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Abstract: The inflammatory cytokine interleukin 17 (IL-17) is an important contributor of glomerulonephritis (GN)
chronicity. miR-23b regulates cell metabolism and cancer development, but the effects of miR-23b on GN are
still need to be illustrated. Here we reported that miR-23b was downregulated and inversely correlated with IKKa
expression in GN tissues. Additionally, miR-23b suppressed IL-17-induced NF-kB activation and the expression of
proinflammatory and profibrotic mediators expression in HK-2. Furthermore, we identified that miR-23b inhibited
the effects of IL-17 on HK-2 via targeting the IKKa. These results prompt us to further understand the molecular

regulation of miRNAs in glomerulonephritis.
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Introduction

Glomerulonephritis (GN) encompasses a group
of diseases that are characterized by inflam-
matory glomerular processes and clinically
usually present with a nephritic or a nephrotic
syndrome, as well as a deterioration of the
renal function [1]. The most forms of GN begin
with activation of the innate immune response
and lead to autoimmunity [2]. Several lines of
evidence indicate that interleukin-17 (IL-17)-
producing T cells (Th17 cells) is involved in the
renal inflammatory cascade associated with
glomerulonephritis [3]. Th17 immune response
play a key role in renal inflammatory disease
[4].

MicroRNAs (miRNAs) are small non-coding RNA
molecules that regulate gene expression. It has
been reported that miRNAs participate in the
progression of various forms of chronic kidney
disease (CKD) [5]. miR-26a regulates podocyte
differentiation and cytoskeletal integrity in au-
toimmune glomerulonephritis [6]. MiR-155 is
a new therapeutic target in crescentic GN [7].
However, the function of miRNAs in renal tu-
bule epithelial cell during glomerulonephritis
pathogenesis is still need to be illustrated.

Here, we identified that miR-23b was downre-
gulated and inversely correlated with KK
expression in GN tissues. Moreover, miR-23b
suppressed IL-17-induced NF-kB activation via
targeting the IKKa in renal tubule epithelial
cell. These results prompt us to further under-
stand the molecular regulation of miRNAs in
glomerulonephritis.

Materials and methods

Renal biopsy

Glomerulonephritis (GN) (n = 7) patients and
healthy controls (n = 5) received a percutane-
ous renal biopsy guided by B ultrasound. The
renopuncture tissues were stored in the fridge
(-80°C). All experiments were approved by the
research ethics committee of The First Affiliated
Hospital of Huzhou University. Written informed
consent was obtained from all patients.

Cell culture

The human proximal tubular epithelial (HK-2)
cell line was purchased from Shanghai Institute
of Cell Biology, Chinese Academy of Sciences
(Shanghai, China). The HK-2 cells were cultured
in Keratinocyte Serum Free Medium (K-SFM)
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Figure 1. MiR-23b was decreased and inversely correlated with IKKa mRNA
expression in glomerulonephritis patients. A. Real-time PCR was performed
to examine the expression of miR-23b in glomerulonephritis (GN) (n = 7)
patients and healthy controls (n = 5). Data are showed as means + SEM.
*P < 0.05, Student’s t test. B. The level of IKKa mRNA was analyzed by real-
time PCR. Data are showed as means + SEM. *P < 0.05, Student’s t test. C.
The correlation between miR-23b expression and the IKKa mRNA level was
evaluated using Spearman’s correlation analysis. n = 12; *P < 0.05.

(Invitrogen) containing 10% heat-inactivated
fetal calf serum (FBS; Gbico), Gentamicin/Am-
photericin Solution (Gbico), 100 IU/ml penicillin
and 100 mg/ml streptomycin maintained at
37°C in humidified air containing 5% CO,,. Cells
were stimulated with 80 ng/ml of IL-17 (peprot-
ech) for 48 h.

Real-time PCR

Total RNA was extracted from tissue and cell
samples using Trizol (Invitrogen). The mRNA lev-
els for CTGF, CD44, IL-6, IL-8, collagen I, colla-
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(PVDF) membrane (Millipore).
The blots were blocked within
5% BSA. The following pri-
mary antibodies were applied
used according to the manu-
facturer’s instructions. Anti-
bodies against IKKa, GAPDH,
p-p65 and p65 were purcha-
sed from Santa Cruz Biotech-
nology (Santa Cruz). The ap-
propriate secondary antibodies (Santa Cruz)
were used for 1 h at room temperature, and the
signals were revealed using ECL kit (Thermo
Scientific).

