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SUMMARY

We investigated the production of cytokines by peripheral blood mononuclear cells (PBMC) and
serum cytokine concentrations in children with steroid-sensitive idiopathic nephrotic syndrome
(SSNS). PBMC from patients off treatment were collected during remission and relapse and
cultured in medium alone or stimulated with calcium ionophore plus phorbol myristate acetate.

Control PBMC were taken from healthy age-matched children. IL-2 was measured by bioassay,
IL-4 by immunoradiometric assay, and IL-8 and IFN--y by ELISA. After 24h culture without
stimulation, IL-2, IL-4 and IFN-7y were not detectable in the supernatant in any of the children.
After stimulation, the supernatant concentrations of IL-2 (median 172 U/ml at 24 h) and IL-4
(160pg/ml at 24 h; 210pg/ml at 72h) were significantly increased in relapse compared with
remission (IL-2 37 U/ml; IL-4 65 pg/ml and 60 pg/ml) and controls (IL-2 69 U/ml; IL-4 40 pg/ml
and 40 pg/ml) (P < 0 05). The concentration of IFN-7y was not significantly increased in relapse
compared with remission and controls (600, 325, and 145 U/ml, respectively, at 72 h). IL-8
concentrations were similar in relapse, remission and controls with stimulation (median 32, 40 and
40 ng/ml, respectively) and without (30, 17 and 10 ng/ml). IL-2 was not detectable in serum, but IL-
4, IL-8 and IFN--y were measurable in about half the patients, both in relapse and remission,
though were virtually undetectable in controls. We conclude that relapse of SSNS in children is
associated with T lymphocyte activation with release of IL-2, IL-4 and IFN--y.
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INTRODUCTION

Most children with primary nephrotic syndrome respond to
corticosteroid treatment (steroid-sensitive nephrotic syndrome
(SSNS)) and have minimal-change histology (MCNS) on

biopsy [1]. The disorder is believed to be a consequence of T
lymphocyte dysfunction although, by definition, cellular glom-
erular infiltrates are not present. Relapses are often triggered by
a viral upper respiratory tract infection or an allergic event,
consistent with the hypothesis of an immune pathogenesis.
Several in vivo and in vitro immunological abnormalities have
been associated with SSNS [2]. Furthermore, measles infection,
which is known to inhibit T lymphocyte function [3], is
associated with the induction of remission [4].

T lymphocyte activation has been observed in SSNS using
MoAbs against T lymphocyte surface markers [5-7]. Experi-
mental data suggest that proteinuria in SSNS is mediated by a
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circulating factor(s) produced either by activated peripheral
blood mononuclear cells (PBMC) or T lymphocytes [8-11].
Further evidence of an immune pathogenesis of SSNS arises
from the clinical response to immunosuppressive treatment,
and the increased incidence ofatopy in affected children [12,13].

These findings suggest a role for cytokines, secreted by
activated T lymphocytes or monocytes, in the pathogenesis of
SSNS. So far only a few studies of cytokines in children with
SSNS have been reported, comparing children in relapse with
normal controls. IL-I and IL-2 in supernatants of phytohaem-
agglutinin (PHA)-stimulated PBMC were reported to be
increased in relapse of MCNS [14]. Concentrations of IL-4
and IL-8 were found to be elevated in serum [15,16]. In urine,
tumour necrosis factor-alpha (TNF-a) did not differ between
relapse of SSNS and controls [17]. However, a comparative
analysis of cytokine concentrations in children in remission
with those in relapse has not been reported.

In this study we have investigated the in vitro production
by PBMC and serum concentrations of IL-2, IL-4, IL-8 and
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IFN--y in children with SSNS off treatment, comparing
children in relapse with those in remission.

