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Abstract

Purpose: This study was designed to investigate the effects of miR-24 and miR-27 on Th2 in children with non-atopic INS.
Methods: Isolateing PBMCs by Ficoll density gradient, and transfected with human miR-24, miR-27 mimics/miR-24, miR-27
mimics control and miR-24, miR-27 inhibitors/miR-24, miR-27 inhibitor control. After that Real-time PCR to investigate the
levels of microRNAs and IL-4mRNA, Flow cytometry to test the frequency of Th2 cells, and Cytometric bead array to measure
the concentration of IgE, IL-4 and IL-13 in plasma. Results: The proportion of Th2 cells in peripheral blood of children with
INS in the initial atopic and non-atopic groups were significantly higher (P<0.05), and there was no significant difference in
the proportion of Th2 cells in the remission group (P>0.05). Plasma IgE, IL-4 and IL-13 were significantly increased in the
initial atopic and non-atopic groups (P<0.05). MiR-24 and miR-27 were remarkably downregulated in the initial non-atopic
group (P<0.05). The expressions of miR-24 and miR-27 were up-regulated in the initial non-atopic and control group, the
proportion of Th2 cells and IL-4 mRNA expression were remarkably decreased (P<0.05), and the expressions of miR-24 and
miR-27 were down-regulated, the proportion of Th2 cells and IL-4 mRNA expression were remarkably increased (P<0.05).
Conclusion: There were high IgE in children with both atopic and non-atopic INS during the active period, which might be
related to the high expression of IL-13 and IL-4 induced by the Th2 cells drifting. MiR-24 and miR-27 negative regulated the
expressions of Th2 cells in INS.

1.0 Introduction

Idiopathic nephrotic syndrome(INS) is the most prevalent kidney disease in children, and is a main cause of
chronic renal failure in children in China[1]. It is characterized by the clinical manifestation of proteinuria,
low plasma albumin, hyperlipidemia, and edema. The prevalence is mostly preschool children, and the peak
period is 3-5 years old. About 80-90% of patients with kidney disease under 10 years of age are of minimal
change disese (MCD)[2]. However, the specific etiology and mechanism of INS in children remains unclear.
Previous studies have shown that the disease has obvious immune dysfunction, including humoral immune
disorders, T cell subset dysfunction and abnormal secretion of cytokines, especially T cell dysfunction [3-8].

Th2 cells produce mainly IL-4、IL-5 and IL-13 and play an important role in parasitic infections and allergic
inflammatory diseases[9-11]. As early as 1959, the association of pollen sensitivity and seasonal proteinuria
has been reported, and about 30% of children with INS have atopic manifestations such as allergic rhinitis
and idiopathic dermatitis[12]. Some studies have also confirmed that IgE in INS is increased during active
phase[13-15], however, it is still uncertain whether increased levels of IgE in childhood INS are pathogenetic
or coincident. The first hit consists of the induction of CD80 in podocytes by microbial products, allergen,
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or T-cell cytokines such as IL-13 act on the glomeruli, resulting in the overexpression of podocyte CD80 and
temporary proteinuria[16-18]. In normal settings, CD80 expression on podocytes is terminated by regulatory
cytokines from Tregulatory cells and/or cytotoxic T-lymphocyte-associated and IL-10 by podocytes, and
as a consequence, proteinuria is transient and mild[18-20]. However, we propose a second hit occurs in
MCD and consists of abnormal censoring of podocyte CD80 expression due to a defective autoregulatory
response by Tregs or by the podocyte itself. As a consequence, CD80 expression becomes persistent and
nephrotic syndrome results [20]. Th2 related cytokines IL-13, a known stimulator of IgE response, may
mediate proteinuria in patients with MCD because of its ability to directly induce CD80 expression on the
podocyte[13-15, 18]. In recent years, studies have found that IL-13 and IL-4 were increased during the
active phase of INS, IL-13 has involved in the pathogenesis of kidney disease[13-15, 18], but the mechanisms
resulting in IL-13 increasing was still unclear. A few studies have also noticed that Th2 cells were over-
activation in INS[8,18, 21-22], but the mechanisms resulting in Th2 cells over activation remained unknown,
which needed to be studied to further explain the pathogenesis of INS immune.

