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Abstract. The aim of the present study was to investigate the 
effect of microRNAs (miRNAs) on the expression level of core1β
3‑galactosyltransferase‑specific molecular chaperone (COSMC) 
in immunoglobulin A nephropathy (IgAN). miRNA expression 
levels were determined in pediatric patients with IgAN (IgAN 
group), in patients with other renal diseases (control group) 
and healthy pediatrics (control group). The target miRNAs of 
COSMC were investigated in the present study. Western blot 
analysis was performed to examine the effects of miRNAs 
on COSMC expression levels. In addition, galactose‑deficient 
IgA1 (Gd‑IgA1) expression levels were detected following the 
addition of miRNA‑196b. The present results suggested that the 
expression levels of 205 miRNAs significantly differed between 
the IgAN and healthy control groups. The present results also 
suggested that miRNA‑196b and miRNA‑33a‑3p targeted 
COSMC, and that miRNA‑196b expression in B lymphocytes 
was significantly higher in the IgAN group compared with the 
control group (P<0.0001). However, COSMC expression level 
was significantly downregulated in isolated B lymphocytes 
transfected with miRNA‑196b mimics, but Gd‑IgA1 expres-
sion levels were increased. Therefore, miRNA‑196b may play 
a role in the formation of Gd‑IgA1 and IgAN pathogenesis via 
COSMC regulation.

Introduction

Immunoglobulin A (IgA) nephropathy (IgAN), one of the most 
common causes of primary glomerulonephritis in pediatrics, 
was conventionally considered a benign disease (1). However, 
IgAN is now known to be a progressive renal disease, with 
20‑30% of patients developing end‑stage renal failure over 
20‑30 years (2,3).

Although the pathogenesis of IgAN remains unknown, it 
has been reported that aberrant glycosylation and glomerular 
mesangial deposition of IgA1 serve critical roles in its patho-
genesis (4‑6). Deficiency of core 1 β3‑galactosyltransferase 
(C1β3Gal‑T) is associated with aberrant glycosylation of 
IgA1 (7). Moreover, Ju and Cummings (8) demonstrated that the 
unique molecular chaperone of C1β3Gal‑T, C1β3Gal‑T‑specific 
molecular chaperone (C1GALT1C1/COSMC) is vital for the 
activity of C1β3Gal‑T (8‑10). Previous studies have reported 
that COSMC expression levels in B lymphocytes were lower in 
patients with IgAN compared with healthy controls and patients 
with other renal diseases (9,11). However, the mechanisms 
underlying COSMC expression are not fully understood (10). 
Serino et al (12,13) indicated that microRNA (miRNA)‑148b 
targeted and regulated C1β3Gal‑T expression. Moreover, as a 
molecular chaperone, the regulation of COSMC is crucial for 
its biological functions, but the mechanisms remain largely 
unknown (10). Therefore, the present study aimed to investi-
gate the effect of miRNAs on COSMC expression.

Materials and methods

Screening for miRNA expression levels in pediatric patients 
with IgAN and healthy controls. The study cohort included 
9 pediatric patients with IgAN (IgAN group), who were 
independently diagnosed by two experienced pathologists, 
and 6 healthy pediatrics (control group) that were recruited 
by Beijing Children's Hospital between January 2015 and 
December  2018. There were no significant differences 
between the two groups in terms of age and sex (P>0.05; 
Table I). Peripheral blood samples (5 ml) were from the veins 
of the patients and healthy controls. Plasma was obtained by 
centrifugation at 1,710 x g at 4˚C for 5 min. Samples were 
subsequently stored at ‑80˚C until required for subsequent 
analysis. B lymphocytes were isolated, and miRNAs were 
extracted for single‑end second‑generation sequencing. 
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Briefly, total RNA was extracted from the plasma using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and a miRNeasy Mini kit (Qiagen, Inc.). Hybridization 
and ligation were performed for small RNA fractions of 
<50 nucleotide using a NEBNext® Multiplex Oligos for 
Illumina® (Methylated Adaptor, Index Primers Set 1) kit 
(cat. no. E7535L; New England Biolabs, Inc.). The miRNAs 
were subsequently sequenced using the Illumina HiSeq 2000 
Sequencing system. All procedures performed involving 
human participants were approved by the Medical Ethics 
Committee of Beijing Children's Hospital, Capital Medical 
University (IRB approval no. 2014‑12). Informed consent 
was obtained from the parents of all participants prior to the 
study.

