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Abstract: IgA nephropathy (IgAN) is the most common glomerulonephritis and the etiology of which is complex and 
multiple, and the pathological damage of IgAN is diversified. MicroRNA is a kind of gene expression suppressor and 
recently, researchers have found that microRNAs may play an important role in the pathogenesis of IgAN. Herein, 
we found that miR-29b-3p not miR-29a or miR-29c was significantly down regulated in IgAN patients’ renal tissues. 
Predicted by bioinformatics tools and confirmed by dual luciferase assay and western blot, we found that the ex-
pression of CDK6 was repressed by miR-29b-3p directly. Subsequently, we found that miR-29b-3p down-regulation 
caused CDK6 overexpression can promote NF-κB signal by phosphorylating p65 which may enhance inflammation 
during IgAN pathogenesis.
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Introduction

Immunoglobulin A nephropathy (IgAN) is the 
most common glomerulonephritis worldwide 
[1]. Prevalence of IgAN is extremely high, noted 
in 20%-40% of renal biopsies in Asian coun-
tries and South Europe [2, 3]. Approximately 
30-40% of IgAN patients progress to end-stage 
renal disease (ESRD) within 20 years [4]. At 
present, IgAN is thought to be a complex multi-
factorial disease; genetics and immunology 
mechanisms have been suggested to play a 
central role in the pathogenesis of IgAN.

The NF-κB family of transcription factors regu-
lates the induction and resolution of inflamma-
tion. Two main pathways, classical and alterna-
tive, control the nuclear translocation of NF-κB. 
Classical NF-κB activation is usually a rapid and 
transient response to a wide range of stimuli 
whose main effector is RelA (p65)/p50. The 
alternative NF-κB pathway is a more delayed 
response to a smaller range of stimuli resulting 
in DNA binding of RelB/p52 complexes. Addi- 
tional complexity in this system involves the 
posttranslational modification of NF-κB pro-
teins and an ever-increasing range of co-activa-
tors, co-repressors, and NF-κB complex pro-

teins. Collectively, NF-κB regulates the ex- 
pression of numerous genes that play a key role 
in the inflammatory response during human 
and experimental kidney injury.

MicroRNAs (miRNAs) are short non-coding 
RNAs which modulate gene expression by bind-
ing to complementary segments present in the 
3’UTR of the mRNAs of protein coding genes. 
MiRNAs play very important roles in maintain-
ing normal human body physiology conditions, 
and abnormal miRNA expressions have been 
found related to many human diseases span-
ning from psychiatric disorders to malignant 
cancers [5-7].

Recently, some research has elucidated the 
connections between miRNAs and kidney dis-
ease, including IgAN [8, 9]. Wang et al. reported 
that urinary expression of miR-200a, miR-200b, 
and miR-429 and intrarenal expression of miR-
200c, miR-141, miR-205, and miR-192 were 
diversely regulated and correlated with disease 
severity and progression in patients with IgAN 
[9]. Tan and colleagues did a genome-wide 
microRNAs expression profiling in IgA nephrop-
athy patients and found a total of 85 miRNAs 
that were differentially expressed in the six 
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IgAN patients [10]. However, the potential role 
of miRNA in the IgAN pathogenesis has been 
poorly investigated.

In this study, we first compared the contents of 
miR-29 family members in IgAN patients’ tis-
sues with control tissues and found that miR-
29b-3p was down regulated significantly. 
Subsequently, we confirmed that CDK6 is one 
target gene of miR-29-3p and the inhibition of 
miR-29-3p can activate NF-κB pathway by 
phosphorylating p65.

Materials and methods

Clinical sample collection

From March to October 2012, we studied seven 
patients with IgAN (IgAN group), confirmed by 
kidney biopsy specimens in the Center Hospital 
of Putuo District, Shanghai. The kidney biopsy 
specimens demonstrated in all of the seven 
patients a histological grading of III according 
to the grading system of Lee et al. [11]. We 
excluded patients with other coexisting renal 
pathology and recurrent IgAN after kidney 
transplantation. The clinical research ethical 
committee of the Center Hospital of Putuo 
District approved the study. All patients provid-
ed their written informed consent. We studied 
the renal biopsy specimens with adjacent non-
tumoral renal parenchyma from the nephrecto-
my specimens of seven patients with renal cell 
carcinoma (RCC) as controls for intrarenal 
miRNA expression study. 