MicroRNAs (miRNAs or miRs) are short non-coding RNAs of 20-23 nucleotides that regulate target gene
expression in a post-transcriptional manner [23-24]. In brief, microRNAs can bind to the 3’-untranslated re-
gion (3’-UTR) of target mRNAs, leading to their translational inhibition or degradation [23-24]. Previously,
miRNAs appeared more in the field of cancer and tumor research. Recently, miRNAs have also received
much attention in kidney disease. Studies have shown that multiple miRNAs can inhibit the differentiation
and function of Th2 cells[25-27]. In 2016, some scholars discovered that miR-24 and miR-27 act collabora-
tively through different downstream pathways to inhibit Th2 cell differentiation and IL-4 production [26-27].
However, it is unclear whether changes in miRNAs expression alter Th2 expression in active non-atopic INS,
and its specific mechanism of action needs to be further study.

Therefore, in this study we systematically observes the dynamic changes of cytokines and miR-24, miR-27
involved in regulating Th2 cell differentiation in the active and remission phases, and observes the changes
in the number and function of Th2 cells in children with non-atopic INS under different miRNAs expression.
It may clarify the immune pathogenesis in INS, which may provide potential therapeutic targets and new
ideas for the treatment of kidney disease.

2.0 Materials and Methods

2.1 Subjects

Fouty children with INS (28 males and 12 females; median age: 38 months; age range: 22-55 months) were
enrolled in this study. The study participants were recruited from the inpatient pediatric population at
Shenzhen Children’s Hospital between the dates of September 2015 and October 2016. These children met
all the inclusion criteria: 1) The diagnostic criteria for INS prepared by 2010 evidence-based diagnosis and
treatment guidelines for common kidney diseases in pediatrics in China ; 2) All of them were hormone-
sensitive children, that is, children with negative urine protein within 4 weeks of treatment with sufficient
hormones and no other immunosuppressants; 3) No secondary kidney disease (such as secondary nephrotic
syndrome, nephrotic nephrotic syndrome or congenital kidney disease etc.); 4) No other systemic viscera
syndrome; 5) Signed informed consent. According to the condition, they were divided into first-onset group
(20 cases, atopic constitution, 6 cases, 14 cases of non-atopic constitution) and remission group (20 cases,
atopic constitution, 6 cases, non-atopic constitution 14 cases). Defined as children with nephrotic syndrome
for the first time, the selection criteria for remission patients were children with kidney disease who had
stopped hormones for more than 4 weeks and had normal blood biochemical and urine tests. Tweety age-
similar matched children (11 males and 9 females; median age: 31.3 months; age range: 18-112 months) who
came to our hospital for physical examination during the same period were enrolled in the healthy controls
(Ctrl). Informed consent was obtained from the parents of all patients as a condition of study enrollment,
and the study was carried out with pre-approval by the local Medical Ethics Committee.

2.2 Blood samples

Venous blood was collected from each of the PNS patients and each of the healthy controls and stored
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in ethylenediamine tetraacetic acid (EDTA)-Na2 as an anti-coagulant. Peripheral blood mononuclear cells
(PBMCs) were isolated by Ficoll density gradient for subsequent flow cytometric analysis . Plasma was
obtained after centrifugation and stored at -80°C for analysis by cytometric bead array (CBA). CD4+CD25- T
cells were immediately isolated from the patients’ peripheral blood samples, according to the manufacturer’s
instructions for microbeads (11363D, Dynal; Invitrogen, USA). Cell populations were considered pure at >
97% by flow cytometry, and cell activity was investigated using the trypan blue exclusion assay (using the
threshold of > 95% of the cell population as a positive indicator of significantly decreased cell activity).