Lymphocyte isolation. EDTA‑anticoagulated blood samples 
(5 ml) from the IgAN group were collected the day after 
kidney biopsy and immediately sent for cell isolation and 
processing. Fresh blood samples (2 ml) were mixed with 
Hanks' balanced salt solution (2 ml) at room temperature 
for 30 min. Subsequently, AstroMACS Separation Buffer 
(Miltenyi Biotec, Inc.) was added to the liquid surface and 
centrifuged at room temperature at 3,000 rcf for 20 min. The 
second layer of cells was then collected and mixed with 5 ml 
Hanks' balanced salt solution, and the mixture was centri-
fuged twice at room temperature and 2,000 rcf for 15 min to 
separate the lymphocytes. Then, 1 ml Dynabeads (Thermo 
Fisher Scientific, Inc.) was added to 1 ml PBS and mixed 
by shaking. The tube containing the suspension was placed 
in a magnetic system at room temperature for 1 min. The 
supernatant was collected, and the process was repeated 
2‑3  times. The separated lymphocytes were resuspended 
and cell counts were determined to adjust the cell concen-
tration to 1x105/ml. The suspension was shaken for 25 min 
at 4˚C before placing the tube in the magnetic system for 
2 min. The supernatant was removed, 1 ml PBS placed in 
the magnetic system for 1 min was added and the superna-
tant was collected; this procedure was repeated four times. 
To purify CD19+ cells, the magnetic bead suspension was 
resuspended and 10 µl DETACHaBEAD reagent (Thermo 
Fisher Scientific, Inc.) was added per 25 µl magnetic bead 
suspension and then mixed. Subsequently, after washing with 
1 ml 10% PBS, the supernatant was collected by centrifuga-
tion at room temperature and 600 rcf for 6 min to remove 
the residual DETACHaBEAD reagent. The cells were then 
resuspended for subsequent experiments.

miRNA target prediction. The bioinformatics software 
PicTar (http://www.pictar.org/) and TargetScan version 7.1 
(http://www.targetscan.org) were used to analyze the corre-
sponding miRNAs of COSMC.

Validation tests of the IgAN and control groups. To expand 
the sample size, a further 15 pediatric patients with IgAN and 
15 controls (four healthy controls and 11 pediatric patients with 
other renal diseases) were recruited between January 2013 to 
December 2018 from Beijing Children's Hospital. No significant 
differences were observed among these three groups in terms 
of age, sex and 24 h urine total protein results, except the urine 
proteins in the healthy control group (Table II). B lymphocytes 

were isolated from 5 ml peripheral blood samples with 5 ml 
EDTA as an anticoagulant. Total RNA was extracted using an 
miRNeasy kit (cat. no. 217184; Qiagen GmbH) according to 
the manufacturer's instructions. A spectrophotometer was used 
to detect the absorbance at 450 nm of the extracted RNA for 
analysis. RNA was reverse transcribed into cDNA using the 
PrimeScript RT Reagent kit (Takara Biotechnology Co., Ltd.) 
at 37˚C for 1 h. Expression levels were detected by qPCR using 
the miScript SYBR® Green PCR kit (Qiagen, Inc.), according to 
the manufacturer's protocol. The following primers were used 
for the qPCR: MiRNA‑196b‑5p forward, 5'‑CTC​AAC​TGG​TGT​
CGT​GGA​GTC​GGC​AAT​TCA​GTT​GAG​CCC​AAC​AA‑3' and 
reverse, 5'‑ACA​CTC​CAG​CTG​GGT​AGG​TAG​TTT​CCT​GTT‑3'; 
and RNU6 forward, 5'‑CTC​ATG​ACC​ACA​GTC​CAT​GCC‑3' 
and reverse, 5'‑GGC​ATG​GAC​TGT​GGT​CAT​GAG‑3'. The 
thermocycling conditions for the qPCR were as follows: Initial 
denaturation at 95˚C for 30 sec; and 40 cycles of 95˚C for 5 sec 
and 60˚C for 30 sec. The relative miRNA‑196b expression levels 
were calculated using the 2‑ΔΔCq method (14).

