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Abstract: Diabetic nephropathy (DN) is one of the most
common complications of diabetes mellitus. Increasing
evidence suggests that microRNA-30c-5p (miR-30c-5p) parti-
cipates in the pathogenesis of DN, but the mechanism has
not been clearly understood. Therefore, this study aimed to
investigate the biological role of miR-30c-5p in human DN
progression in vitro. Compared with the controls, DN tissues
and high glucose-induced HK-2 cells had significantly
reduced miR-30c-5p levels, while ROCK2 expression was
prominently elevated. Additionally, the miR-30c-5p mimic
distinctly facilitated cell proliferation and blocked cell
apoptosis and epithelial-mesenchymal transition (EMT).
However, ROCK2 was a target gene of miR-30c-5p, and the
effects of miR-30c-5p mimic on cell proliferation, apoptosis
and EMT were reversed by ROCK2 upregulation in vitro.
Furthermore, the pathogenesis of DN was regulated by the
miR-30c-5p/ROCK2 axis via the PI3K/AKT pathway. MiR-30c-
5p regulating cell proliferation, apoptosis and EMT through
targeting ROCK2 via the PI3K/AKT pathway provides the
novel potential target for clinical treatment of DN.
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1 Introduction

Diabetic nephropathy (DN) is a major complication of
diabetes mellitus, as well as the predominant cause of

* Corresponding author: Xinglei Cui, Department of Kidney Disease of
Internal, Weihai Central Hospital, No. 3, Mishandong Road West,
Wendeng District, 264400, Weihai, China, tel: +86 13963138739,
e-mail: aoyoulibegln@163.com

Lianshun Cui, Meiyan Yu: Department of Kidney Disease of Internal,
Weihai Central Hospital, No. 3, Mishandong Road West, Wendeng
District, 264400, Weihai, China

advanced renal disease [1]. Around 10-40% of patients
with type 2 diabetes eventually develop DN in urban
China [2]. However, the pathogenesis of DN is complex,
influenced by multiple factors such as nonenzymatic
saccharification, renal hemodynamic changes, hyperten-
sion, dyslipidemia, oxidative stress, protein kinase C
activation, vasoactive substances and cytokines, as well
as other genetic factors [3]. It seems that different types
of kidney cells are sensitive to hyperglycemia in varying
degrees [4]. Research on the pathogenesis of DN is
particularly important to better understand the me-
chanism and thus develop more effective therapies.
MicroRNAs (miRNAs) have been shown to be a type
of non-coding RNA with a length of 20-24 nucleotides
(nts) [5]. MiRNAs are involved in a number of processes
in the development of various diseases such as heart
failure and cancer as well as diabetes [6—8]. Studies have
reported that miRNAs are associated with some renal
diseases. For example, miR-29c is a signature miRNA in
high glucose (HG)-induced conditions, targeting sprouty
homolog 1, and reduced expression of miR-29c prevents
DN progression [9]. MiR-193a appears to induce focal
segmental glomerulosclerosis by inhibiting the expres-
sion of Wilms’ tumor protein [10]. MiR-192 exerts its role
in diabetic kidney glomeruli via inhibition of E-box
repressors [11]. Moreover, miR-29s and miR-let-7s have
been confirmed to function as key antifibrotic players in
DN [12]. MiR-30c-5p in serum acts as a potential
biomarker in multiple system atrophy [13]. Furthermore,
miR-30c-5p has been revealed to be involved in reducing
renal ischemia-reperfusion via macrophages [14]. In this
study, the biological role of miR-30c-5p in DN was
investigated using HG-induced HK-2 cells in vitro, which
uncovered the possible mechanisms of miR-30c-5p’s
effects on the progression of human DN.
Rho-associated coiled coil-containing protein kinase
2 (ROCK2) belongs to the Rho-associated kinase (ROCK)
family. The ROCK family includes ROCK1 and ROCK2
members, and the high similarity of their amino acid
sequences suggests that these two members perform
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many of the same functions [15]. Particularly, ROCK2
downregulation blocks HG-induced hyperpermeability in
kidney glomerular endothelium [16]. Previous research
indicates that ROCK2 is a critical regulator of axonal
degeneration and neuronal death, as well as axonal
regeneration in the central nervous system [17]. Thus,
ROCK2 could be closely related to the development of
multiple types of cancer, as well as diseases of the
central nervous system and kidney dysfunction.

The underlying mechanism of ROCK2 in the progres-
sion of kidney diseases needs further exploration. Since
phosphatidylinositol 3-kinase (PI3K) and protein kinase
B (AKT) play vital roles in several cellular processes,
including proliferation, apoptosis, migration and glu-
cose metabolism [18,19], we hypothesized that the PI3K/
AKT signaling pathway participates in the progression
of DN.

Herein, we measured the level of miR-30c-5p and
ROCK2 expression in DN tissues and in an HG-induced
DN cell model. The regulatory mechanism of miR-30c-5p
and ROCK2 in the pathogenesis of DN in vitro was
investigated.