2.3 Total RNA extraction and cDNA synthesis

Total RNA (including miRNAs) was isolated from CD4+CD25- T cells according to the manufacturer’s
instructions using the miRNeasy Mini Kit (Qiagen, Germany). The integrity of the isolated total RNA was
confirmed by an average OD260/OD280 nm absorption ratio of 1.98. cDNA was synthesized with oligo-dT
primers and RevertAidTM H Minus reverse transcriptase (Fermentas, Lithuania). The miRNA cDNA was
synthesized with the miScript II RT Kit from Qiagen. Negative control samples (no first-strand synthesis)
were prepared by performing reverse transcription in the absence of reverse transcriptase.

2.4 LightCycler real-time PCR

The cDNA levels of IL-4 was quantitated by real-time PCR using the Quantitect SYBR green PCR
Kit (Takara, Japan) and a LightCycler(r) 2.0 (Roche Molecular Biochemicals, Switzerland). The
primers of IL-4 used for RT-PCR were as follows: 5’-TCATTTTCCCTCGGTTTCAG-3’(forward) and 5’-
ATAGGTGTCGATTTGCAGTG-3’ (reverse). The cDNA levels of miR-24 and miR-27 were quantitated by
real-time PCR using the miScript SYBR Green PCR Kit (Qiagen) and the LightCycler(r) 2.0. The primers
used for miRNA real-time PCR were designed according to the recommendations for use with the miRNA
miScript Primer Assay (Qiagen). The second derivative maximum method was performed for CP determina-
tion using LightCycler software V3.5.30 (Roche Molecular Biochemicals). After normalization with Relative
Quantification Software V1.0 (Roche Molecular Biochemicals), the final results were calculated as ratios of
the target genes or miRNAs to the amount of GAPDH or U6.

2.5 Flow cytometry analysis of Th2 cells

To measure cytoplasmic expression of markers by Th2 cells, cells cultured in a 37*C/5% CO2 incubator
were stimulated for 24 h with ionomycin (250 ng/ml; SigmaAldrich), PMA (25 ng/ml; Sigma-Aldrich), and
monensin (20 ng/mL; eBio-science, San Diego, CA, USA). The cells were then stained for surface markers,

fixed, and permeabilized using the Cytofix/Cytoperm kit (eBioscience), and then stained with antibodies
specific for intracellular cytokines or with corresponding isotype-matched controls, followed by analysis us-
ing a FACS Canto II flow cytometer (BD Biosciences, Mississauga, ON, Canada). The vitality of cells
was discriminated using fixable viability stain 450 (FVS450, BD Biosciences). Validated antibodies (CD3-
eFour450A、CD4-FITC、IL-4-PE) were purchased from eBioscience.

2.6 CBA detection of plasma IgE, IL-4 and IL-13

The plasma levels of IgE, IL-4 and IL-13 were measured using a CBA kit (eBioscience) according to the
manufacturer’s instructions. All samples were measured in duplicate.

2.7 Cell transfection and culture

To investigate the role of miR-24 and miR-27 in Th2 cells, we performed miR-24 and miR-27 transfection
experiments in PBMCs. PBMCs were isolated by Ficoll density gradient. After isolation, Ctrl-m, miR-24-m,
or miR-27-m, Ctrl-i, miR-24-i, or miR-27-i (obtained from RiboBio; Guangzhou, China) were transfected
into the PBMCs using a riboFECT CP Transfection Kit (Guangzhou, China). Cells were cultured in a
24-well plate at 3x106 cells per ml of RPMI-1640 medium (Gibco, CA, USA) supplemented with 15% fetal
calf serum (Gibco, CA, USA) and maintained at 37 with 5% CO2. Finally, cells were harvested for flow
cytometry and RT-PCR analysis.
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2.8 Statistical analysis

SPSS software for Windows version 13.0 was used for statistical analysis (SPSS Inc., USA). The data are
expressed as mean ± standard deviation. One-way analysis of variance was used to compare multiple groups,
and Student’s t- test was used to compare 2 groups. P -values < 0.05 were considered indicative of statistical
significance.