Western blotting analysis of effect of miRNA‑196b on the 
expression of COSMC. Isolated B lymphocytes of pediatric 
patients with IgAN from the present study were divided into 
three groups: i) Control group (untreated); ii) miRNA‑196b 
group which contained the miRNA‑196b‑transfected B 
lymphocytes; and iii) the negative control (NC) group, which 
contained the NC‑transfected B lymphocytes. Total cellular 
proteins were extracted from 1x106 B lymphocytes/ml using 
RIPA lysis buffer [50 mM Tris (pH 7.4), 150 mM NaCl, 
1% Triton X‑100, 1% sodium deoxycholate and 0.1% SDS; 
Sigma‑Aldrich; Merck KGaA] and quantified using the bicin-
choninic acid protein assay. The total proteins (20 µg/lane) 
obtained from the cells were separated using 12% SDS‑PAGE 
and then transferred to PVDF membranes (0.45 µm; Roche 
Diagnostics). After blocking with 5% non‑fat dry milk at 4℃ 
overnight, the membranes were incubated with antibodies 
against anti‑COSMC (1:2,000; cat. no. 68310; Abcam) or 
β‑actin (1:3,000; cat. no. 4970; Cell Signaling Technology, 
Inc.) at 4˚C overnight. Then, the membranes were incubated 
at room temperature for 1  h with secondary antibodies 
labeled with horseradish peroxidase (HRP)‑conjugated 
goat anti‑rabbit IgG‑HRP (cat. no. sc‑2005; 1:5,000; Santa 
Cruz Biotechnology, Inc.) or goat anti‑mouse IgG‑HRP 

Table I. Clinical data of the IgAN and healthy control groups.

	I gAN	 Healthy
Variables	 group	 control group	 P‑value

Cases	 9	 6	
Age (years)	 9.03±2.99	 9.68±2.57	 0.607
Sex			   0.659
  Male	 7 	 5	
  Female	 2	 1	

There were no significant differences between the IgAN and healthy 
control groups in terms of the baseline levels of age and sex before 
the experiments. IgAN, immunoglobulin A nephropathy.
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(cat. no. sc‑2004; 1:5,000; Santa Cruz Biotechnology, Inc.). 
An enhanced chemiluminescence kit (Amersham; GE 
Healthcare Life Sciences) was used to visualize the protein 
bands.

Comparative analysis after miRNA‑196b transfection. In our 
previous study (11), three groups of patients were included: 
i)  26 biopsy‑proven pediatric patients with IgAN; ii)  13 
healthy pediatrics (control group); and iii) 11 pediatric patients 
with other renal diseases, including hereditary nephritis and 
membranous nephropathy (second control group). In the 
present study, B lymphocytes of pediatric patients with IgAN 
from the above cohort (26 biopsy‑proven pediatric patients 
with IgAN) were transfected with miRNA‑196b mimics 
(Thermo Fisher Scientific, Inc.; forward, 5'‑CTC​AAC​TGG​
TGT​CGT​GGA​GTC​GGC​AAT​TCA​GTT​GAG​CCC​AAC​AA‑3' 
and reverse, 5'‑ACAC​TCC​AGC​TGG​GTA​GGT​AGT​TTC​CTG​
TT‑3') or its negative control (NC; Thermo Fisher Scientific, 
Inc.; forward, 5'‑CTC​ATG​ACC​ACA​GTC​CAT​GCC‑3' and 
reverse, 5'‑GGC​ATG​GAC​TGT​GGT​CAT​GAG‑3'). A total of 
20 µg/ml miRNA‑196b or the NC was transfected into 1x106 B 
lymphocytes/ml in the IgAN group using Lipofectamine® 3000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol, for 48 h prior to subsequent 
experimentation. Then, Gd‑IgA1 expression levels were deter-
mined using a Gd‑IgA1 ELISA kit (cat. no. F10079; Shanghai 
Fanke Industry Co., Ltd.), according to the manufacturer's 
protocol. Informed consent was provided by the patients for 
the use of their samples in this study.