2 Materials and methods

2.1 Kidney tissue samples

Human DN tissue samples (n = 40) and the adjacent normal
kidney tissues (n = 40) were donated by DN patients at
Weihai Central Hospital. The DN patients included 18
males and 22 females, ranging from 40 to 65 years. All the
patients were diagnosed and classified according to the
World Health Organization diagnostic criteria for diabetes
[20]. The DN patients underwent a negative urine protein
test, with 30-300 mg/24 h urine albumin, indicating early
renal damage. Moreover, the DN patients were diagnosed
with the presence of specific nodular glomerulosclerosis of
diabetes mellitus (the Kimmelstiel-Wilson lesion). We did
not find other primary and secondary factors or complica-
tions causing renal damage.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
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institutional policies and in accordance with the tenets
of the Helsinki Declaration and has been approved by
the Ethics Committee of Weihai Central Hospital.

2.2 Cell culture and treatment

Human kidney cells HK-2 were purchased from the
Chinese Academy of Sciences Shanghai Cell Bank
(Shanghai, China). HK-2 cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Thermo
Fisher Scientific, Rockford, IL, USA) supplemented with
5.6 mmol/L glucose (Sigma, St. Louis, MO, USA), 10%
fetal bovine serum (Gibco, Carlsbad, CA, USA), 100 U/mL
penicillin and 100 pg/mL streptomycin, in an incubator
with 5% CO, at 37°C.

To establish the DN cell model, HK-2 cells were
trypsinized, and 2mL of cell suspension was added to
each well of a six-well culture plate at a density of 1 x
10° cells/mL. Then, the cells were incubated in serum-
free DMEM for 12 h until 70-80% confluence. HK-2 cells
were treated with normal glucose (NG; final concentra-
tion of p-glucose 5.6 mmol/L), HG (final concentration
of p-glucose 30 mmol/L) and high osmotic pressure
control group (HO; 5.6 mmol/L p-glucose + 24.4 mmol/L
p-mannitol).

2.3 Transient transfection

HK-2 cells were seeded in a six-well plate. When cells
grew to 60-85% confluence, they were transfected with
vectors or oligonucleotides using Lipofectamine™ 2000
(Invitrogen, Carlsbad, CA, USA) following the manufac-
turer’s instructions. Then, the HK-2 cells were cultured with
NG, HG or HO after transfection for 6 h. The HK-2 cells in
the mock group were treated with no sequences, and the
HK-2 cells in the NC group were transfected with control
miR-30c-5p. The vectors and oligonucleotides used were as
follows: overexpression vector of ROCK2 (pcDNA-ROCK2),
pcDNA 3.1 empty vector (pcDNA-control), small interfering
RNA against ROCK2 (si-ROCK2), miR-30c-5p mimic (5'-
UGUAAACAUCCUACACUCUCAGC-3'), miR-30c-5p inhibitor
(5’-GCUGAGAGUGUAGGAUGUUUACU-3) and miR-30c-5p
negative control (miR-control, 5’-CUAACGCAUGCACAGUCG
UACG-3). The above sequences were synthesized by
GenePharma (Shanghai, China).
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2.4 Quantitative reverse transcription-
polymerase chain reaction (qQRT-PCR)

Total RNA was extracted from tissues and cells using TRIzol
(Invitrogen) in accordance with the manufacturer’s instruc-
tions. Subsequently, reverse transcription was conducted
using an ALL-in-one miRNA reverse transcription Kkit
(GeneCopoeia, Rockville, MD, USA) according to the
manufacturer’s instructions. The obtained cDNA was
temporarily maintained at —-80°C or directly used. qPCR
was carried out using a SYBR® Premix Ex TaqTM II Kit
(TaKaRa, Dalian, China) and ABI 7500 PCR instrument
(Applied Biosystems, Rockford, IL, USA). Finally, mRNA
expression ratio was calculated using the 27*“ method,
and U6 and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were used as the internal reference. The following
primers were used: miR-30c-5p (forward: 5-GCCGCTGTAA
ACATCCTACACT-3’ and reverse: 5-GTGCAGGGTCCGAGGT-
3), ROCK2 (forward: 5-GCCGCCGTTGCCATATTAAG-3’ and
reverse: 5-CTGGAGCTGGGGGCTTTTTA-3’), GAPDH (for-
ward: 5-GGTCACCAGGGCTGCTTTTA-3’ and reverse: 5-TTC
CCGTTCTCAGCCTTGAC-3"), and U6 (forward: 5-CTCGCTTC
GGCAGCACA-3’ and reverse: 5-AACGCTTCACGAATTTG
CGT-3).