We evaluated the IgAN and control groups’ 
renal tissues using standard light microscopy 
to ensure that the specimens were mainly renal 
cortex. Specimens were snap-frozen in liquid 
nitrogen or deposited in RNAlater (QIAGEN, 
Hilden, Germany) and subsequently stored at 
-80°C.

Real-time reverse transcriptase quantitative 
PCR

Quantitive RT-PCR analysis was used to deter-
mine the relative expression level of miR-29a, 
miR-29b and miR-29c. Total RNA was extracted 
from tissues using Trizol (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s 
instructions. The expression levels of miR-29a, 
miR-29b and miR-29c were detected by TaqMan 
miRNA RT-Real Time PCR. Single-stranded 
cDNA was synthesized by using TaqMan Mi- 

croRNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA) and then 
amplified by using TaqMan Universal PCR 
Master Mix (Applied Biosystems, Foster City, 
CA, USA) together with miRNA-specific TaqMan 
MGB probes: miR-29a, miR-29b and miR-29c 
(Applied Biosystems, Foster City, CA, USA). The 
U6 snRNA was used for normalization. Each 
sample in each group was measured in tripli-
cate and the experiment was repeated at least 
three times for the detection of miR-29a, miR-
29b and miR-29c.

Cell culture

HEK293T cells were cultured in Dulbecco’s 
Modified Eagle Medium containing 10% fetal 
bovine serum (Hyclone, Logan, UT, USA), 100 
IU/ml penicillin and 10 mg/mL streptomycin. All 
cells were maintained at 37°C under an atmo-
sphere of 5% CO2.

3’-UTR luciferase reporter assays

To generate 3’-UTR luciferase reporter, a seg-
ment of 1023 bp 3’-UTR from CDK6 was cloned 
into the downstream of the firefly luciferase 
gene in pGL3-Control Vector (Promega). MiR-
29b-3p mimic and miR-29b-3p inhibitor were 
synthesized by GenePharma Co., Ltd (Shanghai, 
China). pRL-TK vector containing Renilla lucifer-
ase was co-transfected for data normalization. 
For luciferase reporter assays, HEK293T cells 
were seeded in 48-well plates. Luciferase 
reporter vectors were co-transfected with miR-
29b-3p mimic or inhibitor by using lipofectamine 
2000 (Invitrogen, Carlsbad, CA USA). Two days 
later, cells were harvested and assayed with 
the Dual-Luciferase Assay (Promega, Madison, 
WI USA). Each treatment was performed in trip-
licate in three independent experiments. The 
results were expressed as relative luciferase 
activity (Firefly LUC/Renilla LUC).

Western blotting

Protein extracts were boiled in SDS/β-mer- 
captoethanol sample buffer, and 30 μg sam-
ples were loaded into each lane of 10% poly-
acrylamide gels. The proteins were separated 
by electrophoresis, and the proteins in the gels 
were blotted onto PVDF membranes (Amersham 
Pharmacia Biotech, St. Albans, Herts, UK) by 
electrophoretic transfer. Antibodies against the 
following proteins were used: tubulin, β-actin, 
CDK6 (Santa Cruz Biotechnology Inc., Santa 
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Cruz, CA, USA), P-Ser536 p65 (Cell Signaling 
Technology, Inc., Danvers, MA, USA).

Statistical analysis

Data were analyzed by using SPSS Statistical 
Package version 16. Independent two group’s 
analyses are used t-test. P < 0.05 was consid-
ered statistically significant.

Results

MiR-29b-3p was down-regulated in IgAN 
patients

In order to explore the roles of miR-29 family 
members in IgAN, the expression patterns of 
miR-29a, miR-29b and miR-29c in 7 kidney tis-
sues of IgAN patients were detected by qRT-
PCR, renal biopsy specimens with adjacent 
nontumoral renal parenchyma from the ne- 
phrectomy specimens of six patients with renal 
cell carcinoma (RCC) as controls (Figure 1). 
MiR-29b-3p level was significantly decreased in 
renal tissue of IgAN patients (P=0.01) com-
pared with control group. The expression of 
miR-29a and miR-29c were reduced slightly but 

the difference was not significant (P=0.30, 
P=0.39).