Correlations between miRNA‑196b expression levels and 
clinical data of patients. In addition to the detection of 
miRNA‑196b expression levels, the clinical data of the IgAN 
group (n=14; 1 patient was excluded due to in insufficient clin-
ical data) was recorded and correlation analysis was performed 
using Pearson's correlation coefficient. Renal function was 
determined by detecting the levels of serum blood urea nitrogen 
(BUN) using UREA reagent (cat.  no. O SR6134; Beckman 
Coulter, Inc.), according to the manufacturer's protocol, the 
serum creatinine (sCr) levels using a Creatinine Test kit [cat. no. 
MC1212B; Merit Choice Bioengineering (Beijing) Co., Ltd.], 
according to the manufacturer's protocol, and the glomerular 
filtration rate (GFR) using the Schwartz formula, as previously 
described  (15). The 24  h urine total protein concentration 

was determined using Total protein UC FS reagent (Diasys 
Diagnostic Systems GmbH), according to the manufacturer's 
protocol, and urine red blood cells were collected from urine 
by centrifugation (500 x g; 5 min; 20‑25˚C) and counted using a 
phase contrast microscope (magnification, x400).

CD3, CD4 and CD8 expression levels in peripheral blood 
T cells were assessed using flow cytometric analysis. Briefly, 
2 ml EDTA anti‑coagulation peripheral blood was collected 
from the patients with IgAN group and 100 µl whole blood 
from the sample was added to each tube. Samples were 
blocked with 3% FBS (cat. no. 04‑001‑1; Biological industries) 
at room temperature for 10 min and then, 5 µl C‑S® tetra-
CHROME™ CD45‑FITC/CD4‑RD1/CD8‑ECD/CD3‑PC5 
antibody (cat. no. 6607013; Beckman Coulter, Inc.) was added 
and incubated in the dark for 10 min at room temperature. 
Subsequently, 500 µl hemolysin was added/tube, mixed by 
shaking and incubated at room temperature for 10 min in 
the dark, followed by incubation at room temperature for 
10 min in the dark of 500 µl PBS. T cells were visualized 
using a Beckman Coulter Cytomics FC‑500 Flow Cytometer 
(Beckman Coulter, Inc.) and data was analyzed using CXP 
analysis software (version 2.0; Beckman Coulter, Inc.).

Histochemistry. Renal histological manifestations were 
observed by histochemical staining and graded according to 
Lee's glomerular grading system (16). Briefly, renal tissues 
from the right kidney of the 14 patients mentioned above were 
collected following renal biopsy and fixed in 10% formalin for 
4 h at room temperature. Tissues were embedded in paraffin 
and cut into 3‑µm thick sections. Sections were deparaffinized 
with xylene, rehydrated in a descending series of ethanal and 
routinely stained hematoxylin and eosin, periodic acid‑Schiff 
(PAS), PAS + methenamine, and Masson's trichrome. Stained 
sections were observed using a light microscope (magnifica-
tion, x40, x100, x200 or x400) to determine patient renal 
pathology. Based on the results, the patients were divided into 
two groups: IgAN with grade I‑II renal damage as group A 
and IgAN with grade III‑V renal damage as group B.

Statistical analysis. Data are presented as the mean ± SD of ≥2 
averaged replicates of independent experiments. Quantitative 
data were compared using one‑way ANOVA followed by Least 
Significant Difference post hoc test (Table II) or Tukey's test 
(Fig. 1), or Student's t‑test (Table Ⅲ). Crosstabs and c2 tests 

Table II. Clinical data of the IgAN and control groups.