3.0 Results

3.1 Atopic and non-atopic INS have increased serum IgE levels.

We detected plasma levels of IgE by CBA (Fig. 1). Compared with the control group, plasma IgE concen-
trations in the initial atopic group (1350.67 ± 837.39 vs. 57.76 ± 48.25,P<0.05) and the initial non-atopic
group (441.01 +- 357.45 vs. 57.76 +- 48.25,P<0.05) were significantly increased, there was no significant
difference between remission atopy group and remission non-atopic group (237.21 +- 121.58 vs. 60.86 +-
57.99,P > 0.05 ); Compared with the initial atopic group, the other groups were significantly decreased;
Compared with the initial non-atopic group, the initial atopic group was significantly higher, the control
and the remission non-atopic group were significantly reduced, and there was no significant difference in the
remission atopic group.

3.2 Active phase INS patients Th2 cells were over-activation and the expression of associated factors were
increased.

The number of Tregs from patients’ whole blood was quantified by flow cytometry (Fig. 2). The proportion
of peripheral Th2 cells in initial atopic group (5.60+-1.21 vs. 3.29+-1.02,P<0.05) and the initial non-atopic
group (4.23+-0.92 vs. 3.29+-1.02,P<0.05) were significantly increased than that of healthy subjects, there
was no significant difference between remission atopy group and remission non-atopic group (3.60+-0.85
vs. 3.33+-0.95,P > 0.05 ) ; Compared with the initial atopic group, the other groups were significantly
decreased; Compared with the initial non-atopic group, the initial atopic group was significantly higher,
the control and the remission non-atopic group were significantly reduced, and there was no significant
difference in the remission atopic group (Fig. 2A, B). We detected plasma levels of IL-4 and IL-13 by CBA
(Fig. 2C, D) and found that plasma IL-4 and IL-13 concentrations were significantly increased in initial
atopic group (IL-4: 66.66+-43.85 vs. 23.29+-13.91,P < 0.05; IL-13: 65.15+-16.50 vs. 15.66+-8.16,P < 0.05)
and the initial non-atopic group (IL-4: 37.04+-17.39 vs. 23.29+-13.91, P < 0.05; IL-13: 33.15+-14.09 vs.
15.66+-8.16, P < 0.05), there was no significant difference between remission atopy group and remission
non-atopic group (22.09+-10.32 vs. 16.47+-11.69, P > 0.05 ); Compared with the initial atopic group, the
other groups were significantly decreased; Compared with the initial non-atopic group, the initial atopic
group was significantly higher, the control and the remission non-atopic group were significantly reduced,
and there was no significant difference in the remission atopic group.

3.3 The expression levels of miR-24 and miR-27 in non-atopic INS patients.

It has previously been shown that miR-24 and miR-27 have important effects on Th2 cells expression. Because
we saw decreased expression of Th2 cells in active non-atopic INS, we wanted to determine whether the asso-
ciated miRNAs were also decreased. As shown in Figure 3, the levels of miR-24 and miR-27 were significantly
downregulated compared to controls during the active phase of non-atopic INS (miR-24: (21.84+-6.86 vs.
46.03+-10.08 ) x10-3, P < 0.05; miR-27: (20.72+-4.93 vs. 37.83+-6.83)x10-3, P< 0.05). MiR-24 and miR-27
were remarkably upregulated in the remission group , but not up to control levels (miR-24: (35.59+-9.10)
x10-3, P < 0.05; miR-27: (32.55+-7.86)x10-3, P < 0.05).

3.4 MiR-24 and miR-27 negative regulated the expressions of Th2 cells.

To further determine the relationship between miR-24、miR-27 and Th2 cells, we transfected PBMCs iso-
lated from healthy volunteers and active non-atopic INS with with a miRNA negative control (Ctrl-m),
a miR-24/miR-27 mimic (miR-24-m, miR-27-m), a miRNA inhibitor negative control (Ctrl-i), or a miR-
24/miR-27 inhibitor (miR-24-i, miR-27-i). Up regulating the expression of miR-24(Fig. 4A; Fig. 4B;) and
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miR-27(Fig. 5A; Fig. 5B), the frequency of Th2 cells(Fig. 4C, D; Fig. 5C,D) and the expression of IL-4
mRNA(Fig. 4E, F; Fig. 5E, F) were all down regulated. On the contrary, down regulating the expression
of miR-24(Fig. 4G; Fig. 4H) and miR-27(Fig. 5G; Fig. 5H), the frequency of Th2 cells(Fig. 4I, J; Fig. 5I,
J) and the expressions of IL-4 mRNA(Fig. 4K, L; Fig. 5K, L) were all up regulated.

