
PHARMACODYNAMICS

MIF plasma level as a possible tool to predict steroid responsiveness
in children with idiopathic nephrotic syndrome

Eva Cuzzoni1 & Raffaella Franca2 & Sara De Iudicibus3 & Annalisa Marcuzzi3 & Marianna Lucafò3
& Marco Pelin1

&

Diego Favretto2
& Elena Monti4 & William Morello5,6

& Luciana Ghio5
& Claudio La Scola4 & Francesca Mencarelli4 &

Andrea Pasini4 & Giovanni Montini5,6 & Giuliana Decorti2,3 & Gabriele Stocco1

Received: 21 March 2019 /Accepted: 13 August 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Idiopathic nephrotic syndrome (INS) is the most frequent form of childhood nephrotic syndrome. Steroids represent the
best therapeutic option; however, inter-individual differences in their efficacy and side effects have been reported. To date, there is
no way to predict patients’ resistance and/or dependence. Alterations in the cytokine profile of INS patients might contribute to
proteinuria and glomerular damage and affect drug sensitivity.
Methods The cytokine plasma levels were measured in 21 INS children at diagnosis to investigate the association among
cytokines pattern and clinical response. Patients were selected on the basis of their clinical response: 7 steroid sensitive (SS), 7
dependent (SD), and 7 resistant (SR). Significant results were then analyzed in 41 additional pediatric INS patients.
Results Within the 48 cytokines analyzed, macrophage migration inhibitory factor (MIF) was a good predictor of steroid
response. Indeed, SR patients showed significantly higher MIF plasma levels compared with all others (p = 0.022; OR = 4.3,
95%CI = 1.2–25.4): a cutoff concentration of MIF > 501 pg/ml significantly discriminated SR patients (sensitivity = 85.7%,
specificity = 71.4%). On the contrary, SD patients showed lower MIF plasma levels compared with others (p = 0.010; OR =
0.12, 95%CI = 9.2 × 10−3–6.7 × 10−1). Significant results were confirmed in the entire cohort.
Conclusions Our comprehensive cytokine analysis indicates that assessingMIF plasma levels at diagnosis could predict response
to glucocorticoids in children with INS.
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Introduction

Idiopathic nephrotic syndrome (INS) is the most common
pediatric primary glomerular disease, affecting 16–17 per
100,000 children between the ages of 2 and 8 years, with a
peak of incidence between 3 and 5 years. INS is characterized
by an increase in permeability of the capillary walls of glo-
meruli, leading to proteinuria.

Glucocorticoids (GCs) are the first-choice drugs and in-
duce remission in 85–90% of children with this disease; how-
ever, 10–15% of patients are steroid resistant (SR) [1–3].
Moreover, despite initial complete remission, almost 50% of
patients show recurrence of the proteinuria and are classified
as steroid dependent (SD): these patients, after a prolonged
steroid therapy, with the possibility of severe adverse effects,
often need to switch to other immunomodulating or immuno-
suppressive drugs. Responsiveness to steroids is the most im-
portant prognostic factor and patients that do not respond to
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therapy are subjected to aggressive treatments and often de-
velop several complications and side effects. The mechanisms
involved in GC dependence and resistance are scarcely under-
stood and studies considering GC pharmacodynamics and
pharmacogenetics have been performed without conclusive
results [4–6].

Various studies have demonstrated the involvement of cy-
tokines in the occurrence of proteinuria that characterizes INS
[4, 7, 8]. Relapses are quite frequent in this disease, and are
often triggered by viral infections, which result in the release
of cytokines, causing immunoregulatory imbalances [9].
Cytokines levels and other markers of immune activation have
been used in the diagnosis of different diseases, also for prog-
nostic purposes [1, 10]. However, in INS patients, changes in
various plasma cytokine profiles prior to and after steroid
treatment have not been extensively examined.

In the present study, we have investigated the plasma levels
of a panel of cytokines in patients with INS undergoing steroid
treatment, in order to elucidate whether there is any specific
cytokine that could serve as biomarker to predict treatment
efficacy.

