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ABSTRACT. To investigate the role of T-helper cells/Treg (Th17/
Treg) and morbidity factors related to primary nephritic syndrome 
(PNS) in children, as well as the influence of ox-low density lipoprotein 
(ox-LDL) on Th17/Treg expression in children with PNS. To clarify 
the pathogenesis of PNS in children, 50 children with PNS treated in 
our hospital were enrolled in the study group. Additionally, 20 healthy 
children who came to our hospital for physical examination during the 
same period were enrolled in the control group. Th17 and Treg cells in 
children belonging to the two groups were detected by flow cytometry; 
the numbers of Th17/Treg cells in peripheral blood mononuclear cells 
at different concentrations of ox-LDL were detected simultaneously. 
Ox-LDL can affect the number of Th17/Treg cells in peripheral blood 
mononuclear cells, and both cell types decreased with increasing 
concentration of ox-LDL, with the numbers being significantly lower 
in the control group. However, the decrease in the number of Th17 



2Y.Y. Li et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027669

cells was statistically insignificant (P > 0.05), whereas the decrease in 
Treg cells was more obvious and statistically significant (P < 0.05). 
The effect of ox-LDL the number of Treg cells was stronger than that 
on Th17 cells. We concluded that the imbalance of Th17/Treg cells 
influenced by high and low ox-LDL concentrations in children with 
PNS might be the immunological basis of the disease.
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INTRODUCTION

Nephrotic syndrome (NS) is characterized by the clinical manifestation of proteinuria 
(h> 3.5 g/L within 24 h), low plasma albumin (<30 g/L within 24 h), hyperlipidemia, and 
edema, which can be both primary and secondary. Proteinuria and hypoalbuminemia are the 
two critical indicators required for diagnosis (Qiu et al., 2015; Yang and Zhang, 2015). PNS 
is more common in children (Lu et al., 2014). Muntner et al. (2010) believed that individuals 
with chronic kidney disease could be most effectively treated in childhood. However, the 
specific etiology and mechanism of PNS in children remains unclear. The clinical data 
and information suggest that corticosteroids and immunosuppressants can relieve PNS 
symptoms in children. However, during childhood, the body and organs are still developing 
and tolerance to these drugs is low; side effects and adverse reactions of the drugs are most 
obvious in children. This disease can frequently recur in patients once it progresses to later 
stages, which can in severe cases lead to chronic glomerular sclerosis (Paul et al., 2014; 
Working Group for National Survey on Status of Diagnosis and Treatment of Childhood 
Renal Diseases, 2014; Ezaki et al., 2015; Geng et al., 2015; Chen and Xia, 2015; Yang 
and Zhang, 2015). CD4+ cells can be classified into T helper cell 1 (Th1), Th2, Th17, and 
CD4+CD25+ regulatory cells (Treg) in vitro (Wang et al., 2010, 2013). Physiologically, 
there is a relatively stable dynamic equilibrium between Th17 and Treg cells, which is an 
antagonistic relationship. Studies have shown that there is an increase in the number of 
Th17 cells and/or decrease in Treg cells in patients with inflammatory and autoimmune 
diseases (Ramesh et al., 2014; Nie et al., 2015). The present study aimed to investigate the 
role of Th17 and Treg cells and related factors in the incidence and development of PNS in 
children. We observed the expression levels of both cell types in the peripheral blood and 
tissues of children with PNS to clarify its pathogenesis. Our results could prove useful for 
developing novel treatments for PNS in children in the future.

PATIENTS AND METHODS

Subjects

The children (50 cases) with PNS admitted to the Provincial Hospital Affiliated to 
Shandong University from February 2013 to February 2015 were enrolled in the study group, 
including 40 cases of boys and 10 cases of girls, aged from 2 to 5 years old, with the average 
age being 3.4 ± 0.5 years. These children met all the inclusion criteria: 1) The diagnostic criteria 
for PNS prepared by the kidney disease committee of the Pediatrics branch of the Chinese 
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Medical Association in 2001 (Wang et al., 2010); 2) Glucocorticoids or immunosuppressive 
therapy not used 30 days prior to admission; 3) No secondary kidney disease (such as lupus 
nephropathy, purpura nephropathy or congenital kidney disease etc.); 4) No other systemic 
viscera syndrome; 5) Signed informed consent. The healthy children (20 cases) who came 
to our hospital for physical examination during the same period were enrolled in the control 
group, including 16 cases of boys and 4 cases of girls, aged from 2 to 6 years old, with the 
average age being 3.1 ± 1.0 years.

