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Introduction: Diabetic nephropathy (DN) is one of the major complications of diabetes and
podocyte injury plays an important role in the DN pathogenesis. MicroRNA (miR)-106a is
predicated to be a target of long noncoding RNA (IncRNA) SNHG16 and has been identified
as a therapeutic biomarker for diabetic kidney diseases. However, the role of SNHG16/miR-
106a axis in DN has not been illustrated. This study aimed to investigate whether SNHG16
could regulate podocyte injury via miR-106a in DN and uncover the underlying mechanism.
Methods: MPC5 podocytes were treated with control or high glucose (HG) medium, and
then miR-106a level was measured. MPCS5 cells that exposed to HG were overexpressed with
miR-106a or not, following by overexpression with or without KLF9 or SNHG16. Then, cell
viability, apoptosis, reactive oxygen species and the protein expression of synaptopodin and
podocin were evaluated.

Results: MiR-106a was down-regulated in the serum of DN patients and HG-induced MPC5
podocytes. Overexpression of miR-106a suppressed HG-induced decrease in cell viability,
Bcl-2, synaptopodin and podocin expression, increase in ROS, apoptotic cells, Bax and
cleaved-caspase 3 expression. MiR-106a could bind to both KLF9 and IncRNA SNHGI16,
which were up-regulated in the serum of DN patients and HG-induced MPC5 podocytes. The
level of miR-106a was decreased by SNHG16 overexpression and miR-106a overexpression
reduced KLF9 expression. Furthermore, overexpression of KLF9 or SNHG16 blunted the
protective effects of miR-106a on HG-induced MPCS5 injury.

Discussion: LncRNA SNHG16 could promote HG-stimulated podocytes injury via target-
ing miR-106a to enhance KLF9 expression. The intervention of SNHG16/miR-106a/KLF9
may be a therapeutic treatment for DN.
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Introduction

Diabetic nephropathy (DN) is one of the chronic microvascular complications of
diabetes. The impaired renal function caused by diabetes can also accelerate
microvascular complications such as cardiovascular disease and stroke. Early DN
is characterized by micro albuminuria, which can gradually progress to a large
amount of albuminuria, and elevated serum creatinine and urea nitrogen levels,
eventually leading to renal failure." Clinically, effective interventions can prevent or
delay the progression of DN. However, it has been reported that the current
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standard therapy only achieves partial renoprotection,
which greatly increases the need for novel and effective
therapeutic approaches.”

The decreased number and the destructed structure or
function of podocytes, which is one of the components of
the glomerular filtration barrier, are strongly related to the
production of proteinuria.> High glucose (HG) can pro-
mote reactive oxygen species (ROS) release and apoptosis
of podocytes, leading to podocytes injury and aggravation
of DN.* MicroRNAs (miRNAs) are small non-coding
RNAs that function as post-transcriptional mediator of
gene expression and are associated with various cellular
processes including angiogenesis, differentiation, prolif-
eration, and apoptosis. Furthermore, a large number of
studies have demonstrated that miRNAs targeted against
genes involved in the pathogenesis of DN.> MiRNAs can
participate in the processes of apoptosis, fibrosis and extra-
cellular matrix accumulation in the progression of DN
through various signaling pathways, and at the same time
protect or promote podocyte damage.® For example, miR-
29¢ was up-regulated in HG-treated podocytes and was
positively  correlated with increased inflammatory
cytokines.” On the contrary, miR-29a could ameliorate
hyperglycemia-induced podocytes dysregulation’ and
miR-34c could inhibit HG-induced podocytes apoptosis.®
Recently, data from bioinformatics analysis identified
miR-106a as a therapeutic biomarker for diabetic kidney
disease (DKD).” Yuanbo Wu et al found that in diabetic
miR-106a
decreased, and miR-106a overexpression reversed the oxi-