4.0 Discussion

A large body of evidence has demonstrated that the immune system may play a crucial role in INS[3].
To date, the underlying pathogenesis of INS remains largely unknown. Some researchers hypothesize that
INS may be caused by dysregulation of T lymphocytes or an abnormal T cell response[3-8]. MCD is the
most common cause of INS[1-2,18-19]. Th2 cells play an important role in allergic inflammatory diseases[9-
11,25, 28] . The association of pollen sensitivity and seasonal proteinuria was first reported more than 60
years ago[12]. Minimal change nephrotic syndrome is often associated with clinical features of allergy such
as bronchial asthma, allergic rhinitis, atopic dermatitis and urticaria. Some studies have also confirmed
that patients with INS also may show increased serum IgE levels, especially in children with repeated
recurrence[13-15,18]. However, the causal relationship between the increase of serum IgE or atopy and the
pathogenesis of INS remains to be further explored. This study found that the plasma IgE during the active
phase was significantly increased in the initial atopic and non-atopic groups compared with the control group,
and it also significantly decreased during the remission phase. In remission, the IgE level of non-atopic INS
children tended to be normal, while IgE level of atopic was still high. These results suggested that atopic
and non-atopic INS have increased serum IgE levels, but further investigation of the cytokine regulating
network of serum IgE was necessary to clarify the relationship between IgE production and INS.

IL-13 and IL-4 secreted by Th2 cells can promote the production of IgE in B cells[9-11]. IL-13 is known
to induce a switch from IgM to IgE in B cells and induce CD80 expression by podocytes. Concomitantly,
increased CD80 expression by podocytes is associated with proteinuria[13-15, 18]. And, IL-13 is present in
urine and serum of patients with kidney disease and is associated with a large amount of proteinuria[13-
15, 18], which suggesting that IL-13 is related to the pathogenesis of kidney disease, but the mechanisms
resulting in IL-13 increasing was still unclear. In recent years, studies have found that Th2-related factors
IL-13 and IL-4 are increased in active INS [13-15, 18]. A few studies have also noted that the proportion of
Th2 cells in INS is increased[8,18, 21-22], but It is still controversial whether the proportion is abnormally
increased, so this article further tested the expression of Th2 cells in peripheral blood and the concentrations
of IL-13 and IL-4 in the plasma. our data demonstrate that the expression levels of Th2-related factors (
IL-13, IL-4 ) was significantly increased in the initial atopic and non-atopic groups, at the same time, Th2
cells were over-activation. These results suggested that the proteinuria and increased IgE levels in the initial
atopic and non-atopic during the active phase might be related to the high expression of IL-13 and IL-4
which were caused by Th2 drifting, but the mechanism that lead to Th2 drifting still needed to be studied
to further explain the pathogenesis of INS immune.

MiRNAs are subtle master controllers of gene expression and therefore play a crucial role in the pathogenesis
of human diseases, especially in chronic multifactorial diseases[23-24]. Some specific miRNAs have been
reported to be abnormally expressed in various allergic and autoimmune diseases such as asthma, SLE,
Lupus Nephritis and are associated with disease activity [25, 29-30 ]. MiRNAs are important for Th2 cell
proliferation, differentiation and immune function[25-27]. MiR-24 and 27 suppress allergic inflammation
and target a network of regulators of Th2 cell-associated cytokine production[26-27]. However, it is unclear
whether changes in miRNAs expression alter Th2 expression in active INS. Therefore, In this study we
further observed the expression changes of miR-24 and miR-27 involved in regulating Th2 cell differentiation.
The results showed that miR-24 and miR-27 were lowly expressed in children with active non-atopic INS,
suggesting that Th2 cells drifting might be related to the low- expression of miR- 24 and miR-27.