PATIENTS AND METHODS

Patients
To study the in vitro production of cytokines by PBMC, eight
children with SSNS were investigated in remission (seven
males, one female; median age 11 5 years, range 6-16 years);
four had undergone renal biopsy and all showed MCNS.
Another seven children with SSNS were examined in early
relapse (five males, two females; median age 10 5 years, range
9- 17 years); the five that had had a biopsy all showed MCNS. In
addition, nine healthy controls (two males, seven females; median
age 14 2 years, range 6 5-19 5 years) were studied. There were no
significant differences in age between the three groups.

For cytokine measurement in serum, 15 further children
with SSNS (12 males, three females; median age 11 5 years,
range 6-5-17 years) were investigated in remission and sub-
sequent early relapse (median interval 4 weeks). Seven had
MCNS on biopsy. Twelve further age-matched healthy con-
trols (six males, six females; median age 12 5 years, range 10-15
years) were examined.

At the time of the investigation the patients were off
immunosuppressive treatment, which is known to inhibit
cytokine production [18-21]. Children with a raised temperat-
ure or overt clinical infection were excluded.

All patients had been in remission for at least 1 month,
defined as negative or trace protein on urine dipstick testing
and urine albumin/creatinine ratio in the normal range
( < 0 1 mg/mg). Relapse was defined as 2 + on dipstick for 2
days and a urine albumin/creatinine ratio > 1-0 mg/mg.
Patients were examined early in a relapse (day 3 or 4 after onset
of proteinuria) to disentangle primary immunological effects from
secondary consequences of the nephrotic state itself.

The study was approved by the local Ethical Committee.

Collection ofserum and in vitro cytokine production
Serum. Blood (10 ml) was collected from a cubital vein,

centrifuged and the serum immediately stored at -70°C until
required.

Supernatant. Blood (20 ml) was collected in sterile tubes
containing 400 U preservative-free heparin. The blood was
diluted with an equal amount of RPMI 1640 (GIBCO, Life
Technologies, Paisley, UK), containing glutamine (2 mM),
Hepes (25 mM), gentamicin (50 pg/ml) and 5% heat-inactivated
fetal calf serum (FCS). Autologous serum was not used. PBMC
were isolated over Ficoll-Paque (Pharmacia, Milton Keynes,
UK) and washed three times. The viability of the cells was
checked by trypan blue. The cells were resuspended at 1 x 106
cells/ml in RPMI 1640, supplemented with 2 mm of extra
glutamine and 10% FCS. Cells were then cultured in medium
alone or with 0 1 ug/ml of A23187 calcium ionophore (Sigma,
Poole, UK) plus lO ng/mI phorbol 12-myristate 13-acetate (PMA;
Sigma) in flat-bottomed wells (2 ml/well) at 37°C in a humidified
atmosphere of 5% CO2. Culture supernatants were collected
after 24 and 72 h and immediately stored at -70°C.

Cytokine assays
IL-2 was measured using a bioassay based on the IL-2-dependent
mouse cytotoxic lymphocyte cell line CTLL-2 [22]. Briefly,

duplicate samples were extensively diluted (so that the prolifera-
tion of CTLL-2 cells was unaffected by calcium ionophore and
PMA) in 96-well plates to a final volume of 50 til per well.

CTLL-2 cells (50 1d, 105/ml) were added to each well and
incubated at 370C for 24 h. Tritiated thymidine was then added
to each well and after 4h the cells were harvested onto filter
mats. Cell proliferation was evaluated by measuring the radio-
activity incorporated into DNA by scintillation counting. A
titration of IL-2 standard calibrated against the WHO first
international standard for human IL-2 (86/504; NIBSC, Pot-
ters Bar, UK) was incubated in each assay. The amount of IL-2
in the samples was calculated using parallel line analysis. The
assay sensitivity was 0-1 U/ml, equivalent to 7 6 pg/ml.