peripheral neuropathy (DPN), level was
dative/nitrifying stress induced by HG.'® The overexpres-
sion of miR-106a significantly reduced the expression of
HIFla and VEGF, and prevented the increase of perme-
ability induced by HG."" MiR-106a expression was also
significantly down-regulated in the serum of diabetic
mice.'? These findings implicated that miR-106a may
also be decreased and play an important role in DN.
Long noncoding RNA (IncRNA) SNHGI16 is predi-
cated to bind to miR-106a using starbase database (http://
starbase.sysu.edu.cn/) for searching the targeted IncRNA
of hsa-miR-106a-5p, and SNHG16 has been reported to
regulate the proliferation and oxidative stress of various
cells. LncRNAs have lengths >200 nt and can regulate the
expression of the target gene, and many IncRNAs have

been suggested to participate in the pathogenesis of DN,
such as plasmacytoma variant translocation 1 (PVTI1),"
metastasis-associated lung adenocarcinoma transcript 1
(MALAT1)," taurine-upregulated gene 1 (Tugl),"> and

Erbb4-IR.'® Therefore, we speculated that SNHG16 may
target miR-106a to involve in the progression of DN.
The Kriippel-like factor 9 (KLF9), a differentiation-
associated transcription factor, participates in a broad
range of processes such as cell differentiation, prolifera-
tion, and apoptosis. The up-regulation of KLF9 was also
identified as a biomarker for DKD’. However, its function
in DKD remains to be clarified. Previous studies reported
that KLF9 could aggravate oxidative stress and apoptosis,
leading to stress-induced cell death.'” KLF9 is predicted to
be the target gene of miR-106a using starbase database
(http://starbase.sysu.edu.cn/) for searching the targeted
mRNA of has-miR-106a-5p. Therefore, miR-106a may
target KLF9 to regulate the oxidative stress and apoptosis

of podocytes and affect the progression of DN.

In the present study, we aimed to explore whether the
SNHG16/miR-106a/KLF9 axis could participate in the
HG-induced podocytes injury and uncover the potential
mechanisms.

Materials and Methods

Cell Culture and Treatment

MPCS5, a murine podocyte cell line was purchased from Cell
Bank of the Chinese Academic of Sciences (Shanghai,
China) was cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco, USA) supplemented with 10%
FBS (Gibco) in a humidified incubator at 37°C with 5%
CO,. Cells were passaged at 33°C and treated with inter-
feron (10 U IFN-y/mL). Then, cells were harvested and
incubated without IFN-y at 37°C for two weeks to allow
their differentiation.

For NG group, cells were maintained in normal glucose
medium (5SmM D-glucose) for 24h. Cells that exposed to
HG or MA treatment were incubated in medium added high
glucose (HG, 30 mM) or mannitol (MA, 30 mM) for 24 h.

In order to carry out miR-106a, KLF9 and SNHG16
overexpression, miR-106a mimic, plasmid pcDNA-KLF9
or pcDNA-SNHG16 were designed and constructed by
GenePharma (Shanghai, China). Corresponding empty
vectors were used as negative control (NC). All plasmids
were transfected into MPCS5 cells using Lipofectamine
2000™ reagent (Invitrogen, USA) according to the man-
ufacturer’s instructions.

Collection of Serum
The serum of a total of 30 normal individuals and 30 DN
patients was collected from the clinical laboratory center
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of the First Affiliated Hospital of Jinan University and
approved by the Medical Ethics Committee of the First
Affiliated Hospital of Jinan University.

Cell Viability Assessment

MPCS5 podocytes that overexpressed with miR-106a,
KLF9 and SNHG16 or not were seeded in 96-well plate
with density of 2x10* cells per well, then subsequently
maintained in Control or HG medium for 24 h. Thereafter,
10 upL (CCK-8,
Biotechnology Co., LTD, China) solution was added to
each well and incubated at 37°C for 2 h, and OD values
were measured at 450 nm through a microplate reader
(Bio-Rad Model 550).

cell counting kit-8 Beyotime

TUNEL Staining

The apoptotic MCP5 cells were detected using in situ cell
death detection kits TUNEL (KeyGen, Biotechnology, Co.,
LTD, China) according to the manufacturer’s protocol.
Briefly, cells seeded on the slides were fixed with 4% par-
aformaldehyde at room temperature for 0.5 h. After treat-
ment with 1% Triton X-100/10mM PBS for 5 minutes,
proteinase K was added. Then, cells were incubated with
TdT enzyme reaction solution, streptavidin-HRP working
solution and DAB staining working solution in the dark,
respectively. Hematoxylin was used to stain the nucleus.