MiR-29b-3p repressed CDK6 expression by 
directly targeting CDK6 mRNA 3’UTR

MiRNA is a kind of important post transcription 
negative regulators for protein coding genes. To 
explore the role of reduced miR-29b-3p in IgAN 
pathogenesis, we first predicted miR-29b-3p 
target genes by using online bioinformatics 
tools: TargetScan and miRanda. We find CDK6 
may be one target gene of miR-29b-3p and 
there are 3 miR-29b-3p binding sites in the 
3’UTR of CDK6 mRNA. There are reports that 
CDK6 play an important role in inflammation 
[12, 13], so we first confirmed CDK6 was a tar-
get gene of miR-29b-3p by using dual luciferase 
assay and western blot.

To validate whether CDK6 is indeed the target 
gene of miR-293, a 1023 bp segment of CDK6 
3’-UTR containing miR-29b-3p binding sites 
was cloned into the downstream of the firefly 
luciferase reporter gene in the pGL3 control 
vector (designated as pGL3-CDK6) for the dual 
luciferase assay. HEK293T cells were co-trans-

Figure 1. Down-regulated miR-29b-3p was found 
in IgAN patients’ renal tissues. The expression 
level of miR-29a-3p (A), miR-29b-3p (B) and miR-
29c-3p (C) in individual sample was detected by 
RT-qPCR. Statistical analyses were performed 
to analyze the overall trend of miRNA in all IgAN 
patients’ renal tissues and control tissues. U6 sn-
RNA serves as an internal reference among differ-
ent samples and helps normalize for experimental 
error.
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Figure 2. MiR-29b-3p suppressed CDK6 expression by targeting 3’UTR. A. Predicted miR-29b-3p binding sites in 
CDK6 3’UTR. Ba. Confirmation of the target gene of miR-29b-3p. HEK293T cells were co-transfected with miRNA 
control, miR-29b-3p mimic, anti-miR control or miR-29b-3p inhibitor and pGL3-CDK6 for dual-luciferase assay. PRL-
TK containing Renilla luciferase was co-transfected for data normalization. Bb. Mutation analysis of the miR-29b-3p 
binding sites. When 4 nucleotides of these binding sites of miR-29b-3p in the 3’-UTR of CDK6 was mutated (pGL3-
CDK6-Mu), the luciferase activity was significantly decreased in HEK293T cells co-transfected with miR-29b-3p 
mimics and pGL3-CDK6 compared with pGL3-CDK6-Mu. C. CDK6 protein level in miR-29b-3p mimic or inhibitor-
treated HEK293T cells was detected by western blot.
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fected with pGL3-CDK6 and miR-29b-3p mim-
ics or inhibitor (Figure 2B). Compared with the 
miRNA control, the luciferase activity was sig-
nificantly suppressed by the miR-29b-3p, about 
56.8% (P < 0.01). Furthermore, the luciferase 
activity was significantly up-regulated by the 
miR-29b-3p inhibitor compared with the anti-
miR control, about 27.7% (P < 0.05). These 
results indicate that miR-29b-3p targets the 
3’-UTR of CDK6, leading to the change of firefly 
luciferase translation.

Seed sequence mutation clone was also used 
to further confirm the binding site for miR-29b-
3p (Figure 2A). The vector contains putative 
miR-29b-3p binding regions in the 3’-UTR of 
CDK6 with 4 mutant nucleotides each (desig-
nated as pGL3-CDK6-Mu) was used and wild 
type CDK6 vector were used as control. The his-
togram in Figure 2B (right) showed that the 
enzyme activity was reduced about 36.7% in 
cells co-transfected with miR-29b-3p mimics 
and pGL3-CDK6 compared with pGL3-CDK6-
Mu (P < 0.05). These data indicate that miR-
29b-3p may suppress CDK6 expression throu- 

gh binding to seed sequence at the 3’-UTR of 
CDK6, and CDK6 may be a direct target of 
miR-29b-3p.