2.5 Western blot assay

HK-2 cells and tissues were harvested and lysed in RIPA
lysis buffer (Millipore, Bedford, MA, USA) containing
protease and phosphatase inhibitors. Then, total protein
concentration was evaluated with a BCA Protein Assay Kit
(Sangon Biotech, Shanghai, China), and loading buffer was
used for modulating the volume of protein solution. Briefly,
20 pL of solution containing 30 pg of protein was added to
each well of a 10% sodium dodecyl sulfate-polyacrylamide
gel. The separated protein was electro-transferred onto
polyvinylidene difluoride membranes (Millipore), which
were then blocked with 5% bovine serum albumin (Sangon
Biotech). Then, the membranes were incubated with
primary antibodies: ROCK2 (1:1,000, ab71598; Abcam,
Cambridge, MA, USA), E-cadherin (1:1,000, ab76055;
Abcam), vimentin (1:1,000, ab8979; Abcam), o-smooth
muscle actin (a-SMA; 1:1,000, ab108424; Abcam), snaill
(1:1,000, ab53519; Abcam), transforming growth factor 8 1
(TGFB1; 1:1,000, ab92486; Abcam), PI3K (1:1,000, ab151549;
Abcam), phosphorylated PI3K (p-PI3K; 1:1,000, ab182651;
Abcam), AKT (1:1,000, ab64148; Abcam), phosphorylated
AKT (p-AKT; 1:500, ab8933; Abcam) and GAPDH (1:1,000,
ab8245; Abcam) overnight at 4°C. After washing, the
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membranes were incubated with a secondary antibody
(1:5,000, ab205718 or ab205719; Abcam) for 1h at room
temperature. Subsequently, a Chemiluminescence Reagent
Kit (Millipore) and a ChemiDoc MP Imaging System (Bio-Rad,
Philadelphia, PA, USA) were used to visualize protein bands.

2.6 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)
assay

HK-2 cells were counted, and 5 x 10> cells were plated in a
96-well plate. After the cells were cultured for less than 24 h,
they were transfected with vectors or oligonucleotides under
the conditions of NG, HG or HO. Then, the cells were
incubated for 24, 48, 72 and 96 h; the supernatant was
discarded. MTT solution (20puL) was added to a final
concentration of 5 mg/mL and the cells were incubated for
another 4h at 37°C. Subsequently, 200 pL. of DMSO was
added into each well; formazan crystals were fully dissolved
by oscillating the plate for 10 min. Finally, the optical
density (OD) value in each well was measured at a
wavelength of 490 nm using a Microplate Reader (Bio-Rad),
and the OD of the blank well was regarded as zero.

2.7 Flow cytometry for analyzing cell
apoptosis

An Annexin V-FITC Apoptosis Detection Kit (Beyotime,
Shanghai, China) was used to detect cell apoptosis. HK-2
cells treated under different treatment conditions and in
different transfected groups were washed twice with
phosphate buffered saline on ice (Gibco), and then
diluted with a 1x binding buffer to a final concentration
of approximately 1 x 10° cells/mL. Subsequently, 5 pL of
Annexin V-FITC and propidium iodide (PI) was added to
the labeled cell tubes, and the cells were stained for
15min at room temperature in the dark. Finally, cell
apoptosis was detected using flow cytometer (BD
Biosciences, San Jose, CA, USA).

2.8 Dual-luciferase reporter assay
TargetScan predicted that ROCK2 might be a target of miR-

30c-5p. Thus, a dual-luciferase reporter assay was conducted
to confirm the direct interaction between miR-30c-5p and
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ROCK2. Common fragments of the synthetic wild-type
(ROCK2 3-UTR WT) or mutant (ROCK2 3’-UTR MUT) of
ROCK2 3-UTR were introduced into a pGL3-Basic vector
(Promega, Madison, WI, USA). Subsequently, the correctly
sequenced ROCK2 3’-UTR WT and ROCK2 3’-UTR MUT were
co-transfected into HK-2 cells, and the cells were collected
after transfection for 48 h. Then, luciferase assay reagent and
Renilla assay buffer were dissolved with Dual-Luciferase
Reporter Assay System Kit reagent (Promega). Ten microliters
of cell lysate were added to each well of an opaque 96-well
plate before the measurement of the luciferase and Renilla
activities. Meanwhile, the firefly activities, as the indicator of
the reporter gene, were identified by Luciferase Assay
Reagent II, and the internal reference of Renilla activity
was measured using Stop&Glo Reagent. The reporter gene
was described via counting the ratio of firefly activity/Renilla
activity.

2.9 Statistical analysis

The data were analyzed using SPSS 19.0 software and
presented as mean =+ standard deviation of three
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independent experiments. Student’s t-test and one-way
analysis of variance were employed to examine the
difference of pair groups and multiple groups, respectively.
Statistical significance was considered at P < 0.05.

3 Results

3.1 Level of miR-30c-5p was effectively
decreased, whereas ROCK2 expression
was significantly increased in DN
tissues

In order to investigate the biological roles of miR-30c-5p and
ROCK2 in DN development, the levels of miR-30c-5p and
ROCK2 were analyzed by gRT-PCR. The results demonstrated
that miR-30c-5p was greatly downregulated, while ROCK2
was notably upregulated in DN tissues (Figure 1a and b).
Furthermore, the ROCK2 protein level was increased in the
DN group (Figure 1c). Moreover, there was a negative linear
correlation between miR-30c-5p level and ROCK2 expression
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Figure 1: Level of miR-30c-5p was effectively decreased, whereas ROCK2 expression was significantly increased in DN tissues. (a and b)
gRT-PCR was carried out to analyze the miR-30c-5p level and the mRNA level of ROCK2 in DN tissues compared with the paired control.
(c) Protein expression of ROCK2 was measured by a western blot assay. (d) Spearman’s correlation analysis showed an inverse correlation

between miR-30c-5p and ROCK2 mRNA levels. *P < 0.05.
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(Figure 1d). In brief, the data suggested that miR-30c-5p and
ROCK2 may play vital roles in the progression of DN.