RT-qgPCR

The RNA expression level of miR-106a, KLF9 and SNHG16
was assessed using quantitative reverse-transcriptase-PCR
(RT-qPCR). Total RNA of MCP5 was extracted from using
Trizol reagent (Invitrogen, CA, USA). The cDNA Reverse
Transcription Kit (Invitrogen, CA, USA) was used for
reverse transcription. The SYBR™ Green PCR Master Mix
(Applied Biosystems, CA, USA) was used for gPCR ampli-
fication on StepOne Plus real-time PCR system (Thermo
Fisher, MA, USA). All gPCRs were carried out in triplicate
for each sample and B-actin was used as endogenous control.
Primers are as follows: miR-106a,
AAAAGUGCUUACAGUGCAGGUA-G-3', reverse, 5'-
ACCUGCACUGUAAGCACUUUUUU-3". KLF9: forward
5-TACATGGACTTCGTGGCTGC-3, reverse 5'-AGGGC
CGTTCACCTGTATGC-3'. SNHG16: forward 5'-GGAC
CCAAAGTGCCATGTCT-3', reverse 5-GATGAAGCC-
CAAAGAACGCA-3'. B-actin: forward 5'-CATCTCACC
TGAAGCACCCT-3, reverse 5-CGGAGTCCATCACAA
TGCCT-3'.

forward 5'-

Western Blotting

MCP5 podocytes were lysed in RIPA lysis buffer
(Beyotime), supplemented with protease inhibitor mixture
(Beyotime). The protein samples were separated by SDS-
PAGE, followed by transferring to PVDF membranes
(Millipore, USA) and blocked with 5% non-fat milk at
room temperature for 2 h. The membranes were incubated
overnight with primary antibodies at 4°C then incubated
with secondary antibodies at room temperature for 2
h. The primary antibodies used for Western blotting were
as follows: KLF9 (Abcam, 1:1000), Bcl-2 (CST, 1:1000),
Bax (CST, 1:1000), (cleaved) caspase 3 (Abcam, 1:1000),
synaptopodin (Abcam, 1:1000), podocin (Abcam, 1:1000)
and GAPDH (Abcam, 1:1000). After washing with TBST,
the membrane was incubated with appropriate secondary
antibodies (Abcam, 1:10,000). Blots were visualized by
the enhanced chemiluminescence system (Santa Cruz
Biotechnology Inc., CA, USA).

Measurement of Reactive Oxygen Species
(ROS)

Intracellular ROS generation in MPC5 cells was assayed
using ROS kit (Abcam) according to the manufacturer’s
protocol. Briefly, cells were plated in a 96-well plate and
cultured with their respective treatments for 24
h. Followed by staining with DCFDA for 45 min. The
absorbance was read using microplate reader (SpectraMax
340; Molecular Devices Co., USA) at a wavelength of 450
nm. The ROS level was determined by DCF fluorescence
intensity.