Methods

Study design and population

One hundred eighty-four pediatric patients were enrolled be-
tween August 2011 and February 2014 in the prospective
multicenter trial for INS treatment from the Italian pediatric
nephrology network NEFROKID (ClinicalTrials.gov
identifier: NCT01386957). Approval was obtained from the
ethics committees of all the participating centers and parents
gave written informed consent before enrollment in the study.
One hundred twenty two patients were excluded because of
the following reasons: non-adherence to the protocol (5 pa-
tients), written informed consent for the biological part of the
study could not be obtained (1 patient), onset of the disease at
weekends or holidays and blood samples could not be sent to
the collecting center in Trieste (52 patients), the sample vol-
umes were insufficient or not correctly shipped (32 patients),
other reasons (32 patients). Therefore, 62 patients were en-
rolled in the present study; this group of patients was repre-
sentative of the whole cohort with regard to demographical
and clinical characteristics [11].

All patients were treated with a common therapeutic
protocol consisting of prednisone at a dose of 60 mg/m2/
day for either 4 or 6 weeks, depending on whether time to
remission was < or ≥ 10 days, respectively, and tapering
of steroids over 16 weeks. Remission was defined as the
disappearance of proteinuria for at least 3 consecutive
days. Total prednisone dosage was 2828 mg/m2 in pa-
tients who went into remission within 10 days and

3668 mg/m2 in the others. Patients were divided into 3
groups, defined as in the therapeutic protocol of the clin-
ical trial NCT01386957, according to their clinical re-
sponse: absence of remission despite steroid therapy (ste-
roid resistant SR), steroid dependent (SD) patients, pre-
senting two relapses during treatment or within 14 days of
discontinuation of therapy or presenting two or more re-
lapses within 6 months of initial response or four or more
relapses in any 12-month period and steroid sensitive
(SS), with less than two relapses within 6 months of ini-
tial response.

The first 7 consecutive patients for each group of steroid
response (SR, SD and SS) were characterized for their plasma
cytokine levels. Significant results were then investigated in
the entire cohort of 62 patients and analyzed also in a sub-
group of healthy pediatric subjects without any acute or chron-
ic infectious disease, any clinically significant disorder, and
any medication with known influence on immunological
factors.

Sample and cytokine measurements

Peripheral venous blood, anticoagulated with EDTA, was col-
lected at the onset of the disease and sent refrigerated within
24 h to the Department of Life Sciences at the University of
Trieste; plasma was separated as described [11] and stored at
− 80 °C for measurement of 48 cytokines. Each sample (20 μl)
was analyzed by magnetic beads suspension array using the
Bio-Plex Pro Human Cytokine 21- and 27-plex panels (Bio-
Rad Laboratories, Hercules, CA, USA) according to the man-
ufacturer’s instructions. The 21-plex panel and 27-plex panels
are described in the Supplementary Materials. A Bio-Plex 200
System (Bio-Rad Laboratories, Hercules, CA, USA), with
Bio-Plex Manager 6.0 software (Bio-Rad Laboratories,
Hercules, CA, USA) was used. Detection ranges for each
cytokine, with the lowest concentration of analyte that can
be detected (LOD), and the uppermost and lowest quantifiable
concentration (respectively ULOQ and LLOQ) are reported in
the Supplementary materials. The method was validated in the
laboratory and tested for recovery.

Genetic analysis

For the most significant cytokine associated in this study with
steroid response, MIF, a common genetic variant G-173C
(rs755622) was examined. Total genomic DNA was isolated
from peripheral blood by using a commercial kit (Gene Elute
Blood Genomic DNA kit, Sigma Aldrich, Milan, Italy) and
the MIF polymorphism was determined by TaqMan® SNP
genotyping technologies (Applied Biosystems, Bedford,
UK) on an ABI7900 HT sequence detection system device.
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Statistical analysis

For statistical purposes, for cytokines with concentration out
of the detection ranges (Supplementary Table 1), an arbitrary
value was defined, corresponding to half of the minimum or
double of the maximum detectable concentration, according
to whether the samples were below or above the sensitivity
range of the assay.