3.2 HG conditions induced ROCK2 but
suppressed miR-30c-5p expression in
HK-2 cells

To determine whether the expression of miR-30c-5p and
ROCK2 in the HG-induced DN cell model was in line with
the tissues, HK-2 cells were treated with NG, HG and HO.
gRT-PCR results suggested that the level of miR-30c-5p was
significantly reduced, while the ROCK2 mRNA level was
increased in the HG group compared with that in NG and
HO groups (Figure 2a and b). Western blot assay showed
that the protein expression of mature ROCK2 was enhanced
in the HG group (Figure 2c). These data show that the
expression trend of miR-30c-5p and ROCK2 in HG-
stimulated HK-2 cells is in line with that in DN tissues.

3.3 MiR-30c-5p promoted cell proliferation
and repressed cell apoptosis and
epithelial-mesenchymal transition
(EMT) in HG-induced HK-2 cells

Because of the low expression of miR-30c-5p in DN tissues,
the assay aimed to investigate its potential biological role. An
MTT assay was performed to detect cell proliferation of HK-2
cells under exposure to HG, and the result revealed that the

a
(a) (b) _
< 8
2 1.5 2 2.5
0 o
o S
s X 2.0-
™ [}
¢ 1.0- g
a1 2
0 Z 1.5
S €
°? g 1.0
& 0.5- x S
E 2 05
(] 97
£ :
S 0.0- 0.0
o NG HO HG 3 NG

Function of miR-30c-5p/ROCK2 in diabetic nephropathy —— 963

proliferation of HK-2 cells in mock and NC groups was
hindered with time, and there was no marked difference
between these two groups. Simultaneously, the miR-30c-5p
mimic dramatically promoted cell proliferation, whereas the
miR-30c-5p inhibitor conspicuously restrained cell prolifera-
tion in HG-induced HK-2 cells (Figure 3a). As shown in
Figure 3b, there was a distinct repression of cell apoptosis in
HK-2 cells with the miR-30c-5p mimic, while the miR-30c-5p
inhibitor prominently expedited the apoptosis rate in HK-2
cells. Furthermore, the boosted expression of E-cadherin,
snaill and TGFB1, as well as the inhibited levels of vimentin
and a-SMA indicated that EMT was efficiently constrained by
the miR-30c-5p mimic, while there was an opposite result
caused by the miR-30c-5p inhibitor (Figure 3c). All evidence
indicates that the miR-30c-5p mimic strikingly accelerates
cell proliferation, while obviously impeding apoptosis and
EMT in HG-stimulated HK-2 cells, while the miR-30c-5p
inhibitor exerts an inverse effect.

3.4 ROCK2 was a target gene of miR-30c-5p

TargetScan predicted the short binding sites shared by
miR-30c-5p and ROCK2 (Figure 4a). Subsequently, a
dual-luciferase reporter assay was conducted to confirm
the interaction between miR-30c-5p and ROCK2, and the
results uncovered that luciferase activity is efficiently
inhibited by ROCK2 3’-UTR WT, while no evident
difference was seen in the ROCK2 3’-UTR MUT group
(Figure 4b). Additionally, gqRT-PCR and western blot
assays were performed to investigate the regulatory
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Figure 2: HG conditions in HK-2 cells induced ROCK2 expression but suppressed miR-30c-5p expression. (a and b) Levels of miR-30c-5p
and ROCK2 were detected by qRT-PCR in HG-induced HK-2 cells. (c) Western blot assay was conducted to determine mature ROCK2
expression in vitro. NG: normal glucose (5.6 mmol/L p-glucose); HG: high glucose (30 mmol/L p-glucose); HO: high osmotic pressure
solution (5.6 mmol/L b-glucose + 24.4 mmol/L o-mannitol). *P < 0.05.
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Figure 3: MiR-30c-5p promoted cell proliferation and repressed cell apoptosis and EMT in HG-induced HK-2 cells. (a) MTT assay was
performed to evaluate cell proliferation in the HG-induced DN cell model. (b) Cell apoptosis was examined by flow cytometry. (c) Levels of
EMT-related proteins vimentin, E-cadherin, snaill, TGFB1 and a-SMA were identified via a western blot assay. *P < 0.05.
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Figure 4: ROCK2 is a target gene of miR-30c-5p. (a) TargetScan was used to predict the interaction between miR-30c-5p and ROCK2. (b) The
relationship between miR-30c-5p and ROCK2 was confirmed by a dual-luciferase reporter assay. (c and d) The expression of ROCK2 was
measured post-transfection with the miR-control, miR-30c-5p mimic and miR-30c-5p inhibitor, respectively. *P < 0.05.

mechanism between miR-30c-5p and ROCK2, and the
expression of ROCK2 was markedly suppressed by
miR-30c-mimic but apparently induced by the miR-
30c-5p inhibitor (Figure 4c and d). In short, these data
suggest that ROCK2 is a direct downstream gene of
miR-30c-5p.