Variables	I gAN group	 Healthy control group	O ther renal disease group	 P‑value

Cases	 15	 4	 11	
Average age (years)	 9.60±2.55a	 8.68±2.80	 8.80±2.92	 0.470
Sex				    0.907
  Male	 12	 3	 8	
  Female	 3	 1	 3	
24 h urine total protein (mg)	 819.4±233.0b	 	 751±511	 0.328

aMean ± SD; bmean ± SEM. There were no significant differences among the three groups in terms of the baseline levels of age, sex and 24 h 
urine total protein before the experiments. IgAN, immunoglobulin A nephropathy.
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were used to compare frequencies. Pearson's correlation 
coefficient was used to identify correlations among factors. 
All data analyses were performed using the SPSS software 
(version 18.0; SPSS, Inc.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

miRNA expression levels in pediatric patients with IgAN 
and healthy controls. B lymphocytes were isolated from the 
peripheral blood samples of 9 pediatric patients with IgAN and 
6 healthy controls. miRNAs extracted from these cells were 
subjected to second‑generation sequencing. Bioinformatics 
analysis detected 205 miRNAs with significant differences 
in expression levels between the IgAN and control groups 
(P<0.05; P=0.013‑1.41x10‑22; data not shown).

miRNA target prediction. The target miRNAs of COSMC 
were investigated and predicted using PicTar and TargetScan. 
Among the differentially expressed miRNAs, two miRNAs 
were selected, miRNA‑196b‑5p and miRNA‑33a‑3p, and the 
target gene of these miRNAs was predicted to be COSMC 
(data not shown). The present results suggested that there were 
significant differences miRNA‑196b and miRNA‑33a expres-
sion levels between the IgAN and control groups (P=4.73x10‑7 
and P=0.001, respectively; data not shown). In addition, as 
there was a greater difference in the miRNA‑196b expres-
sion levels compared with the miRNA‑33a expression levels 
between the two groups, miRNA‑196b was selected for further 
analysis in this study.

miRNA‑196b expression levels between the IgAN and control 
groups. B lymphocytes were isolated from the peripheral blood 
samples of 15 pediatric patients with IgAN and 15 controls 
(healthy and other renal diseases). The expression levels of 

miRNA‑196b‑5p in the IgAN group were significantly higher 
compared with the healthy control group and the other renal 
diseases group (P<0.0001; Fig. 1).

Cellular studies. The transfection of miRNA‑196b was demon-
strated to be successful as significantly increased expression 
levels of miRNA‑196b were observed in the miRNA‑196b 
group (P<0.05; Fig.  2A). Compared with the control and 
NC group, COSMC expression levels were decreased in the 
miRNA‑196b group after the addition of the miRNA‑196b 
mimic (Fig. 2B).

Figure 1. miRNA‑196b expression levels in the IgAN, other renal disease and 
healthy control groups. miRNA‑196b expression levels in the IgAN group 
was significantly increased compared with the control group and the group of 
patients with other renal diseases. ***P<0.0001. miRNA, microRNA; IgAN, 
immunoglobulin A nephropathy. Error bars represent SD.

Table III. Correlation between miRNA‑196b expression levels and clinical data.

Variables in IgAN group	 Mean	 SD or SEMc	 r	 n	 P‑value 

24 h urine total protein, mg	 821.47	 235.6c	 ‑0.590		   0.021a

CD3	 70.83	 7.47	 0.361		  0.186
CD4	 29.51	 6.35	‑ 0.044		  0.875
CD8	 33.55	 5.06	 0.066		  0.814
BUN, mmol/l	 4.79	 2.24	‑ 0.340		  0.215
sCr, µmol/l	 52.65	 16.97	‑ 0.422		  0.117
GFR, ml/min/1.73 m2	 103.14	 20.97	 0.317		  0.250
RBC, /HP	 80.8	 22.61	 0.478		  0.071
Pathologyb	 				    0.609
  Grade I‑II				    4	
  Grade III‑V				    10	

aP<0.05, busing Lee's glomerular grading system (16), cSEM. The clinical data the IgAN group were recorded and analyzed for correlations 
between miRNA‑196b expression levels and clinical data. There were no correlations between miRNA‑196b expression levels and CD3, CD4, 
CD8, BUN, sCr and GFR (P=0.186, 0.875, 0.814, 0.215, 0.117 and 0.250, respectively). No significant differences were identified between the 
two different renal pathological groups and the miRNA‑196b expression levels (Student's t‑test; P=0.609). However, there was a significant 
correlation between miRNA‑196b expression levels and the 24 h urine total protein results (P=0.021). BUN, blood urea nitrogen; sCr, serum 
creatinine; GFR, glomerular filtration rate; RBC, red blood cell; HP, high power; IgAN, immunoglobulin A nephropathy.
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Gd‑IgA1 expression levels. In our previous study, compared 
with the healthy control group (n=13) and other renal disease 
group (n=11), Gd‑IgA1 expression levels in the supernatants of 
B lymphocytes isolated from peripheral blood samples, were 
significantly increased in the IgAN group (11). In the present 
study, B lymphocytes from the IgAN group transfected with 
miRNA‑196b mimic (n=26) exhibited significantly increased 
Gd‑IgA1 expression levels compared with the group with no 
intervention (P=4.56x10‑6; Fig. 3).