Initially, 7 patients for each response group were analyzed,
selected on the basis of sample availability for resistant pa-
tients, and each resistant case was matched with an SS and SD
patient. Statistical comparisons were done considering each
response group against the other two grouped together, to
increase statistical power. This approach provided a statistical
power sufficient to identify an effect of large magnitude (non-
overlap between the two distributions of at least 65%) with a p
value threshold of 0.05 and a power of 0.80 [12].

Univariate analysis was performed by logistic regression
models testing any possible association between cytokine
levels, MIF polymorphism and clinical response.
Multivariate analyses were performed by logistic regression
models combining independent variables significant in the
univariate analysis. The best cutoff value to determinate pa-
tients’ response using cytokine concentration was identified
by receiver operating characteristic (ROC) curves. Sensitivity
and specificity of the selected cutoffs were analyzed. Fisher’s
exact test was applied to support the significance of these
cutoff values. Statistical analyses were performed using the
software R version 3.2.4.

P values lower than 0.05 were considered statistically sig-
nificant. Odds ratio (OR) and 95% confidence interval (95%
CI) were calculated for all the analyses.

Results

Patients

Demographical characteristics of the 62 enrolled patients are
reported in Table 1. A statistically significant difference in age
was observed between SR and SS+SD patients, the former
group being older (univariate logistic regression, p value =
0.024, OR = 1.33, 95% CI = 1.03–1.92) while SD patients
and SS were not different compared with other patients; gen-
der distribution was not different among patients’ groups. The

first analyses were performed in a group consisting of 21
patients that were the first 7 consecutively enrolled subjects
for each group of steroid response (SR, SD and SS); this group
was representative of the entire group of patients in terms of
age and sex distribution.

Plasma cytokine measurements

Using the Bioplex assays, in 21 patients (7 SS, 7 SD and 7
SR), we measured the concentration of 48 soluble plasma
immune mediators at baseline, before initiation of steroid
treatment. Cytokine concentrations are presented in
Supplementary Table 1. No measurable value for MCP-3,
IL-15, IL-12p40, IL-3, IL-1α, TNF-β, and MCP-1 was ob-
tained; therefore, these cytokines were excluded from data
analyses.

Baseline plasma cytokines in SR patients

Given the clinical interest in recognizing SR patients, the as-
sociation between cytokine levels and clinical response was
analyzed by comparing SR with the other patients. Univariate
logistic regression analysis showed significantly elevated con-
centration of MIF (mean concentration 759.7 pg/ml in SR vs
414.1 pg/ml in SD + SS, p = 0.022, OR = 4.3, 95% CI = 1.2–
25.4) and SCGF-β (mean 33.5 pg/ml in SR vs 21.2 pg/ml in
SD + SS, p = 0.034, OR = 5.5, 95% CI = 1.1–56.4) (Fig. 1).

However, when multivariate logistic regression analysis
was performed considering all significant variables (MIF,
SCGF-β and age), only MIF (p = 0.022) and age at diagnosis
(p = 0.025) were able to distinguish the two groups.

Baseline plasma cytokines to identify SD patients

Treatment of SD patients is a serious challenge for clinicians;
therefore, we analyzed the differences in cytokine levels be-
tween SD and all other patients. Univariate logistic regression
analysis identified 5 cytokines as differentially expressed be-
tween SD and all other patients (SR+SS; Fig. 2). Significantly
lower concentrations of IL-18 (mean concentration 36.8 pg/ml
in SD vs 74.4 pg/ml in SR+SS, p = 0.0003, OR = 0.01, 95%
CI = 4.5 × 10−5–2.4 × 10−1, Fig. 2a), MIF (mean concentra-
tion 339.6 pg/ml in SD vs 619.4 pg/ml in SR + SS, p =
0.010, OR = 0.12, 95% CI = 9.2 × 10−3–6.7 × 10−1, Fig. 2b),
and SCGF-β (mean concentration 17.8 pg/ml in SD vs
29.1 pg/ml in SR+SS, p = 0.030, OR = 0.21, 95% CI = 2.9 ×
10−2–8.8 × 10−1, Fig. 2c) and significantly higher concentra-
tions of IL-17 (mean concentration 102.5 pg/ml in SD vs
60.7 pg/ml in SR+SS, p = 0.031, OR = 4.1, 95% CI = 1.1–
23.2, Fig. 2d) and G-CSF (mean concentration 58.4 pg/ml in
SD vs 39.3 pg/ml in SR+SS, p = 0.019, OR = 11.2, 95% CI =
1.4–255.6, Fig. 2e).

