeded significantly those of the controls, comprising the great majority of cases in
each cancer type (80% and 87. 5%, respectively).

Several studies have shown that serum levels of sIL-2Ra increase significantly,
especially in the active pretreatment phase of the malignant disease. The highest
reported levels of serum sIL-2Ra have been reported in adult patients with leukaemia
(up to 69 000 U ml ! in ATL and 48 000 U ml ! in HCL) and aggressive non-
Hodgkin’s lymphomas (Chilosi et al. 1987, Marcon et al. 1988, Stasi et al. 1994,
Wakao et al. 2002). These levels were suggested to reflect directly the burden of the
malignant transformed cells, expressing constitutively Tac antigen on their surface.

Adult patients with particular histological types of malignant solid tumours
(including malignant melanoma and carcinomas of the lungs, kidney, pancreas,
stomach, colon, ovaries and liver) have been reported recently to exhibit high levels of
serum sIL.-2Ra at presentation, especially when diagnosed in advanced stages
(Boyano et al. 1997, Brunetti et al. 1999, Izzo et al. 1999, Kallio et al. 2001,
Kawashima et al. 2000, Murakami et al. 2002, Rutkowski et al. 2002, Sakata et al.
2002, Sedlaczek et al. 2002). Since the expression of IL.-2Ra has been reported in the
cell lines of only some histological types of malignant solid neoplasms (Tartour et al.
2001, Wang et al. 2000), it has been suggested that elevated sIL-2Ra levels in the body
fluids of patients with solid tumours reflect the augmented release of this receptor
from normal lymphoid cells activated in response to tumour growth. However, most
authors postulate that increased levels of sIL-2Ra do not originate from activated
peripheral blood mononuclear cells, but most probably are released from activated
lymphoid cells infiltrating neoplastic tissues (Sakata et al. 2002, Sharma et al. 1991,
Tartour et al. 2001, Trentin et al. 1994).

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

Serum sIL-2Ro parallels the course of paediarric solid tumours 209

In paediatric series, elevated serum levels of sIL-2Ra have been reported at
diagnosis in children affected mostly with lymphoproliferative disorders, including
ALL, NHL, HL. and haemophagocytic histiocytic syndrome (Pui et al. 1987, 1988,
1989, 1993, Komp et al. 1988, 1989). Haemophagocytic histiocytic syndrome
appeared to be associated with extremely high levels of marker, ranging from
23 600 to 75 200 U ml !, as reported by Komp et al. (1989). These authors were
the first to show that serum sIL-2Ra levels in healthy children were much higher than
in adults and that they changed significantly with age, with highest levels observed in
infants and young children. Based on the sIL.-2Ra measurements in sera of 122
healthy children aged from O (umbilical blood) to 15 years Komp et al. (1988)
estimated the reference ranges for sIL-2Ra in particular age series. Our study
confirmed the findings of Komp et al., as we were also able to demonstrate the
correlation of serum sIL-2Ra levels with age in 30 healthy children included in the
control group (correlation factor R =0.54, p =0.002, data not shown).

This observation is of great clinical importance as it indicates the necessity to create
an age-adjusted control group, or to express each sIL.-2Ra value obtained in the study
as a multiplication of the upper limit of the reference range assessed for a particular
age of the patient. The latter method was implemented in our study to avoid the
influence of age on the IL-2Ra levels found in oncological patients. Using this method
of presenting results, we found no sIL-2Ra values exceeding the reference ranges
established for age in healthy children in the control group.

Elevated pretreatment sIL-2Ra levels were reported in the study on paediatric solid
tumours by Bodey et al. (1996). The authors stated that sIL.-2Ra determination was
of significant value not only in diagnostics but also in overall survival prediction.
However, Pui et al. found no correlation of the initial sIL.-2Ra values and disease stage
in children with WT, SA and bone sarcomas (Pui et al. 1985).