Plasmids and cell transfection

Human IKKa cDNA were generated by PCR and
cloned into BamHI/Xhol site of pcDNA3 (Invitro-
gen). miR-23b mimic or inhibitor and their con-
trols were purchased from GenePharma Biote-
chnology (Shanghai). Cells were transiently tra-
nsfected with the Lipofectamine 2000 reagent
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Figure 2. MiR-23b suppressed the effects of IL-17 on renal tubule epithelial cell. The expression of CTGF (A), CD44
(B), IL-6 (C), IL-8 (D), collagen | (E), and collagen Il (F) mRNA determined by real-time PCR in renal tubule epithelial
cell HK-2, which were transfected with the miR-23b mimic, miR-23b inhibitor or the relative controls (NC and iNC)
and then incubated with IL-17 inflammatory cytokine. Data are representative of three independent experiments
(means + SEM). *P < 0.05, ANOVA. (G) Immunofluorescence assay was performed on HK-2 cells stained with an-
tibody directed against CTGF, collagen I, and collagen Ill (green) and DAPI (blue). The white bar indicates 10 um.

E2
3
(1]

(Invitrogen) according to the manufacturer’s after 48 h for RNA isolation and western
instructions. Transfected cells were harvested blotting.

8551 Int J Clin Exp Med 2019;12(7):8549-8556



MiR-23b targeted IKKa in

renal epithelial cell

A B [ WT-IKKa
CHUKI/IKKa By g = i B MUT-IKKa
s
3' ccAUUAGGGACCGUUACACUa 5' hsa-miR-23b ::Ior;cpaVR -1.2819 & 0.94 |
1156:5" aulg'uctlﬂtl:uuma.alululg'clstlrcl;;a 3' CHUK PhastCons  , chog g
score: .2 0.6'
ATTTGTCTTAAAAAATGTGAA WT-IKKa E
ATTTGTCTTAAAATTACACTA MUT-IKKa .g 0.3
5
£ 0.0 .
NC mimic
C 20- . D E 204
< *]
% NC mimic iNC inhibitor g
g [LCCE :
2 g
o GAPDH s e S r
8 8
& &

iNC inhibitor

NC mimic

iNC inhibitor

NC mimic

Figure 3. IKKa was the direct target of miR-23b. A. Schematic representation of the predicted interaction of miR-
23b with wild type IKKa 3’UTR site and the point-mutated IKKa 3’UTR site. B. Luciferase activity determined in
HK-2 cells that were first transfected with the indicated wild-type or point-mutated 3’UTR reporter constructs

(WT-IKKax or MUT-IKKa) and then transduced with miR-23b

independent experiments (means + SEM). *P < 0.05, ANOVA.

or control mimic. Data are representative of three
C. Real-time PCR of IKK-ao mRNA expression in HK-2

cell transfected with the miR-23b mimic, miR-23b inhibitor or the relative controls. Data are representative of three
independent experiments (means + SEM). *P < 0.05, ANOVA. D. Western blotting of IKK-a protein expression in
HK-2 cell transfected with the miR-23b mimic, miR-23b inhibitor or the relative controls. E. Relative intensity mea-
surements provide a quantitative means of examining protein bands on the western blotting. Data are representa-
tive of three independent experiments (means + SEM). *P < 0.05, ANOVA.

Luciferase assay

The wild type and mutation of IKKa-3’UTR
were cloned into the pmirGLO (Promega),
named pmirGLO-WT-IKKa or pmirGLO-MUT-
IKKa. Twenty-four hours after transfection, the
medium was removed and the cells were lysed
and assayed with a Dual Luciferase Reporter
Assay Kit (Promega) according to the manufac-
turer’'s instructions. Firefly luciferase activity
was measured and normalized to Renilla
luciferase.

Immunofluorescence assay

Cells on slides were fixed in 4% paraformalde-
hyde and washed three times with PBS, then
incubated with PBS containing 0.1% Triton
X-100 and 1% normal serum for 30 min at
room temperature. The primary and secondary
antibodies was diluted as follows: rabbit anti-
CTGF (1:500), anti-collagen | (1:200), anti-colla-
gen Il (1:300), anti-p-p65 (1:250) (Abcam,
USA), Alexa Fluor 594-conjugated goat anti-
rabbit 1gG (1:400), and Alexa Fluor 488-conju-
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gated goat anti-rabbit IgG (1:400) (Thermo
Fisher Scientific, USA). Nuclear DNA was dyed
with DAPI (Thermo Fisher Scientific, USA). For
all immunochemistry experiments, negative
staining controls were carried out by omitting
the primary antibody.