3.5 ROCK2 inhibited cell proliferation and
enhanced cell apoptosis and EMT in HG-
induced HK-2 cells

To assess the therapeutic potential of ROCK2 in DN,
si-ROCK2 and pcDNA-ROCK2 were transfected into HG-
induced HK-2 cells. MTT assay results indicate that ROCK2
is an inhibitory factor in cell proliferation, and knockdown
of ROCK2 evidently contributes to cell proliferation, as
upregulation causes decreased cell proliferation in HG-
induced HK-2 cells (Figure 5a). Moreover, cell apoptosis was
dramatically repressed in the si-ROCK2 group, but appar-
ently reinforced after transfection of pcDNA-ROCK?2 in HG-

treated HK-2 cells (Figure 5b). The EMT level was also
determined through measuring the expression of vimentin,
E-cadherin, a-SMA, snaill and TGFB1, and the efficiently
increased expression of E-cadherin, snaill and TGFBI1, and
the conspicuously constrained expression of vimentin and
a-SMA in the si-ROCK2 group suggest that knockdown of
ROCK2 suppresses EMT in HG-induced HK-2 cells. The
results of the pcDNA-ROCK2 group also support this
conclusion (Figure 5c). These data reveal that knockdown
of ROCK2 induces cell proliferation and suppresses
apoptosis and EMT, whereas the function of ROCK2
overexpression in cell proliferation, apoptosis and EMT
was opposite to that of ROCK2 silencing.

3.6 MiR-30c-5p exerted its function by
targeting ROCK2 in the HG-stimulated
DN cell model

Due to the inverse functions of miR-30c-5p and ROCK2,
miR-30c-5p mimic, miR-30c-5p mimic + vector and
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Figure 5: ROCK2 inhibited cell proliferation and enhanced cell apoptosis and EMT in HG-induced HK-2 cells. (a) Cell proliferation was
analyzed by an MTT assay. (b) Flow cytometry was focused on HK-2 cell apoptosis. (c) The expression of EMT-related proteins including
vimentin, E-cadherin, snaill, TGFB1 and a-SMA was assessed using a western blot assay. *P < 0.05.

miR-30c-5p mimic + pcDNA-ROCK?2 were transfected into
HG-stimulated HK-2 cells, respectively. An MTT assay
discovered that the promotion effect of miR-30c-5p mimic
on cell proliferation was abrogated by pcDNA-ROCK2
(Figure 6a). Synchronously, cell apoptosis suppressed by
miR-30c-5p was reversed via pcDNA-ROCK2 in vitro
(Figure 6b). In addition, the inhibitory effect of miR-30c-
5p mimic on EMT was restrained by overexpression of
ROCK?2 in HG-induced HK-2 cells (Figure 6c). In brief, the
effects of miR-30c-5p mimic on cell proliferation, apop-
tosis and EMT were relieved by upregulation of ROCK2 in
the HG-induced DN cell model.

3.7 The effects of miR-30c-5p and ROCK2
were exerted on DN progression via the
PI3K/AKT signaling pathway

In order to investigate the regulatory mechanism of miR-
30c-5p and ROCK?2 in the progression of DN, we detected
the expression of p-PI3K, PI3K, p-AKT and AKT after
transfection with miR-30c-5p mimic, miR-30c-5p mimic
+ vector and miR-30c-5p mimic + pcDNA-ROCK2 in HK-2
cells treated with HG. The results showed that the
expressions of both p-PI3K and p-AKT were remarkably
decreased in the miR-30c-5p mimic group, and they were
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Figure 6: MiR-30c-5p exerted its function by targeting ROCK2 in the HG-stimulated DN cell model. (a) MTT assay was conducted to evaluate
cell proliferation in vitro. (b) The impact of HG on cell apoptosis was analyzed via flow cytometry in HK-2 cells. (c) Western blot assay was
used to determine mature protein expression of vimentin, E-cadherin, snaill, TGFB1 and a-SMA in HG-induced HK-2 cells. *P < 0.05.

improved after co-transfection with miR-30c-5p and & Discussion

pcDNA-ROCK2 in vitro (Figure 7). This indicates that

the roles of miR-30c-5p and ROCK2 are carried out via It is well known that DN leads to end-stage kidney
the PI3K/AKT signaling pathway. disease and increases all-cause mortality in diabetic
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AKT pathway-related proteins including p-PI3K, PI3K, p-AKT and AKT was detected using a western blot assay and quantified via Image |

software. *P < 0.05.

patients [21]. According to the previous research, renal
tubular damage is distinct in DN patients [22]. Here, HK-
2 cells were treated with HG to cause damage, and the
study found that the level of miR-30c-5p was obviously
curbed in either HG-stimulated HK-2 cells or DN tissues.
In contrast, ROCK2 expression was significantly aug-
mented in the cell model and tissue samples. The
aberrant expression of miR-30c-5p and ROCK2 showed
their potential functions in the pathogenesis of
human DN.

