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Detection of Interleukins 6 and 8, Tumor Necrosis
Factor-a, and Soluble Interleukin-2 Receptor in Sera of
Healthy Children by an Automated System (Immulite®)

Nachweis von Interleukin-6 und -8, Tumornekrosefaktor-a und Islichem Interleukin-2-Re-
zeptor mittels eines automatisierten Systems (Immulite®) in Seren gesunder Kinder

U. Sack'?, H.-G. Lambrecht®, Manja Kamprad!, U. Burkhardt4, M. BorteS, F. Emmrich?

Summary: Measurement of multiple cytokines re-
quires an automated system for large numbers of sam-
ples. We have investigated serum levels of interleukin-
6 (IL-6), interleukin-8 (IL-8), tumor necrosis factor-a
(TNF-a), and soluble interleukin-2 receptor (sIL-2R;
sCD25) in 300 healthy children aged 3 to 17 years
using the Immulite® automated immunoassay system.
Precision measurement revealed the system to yield
highly reproducible results. IL-8 was hardly detectable
in healthy children, in contrast to adults. However,
mean levels of both TNF-a and sIL-2R were higher in
children than in healthy adults. Furthermore, TNF-a
levels showed a high inter-individual variability. Dur-
ing early childhood, levels of IL-6 and sIL-2R decline
from initially elevated levels. In summary, the Im-
mulite®-system is a reliable, precise, reproducible, and
rapid system for cytokine measurement in children.
Serum levels of cytokines have been confirmed to be
age-dependent.

Keywords: Cytokines/serum; Interleukins/serum; Re-
ference Values; Time Factors.

Zusammenfassung: Fir die Messung zahlreicher
Zytokine sind automatisierte Analysensysteme mit
hohem Probendurchsatz von Vorteil. Wir haben die Se-
rumspiegel von Interleukin-6 (IL-6), Interleukin-8 (IL-
8), Tumornekrosefaktor-e. (TNF-a) und 16slichem In-
terleukin-2-Rezeptor (SIL-2R; sCD25) bei 300 gesun-
den Kindern zwischen 3 und 17 Jahren mit einem au-
tomatisierten -Immunoassaysystem (Immulite®) be-
stimmt. Das System arbeitet mit hoher Prizision. IL-8
konnte bei gesunden Kindern im Gegensatz zu Er-
wachsenen kaum nachgewiesen werden, wihrend die
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Spiegel von TNF-a und sIL-2R hoéher waren. Fiir

‘TNF-a wurden starke interindividuelle Schwankungen

gefunden. Die Konzentrationen von IL-6 und sIL-2R
fallen nach initial erhchten Werten ab. Das Immulite®-
System hat sich als ein zuverldssiges, genaues, repro-
duzierbares und schnelles System fiic den Zytokin-
Nachweis bei Kindern erwiesen. Die Altersabhingig-
keit der Serumspiegel von Zytokinen konnte bestitigt
werden.

Schliisselworter: Zytokine/Serum; Interleukine/Se-
rum; Referenzwerte; Zeitfaktoren.

he detection of cytokines and cytokine receptors

has been shown to be of diagnostic relevance in an
increasing number of diseases. In specialized diagnos-
tic procedures, the evaluation of cytokine profiles may
improve medical care and facilitate therapeutic deci-
sions not only in diseases such as septicemia, tumors,
and systemic inflammation [1], but also in postopera-
tive monitoring [2] or after organ transplantation [3].
The diagnostic application of these analytes is depen-
dent upon the availability of automated systems for
rapid analysis and on a solid data base of reference
values. With the Immulite® system [4], an automated
immunoassay system has become available for cy-
tokine measurement. Nevertheless, in the specific case
of children, information concerning the suitability of
the Immulite® system is still incomplete. Furthermore,
data about age-dependent cytokine concentrations in
children must still be confirmed [5]. The subject of the
present study was therefore the measurement of serum
concentrations of diagnostically relevant cytokines and
soluble receptors in healthy children aged 3 to 17
years by the Immulite® system. Interleukin-6 (IL-6),
interleukin-8 (IL-8), tumor necrosis factor-a (TNF-a),
and soluble interleukin-2 receptor (sIL-2R; sCD25)
were determined. Because the assessment of serum
cytokine levels appears highly sensitive to the length
and the modality of sample handling, particular atten-
tion was paid to reducing the time between sampling
and freezing of the sera to below 20 minutes and to the
standardization of the various preanalytic procedures.
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Materials and Methods

Sera were obtained from 300 healthy children under-
going corrective surgery or a medical check-up (see
Fig. | for age distribution). All children had been free
from infectious discases for at lcast 4 weeks before ex-
amination and were not under the influence of any
reatment. C-reactive protein was measured to cxclude
ongoing inflammation. All children were included in
studies approved by the Research Ethics Committee of
the University of Leipzig. Written informed consent
was obtained from the parents. All patients with unex-
pectedly high levels for any of the cytokines were re-
examinated to exclude onset of disease directly before
or immediately after blood sampling.