Correlations between miRNA‑196b expression levels and 
clinical data of patients. The results of the present study 
suggested that there were no significant differences between 
the IgAN with grade I‑II renal damage and the IgAN with 
grade III‑V renal damage groups in terms of miRNA‑196b 
expression levels (P=0.609; Table III). Correlation analysis 
results suggested that there were no correlations between 
miRNA‑196b expression levels and CD3, CD4 and CD8 
expression levels, serum BUN, sCR and GFR levels (P=0.186, 
0.875, 0.814, 0.215, 0.117 and 0.250, respectively). In addition, 
there was no significant correlation between miRNA‑196b 
expression and urine red blood cell levels. However, there 
was a significant correlation between miRNA‑196b expres-
sion levels and the 24 h urine total protein level (P=0.021; 
Table III).

Discussion

miRNAs are highly conserved non‑coding small 
single‑stranded RNAs, ~22 nucleotides in length, that play 
crucial roles in gene expression and regulation (17). Different 
types of miRNAs regulate different target genes (18). In the 
human genome, 60‑70% of protein‑coding genes are regulated 
by miRNAs and miRNAs have been shown to be associ-
ated with various important physiological and pathological 
processes, such as development, organogenesis, apoptosis, cell 
proliferation and tumorigenesis (19‑22). Previous studies have 
reported that miRNAs may be involved in the pathophysiology 
of numerous renal diseases (23‑26). Serino et al (13) reported 
that in patients with IgAN, miRNA‑148b expression was 
downregulated in peripheral blood mononuclear cells and 
C1β3Gal‑T‑1 expression level was decreased compared with 
normal healthy controls. Moreover, miRNA‑148b expression 

was negatively correlated with C1β3Gal‑T‑1 expression in 
the same patient cohort  (13). These studies suggested that 
miRNA‑148b overexpression in patients with IgAN may 
inhibit C1β3Gal‑T‑1 expression, thereby leading to aberrant 
glycosylation of IgA1.

Gd‑IgA1 can easily aggregate and form immune complexes 
that are not cleared as efficiently, which leads to mesangial 
deposition, cell proliferation and expansion of the extracellular 
matrix (2,13); this subsequently results in inflammation and 
glomerular injury (27). However, it remains unknown whether 
the function of COSMC, the key chaperone of C1β3Gal‑T, is 
regulated by miRNAs (13). Therefore, in the present study, the 
global expression profile of peripheral blood mononuclear cells 
obtained from pediatric patients with IgAN was analyzed. 
Bioinformatics analysis identified 205 miRNAs that were 
differentially regulated in this patient cohort and suggested 
that miRNAs may be involved in the pathogenesis of IgAN. 
In addition, COSMC was identified as one of the target genes 
of miRNA‑196b and miRNA‑33a, which were among the 205 
detected miRNAs. The present results suggested that there 
were significant differences miRNA‑196b and miRNA‑33a 
expression levels between the IgAN and control groups. 
As there was a greater difference in terms of miRNA‑196b 

Figure 2. Western blot analysis of COSMC expression levels following the addition of the miRNA‑196b mimic. (A) Transfection efficiency of miRNA‑196b. 
Reverse transcription‑quantitative PCR was used to analyze the expression levels of miRNA‑196b in the control, NC and miRNA‑196b‑transfected B lympho-
cytes. (B) Western blot analysis of COSMC expression level after the addition of miRNA‑196b mimic. Compared with the control and other renal disease 
groups, COSMC expression levels decreased after the addition of the miRNA‑196b mimic. *P<0.05. COSMC, core1β3‑galactosyltransferase‑specific molecular 
chaperone; miRNA, microRNA; IgAN, immunoglobulin A nephropathy. 