In order to verify whether this hypothesis was true, we used cell transfection technology to transfer miRNA24
or miR-27 mimic to non-atopic and healthy control group mononuclear cells to increase the expression level,
and transfer miR-24 or miR-27 inhibitor to reduce the expression level. The normal control group was
also set up to verify the effect of transfection. The results showed that the proportion of Th2 cells and
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the expression of Th2 cell-associated cytokine IL-4 were decreased in the miR-24 and miR-27 up-regulated
groups. In contrast, the proportion of Th2 cells and the expression of Th2 cell-associated cytokine IL-4
were increased in miR-24 and miR-27 down-regulated groups, indicating that miR-24, miR- 27 negatively
regulated Th2 cell expression. Combining the expression trends of miR-24, miR-27 and Th2 cells obtained
from patients’ peripheral blood mononuclear cells, our hypothesis was true, miR-24 and miR-27 negatively
regulated the change in the proportion of Th2 cells, and they might play an important role in Th2 expression
in active period INS.

In conclusion, Th2 related-cytokine IL-13 was related to the pathogenesis of kidney disease, but the mech-
anisms resulting in IL-13 increasing was still unclear. Our results suggested that there were high IgE in
children with both atopic and non-atopic INS during the active period, which might be related to the high
expression of IL-13 and IL-4 induced by Th2 cells drifting. The expressions of miR-24 and miR-27 were
down-regulated in the initial non-atopic INS, the proportion of Th2 cells and IL-4mRNA expression were
remarkably increased, which leading to IL-13 over-expression and increased IgE levels. That was, miR-24
and miR-27 negative regulated the expressions of Th2 cells and played an important role in the change
of Th2 expression in children with active INS. Therefore, we speculated that miRNAs would be potential
therapeutic targets for kidney disease, our research has provided a new research direction and treatment
method for the treatment of INS.
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Figure Legends

Fig. 1. Atopic and non-atopic INS have increased serum IgE levels. Fouty children with INS
and tweety control subjects were enrolled in this study. Fourteen patients were non-atopic constitution, six
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patients were atopic constitution. Data are shown as mean ± SD. *P < 0.05. **P > 0.05. Ctrl, healthy
control; AA, acute allergy; ANA, acute non-allergy; RA, remission atopy; RNA, remission non-allergy.

Fig. 2. The expression of Th2 cells and Th2-related factors from patients with INS. A. Flow
cytometry histogram for Th2 cells.B. The proportions of Th2 cells. C. Plasma concentrations of IL-4. D.
Plasma concentrations of IL-13. Data are shown as mean ± SD. Fouty children with INS and tweety control
subjects were enrolled in this study. Fourteen patients were non-atopic constitution, six patients were atopic
constitution. Data are shown as mean ± SD. *P < 0.05. ** P > 0.05. Ctrl, healthy control; AA, acute
allergy; ANA, acute non-allergy; RA, remission atopy; RNA, remission non-allergy.

Fig. 3. The expression of miRNAs in CD4+CD25- T cells from INS patients. Relative expression
levels of miRNAs were determined by real-time PCR using U6 as an endogenous reference. Normalized values
are derived from the ratios of target miR/U6 expression, shown as mean ± SD. Fourteen patients with non-
atopic constitution INS and tweety control subjects were enrolled in this study. Data are shown as mean ±
SD. *P < 0.05. **P > 0.05. Ctrl, healthy control; ANA, acute non-allergy; RNA, remission non-allergy.

Fig.4. and Fig.5. MiR-24 and miR-27 negative regulated the expressions of Th2 cells. Relative
expression levels of miRNAs or IL-4 were determined by real-time PCR using U6 or GAPDH as an endogenous
reference gene. Normalized values are derived from the ratios of target miR/U6 or gene/GAPDH mRNA
expression, shown as mean ± SD. Six children with active non-atopic INS and six control subjects were
enrolled in this study. Data are shown as mean ± SD. *P < 0.05. **P > 0.05. Ctrl, healthy control;
INS, idiopathic nephrotic syndrome; Ctrl-m, miRNA negative control; miR-24-m/miR-27-m, miR-24/miR-
27 mimic; Ctrl-i, miRNA inhibitor negative control; miR-24-i/miR-27-i, miR-24/miR-27 inhibitor.
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