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ABSTRACT

Idiopathic nephrotic syndrome (INS) is the most prevalent autoimmune glomeru-
lar disease in children and its pathogenesis is correlated with high level of inter-
leukin 6 (IL-6) and low level of vitamin D. This study was aimed to investigate
the difference of vitamin D and IL-6 level in steroid resistant nephrotic syndrome
(SRNS), steroid sensitive (SSNS), and idiopathic nephrotic syndrome (INS). This
research was designed as cross sectional involving 45 subjects which then divided
into 3 groups as follows: SRNS, SSNS, and INS. A level of serum 25 (OH)D was
measured by Enzyme-linked Immuno Assay Method then categorized as suffi-
ciency, insufficiency, and deficiency. Level of IL-6 serum was measured by
ELISA method. Results showed that IL-6 level was significantly different among
three groups, in which SRNS had the highest value (ANOVA, p < 0.05). Further
analysis demonstrated that IL-6 level correlated with steroid resistance (Spearman
correlation test, p = 0.000, r = 0.692). Vitamin D status was significantly different
among three groups (Chi square, p = 0.03) and associated with steroid resistance
(Spearman correlation test, p = 0.000, r = 0.568). Moreover, IL-6 level associated
with 25 (OH) D level in SRNS group (Pearson correlation test, p = 0.020, r =
0.591) but not in the SSNS and INS group. We conclude that IL-6 levels were
significantly higher in SRNS group as compared to other groups. Otherwise, vit-
amin D status were significantly lower in SRNS compared with other groups. An
IL-6 level was negatively correlated with vitamin D status in patients with NS,
specifically in SRNS group.
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Introduction

Idiopathic nephrotic syndrome (INS) is the
most prevalent autoimmune glomerular disease in
children and the most common chronic disease [1,
2]. It is a group of symptoms characterized by se-
vere proteinuria, hypoalbuminemia, hyperlipide-
mia, and edema [1]. The incidence of INS in chil-
dren reached 2 up to 7 new cases every 100, 000
children and its prevalence is 12 up to 16 cases
every 100.000 children. This disease is commonly
found in younger children and the peak incidence
is at 2 and 5 years old. In Indonesia, its incidence
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was 6 new cases per 100,000 children less than 14
years old annually and was dominated by male
with ratio 2 : 1 [3]. Specifically, in Pediatric Ward
of Saiful Anwar Hospital Malang, there were 101
INS patients hospitalized between January 2002
and December 2006 (accounted for 34% of pedi-
atric renal disease [4].

The underlying mechanism of nephrotic syn-
drome in children has not clearly understood yet,
but principally related to immunological disorders
[5]. Various cytokines such as interleukin (IL)-2,
interferon (IFN)-X, IL-4, IL-12, IL-18, tumor ne-
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crosis factor (TNF)-a, IL-13, IL-17 and vascular
endothelial growth factor (VEGF), might be in-
volved in the pathogenesis of pediatric INS [6].
Wang in 2013 had been demonstrated that INS
was characterized by immune-regulatory imbal-
ance between helper T cell subtype 1 (Th1), Th2
and Th17 [7].

Interleukin-6 (IL-6) is a pleiotropic cytokine
which has several functions such as stimulation of
acute phase hepatic response and differentiation as
well as the proliferation of macrophages, T cells,
and B cells [8]. IL-6 is closely associated with pro-
teinuria and considered as glomerular permeabil-
ity factor which initiate an immunological reaction
in nephrotic syndrome. Otherwise, IL-6 is also
correlated with steroid resistance [9-11].