IL-4 was measured using a two-site immunoradiometric
assay (IMRA) [23]. The plates were coated with purified MoAb
1A6-10 (10,Ig/ml in PBS, 200p1/well; NIBSC) overnight at
40C. The wells were washed twice with PBS containing 5% w/v
skimmed milk powder (PBS/milk) and the remaining protein
binding sites were blocked with PBS/milk for 30 min at room
temperature. Samples (200 pi/well, neat or diluted) were
incubated at room temperature for 3 h. Titration of the interim
reference reagent for IL-4 (89/508; NIBSC) was incubated in
each assay. The plates were washed four times with PBS/milk
and then incubated with 1251-labelled MoAb 7A3-3 (200 p1/
well containing 250 000 ct/min; NIBSC) for 2 h at room tem-
perature. The plates were finally washed five times with PBS/
milk and the radioactivity bound to the wells was estimated in a
gamma counter. The assay sensitivity was 10pg/ml.

IL-8 was measured using a two-site ELISA. The plates were
coated with purified MoAb DMC-7 (5,4g/ml in PBS, 100pbl/
well; Monsanto, St Louis, MO, USA) overnight at 4°C. Non-
specific binding sites were blocked with 0 5% bovine serum
albumin (BSA) in PBS for 0 5 h at room temperature. Samples
(100 pl/well, neat or diluted) were incubated at room tempera-
ture for 3 h. Titration of the interim reference reagent for IL-8
(89/520; NIBSC) was incubated in each assay. Bound IL-8 was
detected with the biotinylated sheep polyclonal antibody
(100pl/well, 1:1000 diluted in PBS/BSA; NIBSC) and incu-
bated for 2-3 h. Streptavidin-biotinylated horseradish perox-
idase (Amersham, Aylesbury, UK; 100pl/well, diluted 1:5000
in PBS/BSA) was added for 1 h at room temperature. Enzyme
substrate (TMB 1 mg/ml, pH 5 0) was added (100 pl/well), the
reaction stopped after 5 min with 50t1 of 2 M H2SO4 and
absorbance read at 450 nm, using an ELISA reader. The
sensitivity of the assay was 20 pg/ml.

IFN--y was measured by a commercially available ELISA
(AMS Biotechnology, Whitney, Oxon, UK) [24], using the
MoAbs 1-DIK and 7-B6-1, respectively, as the capturing
and detecting reagents. A titration of the IFN--y standard (88/
606; NIBSC) was incubated in each assay. The reaction of
biotin-streptavidin-alkaline phosphatase was visualized with
the substrate p-NPP (1 mg/ml, pH 9-8), and the absorbance
read at 405 nm after 30-60 min developing time. The sensitivity
of the assay was 0 5 U/ml.

IL-2, secreted early upon stimulation, was measured after
24 h of stimulation, whereas IFN--y, secreted late, was analysed
after 72 h. IL-4 and IL-8 were measured after 24 h and 72 h [25].

Statistical analysis
The primary hypothesis to be tested was that cytokine
concentrations in relapse were higher than in remission.

© 1995 Blackwell Science Ltd, Clinical and Experimental Immunology, 100:475-479
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Table 1. Cytokine concentrations in supernatant produced by stimulated peripheral blood mononuclear cells (PBMC)

P value*
Relapse Remission Controls
(Rel) (Rem) (Con) Rel versus Rel versus
n = 7 n = 8 n = 9 ANOVA Rem Con

IL-2 (U/ml)
24h 172(28-240) 37(<0 I-144) 69(2-149) <005 <0.05 <005

IL-4 (pg/ml)
24h 160(80-450) 65(<10-130) 40(<10-170) <001 <005 <001
72 h 210(150-900) 60 (< 10-200) 40 (< 10-200) < 0 01 < 0-05 < 0 01

IL-8 (ng/ml)
24 h 32 (24-42) 40 (26-50) 40 (22-60) NS NS NS
72 h 38 (26-40) 37 (28-50) 40 (20-60) NS NS NS

IFN-7 (U/ml)
72 h 600 (135-650) 325 (16-850) 145 (11-700) NS NS NS

Results are median (range in parentheses).
* No significant differences between remission and controls.