Materials and equipment

The following materials and equipment were used: RPMI-1640 medium (Roswell 
Park Memorial Institute); human lymphocyte separation medium (Shanghai Yanjin 
Biological Technology Co., LTD.); fetal bovine serum (Shanghai Bioleaf Technology Co., 
LTD.); two-step immunohistochemical detection kit (HRP-polymer anti rabbit, Wuhan 
Boster Biological Engineering Co., LTD.); Th17 cells Fix&perm® permeabilization 
medium and fixation medium, Treg cells Fix&perm® permeabilization medium and 
fixation medium (Shanghai Yingbiotech Co., LTD.); penicillin and streptomycin (Zhuhai 
Haililai Enterprise Co., LTD.); DAB chromogenic agent (Shanghai Hengyuan biological 
technology Co., LTD.); neutral balsam (Beijing Solarbio technology co., LTD.); anhydrous 
ethanol, chloroform (Jiangsu Dongcheng Biological Technology Group Co., LTD.); cell 
culture box (Shanghai Lishen Scientific Instrument Co., LTD.); table-model high speed 
centrifuge (Hemo Instrument Technology (Shanghai) Co., LTD.); electronic analytical 
balance (Hebi Aowei Electronic Technology Co., LTD.); thermostatic water tank and 
sample injector (Shenzhen Libang Precision Instruments Co., LTD.); ultra-thin slicing 
machine (RMC co., LTD., USA).

Detection of Th17 cells using flow cytometry

We collected 5 mL venous blood from all subjects in the fasting state, and 3.0 x 
109/L peripheral blood mononuclear cells were centrifugally separated. Approximately 2 
mL blood was transferred to a 24-well plate, and then mixed well with 60 µg/L Buddha 
wave ester, 1.0 µM Monensin, and 100 µM streptin. The mixtures were cultured in the 
incubator with 5% CO2 at 37°C for 5 h. Next, the cell suspension was transferred to a 
2-mL sterile Eppendorf (E P) tube, which was centrifuged at 3000 rpm for 6 min. The 
supernatant was discarded, and the cells were washed with phosphate buffer saline (PBS) 
twice to remove the reserve liquid. Then, we added 15 µL CD4 and IL17a antibodies, and 
incubated the cells in the dark for 30 min. After washing with PBS twice, we added 50 µL 
fixation medium, incubating the cells in the dark for 10 min at 5°C. The supernatant was 
discarded and we added 1 mL permeabilization medium and then centrifuged the cells at 
3000 rpm for 5 min. The supernatant was discarded again and the cells were washed with 
PBS twice, and divided into two equal parts: to one part we added 5 µL phycoerythrin anti-
interleukin-17 (PE anti-IL-17) and to the other part we added the corresponding isotype 
control phycoerythrin immunoglobulin G1 (PE-IgG1). These mixtures were incubated in 
the dark for 30 min. After washing the cells with PBS twice and resuspending them in 1.0 
mL PBS, we conducted the flow cytometry analysis.
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Detection of Treg cells using flow cytometry

We drew 2mL of the reserve liquid and added 15 µL CD4 (1:100) and CD25 (1:100) 
antibodies, incubating the cells in the dark for 30 min at 37°C. Next, the cells were washed 
twice with PBS, and 50 µL fixation medium was added. The cells were again incubated in the 
dark for 10 min at 5°C. The supernatant was discarded and we added the permeabilization 
medium, followed by centrifugation at 3000 rpm for 5 min. The supernatant was discarded 
again and the cells were washed twice with PBS. Next, they were divided into two equal 
parts: to one part, 5 µL PE-anti- Foxp3 was added, and to the other part, we added the same 
amount of the corresponding PE-IgG 1. The mixtures were kept in the dark for 30 min and 
then washed twice with PBS. Finally, the cells were resuspended in 1.0 mL PBS for flow 
cytometry analysis.