Statistical analysis

Values are showed as the means + SEM. The
one-way analysis of variance (ANOVA) test and
student’s t test were used for statistics. The
correlation between miR-23b and IKKa expres-
sion levels was determined by Spearman’s cor-
relation. Values of P < 0.05 were considered
statistically significant.

Results

MiR-23b expression was decreased and
inversely correlated with IKKa in glomerulone-
phritis patients

To explore the effects of miR-23b on renal in-
flammation, we examined the expression of
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Figure 4. IKKa was functional targets of miR-23b. (A) Expression of CTGF (A), CD44 (B), IL-6 (C), IL-8 (D), collagen |
(E), and collagen Il (F) mRNA were determined by real-time PCR in HK-2 cell transfected with pCDNA-IKKa or control
plasmid and then transfected with the miR-23b mimic, or NC and then incubated with IL-17 inflammatory cytokine.
Data are representative of three independent experiments (means + SEM). *P < 0.05, ANOVA. (G) Immunofluores-
cence assay was performed on HK-2 cells stained with antibody directed against CTGF, collagen |, and collagen Il
(green) and DAPI (blue). The white bar indicates 10 pm.

miR-23b in renopuncture tissues from glomeru-
lonephritis patients. Findings showed that the
expression of miR-23b was significantly de-
creased in GN tissues compared with control
tissues (Figure 1A). Then, we hypothesized that
miR-23b was also involved in the regulation of
IKKa in glomerulonephritis. Therefore, real-
time PCR was performed to determine the
expression of IKKa in GN tissues and control
tissues. The results showed that IKKao mRNA
was significantly increased in GN tissues (Fig-
ure 1B). Moreover, IKKa expression was inver-
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sely correlated with miR-23b expression in ren-
opuncture tissues (Figure 1C).

MiR-23b suppressed the effects of IL-17 on
renal tubule epithelial cell

IL-17 is an early initiator of inflammation. It in-
duces the release of several renal injury media-
tors in renal tubule epithelial cell, such as CT-
GF, CD44, IL-6, IL-8, collagen |, and collagen llI.
Therefore, we wondered whether miR-23b sup-
pressed the induction of CTGF, CD44, IL-6, IL-8,

IntJ Clin Exp Med 2019;12(7):8549-8556
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Figure 5. MiR-23b suppressed IL-17-induced NF-kB activation. A. The west-
ern blotting of NF-kB activity in HK-2 cell transfected with the miR-23b mimic
or NC and then incubated with IL-17 for the 30 min. Data represent three
independent experiments. B. Relative intensity measurements provide a

ed the luciferase activity of
the WT IKKa 3’UTR, while
mutation of the miR-23b bind-
ing sites blocked this sup-
pressive effect (Figure 3B).
Real-time PCR and western
blotting assays demonstrated
that transfection of miR-23b
mimic in HK-2 inhibited IKKa
mRNA and protein expres-
sion, while the miR-23b in-
hibitor elevated the expres-
sion of IKKaa mRNA and pro-
tein levels (Figure 3C and 3D).
Collectively, these results pro-
posed that the IKKa could be
the target of miR-23b.

[ NC
B mimic

mimic
IKKa

MiR-23b inhibited the effects
of IL-17 on HK-2 via targeting
the IKKx

quantitative means of examining protein bands on the western blotting. Data

are representative of three independent experiments (means + SEM). *P <
0.05, ANOVA. C. Immunofluorescence assay was performed on HK-2 cells
stained with antibody directed against p-p65 (red) and DAPI (blue). The white

bar indicates 10 ym.

collagen I, and collagen lll expression by IL-17 in
renal tubule epithelial cell HK-2. As shown in
Figure 2, miR-23b mimic inhibited IL-17-induced
upregulated expression of CTGF, CD44, IL-6,
IL-8, collagen |, and collagen 1l in HK-2 cells.
However, miR-23b inhibitor enhanced IL-17-in-
duced upregulated expression of CTGF, CD44,
IL-6, IL-8, collagen |, and collagen Il in HK-2
cells. Collectively, these data suggested that
miR-23b suppressed the effects of IL-17 on
renal tubule epithelial cell. Furthermore, the
immunofluorescence assay showed that miR-
23b mimic inhibited IL-17-induced upregulated
expression of CTGF, collagen I, and collagen llI;
however, miR-23b inhibitor enhanced IL-17-in-
duced upregulated expression of CTGF, colla-
gen |, and collagen lll in HK-2 cells (Figure 2G).