The data were expressed as median and analysed by non-
parametric tests. For cytokines in supernatants, differences
between all three groups were determined using the non-
parametric one-way analysis of variance (ANOVA, Kruskal-
Wallis). If ANOVA was statistically significant (P < 0 05), indi-
vidual differences were analysed by Wilcoxon rank sum test.

For cytokines in serum, differences between paired samples
in remission and relapse were determined using the non-
parametric Wilcoxon signed rank test. Comparisons between
remission and controls, and relapse and controls were analysed
by Wilcoxon rank sum test.

RESULTS

Supernatant
IL-2, IL-4 and IFN--y were not detectable in any supernatants
from PBMC cultured for 24h without stimulation. IL-8 con-
centration was slightly greater in relapse (median 30 ng/ml)
compared with remission (17 ng/ml) and controls (10 ng/ml),
but without reaching statistical significance (ANOVA, P = 0-10).

In supernatants from PBMC stimulated with calcium
ionophore/PMA, IL-2 and IL-4 production was significantly
greater (P < 0 05) in relapse compared with remission and
controls (Table 1). No difference was found between remission
and controls. IFN--y production was not significantly increased
in relapse (ANOVA, P = 0-11). IL-8 production was similar in
relapse, remission and controls, and the concentrations were
slightly greater than without stimulation. One patient was
examined in remission and subsequent relapse: IL-2 (8 versus
240 U/ml), IL-4 (110 versus 450 pg/ml at 24 h; 60 versus 900 pg/
ml at 72 h) and IFN--y (300 versus 600 U/ml) were markedly
increased in relapse, whereas IL-8 was not different (28 versus
26 ng/ml at 24 h; 36 versus 40 ng/ml at 72 h).

Serum
In SSNS one-third to two-thirds of the patients had detectable
concentrations of serum IL-4, IL-8 and IFN--y (Fig. 1). In
normal controls serum concentrations of IL-4, IL-8 and IFN--y

were undetectable except for two children, one of whom had
measurable IL-4 and the other IL-8. For each cytokine, there
was a statistically significant increase (P < 0 05) in relapse and/
or remission compared with controls. There was no difference
in serum concentrations between relapse and remission for IL-4
and IFN--y; patients with high concentration in relapse had also
high concentrations in remission. In addition, the patients with
high IL-4 concentration also had high IFN--y concentration
(both in relapse and remission). Serum IL-8 was significantly
greater in relapse (P < 0 05). The three patients with detectable
IL-8 in remission (140, 300 and 400 pg/ml, respectively) all had
higher concentrations in relapse (400, 400 and 1900 pg/ml). In
contrast to these cytokines, no IL-2 was detected in serum from
either normal controls or SSNS patients.

DISCUSSION

In this study, we have shown that the production of IL-2 and
IL-4 by calcium ionophore/PMA-stimulated PBMC was
significantly greater in relapse of SSNS than in remission or
age-matched controls. In contrast, the production of IFN--y
and IL-8 did not significantly differ between remission, relapse
and controls. IL-2, IL-4 and IFN--y were not detectable in any
supernatants of resting PBMC (cultured for 24h, but not
stimulated). The observed increase in IL-2 production is
consistent with one study in children with SSNS showing
increased IL-2 concentrations in the supernatant of stimulated
PBMC in relapse [14].

Activated T lymphocytes are the predominant source of IL-
2, IL-4 and IFN--y [25]. T lymphocytes in early relapse of SSNS
were more easily activated upon stimulation, indicating that
resting T lymphocytes (or T lymphocyte subsets) are up-
regulated. In our series all patients with overt infection were
excluded and all were analysed early in relapse to avoid the
effects of the nephrotic state itself. Cyclosporin A, an effective
treatment of SSNS in children [26], inhibits IL-2, IL-4 and
IFN--y synthesis specifically as well as subsequent activation of
T lymphocytes [20]. However, it remains unclear whether this
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Fig 1. Serum cytokine concentrations. (a) Serum IL-4 concentration.
LD, Limit of detection. (b) Serum IL-8 concentration. (c) Serum IFN-y
concentration.

up-regulation and activation of T lymphocytes is a primary
event of SSNS. A secondary effect of a clinically unrecognized
viral infection or other trigger cannot be ruled out.