Figure 3. Gd‑IgA1 expression levels after the addition of miRNA‑196b. 
In the IgAN group, Gd‑IgA1 expression level significantly increased after 
the addition of miRNA‑196b mimic to the supernatant of B lymphocytes 
compared with the control group with no intervention. ***P<0.001. Gd‑IgA1, 
galactose‑deficient IgA1; IgAN, immunoglobulin A nephropathy; miRNA, 
microRNA; NC, negative control.

https://www.spandidos-publications.com/10.3892/mmr.2020.11015
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expression levels compared with miRNA‑33a expression levels 
between the two groups, miRNA‑196b was selected for further 
analysis. Future studies will investigate miRNA‑33a in depth.

The present study demonstrated that miRNA‑196b expression 
increased in human peripheral blood B lymphocytes from the 
IgAN group compared with the healthy control and other renal 
disease groups, thus indicating that the abnormal expression was 
specific to the IgAN group. The other renal disease control group 
included patients with hereditary nephritis and membranous 
nephropathy. As the pathogenesis of purpura nephritis is similar 
to that of IgAN (28), pediatric patients with purpura nephritis 
were not included in the control groups. Moreover, future studies 
will investigate miRNA‑196b expression levels between pediatric 
patients with IgAN and patients with purpura nephritis.

In addition, the present results suggested that there were no 
correlations between miRNA‑196b expression levels, and CD3, 
CD4, CD8, BUN, Cr or urine red blood cell levels. Moreover, 
there were no correlations between miRNA‑196b expression 
levels, and GFR or renal pathology, while there was a signifi-
cant correlation between miRNA‑196b expression levels and 
24 h urine total protein. As 24 h urine total protein is one of 
the independent factors of disease severity and prognosis (1), 
miRNA‑196b expression levels may be used as a non‑invasive 
diagnostic marker of IgAN progression. However, due to 
the limited sample size of the present study, no significant 
association was identified between miRNA‑196b expression 
level and renal pathological grading. Therefore, future studies 
with larger sample numbers are underway to investigate the 
possible correlations between miRNA‑196b expression levels 
and renal pathology with new grading standards.

To investigate whether miRNA‑196b can modulate the 
target gene COSMC expression levels, B lymphocytes of pedi-
atric patients with IgAN were transfected with miRNA‑196b 
mimics. The present results suggested that COSMC expression 
levels significantly decreased and Gd‑IgA1 expression levels 
increased after miRNA‑196b transfection. Therefore, it is 
hypothesized that increased miRNA‑196b expression levels 
may downregulate COSMC expression levels. Moreover, as the 
chaperone protein of a key enzyme, reduced COSMC expres-
sion levels may affect the normal function of C1β3Gal‑T, which 
could result in the formation, accumulation and deposition of 
deglycosylated IgA1 in serum and the kidneys, subsequently 
leading to the onset of IgAN.

However, the present study is only a preliminary study, thus 
the specific mechanism underlying the regulation of COSMC 
expression by miRNA‑196b is not fully understood. Therefore, 
further cytological experiments are required. In addition, due to 
the limited number of samples in the present study, further clin-
ical tests with greater numbers of patient samples are needed. In 
the present study, due to the limited blood samples, it is difficult 
to perform multiple experimental tests. Future studies will 
involve animal experiments to investigate the effects in vivo.

Collectively, the present results suggested that miRNA‑196b 
expression levels in B lymphocytes were significantly higher in 
pediatric patients with IgAN compared with patients with other 
renal diseases and healthy controls. Therefore, miRNA‑196b 
levels may be related to the clinical characteristics of pediatric 
patients with IgAN. The transfection of isolated B lympho-
cytes with miRNA‑196b mimics significantly downregulated 
COSMC expression and increased Gd‑IgA1 expression levels. 

The present results suggested that miRNA‑196b may play 
crucial roles in the formation of Gd‑IgA1 and pathogenesis 
of IgAN by targeting and regulating COSMC expression. 
However, the specific underlying mechanisms require further 
investigation.
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