Vitamin D 25(OH)D activity in glomerular
mitochondria is elevated as 25(OH)D is converted
into 1,25(OH)D. Renal disorders will lead to in-
hibition of 1,25(OH)D synthesis (active form of
vitamin D3) which possess modulatory effect on
immune response [12, 13]. Overall, immune-mod-
ulatory effects of 1,25(OH)D were based on sev-
eral mechanisms: feedback response of paracrine
gland to minimize inflammation or T-CD4 differ-
entiation, improve the function of suppressor T
cells, or both [14, 15, 16]. Previous study showed
that vitamin D3 was safe and induce reduction of
memory B cells, enhancement of T and reduc-
tion of effector Th1l and Th17 cells [17]. Another
study also revealed that the active form of vitamin
D3 increase the level of IL-10 and Foxp3+ in T-
CD4 cell culture originated from human periph-
eral blood cells [18]. Besides its effect on inflam-
mation, vitamin D3 also influence the regulation
of glucocorticoid receptors. Furthermore, admin-
istration of the active form of vitamin D3 also en-
hances IL-4, IL-5, IL.-13 expression of Th2 cells
and IL.-10 and TGF- of T cells induced by dex-
amethasone in patients with steroid-resistant
asthma [19]. This study was aimed to analyze the
difference of IL.-6 and vitamin D levels in children
with steroid-resistant, steroid-sensitive, and newly
diagnosed NS and also the correlation between IL-
6 and vitamin D.

Material and Methods
Study design

This study was designed as cross-sectional
study. Vitamin D [25(OH)D] serum and IL-6 lev-

els were compared in three observed groups: ster-
oid-resistant nephrotic syndrome (SRNS), steroid-
sensitive nephrotic syndrome (SSNS), and idio-
pathic nephrotic syndrome (INS). This research
was approved by the Ethical Committee of Saiful
Anwar Hospital, Malang.

Subjects

Research subjects were pediatric patients diag-
nosed as nephrotic syndrome and underwent out-
patient care at Pediatric Nephrology Policlinic and
inpatient care at Pediatric Ward Saiful Anwar
Hospital Malang which meet the inclusion and ex-
clusion criteria during the observational period. As
many as 45 subjects were included in this study
and then divided into 3 groups. Inclusion criteria
for this study were as follows: categorized as ster-
oid-sensitive, steroid-resistant, and idiopathic ne-
phrotic syndrome, aged between 1-15 years old,
parents allow his/her child to join this study after
being given explanation (informed consent), have
not received vitamin D treatment before the study.
Exclusion criteria were as follows: secondary ne-
phrotic syndrome; congenital/ infantile nephrotic
syndrome; patients with other autoimmune dis-
eases such as systemic lupus erythematosus
(SLE), diabetes mellitus (DM); patients with aller-
gic disease such as asthma, allergic rhinitis, atopic
dermatitis, patients with severe infection or he-
patic disorders. SSNS was defined as INS, which
remitted after treated with full dose prednisone 2
mg/kgBW/day for 4 weeks. In the other hand,
SRNS was defined as INS, which did not improve
after treated with full dose prednisone 2
mg/kgBW/day for 4 weeks. Remission was de-
fined as negative or trace proteinuria (proteinuria
< 4 mg/m?hpf/hour) for 3 consecutive days in 1
week [1].

Blood sample and serum preparation

Blood samples were obtained from vein punc-
ture then collected in a centrifuge tube. Blood
samples were left clotted for 2 hours at room tem-
perature or overnight at 4°C before being centri-
fuged. After clotting process, samples were centri-
fuged for 20 minutes at velocity 1000 x g. Serum
was obtained from each tube for measurement of
vitamin D [25(OH)D] levels or stored in refriger-
ator at -20°C or -80°C.
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Measurements of vitamin D [25(OH)D] level

Measurement of vitamin D levels was con-
ducted as instructed by manufacturer (Alegria Hu-
man Vitamin D ELISA kit, catalogue number
ORG 270). Briefly, 200 pL pre-diluted serum was
added into each well, then incubated for 2 hours at
25°C. After washing procedure, 100 pL enzyme
conjugate was added then incubated for 30
minutes at room temperature. After washing pro-
cedure, 100 pL substrate/ chromogen solution was
added then incubated for 15 minutes at room tem-
perature without shaking and should be protected
from direct sunlight. Finally, 100 pL stop solution
was added into each well. Absorbance of blue
color intensity was measured at wavelength 650
nm spectrophotometrically. Vitamin D then cate-
gorized as sufficiency (25(OH)D serum level >20
ng/mL), insufficiency (25(OH)D serum level 10 —
20 ng/mL), and deficiency (25(OH)D serum level
<10 ng/mL) [20].