Emerging research indicates that miRNAs, such as
miR-93 [23], miR-451 [24] and miR-23b [25], show
aberrant expression in dysfunctional kidneys, including
in DN. Understanding how miRNAs contribute to the
progression of diseases is imminently important since
several miRNAs are currently being explored as ther-
apeutic agents for some diseases through early-stage
clinical trials [26]. Moreover, miRNAs appear to be able
to modify the expression of various target genes at
transcription and post-transcription levels [27], and
identification of classical or novel miRNA targets might
provide unique therapeutic opportunities in different
diseases. Based on the previous research examples, miR-
27a is related to podocyte injury in DN via targeting

Forkhead box protein O1 [28]. Over the past few decades,
miR-30c has been proved to function as a tumor
suppressor in colorectal carcinoma via regulating the
target gene of B cell lymphoma 9 [29]. MiR-30c
prevented diabetic cardiomyopathy by reducing the
peroxisome proliferator-activated receptor alpha level
[30]. Moreover, miR-30c-5p regulated neuropathic pain
of rodents and was highly expressed in the spinal cord
and dorsal root ganglia [31]. Furthermore, miR-30c-5p
was associated with macrophage-mediated inflammation
and pro-atherosclerosis signal pathways [32]. Increasing
evidence reveals that EMT of glomerular endothelium is
a modulation mechanism for potential cell dysfunction
in endothelial injury [33]. In our study, miR-30c-5p was
silent in DN tissue samples and HG-induced HK-2 cells.
The miR-30c-5p mimic strikingly augmented cell pro-
liferation, whereas it effectively hindered apoptosis and
EMT in HG-induced DN cells. A previous study suggested
that miR-29s and miR-let-7s exert antifibrotic effects on
kidney fibrosis [12]. Consistently, miR-30c-5p has an
antifibrotic effect through inhibiting EMT processes. This
evidence suggested that miR-30c-5p participated in DN
progression, and thus may be a novel target in clinical
treatment of DN.
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ROCK2 knockdown, which is regulated by miR-455-
3p, suppressed renal fibrosis in DN [34], but it appears
that the role of ROCK2 in the regulatory mechanism of
diabetic heart disease is complex, referring to the
phosphoinositide-dependent kinase-1/AKT signaling
pathway [35]. Two members of the ROCK family have
been associated with renal injury, e.g., a mouse model of
unilateral ureteral obstruction nephropathy caused by
tubulointerstitial fibrosis [36]. In this study, ROCK2 as
the target factor was discovered to be directly targeted by
miR-30c-5p. Furthermore, the promotion effect of the
miR-30c-5p mimic on cell proliferation and inhibition
effects on cell apoptosis and EMT were abolished by
overexpression of ROCK2 in HG-stimulated HK-2 cells.
Finally, the landmark proteins of the PI3K/AKT signaling
pathway were also measured by a western blot assay,
and the results demonstrated that miR-30c-5p and
ROCK2 exerted roles at least partially via the PI3K/AKT
signaling pathway in the progression of DN.

In summary, either the miR-30c-5p mimic or ROCK2
knockdown evidently induced cell proliferation, and
notably restrained apoptosis and EMT in HG-stimulated
HK-2 cells. Interestingly, the biological role of miR-30c-5p
in cell proliferation, apoptosis and EMT was abrogated by
overexpression of ROCK2 in vitro. Simultaneously, the miR-
30c-5p/ROCK2 axis modulated the development of DN
through the PI3K/AKT signaling pathway.

The level of miR-30c-5p was significantly curbed,
while ROCK2 expression was effectively augmented in
DN tissues. Moreover, HG-treated HK-2 cells were used to
simulate a DN cell model in the study. Functionally,
miR-30c-5p acted as a promoter of cell proliferation,
while hindering cell apoptosis and EMT in HG-induced
HK-2 cells. Additionally, the function of ROCK2 was
opposite to that of miR-30c-5p in cell proliferation,
apoptosis and EMT. Interestingly, ROCK2 was a target
gene of miR-30c-5p and its overexpression abolished the
effects of the miR-30c-5p mimic on cell proliferation,
apoptosis and EMT in HG-stimulated HK-2 cells.
Mechanically, the miR-30c-5p/ROCK? axis regulated the
progression of DN through the PI3K/AKT signaling
pathway.

Conflict of interest: The authors state no conflict of
interest.

Data availability statement: The datasets generated
during and/or analyzed during the current study are
available from the corresponding author on reasonable
request.

Function of miR-30c-5p/ROCK2 in diabetic nephropathy =—— 969

References

[11  Wu CC, ChenJS, Lu KC, Chen CC, Lin SH, Chu P, et al. Aberrant
cytokines/chemokines production correlate with proteinuria
in patients with overt diabetic nephropathy. Clin Chim Acta.
2010;411:700-4.