Dual-Luciferase Assay

The target genes of miR-106a were analyzed and predicted
by the biological prediction website starbase. To verify the
interaction between miR-106a and KLF9 or SNHG16, the
KLF9 and SNHG16 3'-UTR or mutant was cloned into
the luciferase reporter gene pmirGLO (Promega, USA), and
the carrier was named KLF9-wild type (WT), KLF9 mutant
(MUT), SNHG16 WT or MUT. WT and MUT reporter
plasmids were transfected into MCP5 cells accompanied
with pRL-TK plasmid (Promega), respectively. Meanwhile,
miR-106a mimic or control (NC) was co-transfected with
those reporter plasmids. At 48h post-transfection, luciferase
activity was detected using Dual-Luciferase Reporter Assay
System (Promega) and normalized by measuring renilla luci-
ferase activity.
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Figure | MiR-106a was down-regulated upon HG stimulation. (A) The level of miR-106a in the serum of DN patients relative to that of normal healthy individuals (n=30).
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exposed to 30 mM D-glucose for different times (6, 12, 24 and 48 h) relative to that of control cells (n=3). *P<0.05, ***P<0.001 vs 0 (control) group.

A B E

©
©
e —_—
z 15 150 _ % g
-4 B ek
—_ 1]
g _— g 315 X T 2 — T
#i##
210 >100 2 o 20
S : g H
@ ] ® =
£os R > 50 2 8 10 ##
3 K} K 2 -
o [7] ]
[ ['4 c
2 0.0 3
Z o 2o
z 6 © o - .
© X .
g o ¥ @ oo S Y
O 2 » & \
G* o ° o o
W .@‘\ o* Bq,a
N W o N
\,\G" o
D ¥

) -~ 44 T
~ t | \ #
9 i |
1 & 5 \
S o8 L WD } '/‘ / )‘/A ‘
.v. -— A " e "l d " .’* A (& e 45 B
F Control HG+miR-NC HG+miR-106a mimic
] c
55's s5 ¢
2 28
Bcl-2 |— — _‘ e 5, .
g8l e £8 »
o2 398 »
I E E™Ss Yo x O
Bax | ‘ ZEos xx S«
Cleaved [ P 5 - 25" T
eave — £ 28
caspase-3 | == 5300 3% 0
o & < W [ ) ¢ \©
o‘\\‘o ¢ \?“‘“ S o““o A \V"‘\ ‘((\(“\
Caspase-3 | e e o— PRI o
G.«\"w w
i G
synaptopod|n|- — -‘ W .
B _ I
. 83 g5 S 515
podocm |- — —I “g ey - gg 2:‘2
- [ - —
2 2 £ 5 S10{ — g210 —
GAPDH |----‘ gg g_% ## 23 ##
® X Sl )
N @ o *kk
CO‘\\“’\ e oy o o E g 05 s 3 g 0.5 L
Gx\‘\ @ea 2 =g :g
N ¢ g 0 22 0.0 23 g0
! ] = . ® .
A 8 87 N o ¢ &« B N .
o o““o e -\?~"\ «‘_\‘“\o % 00““0 S \W“ (‘\,\‘(\\ K] ‘\“o e _\@\x o «©
< PR [ K P TS
o AQ o AV W& A
N * &
Gx\“ ‘\GA\‘ ‘(\Ox\“

Figure 2 The effect of miR-106a mimic on HG-induced podocytes injury. (A) The mRNA level of miR-106a relative to control (n=3). **P<0.001 vs control group.
#H#P<0.001 vs HG + miR-NC. (B) The cell viability of MPC5 in different groups (n=3). **P<0.01 vs control group. "P<0.05 vs HG + miR-NC. (C) The ROS level in MPC5
relative to control group (n=3). ***P<0.001 vs control group. “*#P<0.001 vs HG + miR-NC. (D and E) Representative images (D) and quantitative analysis (E) for TUNEL
staining, apoptotic cells were stained with dark brown (x200). #¥P<0.001 vs control group. **P<0.01 vs HG + miR-NC. (F) Representative blots and quantitative analysis for
Bcl-2, Bax, caspase 3, synaptopodin and podocin (n=3). **P<0.001 vs control group. *P<0.05, *P<0.01, ##P<0.001 vs HG + miR-NC.
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Statistical Analysis

All experiments were performed three times independently.
The data were considered statistically significant if P < 0.05
and were expressed as mean + SD. Statistical significance of
differences was determined by student’s two-tailed #-test or

one-way analysis of variance using SPSS 22.0 software.