Blood samples were collected between 8.00 and

9.00 am by venipuncture and centrifuged within 15-

minutes. Serum aliquots were stored at =70 °C until
analysis. The specimens were thawed immediately be-
fore analysis. 30 sera were measured in pairs as both
fresh and frozen samples to exclude artifacts.

The analysis was performed with the Immulite®
system (DPC Diagnostic Products Corporation, Los
Angeles, CA, distribution in Germany: DPC Biermann
GmbH, Bad Nauheim) a fully automatic random ac-
cess chemiluminescence enhanced enzyme immunoas-
say system [4]. The Immulite® assays for IL-6 [6], IL-
8 [7], TNF-a (further information in the package in-
sert, DPC Products Corporation 1997, Los Angeles,
CA), and sIL-2R [8] are based on a solid-phase sand-
wich chemiluminescence enhanced enzyme im-
munoassay technique. A polystyrene bead coated with
murine monoclonal antibodies specific to the molecule
to be measured serves as the solid phase. Enzyme-la-
beled polyclonal (rabbit) antisera for IL-8, TNF-a and
sIL-2R and polyclonal (sheep) for IL-6 are used as de-
tection antibodies.

All assays were calibrated against an international
standard except sIL-2R for which no international
standard is available. The following international stan-
dards were used: IL-6: NIBSC 89/548: IL-8: NIBSC
89/520 and TNF-a: NIBSC 87/650. These standards
are provided by the National Institute for Biological
Standards and Controls (NIBSC), Potters Bar, UK.

The samples were incubated for 30 min (sIL-2R,
IL-8) or 60 min (IL-6, TNF-a) at 37 °C with intermit-
tent agitation. Unbound components were removed
after 30 min using a patented centrifugal washing
technique. Automatically added chemiluminescence
substrate (AMPPD, 3-(2’-spirodamantane)-4-meth-
oxy-4-(3’-phophoryloxy) phenyl-1,2-dioxetane) is
converted by the bound enzyme during the following
10-min incubation period to an unstable intermediate.
The resulting light emission is directly proportional to
the concentration of the analyte in the samples.

Non standardized abbreviations: AMPPD, 3-(2'-spirodamanta-
ne)-4-methoxy-4-(3'-phophoryloxy) phenyl-1,2-dioxetane; IL-6, in-
terleukin-6; IL-8, interleukin-8 (TNF-a); sIL-2R, soluble interleukin-
2 receptor; TNF-a, tumor necrosis factor-a. :
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Figure 1 Age distribution of children included in the study.

The stored calibration curve with a 14-day, two-
point recalibration interval allows the flexible, eco-
nomical determination of the immune mediators at any
time upon request. To perform measurements of IL-6
at very low concentrations, the lower cut-off was re-
duced in selected cases.

Precision measurements in the range of the ob-
served analyte concentration was performed with
serum pools spiked with recombinant material (IL-6,
IL-8, TNF-a from R&D Systems, Minnéapolis, MN,
U.S.A,; sIL-2R was a gift from DPC) to adjust the
concentrations which were expected in the samples. In
order to investigate day to day precision, 12 measure-
ments were performed on repeated occasions in inde-
pendent runs. '

Statistical analysis -and graphical presentation of
data was performed with SigmaStat and SigmaPlot
scientific software (SPSS, Chicago, IL, USA), using
one way analysis of variance with 0=0.05 to investi-
gate differences among the age groups, followed by
Newman-Keuls test to detect values significantly dif-
ferent to other groups or adults.

Results

Results of inter-assay precision measurement are
shown in Tab. 1. At low serum concentrations, coeffi-
cients of variation (CV) were up to 34.6% for IL-6 and
up to 18.98% for IL-8. In contrast, even at the low
concentrations expected in healthy children, CVs were
shown to be 5.86% and 4.53%. for TNF-a and sIL-2R,
respectively. With the exception of those for TNF-q,
CVs decrease with rising serum concentration.

The results of the present analysis of cytokines in
sera of healthy children in relationship to age are sum-
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Table 1 Results of inter-assay precision measurement. Mean values, standard deviation (SD), ‘and coefficients of
variation (CV) are presented as found by repeated measurements on 12 days

IL-6 IL-8 TNF-a siL-2R
Mean SD cv mean SD CV . mean SD Cv mean SD Ccv
(po/ml) - {pg/mi) (%) (pg/ml) (pg/m)) (%) (pg/m) (pg/ml) (%)  (U/mi) (Uml) (%)
3.68 1.27 34.6 2.99 0.57 18.98 43.1 2.53 5.86 344 = 15.61 4.53
117 1.4 119 7.06 0.53 7.51 80.1 6.06 7.57 533 18.96 3.56
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cating mean values as well as error é ) 300 Q
bars for standard errors of mean (SEM) . (0]
are shown. Values significantly different 0 200
(p<0.05) as obtained by Newman-
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erix. .