[2] LiuZ, FuC, Wang W, Xu B. Prevalence of chronic complications
of type 2 diabetes mellitus in outpatients — a cross-sectional
hospital based survey in urban China. Health Qual Life
Outcomes. 2010;8:62.

[3] Vikram A, Tripathi DN, Kumar A, Singh S. Oxidative stress and
inflammation in diabetic complications. Int ) Endocrinol.
2014;2014:679754.

[4] Singh A, Friden V, Dasgupta I, Foster RR, Welsh Gl, Tooke JE,
et al. High glucose causes dysfunction of the human
glomerular endothelial glycocalyx. Am | Physiol Renal Physiol.
2010;300:F40-8.

[5] Hammond SM. An overview of microRNAs. Adv Drug Delivery
Rev. 2015;87:3-14.

[6] Grueter CE, Van Rooij E, Johnson BA, DeLeon SM,
Sutherland LB, Qi X, et al. A cardiac microRNA governs
systemic energy homeostasis by regulation of MED13. Cell.
2012;149:671-83.

[7] van Rooij E, Sutherland LB, Qi X, Richardson JA, Hill J,

Olson EN. Control of stress-dependent cardiac growth
and gene expression by a microRNA. Science.
2007;316:575-9.

[8] Trajkovski M, Hausser ), Soutschek J, Bhat B, Akin A,
Zavolan M, et al. MicroRNAs 103 and 107 regulate insulin
sensitivity. Nature. 2011;474:649-53.

[9] Long]), Wangy, Wang W, Chang BH, Danesh FR. MicroRNA-29¢
is a signature microRNA under high glucose conditions that
targets Sprouty homolog 1, and its in vivo knockdown
prevents progression of diabetic nephropathy. ] Biol Chem.
2011;286:11837-48.

[10] Gebeshuber CA, Kornauth C, Dong L, Sierig R, Seibler J,
Reiss M, et al. Focal segmental glomerulosclerosis is induced
by microRNA-193a and its downregulation of WT1. Nat Med.
2013;19:481-7.

[11] Kato M, Zhang J, Wang M, Lanting L, Yuan H, Rossi JJ, et al.
MicroRNA-192 in diabetic kidney glomeruli and its function in
TGF-B-induced collagen expression via inhibition of E-box
repressors. Proc Natl Acad Sci U S A. 2007;104:3432-7.

[12] Srivastava SP, Goodwin JE, Kanasaki K, Koya D. Inhibition of
angiotensin-converting enzyme ameliorates renal fibrosis by
mitigating DPP-4 level and restoring antifibrotic microRNAs.
Genes. 2020;11:211.

[13] Vallelunga A, lannitti T, Dati G, Capece S, Maugeri M, Tocci E,
et al. Serum miR-30c-5p is a potential biomarker for multiple
system atrophy. Mol Biol Rep. 2019;46:1661-6.

[14] Zhang C, Yu S, Zheng B, Liu D, Wan F, Ma Y, et al. miR-30c-5p
Reduces Renal Ischemia-Reperfusion Involving Macrophage.
Med Sci Monit. 2019;25:4362-9.

[15] Nakagawa O, Fujisawa K, Ishizaki T, Saito Y, Nakao K,
Narumiya S. ROCK-I and ROCK-II, two isoforms of Rho-
associated coiled-coil forming protein serine/threonine
kinase in mice. FEBS Lett. 1996;392:189-93.

[16] Wang X, Zhao X, Feng T, Jin G, Li Z. Rutin prevents high
glucose-induced renal glomerular endothelial



970 —

(17]

(18]

(19]

(21]

[22]

(23]

[24]

[26]

Lianshun Cui et al.

hyperpermeability by inhibiting the ROS/Rhoa/ROCK sig-
naling pathway. Planta Med. 2016;82:1252-7.

Koch ], Tonges L, Barski E, Michel U, Bdahr M, Lingor P. ROCK2
is a major regulator of axonal degeneration, neuronal death
and axonal regeneration in the CNS. Cell Death Dis.
2014;5:e1225.

Manning BD, Toker A. AKT/PKB signaling: navigating the
network. Cell. 2017;169:381-405.

Covarrubias A), Aksoylar HI, Horng T. Control of macrophage
metabolism and activation by mTOR and Akt signaling. Semin
Immunol. 2015;27:286-96.

Chi C, Loy SL, Chan SY, Choong C, Cai S, Soh SE, et al. Impact
of adopting the 2013 World Health Organization criteria for
diagnosis of gestational diabetes in a multi-ethnic Asian
cohort: a prospective study. BMC Pregnancy Childbirth.
2018;18:69.

He L, Qi Y, Rong X, Jiang J, Yang Q, Yamahara J, et al. The
Ayurvedic medicine Salacia oblonga attenuates diabetic renal
fibrosis in rats: suppression of angiotensin 11/AT1 signaling.
Evid Based Complement Alternat Med. 2011;2011:807451.
Morii T, Fujita H, Narita T, Shimotomai T, Fujishima H,
Yoshioka N, et al. Association of monocyte chemoattractant
protein-1 with renal tubular damage in diabetic nephropathy.
) Diabetes Complicat. 2003;17:11-5.