IKKa is the direct target of miR-23b

We used TargetScan and miRanda online soft-
ware to verify potential targets of miR-23b. MiR-
23b was predicted to have seed regions able to
bind to the 3'UTR of IKKa (CHUK). To confirm
whether miR-23b directly targets IKKa 3'UTR,
we cloned the wild-type (WT) IKKa 3'UTR or a
mutant variant into a luciferase reporter vector
pmirGLO (Figure 3A). The results of luciferase
activity assay showed that miR-23b suppress-
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To further explore the influ-
ences of IKKa and miR-23b
on glomerulonephritis patho-
genesis, we co-transfected
HK-2 cells with pCDNA-IKKa
plasmid and miR-23b mimic. The overexpres-
sion of IKKa reversed the miR-23b-imposed
inhibitory effects on IL-17-inducted the upregu-
lated of CTGF, CD44, IL-6, IL-8, collagen |, and
collagen Il mRNA levels in renal tubule epithe-
lial cell HK-2 (Figure 4). Furthermore, the immu-
nofluorescence assay showed that overexpres-
sion of IKKa reversed the miR-23b-imposed
inhibitory effects on IL-17-inducted the upregu-
lated of CTGF, collagen I, and collagen Ill levels
in HK-2 cells (Figure 4G). The results suggested
that IKKa was the target of miR-23b and con-
tributed to the suppressive effects of miR-23b.
IL-17 activates NF-kB/p65 pathway and NF-kB/
p65 are required for IL-17-induced gene expres-
sion. Following, we further examined the phos-
phorylation of p65 by western blotting analysis.
The data showed that transfection of miR-23b
mimic in HK-2 cells incubated with IL-17 decre-
ased the phosphorylation of p65, while overex-
pression of IKKa blocked this suppressive
effect (Figure 5A and 5B). Furthermore, the
immunofluorescence assay showed that trans-
fection of miR-23b mimic in HK-2 cells incubat-
ed with IL-17 decreased the nuclear transloca-
tion of p-p65, while overexpression of IKKa
blocked this suppressive effect (Figure 5C).
These results indicated that miR-23b inhibited

Int J Clin Exp Med 2019;12(7):8549-8556
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IL-17-mediated gene expression via targeting
the IKKa in renal tubule epithelial cell HK-2.

Discussion

Although miR-23b regulates cell metabolism
and cancer development [8, 9], a role for miR-
23b in GN was previously unknown. Here we
showed that miR-23b was decreased and
inversely correlated with IKKa in GN patients’
tissues.

IL-17 induces the release of several proinflam-
matory and profibrotic mediators in renal tubule
epithelial cell [10, 11]. CTGF is a profibrotic
mediator and promotes renal fibrogenesis [12].
CD44 is a cell surface glycoprotein involved in
the pathologic progression of fibrosis and can-
cer [13]. pro-inflammatory cytokines IL-6 and
IL-8 can induce the activation of the NF-kB
pathway [14]. The types | and Ill collagen con-
tribute to myofibroblasts infiltrate the renal tis-
sues in the process of renal fibrosis [15]. Our
results suggested that decreased miR-23b
expression might contribute to the progress of
GN.

Findings reported that miR-23b suppresses
IL-17-associated autoimmune inflammation by
targeting TAB2, TAB3 and IKKa [16]. IKKa, a
kinase of the NF-kB signaling [17], has been
reported to have an important role in GN [18,
19]. Additionally, NF-kB activation has been
implicated in the pathogenesis of GN and
blockade of the IKK signal complex has attract-
ed considerable attention [19-22]. Our results
discovered that the IKKa could be the target
of miR-23b in renal tubule epithelial cell. Fur-
thermore, the IKKo overexpression reversed
the miR-23b-imposed inhibitory effect on IL-17-
mediated proinflammatory and profibrotic me-
diators expression and NF-kB activation.

Taken together, our study demonstrated that
miR-23b regulated IL-17-mediated proinflam-
matory and profibrotic mediators expression
via targeting IKKa in glomerulonephritis. Our
findings may be useful for future studies ex-
ploring therapeutic approaches for glomerulo-
nephritis.
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