marized in Fig. 2. IL-6 peaked around 3-4 years of age
(p<0.05 in comparison with Jater childhood and adult
values). IL-8 was detectable only rarely, and in these
cases was within the range of normal adults. TNF-a
showed overall levels significantly higher than in
adults (p<0.05). A peak was reached at-age 13-14 (not
significant in comparison to other ages in childhood),
with a rather sharp fall to adult levels thereafter. Solu-
ble IL-2 receptor was significantly enhanced (p<0.05)
around 3-4 years of age. From age 3 onwards, it pre-
sented a progressive decline; however, due to the large
variability at very young ages, there was no significant
difference with adult levels. There were no statistical-
ly significant differences between males and females
(data not shown). . .

In Fig. 3, a comparison between cytokine concen-
trations measured in fresh and frozen sera is shown.
There was no significant difference when freezing was
performed within 20 minutes after obtaining the blood
sample (r?= 0.928 to 0.989). '

Discussion

The present study provides information on the suit-
ability of the Immulite® system for quantification of
several cytokines and cytokine receptors of potential
diagnostic value in pediatrics. Furthermore, previous
findings [5] were confirmed to be independent of the
detection system used.

The analytes for the present study were chosen on
the basis of their diagnostic potential in children and
the availability of an automated system.

Interleukin-6 (IL-6) is one of the most promising
candidates for use in routine diagnosis [9, 10]. In
healthy children, the serum levels of IL-6 were found
to be physiologically elevated around 3-4 years of age,
confirming in part previous observations [11]. These
findings suggest that IL-6 may play an important phys-
iological role in early childhood. In fact, mRNA for IL-
6 has been shown to be expressed in developing carti-
lage and bone [12]. Although the inter-assay CV of IL-
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6 determination has been shown to be rather high at the
low concentrations as detected in healthy children, pre-
cision improves considerably with concentration.

Interleukin-8 (IL-8), a chemoattractant especially
for polymorphonuclear neutrophils [13], had hardly
any measurable concentration in the sera of healthy
children, indicating that this cytokine is more genuine-
ly associated with inflammation. Similar to IL-6, inter-
assay precision of the Immulite® -System improves
with increasing concentration of IL-8.

The concentration of TNF-a was clearly higher in
childhood than in adulthood. TNF-a, a multifunction-
al proinflammatory cytokine [14-18], is remarkably
unstable. Therefore, the sera were analyzed very short-
ly after blood withdrawal, according to a strictly stan-
dardized protocol. The results’ of this analysis show
that TNF-a levels are elevated during the entire period
of childhood, but in a profoundly variable fashion
among individuals. These observations are highly con-
sistent with similar studies [19] and indicate that TNF-
o levels in children must be regarded with great cau-
tion, requiring careful adjustments to take account of
phys1ologlcal fluctuation. The precision of the Im-
mulite®-system was excellent at the concentrations
found in healthy children.

The sIL-2R (sCD2S), released by cleavage of the
membrane form of IL-2R [20], can be detected in the
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sera of patients with immunopathogenetic processes
[21, 22]. In contrast to adults, physiologically high con-
centrations of sIL-2R can be found in the sera of
healthy children throughout childhood [23, 24]. sIL-2R
showed a progressive decline after age 3, suggesting
that physiologically high sIL-2R levels are maintained
by the enhanced proliferative activity of the immune
system during early childhood, especially in relation-
ship to the thymic maturation of T-cells. With aging and
parallel involution of the thymus, SIL-2R declines then
to adult levels. The precnsnon of sIL-2R detection with
the Immulite®-system is highly satisfactory (CV<5%).

Together, the present findings confirm that cytokine
concentrations in the sera of healthy children differ
markedly from those of adults. At the low concentra-
tion found in _these.samples, the Immulite®-system en-
ables accurate determinations of cytokine levels. The
values detected by this equipment are highly compara-
ble to previously published data [5].

In principle, the detection of immunological media-
tors by immunoassays can be influenced by the pres-
ence of soluble receptors; inhibitors, antagonists, or
binding proteins, as well as by degraded or inactive
forms of the cytokines. By investigating a large num-
ber of healthy children, carefully excluding children
with ongoing diseases, and following strict protocols
for’ the rapid and reproducible handling of the speci-



mens, the present study clearly documents elevation of
TNF-a. This cytokine can be detected with great pre-
cision using the Immulite®-system and appears to be a
significant diagnostic indicator..

The levels of IL-6 and sIL-2R differ markedly be-

tween the first 3 years of life and the late childhood.’

Quantitative determinations during this age interval
should be performed with careful consideration of ap-
propriate controls. The Immulite®-system provides a
reliable tool with which such investigation can be per-
formed in a manner acceptable for laboratory routine
diagnostics.
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