Badal SS, Wang Y, Long ), Corcoran DL, Chang BH, Truong LD,
et al. miR-93 regulates Msk2-mediated chromatin remodelling
in diabetic nephropathy. Nat Commun. 2016;7:12076.

Sun Y, Peng R, Peng H, Liu H, Wen L, Wu T, et al. miR-451
suppresses the NF-kappaB-mediated proinflammatory mole-
cules expression through inhibiting LMP7 in diabetic ne-
phropathy. Mol Cell Endocrinol. 2016;433:75-86.

Zhao B, Li H, Liu J, Han P, Zhang C, Bai H, et al. MicroRNA-23b
targets Ras GTPase-activating protein SH3 domain-binding
protein 2 to alleviate fibrosis and albuminuria in diabetic
nephropathy. ] Am Soc Nephrol. 2016;27:2597-608.

Ling H, Fabbri M, Calin GA. MicroRNAs and other non-coding
RNAs as targets for anticancer drug development. Nat Rev
Drug Discovery. 2013;12:847-65.

(27]

(28]

[29]

[30

(31]

(32]

(33]

(34]

DE GRUYTER

Catalanotto C, Cogoni C, Zardo G. MicroRNA in control of gene
expression: an overview of nuclear functions. Int ] Mol Sci.
2016;17:1712.

Bai X, Geng J, Li X, Wan J, Liu J, Zhou Z, et al. Long noncoding
RNA LINC01619 regulates microRNA-27a/forkhead box protein
01 and endoplasmic reticulum stress-mediated podocyte
injury in diabetic nephropathy. Antioxid Redox Signal.
2018;29:355-76.

Zhao D, Li M, Han J, Wang Y, Jiang L, Chang H. MiR-30c exerts
tumor suppressive functions in colorectal carcinoma by
directly targeting BCL9. Eur Rev Med Pharmacol Sci.
2019;23:3335-43.

Yin Z, Zhao Y, He M, Li H, Fan J, Nie X, et al. MiR-30c/PGC-1B
protects against diabetic cardiomyopathy via PPARa.
Cardiovasc Diabetol. 2019;18:7.

Tramullas M, Francés R, de la Fuente R, Velategui S,
Carcelén M, Garcia R, et al. MicroRNA-30c-5p modulates
neuropathic pain in rodents. Sci Transl Med.
2018;10:eaa06299.

Ceolotto G, Giannella A, Albiero M, Kuppusamy M, Radu C,
Simioni P, et al. miR-30c-5p regulates macrophage-mediated
inflammation and pro-atherosclerosis pathways. Cardiovasc
Res. 2017;113:1627-38.

Anil Kumar P, Welsh Gl, Saleem MA, Menon RK. Molecular and
cellular events mediating glomerular podocyte dysfunction
and depletion in diabetes mellitus. Front Endocrinol.
2014;5:151.

Wu J, Liu ), Ding Y, Zhu M, Lu K, Zhou J, et al. MiR-455-3p
suppresses renal fibrosis through repression of ROCK2
expression in diabetic nephropathy. Biochem Biophys Res
Commun. 2018;503:977-83.

Lin G, Brownsey RW, MacLeod KM. Complex regulation of
PKCPB2 and PDK-1/AKT by ROCK2 in diabetic heart. PLoS One.
2014;9:e86520.

Kanda T, Wakino S, Hayashi K, Homma K, Ozawa Y, Saruta T.
Effect of fasudil on Rho-kinase and nephropathy in subtotally
nephrectomized spontaneously hypertensive rats. Kidney Int.
2003;64:2009-19.



	1 Introduction
	2 Materials and methods
	2.1 Kidney tissue samples
	2.2 Cell culture and treatment
	2.3 Transient transfection
	2.4 Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
	2.5 Western blot assay
	2.6 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
	2.7 Flow cytometry for analyzing cell apoptosis
	2.8 Dual-luciferase reporter assay
	2.9 Statistical analysis

	3 Results
	3.1 Level of miR-30c-5p was effectively decreased, whereas ROCK2 expression was significantly increased in DN tissues
	3.2 HG conditions induced ROCK2 but suppressed miR-30c-5p expression in HK-2 cells
	3.3 MiR-30c-5p promoted cell proliferation and repressed cell apoptosis and epithelial-mesenchymal transition (EMT) in HG-induced HK-2 cells
	3.4 ROCK2 was a target gene of miR-30c-5p
	3.5 ROCK2 inhibited cell proliferation and enhanced cell apoptosis and EMT in HG-induced HK-2 cells
	3.6 MiR-30c-5p exerted its function by targeting ROCK2 in the HG-stimulated DN cell model
	3.7 The effects of miR-30c-5p and ROCK2 were exerted on DN progression via the PI3K/AKT signaling pathway

	4 Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