In addition to making an early and correct diagnosis, it is optimal for the oncologist
to monitor the effects of anti-tumour therapy. The clinical usefulness of serial
measurements of serum sIL-2Ra levels in children with malignant solid tumours has
not been assessed to date. Thus, in our study we tried to clarify this issue in a group of
18 children with WT and SA. It was shown that a good response to anti-tumour
therapy was paralleled by the significant decline of pretreatment sIL.-2Ra levels (Table
II, Figure 1). The median value of the receptor determined in a phase of complete
remission of disease was significantly lower than before therapy; however, it still
remained higher than in the children in the control group. Also, the rates of elevated
sIL-2Ra values decreased significantly with ongoing treatment and with attainment of
complete remission.

Literature studies on the role of sIL.-2Ra in the monitoring of therapy in patients
with solid malignancies are not numerous and predominantly consider adult patients.
In the report of Vonderheid et al. (1998) 36 patients with advanced cutaneous T-cell
lymphoma underwent serial measurements of sIL-2Ra levels during treatment with
extracorporeal photopheresis and other modalities. The concentration of serum sIL-
2Ra correlated well with the disease status and was found more useful than lactate
dehydrogenase concentration or Sezary cell count monitoring. Serial measurements of
serum sIL-2Ra levels in adult patients with advanced lung cancer submitted to
polychemotherapy were also shown to be very useful in disease monitoring.
Individuals not responding to treatment exhibited persistent high levels of the
receptors, while good responders did not (Brunetti et al. 1999). In the report of
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Figure 1. Individual curves of treatment monitoring in eight children with solid malignancies who
underwent serial determinations of serum soluble IL-2Ra at all three phases of disease.

Fierro et al. (1992) a significant fall in serum soluble IL-2 receptor levels after therapy
was seen in patients with advanced malignant melanoma responding to chemotherapy,
confirming the usefulness of this parameter in monitoring disease evolution. Several
other studies found no clinical significance of serial sIL.-2Ro measurements during
therapy in patients with solid malignant neoplasms. They included patients with
ovarian cancer (Pavlidis et al. 1995) and nasopharyngeal carcinoma (Wu et al. 1998).

The only study concerning the significance of sIL.-2Ra in treatment monitoring
among children with neoplastic disorder is by Komp et al. (1989). Chemotherapy
applied to nine patients with haemophagocytic histiocytic syndrome resulted in a
dramatic reduction of pretreatment sIL-2Ra levels towards the normal range that
was established for each particular age of the patients at the time of
the examinations. The limitation of this report is the very small number of
patients included in the study and the fact that not all the patients were exam-
ined at all stages of disease. There have been no reports published to date on the
role of serum Tac antigen monitoring in children affected by malignant solid
neoplasms.

As the elevation of sIL-2Ra in most solid tumours is thought to be an effect of
the increased shedding from lymphocytes activated by tumour growth, it may be
expected that many conditions during therapy are capable of stimulating the
immune responsiveness of cancer patients. This may lead to the significant
increase in serum sIL-2Roa levels. These conditions include radiotherapy (Am-
brosetti et al. 1993), general anaesthesia (Brand et al. 2001, Schneemilch & Bank
2001), surgical procedures (Brivio et al. 1991), neutropenia-related infections
(Soker et al. 2001) and haematopoietic growth factors (G-CSF) administration
(Kobayashi et al. 1999, Stasi et al. 1994). To avoid the possible influence of these
factors on serum levels of sIL-2Ra determined during anti-tumour treatment, we
arranged precisely the points at which samples were collected in our patients. All
sIL.-2Ro measurements were performed at least 30 days after general anaesthesia
and surgical procedures and at least 14 days after stopping the infection and/or
G-CSF administration. The problem of age-related changes in sIL-2Ra levels has
been discussed above.
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Our observations on the clinical significance of sIL-2Ra in the group of 18
children suffering from WT and SA indicate that serial determinations of sIL-2Ra
may be of importance in monitoring the response to anti-tumour therapy. This
finding is of special value as these two histological types of paediatric malignant
solid neoplasms lack any reliable, sensitive and specific biochemical tumour
marker.
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