Effect of ox-LDL on the Th17/Treg population in total peripheral blood 
mononuclear cells

We collected 5 mL venous blood from subjects in the control group in the fasting state. 
The samples were transferred to a 24-well plate, seeded at a density of 1 x 106 cells per well. 
The experimental set up included the following four groups: a blank group with an ox-LDL 
concentration of 0.0 µg/mL, and three intervention groups with concentrations of 0.1, 1.0, and 
10.0 µg/mL. After incubation in 5% CO2 at 37°C for one day and night, we conducted flow 
cytometry analysis of Th17 and Treg cells.

Statistical analysis

In this study, the SPSS 18.0 statistical software was used for data analysis. The 
data are reported as means ± standard deviation. Analysis of variance was used to compare 
the multi-group differences. Fisher’s least significant difference (LSD-t test) was used to 
analyze the pairwise comparison. P < 0.05 indicated that the difference was statistically 
significant.

RESULTS

Expression of T cells with IL-17 in the two groups

The results demonstrated that compared with the control group, the expression of
Th17 cells in the peripheral blood samples from the study group significantly increased 

(Figure 1); the percentage of cells in the samples from the study group was 2.7 ± 0.1%, whereas 
that in the samples from the control group was 0.7 ± 0.1%. Moreover, the difference between 
the two groups was statistically significant (t = 14.201, P < 0.01, Table 1).

Additionally, we showed that compared with the control group, the expression of Treg 
cells in the peripheral blood samples from the study group significantly decreased (Figure 2); 
the percentage of cells in the samples from the study group was 1.7 ± 0.1%, whereas that in 
the samples from the control group was 5.8 ± 0.1%. The difference was statistically significant 
(t = 12.11, P < 0.01, Table 2).
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Figure 1. Detection of Th 17 cells in the two groups (A: control group; B: study group) by flow cytometry.

Compared with that in the control group, *P < 0.01.

Table 1. Expression of Th17 cells in the two groups (N, %).

Group Cases Th17 cells (CD4 + IL17a) 
Control 20 0.7 ± 0.1 
Study 50 2.7 ± 0.1* 

 

Figure 2. Detection of Treg cells in the two groups (A. control group; B. study group) by flow cytometry.

Compared with that in the control group, *P < 0.01.

Table 2. Expression of Treg cells in the two groups (N, %).

Group Cases Treg(CD4+CD25) 
Control group 20 5.8 ± 0.1 
Study group 50 1.7 ± 0.1* 

 

Effects of ox-LDL on the number of Th17/Treg cells in total peripheral blood 
mononuclear cells

Our results suggested that ox-LDL concentration affected Th17/Treg cells numbers in 
peripheral blood mononuclear cells. Both cell types decreased in number with the increase in 
ox- LDL concentration. However, the numbers of both cell types were significantly lower in 
the control group. The statistical results indicated that the difference in the decrease in number 
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of Th17 cells at varying concentrations was insignificant (P > 0.05). On the other hand, Treg 
cells decreased markedly and the comparisons among groups were statistically significant (P 
< 0.05; Table 3).

Table 3. Effects of ox-LDL on the number of Th17/Treg cells in peripheral blood mononuclear cells (mg/mL, %).

Group ox- LDL concentration Th17 cells Treg cells 
Blank 0.0 0.91 ± 0.01 5.23 ± 0.01 
Intervention 0.1 0.74 ± 0.01 4.34 ± 0.03 
 1.0 0.63 ± 0.02 3.68 ± 0.01 
 10.0 0.41 ± 0.01 2.60 ± 0.01 
F value  3.09 11.23 
P value  >0.05 <0.05 

 

