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Abstract: Nephrotic syndrome, also known as nephrosis, is a collection of symptoms in medicine and urology caused by damage to the basement membrane of 
the kidney glomeruli and the kidneys excrete a large amount of protein. This experiment was carried out to investigate the association of three single nucleotide 
polymorphisms (SNPs) of T-cell immunoglobulin and mucin-domain-containing-3 (Tim-3) with childhood primary nephrotic syndrome (PNS) steroid response in 
Han Chinese. For this purpose, a total of 218 children with steroid-resistant PNS and 189 children with steroid-responsive PNS were enrolled in this case-control 
study. Three single nucleotide polymorphisms (SNPs) of the TIM-3 gene promoter region (rs4704853, rs1051746, and rs10053538) were analyzed by polymerase 
chain reaction (PCR) and restriction enzyme digestion.  Results showed that there were 124 males and 94 females in the steroid-resistant PNS group and 114 
males and 75 females in the steroid-responsive PNS group. The mean ages of the two groups were 7.9 years and 7.7 years, respectively. The distribution of alleles 
of Rs1051746 and Rs10053538 were significantly different between the steroid-resistant PNS group and the steroid-responsive PNS group (P-value = 0.047 and 
0.012, respectively). The distribution of their genotypes was also significantly different between the steroid-resistant PNS group and the steroid-responsive PNS 
group (P-value = 0.044 and 0.010, respectively). Haplotype G-C-G was less frequent among steroid-resistant PNS children than the steroid-responsive PNS child-
ren (P = 0.015). There was no significant difference between the three SNPs of TIM-3 and the clinical features of these PNS children (P>0.05). It concluded that 
this study provided evidence showing that the polymorphisms of Rs1051746 and Rs10053538 at the TIM-3 gene were related to childhood PNS steroid response. 
This result provided fundamental support for future studies on the role of TIM-3 in pathogenesis and therapy of childhood PNS.
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Introduction

Nephrotic syndrome is a glomerular disease charac-
terized by proteinuria, hypoalbuminemia, hyperlipide-
mia, and edema. Primary nephrotic syndrome (PNS) 
is the most common nephrotic syndrome in childhood. 
The estimated incidence of PNS in children was about 2 
to 7 cases per 100, 000 children (1). PNS treatment in-
cludes corticosteroids and alkylating agents. However, 
severe side effects of these treatments, drug resistance, 
and relapse are still challenges for PNS children. 

So far, the pathogenesis of PNS is still unclear due 
to its complexity. Some studies suggested it may be due 
to primary T-cell disorder which leads to glomerular po-
docyte dysfunction (1). Some studies have shown that 
certain PNS susceptibility genetic features (2, 3). For 
example, F. Őktem and colleagues reported that the DD 
genotype of the angiotensin-converting enzyme gene 
was much higher in children with the nephrotic syn-
drome than the healthy control children (4). G Rainer 
and colleagues have shown that patients with mutations 
in Poducin don do not respond to standard steroid treat-
ment (5). This evidence suggested the existence of PNS 
susceptibility genes. 

T-cell immunoglobulin and mucin-domain-contai-
ning-3 (Tim-3) is a transmembrane protein containing 

immunoglobulin and mucin-like domain. TIM-3 is 
widely expressed on many immune cells, such as Th1 
cells, dendritic cells, and macrophages (6-8). Tim-3 ex-
pressed specifically on Th1 cells inhibits autoimmune 
response by interacting with its ligand galectin-9 and 
suppressing the aggressive functions of Th1 cells (9, 10). 
What’s more, decreased Tim-3 expression was observed 
in peripheral blood mononuclear cells from nephropa-
thy patients (11). Association between polymorphisms 
of TIM-3 in promoter and coding regions and rheuma-
toid arthritis was also identified(12).  However, whether 
the polymorphism of the Tim-3 gene is associated with 
childhood PNS steroid response is still unclear. The stu-
dy of gene polymorphism can be done in several ways. 
They have used these methods in various researches. 
They have also linked these polymorphisms to various 
traits and diseases (13-17).