Measurement of interleukin 6 level

Reagent was prepared as instructed by manu-
facturer (RayBio®, catalogue number ELH-IL6).
Firstly, 50 pL assay diluents were added into each
well. Secondly, 200 pL standard or serum was
added then covered and incubated for 3 hours at
room temperature. After washing procedure (re-
peated for 3 times using 400 pL washing buffer),
200 pL IL-6 conjugate was added into each well,
covered and incubated for 2.5 hours at room tem-
perature. After washing procedure, 50 pL sub-
strate was added, then covered and incubated for 1
hour at room temperature. Finally, 50 puL stop so-
lution was added. Optical density (OD) was meas-
ured by using a microplate reader (Biorad 520 at
wavelength 450 nm).

Statistical analysis

Before analysis, data were tested for its distri-
bution (normality) and homogeneity to qualify
compatibility for parametric test. The differences
of IL-6 level among 3 observed groups was deter-
mined by One Way ANOVA. The differences of
vitamin D status was determined by Chi square
test. Correlation of IL-6 level or vitamin D status
with NS type was determined by Pearson correla-
tion test or Spearman as its alternative data were
analyzed with confidence interval 95% using soft-
ware SPSS for Windows version 24.0.

Results and Discussion
Baseline characteristics

This study involved children diagnosed with
nephrotic syndrome and underwent outpatient care
at Nephrology Policlinic and inpatient care at Pe-
diatric Ward, Saiful Anwar Hospital during Janu-
ary-December 2016. As much as 45 subjects di-
vided into 3 groups as follows: SSNS, SRNS, and
newly diagnosed NS. Characteristics of subjects
based on their groups were described in Table 1.

Median of age of SRNS, SSNS, and INS were
108 months, 138 months, and 72 months, respec-
tively. Male was more frequently found compared
with female (27 male and 18 female). Good nutri-
tional status was commonly found in all groups.
Furthermore, based on sex and nutritional status,
there were no significant differences among three
groups (Chi square test, x% p > 0.05).

Interleukin 6 levels

The highest IL-6 level was found in SRNS
group (19.76 + 10.04 ng/mL) followed by INS
(5.07 £ 3.54 ng/mL) and SSNS (4.41 + 1.93
ng/mL) (Figure 1). Further analysis showed that
there were significant IL-6 level differences
among all groups (ANOVA; p = 0.00). Interest-
ingly, IL-6 level correlated with SRNS (Spearman
correlation test, r = 0.692, p = 0.000).

IL-6 level in SRNS was obviously higher as
compared to other groups. Another study showed
that IL-6 level before steroid treatment was not
significantly different between steroid resistant
and steroid sensitive NS group [21]. IL-6 and IL-
10 levels before treatment were higher in SRNS
compared with SSNS [21]. Previous study also
showed that IL-1, IL-6, IL-8 and TNF- levels
were higher in nephrotic phase as compared to re-
mission phase in pediatric INS [22]. The higher
level of IL-1, IL-6, IL-8 and TNF- in nephrotic
phase was associated with duration of steroid
treatment until early remission [22]. Other cyto-
kines such as IL.-4 and IL.-5 were also found higher
in nephrotic phase, then step down in remission
phase. The higher level of IL-4 and IL-5 in ne-
phrotic phase was associated with duration of ster-
oid treatment until early remission [23]. In accord-
ance with those results, despite of unspecific time
sampling (nephrotic vs remission phase), our
study also showed significant correlation between
IL-6 level enhancement and SRNS occurrence.
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Table 1. Baseline characteristics of subjects
Characteristics SRNS (n=15) SSNS (n=15) INS (n=15) p value
A - Median (month) 108 138 72
ge (month) (Min — Max) (36-180) (60-167) (36-168)
Sex Male 10 (10/15) 9 (9/15) 8 (8/15)
Female 5 (5/15) 6 (6/15) 7 (7/15)
Good nutrition 10 (10/15) 12 (12/15) 12 (12/15)
Nutritional status Undernutrition 3 (3/15) 3 (3/15) 3 (3/15)
Malnourished - - -
Obese 2 (2/15) - -
35
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Figure 1. Mean of IL-6 Level in Each Group (SSNS, SRNS, and newly diagnosed NS). Data were presented as

mean + SD

Interleukin-6 is proinflammatory cytokine
which induces naive T cell differentiation into
Th17 cells. Th17 cells are a subset of T-CD4+
cells, which could secrete proinflammatory cyto-
kines such as IL-17, IL-17F, IL-6, and TNF-a.
Currently, the role of Th17 in various diseases had
been known, including a steroid resistant ne-
phrotic syndrome [24]. Flowcytometry analysis
showed that Th17 population was increasing in pe-
ripheral blood samples from children with ne-
phrotic syndrome. Besides that, enhancement of
Th17 was also followed by increased of Th17-re-
lated cytokines such as IL-17, IL-23, and IL-6
[25].