Table 1 Demographic characteristic of the 62 patients. SR,
steroid resistant; SD, steroid dependent; SS steroid sensitive

All patients SR (n = 9) SD (n = 24) SS (n = 29)

Male, n (%) 6 (66) 14 (58) 21 (72)

Age in years, median (range) 8.5 (2–17) 3.2 (1–13) 4.3 (2–11)
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When multivariate analysis was performed, only MIF, IL-
18, and SCGF-βwere able to significantly distinguish the two
groups (p = 0.028, p = 0.00033 and p = 0.0056, respectively).

Confirmation of results in the entire cohort: IL-18,
SCGF-β, and MIF

To confirm the results obtained, we investigated the cytokines
significantly associated with clinical response (IL-18, MIF
and SCGF-β) in the entire cohort of patients. Considering
all 62 patients, univariate logistic regression models showed
a significant difference only for MIF plasma levels between
SR patients and SD+SS ones (mean concentration 683 pg/ml
in SR vs 436.8 pg/ml in SD + SS, p = 0.039; OR = 0.4, 95%
CI = 0.2–0.9) and between SD patients and SR+SS (mean
concentration 375.5 pg/ml in SD vs 534.3 pg/ml in SD+SS,
p = 0.014; OR = 2.3, 95% CI = 1.2–5.5).

Identification of a MIF cutoff to distinguish SR
patients

Since after the multivariate analysis MIF was the only cyto-
kine able to distinguish SR patients, we performed ROC
curves to identify cutoff values for MIF levels significantly
associated with steroid resistance: a unique cutoff of 501 pg/
ml was found. Area under the ROC curve (AUC) was 76.0%
(Fig. 3). The test had high sensitivity (85.7%) and specificity
(71.4%). Fisher’s exact test confirmed a higher proportion of
SR patients among those who reached the optimal cutoff point

(p value = 0.024, OR = 7.8 × 10−2, 95%CI = 1.3 × 10−3–9.4 ×
10−1) in comparison to those who did not.

For SD patients, a cutoff of 355 pg/ml was found (AUC=
83.2%, sensitivity = 85.7%, specificity = 78.6%; Fig. 3). Fisher’s
exact test confirmed higher proportion of SD patients among
those who did not reach the cutoff point (p = 0.016, OR= 18.1,
95% CI = 1.4–1.1 × 103) in comparison with those who reach it.

The cutoff value found was investigated in the extended
cohort of 62 patients. Fisher’s exact test analysis confirmed a
higher proportion of SR patients among those who reached the
optimal cutoff point (MIF > 501 pg/ml; p = 0.02; OR = 0.14,
95% CI = 0.01–0.8) in comparison with those who did not.

For SD patients, the cutoff value of 355 pg/ml, found in the
discovery cohort, was not confirmed in the entire cohort of
patients.

Finally, we evaluated the differences in MIF plasma levels
between our cohort of INS patients and 11 pediatric controls;
control subjects were similar in terms of age compared with
our cohort (median 6.0; range 1–11 years). Univariate logistic
regression model shows a significantly higher concentration
of MIF in patients with INS, in comparison with healthy con-
trols (MIF mean concentration 466.1 pg/ml in patients with
INS vs 124.5 pg/ml in healthy controls, p < 0.0001; Fig. 4).