In this study, we investigated the relationship 
between polymorphisms of Tim-3 (Rs10053538 (A/C), 
Rs4704853 and Rs1051746) and steroid response in 
childhood PNS.

Materials and Methods

Clinical characteristics of the patients
A total of 218 steroid-resistant PNS children and 189 
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steroid-responsive PNS children were included in this 
study. These PNS children were diagnosed at Qilu Hos-
pital, Shandong University from August 2010 to May 
2014. The mean age of the steroid-resistant PNS group 
was 6.3 years old and that of the steroid-responsive PNS 
group was 6.7. There were 131 males and 87 females in 
the steroid-resistant PNS group and 114 males and 75 
females in the steroid-responsive PNS group. No signifi-
cant difference in age and gender was observed between 
these two groups. PNS was diagnosed according to the 
criteria of the Chinese Medical Association in 2001(18). 
Patients without urinary remission within 4 weeks of 
prednisone therapy (60 mg/m2/day) were considered as 
steroid-resistant. Peripheral blood of these children was 
collected for genomic DNA extraction. This study was 
approved by the Committee of Clinical Research in the 
hospital. All the included individuals were informed of 
the aim and process of this study and consent was sig-
ned by the children and their parents or legal guardians. 
Individuals with other chronic renal diseases or immune 
disorders were excluded from this study.

Polymerase chain reaction and genotyping
QIAamp DNA Blood Mini Kit (Qiagen, Hil-

den, Germany) was used to extract DNA from blood 
samples (19). The manufacture’s instruction was fol-
lowed. The Real-time polymerase chain reaction (PCR) 
was performed to amplify DNA. Primer sequences 
were: Rs10053538 (forward primer 5`- GCCTTGAC-
CAAGTTCATGCT-3`, reverse primer 5`- ACCACCC-
CGGATAATTTTGT-3`), Rs4704853 (forward primer 
5`- CTTTTGCTTTTAAGGTGTC-3`, reverse primer 
5`- TTCAAACTTCCAACTCTTC-3`), and Rs1051746 
(forward primer 5`- AGAAGAAGGATGAGAGTGAG-
GCTTATGCTGGGAGTT-3`, reverse primer 5`-ACT-
CAAATCAGTCCCTTCATC-3`). Genotyping was per-
formed using restriction enzyme digestion. Rs1051746 
segments were digested by Taq I and resulted in 132bp 
and 37bp segments (genotype of GG), 169bp segments 
(genotype of TT), and 169bp + 132bp + 37bp segments 
(genotype of TT). Rs4704853 segments were digested 
by BsoB I enzyme which generated 141bp and 132bp 
segments (genotype of CC), 273bp segments (genotype 
of TT), and 141bp, 132bp, and 273bp segments (geno-
type of CT). Rs10053538 segments were digested by 
Bsi I enzyme which generated 66bp and 338bp seg-
ments (genotype of GG), 404bp segments (genotype of 
TT), and 66pb, 338bp plus 404bp segments (genotype 
of GT). 2% agarose gel was used to separate these seg-
ments, and ethidium bromide was used for visualization. 

Statistical analysis
SPSS software 17.0 (SPSS Inc., Chicago, IL, USA) 

was used to evaluate the difference between genotypes 
and alleles frequencies between the steroid-resistant 
PNS group and steroid-responsive PNS group (χ2 test). 
Odds ratios and 95% confidence interval (CI) were cal-
culated. Arlequin software was used to analyze the Har-
dy-Weinberg equilibrium. Linkage Disequilibrium and 
haplotypes were analyzed and created by the expecta-
tion-maximization algorithm. All the data were shown 
as mean ± standard deviation (SD) or frequencies (n) 
and percentages. Two-tail P-values less than 0.05 was 
considered as significant.