Serum IL-2 was not detectable in any of the children,
possibly because it had been bound to soluble IL-2 receptor
[28]. In addition, despite increased in vitro production of IL-4
by stimulated PBMC in relapse versus remission, the circulating
serum concentrations were not different. The reason for this
finding is unclear; similar to IL-2, soluble IL-4 receptor might
bound excess circulating IL-4. In contrast, serum IL-8 concentra-
tions were increased in relapse, although IL-8 production by
PBMC was not different. IL-8 is not only produced by T
lymphocytes [21] and monocytes [27], but also by non-immune
cell types including endothelial cells, fibroblasts, mesangial cells
and renal tubular cells [29,30]. The clinical significance of raised
serum cytokine concentrations in relapse of SSNS remains
unclear, as about one half of the patients in relapse had unde-
tectable concentrations of IL-4, IL-8 and IFN--y. In addition,
serum IL-4 and IFN--y were not different in relapse and remission.

IL-4 is an essential cofactor for IgE production and
subsequent allergic reactions [31]. In SSNS, both incidence of
atopy [12,13] and serum IgE concentration [13,14,32] are
raised. The increased IL-4 production in relapse might, at
least in part, account for these findings.

Is there a direct relation between increased production of
cytokines and proteinuria? Animal experiments suggest a role
for circulating factors produced either by activated PBMC or
by T lymphocytes in proteinuria in SSNS/MCNS [8-11].
However, these factors have not been characterized. IL-2
seems to be an unlikely candidate. Despite increased concen-
tration in supernatant, IL-2 was not detectable in serum, and
proteinuria is a very rare side effect of pharmacological doses of
IL-2 administered to patients with malignancies [33,34].

The effect of IL-4 and IFN--y on proteinuria in SSNS/
MCNS is not known. However, the finding of similar circulat-
ing serum concentrations of IL-4 and IFN-y in remission and
subsequent relapse suggests no direct effect either on disease
activity or on proteinuria.

Elevated serum concentrations of IL-8 in children with
relapse of SSNS have been reported [16]. In the present
study, only half of the patients in relapse had elevated IL-8
concentrations in serum, and none in supernatant compared
with remission and controls. Increased serum IL-8 concentra-
tions (in a similar range as in SSNS) have been reported in
various non-nephrotic conditions, including cystitis and pyelo-
nephritis [35]. IL-8 is produced by normal renal mesangial [29]
and cortical tubular [30] cells. However, no local glomerular
expression of IL-8 was found by immunohistochemistry in
three adults with MCNS [36].
A correlation between diseases and cytokine concentra-

tions, particularly if 'routinely' measured, is difficult to elucid-
ate. The often wide range of cytokine concentrations of normal
healthy subjects is difficult to establish; the spuriously high
concentrations, particularly evident on use of immunoassays
(matrix effects), overlap with the concentrations observed in
diseased individuals. Since cytokines usually act locally they
may not be detected in serum and other body fluids, as they
may not pass into the circulation or if they do, they may be
complexed with their soluble receptors or other antagonistic
molecules. Many diseases are episodal and it is possible that the
cytokine analysis has been performed in the stage of disease
which does not truly reflect the pathogenesis or episode-linked
disease activity.

We conclude that early relapse of SSNS in children is
associated with T lymphocyte activation. However, cytokines
of activated T lymphocytes such as IL-2, IL-4, IL-8 and IFN-7
are unlikely to exert a direct effect on proteinuria. The relation-
ship between T lymphocytes and proteinuria is still unclear.
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