MIF level correlation with MIF G-173C polymorphism

Elevated circulating serum MIF levels have been related toMIF
gene polymorphisms, although with controversial results [6].
The 62 patients involved in the study were therefore genotyped
forMIF polymorphismG-173C (rs755622). Genetic results were

Fig. 1 Boxplot comparing cytokine concentrations and clinical response
between SR and SS+SD. Cytokine concentrations are plotted in
logarithmic scale. The bold horizontal line represents the distribution
median. Statistical significance was assessed by logistic regression

analysis. A significant association was found for a MIF (p = 0.022,
OR = 4.3, 95% CI = 1.2–25.4) and for b SCGF-β (p = 0.034, OR = 5.5,
95% CI = 1.1–56.4)
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available for 59 patients and the genotype distribution was in
Hardy-Weinberg equilibrium (p = 0.28); 44 patients were wild
type (74.6%; 22 SS, 15 SD and 7 SR), 15 were heterozygous
(25.4%; 5 SS, 8 SD and 2 SR),while none of the patients showed
a mutated genotype. We evaluated the possible correlation be-
tweenMIFG-173C polymorphism andMIF plasma levels with-
out finding any significant association (Supplementary Fig. 1).
Moreover, there was no genotype effect on clinical response.

Discussion

In this study, we evaluated the plasma concentration of 48
cytokines in patients at the first episode of INS who
underwent steroid treatment, with the final aim of finding a
biomarker useful to predict their clinical response. The study
was at first conducted in a group of 21 patients. Patients were
selected from an Italian cohort of pediatric patients, clinically
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characterized and treated with a common protocol. Significant
results were then considered including additional 41 patients
treated with the same therapeutic protocol.

INS is the most frequent primary glomerular disease in
children [3, 13]. The physiopathologic mechanisms of the

disease are still not clear; however, the disease is triggered
by an increase in glomerular permeability caused by an abnor-
mal immunologic response, resulting in an alteration of the
capillary structure and of the integrity of the glomerular mem-
brane [3].

Since the 1950s, steroid treatment is the first line therapy for
INS [14], but response to these drugs is variable. Steroids are
potent inhibitors of cytokines production in immune and non-
immune cells and are able to induce remission in about 85–90%
of subjects; however, variable degrees of steroid responsiveness
and different patterns of disease relapse have been observed
[15]. Response to steroid treatment is a key index of outcome;
indeed, patients with steroid resistant disease represent a diffi-
cult therapeutic challenge for clinicians; moreover, to date, ap-
proximately 40–50% of responding patients presents frequent
relapses or steroid dependence when therapy is discontinued;
these patients are at high risk of treatment related side effects [3,
16]. There is still no way of predicting this pattern of ineffective
therapy and steroid dependence.

In this study, we showed that, within the 48 cytokines an-
alyzed, MIF is the best predictor of steroid response before
any treatment in children with INS. Indeed, patients non-
responsive to GCs show significantly higher MIF plasma
levels compared with steroid sensitive ones. These results
are supported also byWang et al. [17] in patients with system-
ic lupus erythematosus; these authors demonstrated that MIF
serum levels were correlated with steroid resistance. In the
present study, for the first time, a cutoff value for MIF plasma
level could be identified at 501 pg/ml to distinguish resistant
and sensitive patients, with a high sensitivity and specificity
(respectively 85.7% and 71.4%). Considering patients achiev-
ing this cutoff, almost all (7/9) of SR patients could be iden-
tified. This finding could be useful for the early identification
of patients who will not respond to steroids, avoiding ineffec-
tive treatments. Furthermore, MIF plasma levels were also
able to distinguish INS patients from healthy subjects that
show lower levels of the cytokine.

Fig. 3 Areas under the ROC curves of MIF plasma level in SR (panel a)
or SD (panel b) vs all other patients among 7 SS, 7 SD, and 7 SR patients.
ROC, receiver operating characteristic. Optimal cutoff value for SR

patients was 501 pg/ml (sensitivity 85.7%, specificity 71.4%, panel a,
while for SD patients was 355 pg/ml was found (sensitivity = 85.7%,
specificity = 78.6%; panel b
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Moreover, in this study we focused our attention also on
SD patients, who show very low plasma MIF secretion as
compared with all other patients. This is the first study, to
our knowledge, which investigates cytokine plasma levels in
patients who show steroid dependence. These patients repre-
sent almost 40–50% of INS patients and may require a more
aggressive treatment with increased risk of adverse events and
disease related complications. Plasma MIF level in these pa-
tients was shown to be lower than in all other patients; how-
ever, a cutoff value able to distinguish SD patients could not
be confirmed in our extended cohort of patients. This finding
of low plasma MIF levels in SD patients was quite unexpect-
ed, even if previous studies have shown that these patients do
not have a pharmacological phenotype intermediate between
SS and SR [11]; more studies are needed to shed light on the
contribution of MIF plasma levels as a biomarker for this
clinically challenging group of patients.