Results
miR-106a is Down-Regulated in DN and

HG-Induced Podocytes

To confirm whether miR-106a could play a role in DN, we
detected the level of miR-106a in the serum of normal or DN
patients. Results showed that miR-106a was significantly
down-regulated in DN patients compared with normal indi-
viduals (Figure 1A). Subsequently, MPC5 cells were
exposed to a series concentration of glucose (5, 10, 15, 20,
25 and 30 mM) and 30 mM MA for 24h, then miR-106a
level was detected. Results showed that D-glucose with the
concentration of 20-30 mM decreased the miR-106a level in
a concentration-dependent manner (Figure 1B). At the same
time, 30 mM glucose (HG) reduced miR-106a in a time-
dependent manner (Figure 1C). These results suggested the
potential role of miR-106a in the pathogenesis of DN.

Overexpression of miR-106a Protects
Podocytes Against HG-Induced Injury

Thereafter, we overexpressed miR-106a via transfecting HG-
induced MPCS5 cells with miR-106a mimic, and the efficiency
of overexpression was verified by RT-PCR (Figure 2A). Then,
we found that the HG-induced decrease in cell viability
(Figure 2B) while increase in ROS generation (Figure 2C)
was remarkably reversed by miR-106 overexpression. HG
also induced cell apoptosis, which was blunted by miR-106
overexpression (Figure 2D and E). The same result is observed
in Figure 2F, miR-106 mimic considerably recovered the
balance between anti-apoptotic protein Bcl-2 and pro-
apoptotic proteins Bax and cleaved-caspase3, which was dis-
turbed by HG stimulation (Figure 2F). Besides, miR-106a
mimic also restored the expression of podocytes markers
synaptopodin and podocin (Figure 2F). These findings demon-
strated that miR-106a may play a protective role in HG-
induced podocytes injury.

KLF9 Can Bind to miR-106a and is
Up-Regulated in DN and HG-Induced

Podocytes
KLF9 was predicated to be a target of miR-106a and dual-
luciferase assay confirmed their interaction (Figure 3A and B).
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Meanwhile, the presence of miR-106a mimic considerably
reduced KLF9 mRNA and protein expression (Figure 3C
and D). Additionally, KLF9 was up-regulated in the serum
of DN patients (Figure 3E) and MPCS5 cells that treated with
HG (Figure 3F and G). The above findings suggested that
KLF9 may function as a downstream target of miR-106a to
play a role in HG-induced podocytes injury or DN.

Overexpression of KLF9 Significantly
Weakens the Protective Effect of miR-106a

on HG-Induced Podocytes Injury

Subsequently, we overexpressed KLF9 in MPCS5 cells and the
transfection efficacy is demonstrated in Figure 4A. Results
showed that compared with cells that overexpressed with
miR-106a, cells that overexpressed with miR-106a and

KLF9 exerted a lower cell viability (Figure 4B), a higher
production of ROS (Figure 4C) and a higher ratio of TUNEL-
positive cells (Figure 4D and E). The same results are observed
in Figure 4F, KLF9 resulted in a decreased protein expression
in Bel-2, synaptopodin and podocin, but an increased protein
expression in Bax and cleaved-caspase3, when compared to
HG + miR-106a mimic + pcDNA-NC group. These results
illustrated that KLF9 overexpression could blunt the protective
effect of miR-106a on HG-induced podocytes.