MiR-29b-3p regulates endogenous CDK6 
expression in HEK293T cells

Although CDK6 was identified as a target gene 
for miR-29b-3p, it was unknown whether miR-
29b-3p could regulate endogenous CDK6 ex- 
pression. HEK293T cells were transfected with 
miR-29b-3p mimics or inhibitor to see whether 
the dysregulation of miR-29b-3p expression 
affected endogenous CDK6 expression. Com- 
pared with corresponding control, the level of 
CDK6 protein was significantly suppressed by 
miR-29b-3P mimics and up-regulated by miR-
29b-3p inhibitor (Figure 2C).

Inhibited miR-29b-3p increased CDK6 expres-
sion and TNF induced p65 phosphorylation

CDK6 is a p65 NF-κB kinase, so we used west-
ern blot to determine the influence of reduced 
miR-29b-3p expression on TNF-induced p65 

Figure 3. miR-29b-3p inhibition can up-regulate CDK6 expression and enhance NF-κB transcription. A. HEK293T 
cells were treated for 24 h with miR-29b-3p or adequate scrambled controls followed by treatment with TNFα as 
indicated. Total cell extracts were analyzed for phosphorylation of p65 and expression of the indicated proteins by 
immunoblotting. B. HEK293T cells were treated with TNFα after overnight. Expression of IL-8 and TNFAIP3was quan-
tified by using qRT-CR, and samples were normalized to GAPDH levels. Fold change values represent comparison 
with un-stimulated cells in.
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phosphorylation. In HEK293T cells, miR-29b-
3p inhibitor significantly up-regulated CDK6 
expression and increased cytokine-triggered 
p65 Ser536 phosphorylation (Figure 3A).

NF-κB target genes expression were up-regu-
lated by miR-29b-3p inhibitor

To test a possible impact of overexpressed 
CDK6 on NF-kB-triggered gene transcription, 
HEK293T cells were transiently transfected 
with miR-29b-3p inhibitor or anti-miRNA con-
trol. 24 hours after transfection, cells were 
treated with TNF (10 ng/mL). The expression of 
IL-8 and TNFAIP3 were detected using qRT-PCR 
at five time points after TNF stimulation. As 
shown in Figure 3B, miR-29b-3p can increase 
IL-8 and TNFAIP3 expression significantly com-
pared with anti-miRNA control.

Discussion

Primary IgAN has a hereditary propensity 
whose pathogenic factor is complex and multi-
ple, and the pathological damage of IgAN is 
diversified. There are reports that microRNA, as 
an important of gene expression regulator, par-
ticipated in the pathogenesis of IgAN.

Serino et al. report a comprehensive microarray 
screening of miRNA in IgAN and reveal a novel 
pathphysiological mechanism whereby the 
microRNA miR-418b regulates the levels of 
miRNA encoding C1β3GALT1 in IgAN patients. 
The C1β3GALT1 single nucleotide polymor-
phism (SNP) variant is associated with genetic 
susceptibility to IgAN and miR-418b binding to 
the C1β3GALT1 mRNA can be modulated by 
SNP (rs1047763) 1365G/A [14]. Tan and col-
leagues did a genome-wide microRNAs expres-
sion profiling in IgA nephropathy patients and 
found a total of 85 miRNAs that were differen-
tially expressed in the six IgAN patients [10]. In 
this study, we first detect miR-29a, miR-29b 
and miR-29c expression by qRT-PCR and found 
that miR-29b-3p is apparently high in renal tis-
sues of IgAN patients. After that, we confirmed 
that the expression of CDK6 was regulated by 
miR-29b-3p. MiR-29b-3p expression down-reg-
ulation can increase NF-κB activation when 
stimulated by cytokines the result of which may 
enhance inflammation. In a word, we can regard 
miR-29b-3p as potential diagnostic biomarkers 
and probable factors that are involved in the 
pathogenesis of IgAN. Further investigation is 
needed to explore this subject.
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