The mechanism underlying IL.-6-induced glo-
merular damage in steroid resistant nephrotic syn-
drome is not clearly understood. Wang and col-
leagues found that activation of Th17 and en-
hancement of 11.-17 level trigger podocyte apop-
tosis activation through enhanced expression of
Fas, caspase-8, and caspase 3 [7]. Furthermore, ac-
tivation of Th17 also suppresses podocalyxin ex-
pression, thus cause a lack of negative ion at the

glomerular basal membrane and sequentially in-
duce proteinuria in nephrotic syndrome [7].

The differentiation process of Th17 was medi-
ated by various signals which was activated by cy-
tokine-receptor binding. First signal was mediated
by binding of class II MHC (Major Histocompati-
bility Complex) and TCR (T-Cell Receptor). Sec-
ond signal was mediated by binding of TGF-f3 and
its receptor which lead to formation of transcrip-
tion factor Smads. Third signal was mediated by
IL-6 binding to its receptor which will induce ac-
tivation of transcription factor STAT3. Those sig-
nals synergistically induce the expression of
Th17-differentiation-related genes [26].

Induction of IL-6 and TGF-f3 will lead to IL-
23 production by dendritic cells. IL-23 was con-
sidered as essential cytokine in stabilizing Th17
during differentiation and activation phase [27].
The role of IL.-6 as proinflammatory cytokines had
been further elucidated. Lal and Bromberg demon-
strated that high level of IL.-6 suppressed FoxP3
expression but induced RORyt expression. This
situation will decrease the formation and function-
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Table 2. Vitamin D Status in SRNS, SSNS, and INS
Vitamin D SRNS SSNS INS
Status (n=15) (n=15) (n=15)
Sufficiency - 13.33% 33.33%
Insufficiency 13.33% 46.67% 46.67%
Deficiency 86.66% 40% 20%)

alization of Ty cells, thereby Th17 : Treg ratio will
increase. Several studies previously stated that as
the IL.-6 level was high, there would be suppressed
stimulation of Trg differentiation by TGF-f1,
thereby would be followed by Th17 predominant
condition [28 - 31].

Serum vitamin D [25(OH)D] level

This study categorizes serum 25(OH)D level
into three groups as follows: deficiency, insuffi-
ciency, and sufficiency. Based on grouping sys-
tem, as seen in Table 2, we found that 22 subjects
were categorized as deficiency, 16 subjects were
categorized as insufficiency, and 7 subjects were
categorized as sufficiency. Moreover, vitamin D
status was significantly different between three
observed groups (Chi square test, p = 0.03). Fur-
ther analysis demonstrated significant correlation
between vitamin D status and NS types (Spearman
correlation test, rs = -0.568, p = 0.00).

This study showed that vitamin D level in chil-
dren with SRNS was higher compared with SSNS.
Surveillance for children aged 0.5-12 years old
conducted by South East Asian Nutrition Surveys
(SEANUTS) had been reported that the preva-
lence of vitamin D insufficiency in Indonesia was
the highest (more than 50%) among 4 countries
(Thailand, Vietnam, Malaysia, Indonesia) [32]. As
the sunlight exposure (source of UV-B) abun-
dantly available throughout the year, the possible
etiologic factor of varying vitamin D insufficiency
in 4 tropical countries was the differences of vita-
min D intake [32].

This study categorizes serum vitamin D
[25(0OH)D] into three groups as follows: defi-
ciency (25(OH)D level < 10 ng/mL); insufficiency
(25(OH)D level 10 — 20 ng/mL); and sufficiency
(25(OH)D > 20 ng/mL) [20]. Instead of NS group-
ing based on steroid resistance, vitamin D defi-
ciency and insufficiency was commonly found in
our study (accounted for 48.9% subjects and
35.6% subjects, respectively). However, this study
did not document diet analysis regarding vitamin

D source such as milk, fish, egg and also sunlight
exposure. This strategy is essential to control con-
founding factor of 25(OH)D level.