SNHG 16 Can Bind to miR-106a and
Overexpression of It Also Blunts the Effects

of miR-106a on HG-Treated Podocytes
LncRNA SNHG16 was also predicted to bind to miR-106a
(Figure 5A), and dual-luciferase assay determined their
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Figure 5 The relationship between miR-106a and SNHG16. (A) The binding site between has-miR-106a-5p and SNHG16. (B) The luciferase activity between miR-NC or
miR-106a and SNHG 16 WT or MUT (n=3). **P <0.01 vs miR-NC. (C) The level of KLF9 in the serum of DN patients relative to that of normal healthy individuals (n=30).
*##*P <0.001 vs normal. (D) The mRNA level of KLF9 in MPC5 podocytes that treated with 30 mM glucose (HG) or 30 mM MA relative to control cells (n=3). ***P<0.001 vs
control. ##P<0.001 vs HG. (E) The mRNA level of SNHG16 in MPC5 that overexpressed with SNHG 16 or not (n=3). *P<0.01 vs pcDNA-NC. (F) The mRNA level miR-
106a in MPC5 that overexpressed with SNHG16 or not (n=3). **P<0.001 vs pcDNA-NC.

interaction (Figure 5B). Figure 5C and D demonstrated that
SNHG16 was significantly up-regulated in DN patients and
HG-induced podocytes, suggesting that SNHG16 may also
be involved in the pathogenesis of DN via binding to miR-
106a. We then overexpressed SNHG16 in MPC5 cells
(Figure 5E) and found that miR-106a was down-regulated
upon SNHG16 overexpression (Figure SF). Furthermore,
consistent with KLF9 overexpression, the elevated expres-
sion of SNHG16 also reversed the effects of miR-106a
mimic on cell viability (Figure 6A), ROS production
(Figure 6B), cell apoptosis (Figure 6C and D) and proteins
expression of apoptosis-related proteins as well as podocytes
markers (Figure 6E and F).

Discussion

Podocyte, the epithelial cell of the glomerulus, is one of
the crucial components of the glomerular filtration barrier.
Previous studies have confirmed that HG-induced podo-
cyte injury is a major cause in the progression of DN,
which is an important target for clinical treatment.'®

Consistent with the discoveries in previous studies, our
data showed that HG stimulation reduced cell viability,
increased ROS production, induced cell apoptosis and
disrupted the expression of synaptopodin and podocin in
podocytes.

Consistent with a previous finding that miR-106a expres-
sion was significantly down-regulated in the serum of diabetic
mice,'? we found that miR-106a expression was significantly
reduced in the serum of DN patients and HG-induced podo-
cytes. Meanwhile, miR-106a overexpression enhanced cell
viability while inhibited ROS production and cell apoptosis.
Oxidative stress is a common pathogenesis of diabetes and its
complications including DN. Under the stimulation of HG,
mitochondria releases a large amount of ROS, and excessive
ROS can break the balance between the oxidation system and
antioxidant system thus leading to cells damage or podocyte
apoptosis. Synaptopodin and podocin are the crucial structural
proteins of podocyte, the aberrant expression of which will
result in structural and functional impairment of podocytes,
which in turn cause renal dysfunction. The results from our
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Figure 6 SNHG 6 overexpression blunts the effects of miR-106a mimic on HG-induced MPC5 podocytes. (A) The cell viability of MPC5 in different groups (n=3). **P<0.01
vs control group. #P<0.05 vs HG + miR-NC. “P<0.05 vs HG + miR-106 mimic + pcDNA-NC. (B) The ROS level in MPC5 relative to control group (n=3). **P<0.001 vs
control group. #P<0.001 vs HG + miR-NC. ***P<0.001 vs HG + miR-106 mimic + pcDNA-NC. (C and D) Representative images (C) and quantitative analysis (D) for
TUNEL staining, apoptotic cells were stained with dark brown (%200). ***P<0.001 vs control group. ###P<0,001 vs HG + miR-NC. *P<0.01 vs HG + miR-106 mimic +
pcDNA-NC. (E and F) Representative blots and quantitative analysis for Bcl-2, Bax, caspase 3, synaptopodin and podocin (n=3). ¥*P<0.001 vs control group. *#P<0.001 vs

HG + miR-NC. **P<0.01, ***P<0.001 vs HG + miR-106 mimic + pcDNA-NC.