MIF is a pleiotropic cytokine with pro-inflammatory activ-
ity, which appears to be due to effects on macrophages and T
cells. Steroids reduce the production of inflammatory mole-
cules; however, they increase the release of MIF from macro-
phages [18] and T cells [19]. In turn, MIF counter-regulates
the inhibitory activity of steroids on pro-inflammatory cyto-
kines [18, 20]. It is not clear yet howMIF can exert this effect;
it has been suggested that, in inflammatory conditions, MIF
interferes with GC activity on cytokine transcription, mediat-
ed by nuclear factor κB (NFκB) [21]. Under basal conditions,
NFκB, complexed with IκBα (inhibitor of NFκB) is located
in the cytosol. Inflammatory stimuli activate IκBα kinase
(IκK) that phosphorylates and degrades IκBα. NFκB can

therefore enter into the nucleus, inducing transcription. GCs
induce the synthesis of IκBα, that binds to NFκB in the cyto-
sol, preventing its nuclear localization. MIF, on the contrary
reduces IκBα cytosolic levels, increasing NFκB migration in
the nucleus and transcription and counteracts GC effects [21]
(Fig. 5). Moreover, MIF strongly stimulates the extracellular-
signal-regulated kinase (ERK)-1 and ERK-2 pathways; the
cytoplasmic isoform of phospholipase A2 (PLA2) is activated
and arachidonic acid is released [22]. GCs are well-known
inhibitors of PLA2 activation, and this effect is counteracted
by MIF. In addition to repressing the transcription of immune
genes, GCs are also able to increase the degradation of
mRNAs of pro-inflammatory genes [23]; also, this phenome-
non has been shown to be related to MIF inhibitory effect on
GC activity [24](Fig. 5). Although insufficient to explain all
the pro-inflammatory activities of MIF, the mechanisms de-
scribed can add to explain its antagonism on GC-mediated
immunosuppression.

MIF has been already investigated and proved to be in-
volved in diseases such as systemic lupus erythematous
[25], rheumatoid arthritis [26], and chronic kidney disease
[27]; however, to our knowledge, this is the first work that
found a cutoff value for MIF plasma level able to distinguish
different clinical response.

Several studies in INS patients have shown that specific
MIF polymorphisms are associated with GC response. The
most studied and correlated polymorphism in these patients
is the MIF G-173C (rs755622), although literature studies
show controversial results [6]. Berdeli et al. [28] showed a
correlation of the MIF–173C allele with INS and steroid

Fig. 5 Pro-inflammatory
mechanism of action of MIF [24].
GC, glucocorticoid; GR,
glucocorticoid receptor; PLA2,
phospholipase A2; IkBα,
inhibitor of NFκB;NFkB, nuclear
factor κB; ERK1/2, extracellular-
signal-regulated kinase 1 and 2;
AA, arachidonic acid
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resistance in Turkish children and Vivarelli et al. [29] obtained
similar results in an Italian population. However, these find-
ings are not in agreement with Choi’s study that could not find
an association between the polymorphism and steroid respon-
siveness [30]. In our study, MIF G-173C did not affect MIF
plasma level measured in the patients (Supplementary Fig. 1),
as recently demonstrated also by Ramayani et al. [31]; more-
over, no significant correlation was found between this SNP
and clinical response.

This study has some limitations, in particular the number of
patients enrolled is small and there is a significant difference
in age between GC resistant and dependent / sensitive pa-
tients. Therefore, it would be important to extend similar stud-
ies to larger patients’ groups.

In conclusion, the results of the present study suggest
that, within the 48 cytokines considered, increased MIF
plasma levels could be used to clinically identify patients
at high risk of steroid resistance at diagnosis; if these
results are confirmed in a larger cohort of patients, MIF
plasma levels could be considered for alternative treat-
ments avoiding useless steroid administration and subse-
quent side effects.
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