Results

Clinical characteristics
This study included 218 children with steroid-resis-

tant PNS and 189 steroid-responsive PNS children. The 
mean age of the steroid-resistant PNS group was 7.9 ± 
2.5 years, and that of the steroid-responsive PNS group 
was 7.7 ± 2.6 years. There was no difference in age was 
observed in these two groups. Average body mass index 
(BMI) was 15.8 ± 3.1 kg/m2 in steroid-resistant PNS 
group and 16.1 ± 3.0 kg/m2 in the steroid-responsive 
PNS group (P > 0.05). 

Distribution of alleles of TIM-3 gene 
As shown in Table 1, in polymorphism Rs1051746 

and Rs10053538, G allele was significantly more 
frequent in steroid-responsive PNS group (n = 372 
(98.4%), 366 (96.8%)) than in steroid-resistant PNS 
group (n = 419 (96.1%), 366 (92.9%)), while the T al-
lele was more frequent in steroid-resistant PNS group (n 
= 17 (3.9%), 31 (7.1%)) than in the steroid-responsive 
PNS group (n = 6 (1.6%), 12 (3.2%)) with P-values of 
0.047 and 0.012, respectively. However, no significant 
difference of alleles of Rs4704853’s distribution was 
observed between the steroid-resistant PNS group and 
steroid-responsive PNS group (P-value = 0.304). 

Distribution of genotypes and haplotypes of TIM-3
Genotypes of Rs1051746 contained GG and GT; 

genotypes of Rs4704853 included CC and CT; and the 
genotypes of Rs1005358 contained GG, GT, and TT. As 
shown in Table 2, there was a higher ratio of GT carriers 
of Rs1051746 and Rs10053538 (including TT carriers) 
in the steroid-resistant PNS group than the steroid-
responsive PNS group (P-values of 0.044, and 0.010, 
respectively). No significant difference of Rs4704853 
genotypes was observed between the steroid-resistant 
PNS group and the steroid-responsive PNS group (P = 
0.300). 

There was relatively weak linkage disequilibrium 
between Rs4704853 and Rs10053538 (r2 = 0.351). Ha-

Polymorphism Allele Steroid-resistant PNS, n (%) Steroid-responsive PNS, n (%) OR(95%CI) P 
Rs1051746 G 419 (96.1) 372 (98.4) 1.000 0.047

T 17 (3.9) 6 (1.6) 2.516 (0.982, 6.447)
Rs4704853 C 426 (97.7) 373 (98.7) 1.000 0.304

T 10 (2.3) 5 (1.3) 1.751 (0.593, 5.169)
Rs10053538 G 405 (92.9) 366 (96.8) 1.000 0.012

T 31 (7.1) 12 (3.2) 2.335 (1.181, 4.614)

Table 1. Distribution of alleles at TIM-3 in the steroid-responsive PNS children and steroid-resistant PNS children.
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its carriers of Rs1051746 and Rs10053538 were signifi-
cantly higher among steroid-resistant PNS children than 
steroid-responsive PNS children.  What’s more, haplo-
type G-C-G were relatively infrequent in steroid-resis-
tant PNS children compared to the steroid-responsive 
PNS children. This evidence suggested that polymor-
phism of the TIM-3 gene might be a susceptibility gene 
of childhood steroid-resistant PNS. 

Angiotensin-converting enzyme (ACE) gene inser-
tion/deletion polymorphism (DD) was reported to be 
more frequent in focal segmental glomerulosclerosis 
patients and related to lower responsiveness to corticos-
teroid therapy (2). Wasilewski and colleagues reported 
that the polymorphisms of MDR-gene were significant-
ly related to the time to respond to initial prednisone 
therapy of steroid-responsive nephrotic syndrome in 
children (3). Considering the strong evidence provi-
ded by our study showing that the polymorphism of the 
TIM-3 gene was more frequent in the steroid-resistant 
PNS children, it is highly likely that the polymorphism 
of the TIM-3 gene might also relate to the responsive-
ness of childhood steroid-resistant PNS to steroid the-
rapy. More studies with larger sample sizes are needed 
to develop these polymorphism features into clinical 
biomarkers.
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