study indicated that overexpression of miR-106a played
a protective role against HG-induced podocytes injury.
Emerging evidences showed that aberrant expression of
miR-106a is frequently observed in a variety of tumors.'*
Liming Hong et al found that miR-106a was down-regulated
in serum and granulosa cells of women with diminished
ovarian reserve (DOR). Besides, miR-106a mimic increased
cell viability and attenuated apoptosis of human granulosa
cells. MiR-106a was also indicated to suppress tumor cells
death in colorectal cancer.”' However, enforced expression
of miR-106a in gastric cancer could promote tumor
metastasis.”> Although the effects of miR-106a on cancers

were controversial, our findings were in accordance with

previous reports, in which miR-106a was identified as
a therapeutic biomarker for DKD and showed beneficial
effect in HG-induced injury.”™"" Our study for the first time
demonstrated the protective effect of miR-106a on HG-
induced podocytes injury.

According to a previous study, IncRNAs, mRNAs and
other RNAs act as natural miRNA sponges to restrain intra-
cellular miRNA function. For example, in breast cancer,
IncRNA HOXA-AS2 could regulate the expression of
SCN3A by sponging miR-106a.** In addition, miR-106a
inhibited the cell proliferation and epithelial-mesenchymal
transition of oral squamous cell carcinoma cells by directly
decreasing LIM kinase 1 expression.” In the present study,
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via online database (http://starbase.sysu.edu.cn/
agoClipRNA.php?source=circRNA) we predicted that
KLF9 and IncRNA SNHGI16 could bind to miR-106a.
Consistent with our predictions, the data from dual-

luciferase verified the direct binding between miR-106a and
KLF9 together with miR-106a and SNHG16. Moreover, we
found that miR-106a overexpression could inhibit KLF9
level, while SNHG16 overexpression could reduce miR-
106a level. Importantly, in contrary to miR-106a, KLF9
and SNHG16 were remarkably up-regulated in serum of
DN patients and HG-induced podocytes. Therefore, we
that IncRNA SNHG16 may function as
a competing endogenous RNA (ceRNA) of miR-106a to

inferred

down-regulate miR-106a, which could target KLF9 and inhi-
bit its expression, thereby enhancing KLF9 expression.
KLF9 represses multiple anti-oxidant defense genes includ-
ing mitochondrial thioredoxin reductase (TXNRD2) leading
to increased ROS levels. It has been publicly acknowledge-
ment that KLF9 regulates the progression of various diseases
via increasing ROS generation. For example, KLF9 was
identified as an important mediator in premalignant melano-
cytes in vitro and in mouse skin via promoting ROS
generation.”® In pancreatic cancer, KLF9 could induce cell
apoptosis.”” In medullary thyroid cancer, the induction of
KLF9 could promote oxidative stress-induced apoptosis.*®
KLF9 also aggravated ischemic injury in cardiomyocytes
through augmenting oxidative stress.!” In the present study,
we found that the enforced expression of KLF9 reduced cell
viability, increased ROS production, promoted cell apoptosis
and reduced synaptopodin and podocin expression in HG-
treated podocytes that overexpressed with miR-106a, when
compared with cells that overexpressed with miR-106a and
transfected with pcDNA-NC. These results indicated that the
overexpression of KLF9 could remarkably weaken the pro-
tective effect of miR-106a on HG-induced podocytes injury.
The same results were observed in cells that overexpressed
with SNHG16, which showed that SNHG16 overexpression
reversed the effects of miR-106a mimic on cell viability,
ROS level and cell apoptosis, together with synaptopodin
and podocin expression. These findings exactly further con-
firmed our speculation that miR-106a acted as a down-stream
ceRNA of IncRNA SNHG16 to target KLF9, which could
promote ROS production and apoptosis, thereby play an
important role in HG-induced podocytes injury.

Conclusion
Taken together, in the current study, we for the first time
identified miR-106a as a protective mediator and SNHG16

and KLF9 as detrimental mediators in HG-induced podo-
cytes injury or even DN as well as uncovered the potential
mechanism. Therefore, approaches that target SNHG16/
miR-106a/KLF9 axis may provide a potential therapy for
treating DN.
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