DISCUSSION

Th17 is a newly discovered T cell subset which can secrete IL-17 and plays an important 
role in autoimmune diseases and host defense responses (Lu et al., 2014; Said et al., 2014; 
Guitart et al., 2015). Some studies have shown that the incidence of PNS is related with T cells, 
especially with Th1/Th2 cell subsets (Hu et al., 2015). Th17 cells are different from Th1/Th2 
cell subsets, and their differentiation as well as developmental mechanisms are also distinct from 
those of other types of cell populations (Huang et al., 2014; Munari et al., 2014). The studies of 
Di Meglio et al. (2011) showed that IL-23 is prominently involved in immune diseases induced 
by Th17. Studies on the TGF-bR mutation and IL-6-/- rats showed that these mice had no Th17 
cells (Zhang et al., 2013), indicating there was strong tolerance to experimental autoimmune 
encephalomyelitis. From this we can deduce that IL-6 and TGF-B have an obvious effect on 
the differentiation of Th17 cells. Reports suggest that interleukin factors such as IL-23, may 
be involved in and promote the differentiation of Th17 cells in humans (Zhang et al., 2014b; 
Kashem et al., 2015). Bartlett and Million (2015) believed that the proportion of Th17 cells in the 
peripheral blood of children with PNS increased. This is accompanied by a significant increase 
in the expression of IL-23 and IL-17 in the peripheral blood mononuclear cells, suggesting that 
the abnormal expression of Th17 is closely related with the onset of PNS.

Treg cells as a class of CD4+ T cells have dual roles of immune activation and immune 
suppression (Zhang et al., 2014a), which can inhibit the function of the body’s own T cells 
through the intervention of anti-inflammatory factors, and balance the immune response in 
vivo (Theron et al., 2013). Recent data has shown that growth factor-b1 (GF-b1) can promote 
the differentiation of Treg cells (Wang et al., 2010). Experimental animal studies suggest 
that Treg cells can reduce the urinary protein content in focal segmental glomerular sclerosis 
(FSGS) rats, and play a protective role in graft rejection nephritis (Gorantla et al., 2010). Shao 
et al. (2009) believed that Th17 and Treg cells have an obvious effect on the maintenance of 
inflammatory and immune homeostasis. Reducing Treg cells and increasing Th17 cells can 
lead to the incidence of renal allograft rejection, lupus nephropathy, immunoglobulin A(IgA) 
nephropathy, hyperplasia of glomerular nephritis, nephritis, acute coronary comprehensive 
syndrome, allergic purpura, and other diseases (Turner et al., 2010; Yu et al., 2013; Zambrano-
Zaragoza et al., 2014; Feng et al., 2015; Tabarkiewicz et al., 2015) .

This study showed that compared with the control group, the expression of Th17 cells 
in the peripheral blood from PNS patients significantly increased (Figure 1); the percentages 
of cells in the study and control groups were 2.7 ± 0.1 and 0.7 ± 0.1%, respectively. The 
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differences between the two groups were statistically significant. Moreover, compared with 
the control group, the expression of Treg cells in the peripheral blood of patients in the study 
group significantly decreased; the percentages of cells in the study and control groups were 
1.7 ± 0.1 and 5.8 ± 0.1%, respectively. The difference between the two groups was also 
statistically significant, indicating that Th17 cell expression increased and Treg cell expression 
decreased. Such a physiological disturbance can cause an immune imbalance which may 
lead to severe proteinuria in children with PNS. Studies have suggested that an important 
pathophysiological abnormality in children with PNS is hyperlipidemia, which can accelerate 
renal disease progression (Ruan et al., 2012; Working Group for National Survey on Status of 
Diagnosis and Treatment of Childhood Renal Diseases, 2014). Excessive LDL produced due 
to hyperlipidemia can be converted into ox- LDL with the help of lipoxygenase and critical 
reactive oxygen group modifications. Furthermore, ox-LDL can accelerate apoptosis of Treg 
cells (Li et al., 2014). Although the statistical results showed that the number of Th17 cells 
decreased, the differences among concentration groups were not statistically significant. On 
the other hand, Treg cells decreased markedly, with statistically significant differences among 
groups. This study suggested that ox-LDL concentration affected the number of Th17/Treg 
cells in total peripheral blood mononuclear cells. Both cell types decreased with the increase 
in ox-LDL concentration, with the number of cells significantly lower in the control group. 
The effect of ox-LDL is stronger on Treg cells than that on Th17 cells in the peripheral blood 
of children due to the different expression of Th17 or Treg cells between patients with minimal 
lesion nephrotic syndrome and patients with non-minimal change nephrotic syndrome.

In summary, the inhibitory effect of ox-LDL on the number of Treg cells is stronger 
than that on Th17 cells. The imbalance of Th17/Treg cells in children with PNS may be 
responsible for the immuno-pathology of the disease.
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