Furthermore, this study showed that 25(OH)D
deficiency was commonly found in SRNS. Obser-
vational study conducted by the Department of Pe-
diatric, Cipto Mangunkusumo Hospital reported
that 22 of 26 NS subjects had low vitamin D level
as follows: insufficiency in 10 subjects (20 — 30
ng/mL) and deficiency in 16 subjects (< 20
ng/mL) (mean of 25 (OH) D level was 20 ng/mL)
[33]. Vitamin D deficiency in pediatric NS could
be caused by the enhanced glomerular filtration of
vitamin D binding globulin (DBG). This condition
would lead to decreased 25(OH)D concentration
in serum [34]. Nielsen and colleagues reported
that vitamin D insufficiency occurred in 93% NS
patients before steroid treatment; and this condi-
tion might be independently associated with ster-
oid treatment [35]. Moreover, Nielsen and col-
leagues also showed that vitamin D level was pos-
itively correlated with albumin plasma level [35].
Therefore, hypoalbuminemia state in nephrotic
syndrome would lead to decreased plasma vitamin
D level caused by diminished its binding albumin.
Other factors which influence plasma vitamin D
level were age, sex, race, food intake, calcium
level, as well as parathyroid hormone [36].

Our study showed that there were significant
differences in vitamin D level among three ob-
served groups. Interestingly, further analysis
showed that vitamin D significantly correlated
with nephrotic syndrome type. Banerjee and col-
leagues reported that vitamin D level was signifi-
cantly higher in remitted NS group compared with
a relapse NS group [37]. The increased vitamin D
level was considerably caused by inhibition of the
inflammatory response by steroid treatment as vit-
amin D indirectly used for suppressing the activa-
tion and proliferation of various immune cells
[37]. Specifically, 25(OH)D downregulated Th1
cytokines and upregulated Th2 cytokines [38].

Furthermore, this study also showed that IL.-6
level was significantly correlated with vitamin D
level in steroid-resistant NS group. Nonn and col-
leagues reported that vitamin D could decrease IL-
6 production through tolerogenic dendritic cell ac-
tivation [39]. Decreased IL.-6 production enhances
TGF-B1 production, thereby would shift T cell dif-
ferentiation dominantly into Trg cells. Enhance-
ment of Trg population would decrease Th17 : Treg
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Figure 3. Correlation graph of IL-6 level and vitamin D in SSNS group

JTLS | Journal of Tropical Life Science 184 Volume 9 | Number 2 | May | 2019



K Subandiyah, HF Ghofar, LE Fitri, 2019 / Difference of Vitamin D and Interleukin-6 Levels in Children

RZ Linear = 0.056
12.0
o
10.0
o
o
o
2.0
= o o)
o,
s
=. 60 o
Q
4.0 o
2.0 S o o]
8
i
T T T T T
1.0 15 20 25 30
Vitamin_D_SNI

Figure 2. Correlation graph of IL-6 level and vitamin D in SRNS group

ratio and suppress Th17-related inflammation re-
sponse. Finally, this condition would improve
clinical condition of NS [30, 39, 40].

Correlation of IL-6 level and vitamin D status

Statistical analysis showed significant correla-
tion between IL-6 level and vitamin D status in pa-
tients with NS (rs = 0.481; p = 0.001). Further
analysis demonstrated that there was significant
correlation between IL-6 level and vitamin D sta-
tus only in SRNS group (r = 0.591, p = 0.020), but
not in SNSS group (r = 0.102, p = 0.718) and
newly diagnosed NS (r = 0.328, p = 0.232). Cor-
relation graph of IL-6 level and vitamin D status
in each group was shown in Figure 2, Figure 3, and
Figure 4.

Conclusion

We conclude that IL-6 levels were signifi-
cantly higher in SRNS group as compared to other
groups. Otherwise, vitamin D status were signifi-
cantly lower in SRNS compared with other
groups. An IL-6 level was negatively correlated
with vitamin D status in patients with NS, specifi-
cally in SRNS group.
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