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Abstract: Objective: Chronic kidney disease (CKD) is a progressive disorder characterized by intricate structural and
functional alterations in the kidneys, attributable to diverse causative factors. Notably, the therapeutic promise of
miR-145-5p in addressing renal pathologies has been discerned. This investigation seeks to elucidate the functional
role of miR-145-5p in injured kidneys by subjecting human glomerular mesangial cells (HGMCs) to stimulation with
Angiotensin II (Angll). Materials and Methods: Cellular viability and the levels of inflammatory mediators were
evaluated utilizing Cell Counting Kit-8 (CCK-8), quantitative real-time polymerase chain reaction (qQRT-PCR), and
western blot methodologies, both in the presence of Angll incubation and in scenarios of miR-145p overexpression
and downregulation. Furthermore, the cell cycle dynamics were elucidated through Fluorescence-activated Cell
Sorting (FACS) analysis. Results: AngllI incubation induced an upregulation of miR-145-5p and inflammatory factors
including Intercellular Adhesion Molecule 1 (ICAM-1), Interleukin 6 (IL-6), Interleukin 8 (IL-8), and Interleukin 1B
(IL-1B). Additionally, it elevated the expression of Cyclin A2, Cyclin D1, and the G2/M cell cycle ratio. Conversely,
inhibition of miR-145-5p heightened the levels of inflammatory factors and cell cycle regulators induced by Angll
incubation. Reduced expression of miR-145-5p correlated with a downregulation of Interleukin 10 (IL-10) expression,
concurrently promoting HGMC proliferation under Angll stimulation. Moreover, ectopic miR-145-5p expression
demonstrated a reduction in inflammatory factors, cell cyclin regulators, G2/M cell cycle ratio, and overall
proliferation. Conclusion: MiR-145-5p exhibited inhibitory effects on the inflammatory response and proliferation

induced by Angiotensin IT in HGMCs, showcasing its potential as a therapeutic avenue for the treatment of kidney injury.
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Introduction

Chronic kidney disease (CKD) is a progressive condition
marked by structural and functional transformations in the
kidneys. Its prevalence among adults is substantial, posing
significant morbidity and mortality risks, particularly in
those with diabetes mellitus and hypertension [1]. Despite
its prevalence, effective treatments for CKD are currently
lacking. Diagnosis relies predominantly on diminished renal
function, as evidenced by an estimated glomerular filtration
rate (eGFR) less than 60 mL/min per 1.73 m?, elevated
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levels of renal injury markers such as albuminuria and
haematuria, or imaging-detected renal pathologic changes
[2]. The global burden of CKD is escalating, affecting
approximately 10 percent of the adult population and
resulting in around 1.2 million deaths annually. It is
projected that by 2040, CKD will become the fifth leading
cause of death worldwide. Projections indicate that by 2040,
CKD will ascend to the fifth leading cause of death globally.
The heightened prevalence, associated disability, and
healthcare burden are anticipated to exert substantial
pressure on individuals, families, and society at large [2].
Glomerular mesangial cell (GMC) dysfunction has
received increasing attention in relation to chronic kidney
disease (CKD). GMCs are the most active intrinsic cells in
the glomerulus and quickly proliferate in response to stimuli
such as immune complexes, macromolecules, hypoxia, and
high glucose environments, driving pathological changes [3].
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Activated and hyperplastic GMCs induce oxidative stress and
produce vasoactive substances and cytokines, damaging
themselves through autocrine signaling and affecting other
cells through paracrine signaling [4]. This process
accelerates the progression of various glomerular diseases.
Anti-angiotensin II receptor type-1 (AT1R) and Anti-
angiotensin II receptor type-2 (AT2R) receptors are found
in GMCs [5]. GMCs also possess an important endogenous
antioxidant system that scavenges free radicals [6]. Reactive
oxygen species play a role in the regulation of angiotensin II
receptor-mediated glomerular cell proliferation and immune
responses [7]. Therefore, further research is needed to
investigate the relationship between the inflammatory
response and cell injury in GMCs. Angiotensin II (AngII) is
highly concentrated in the kidney and plays a crucial role in
kidney pathology. AnglI is an octapeptide that is hydrolyzed
from angiotensin by angiotensin-converting enzyme [8]. It
is one of the primary bioactive components of the renin-
angiotensin system (RAS) and has a significant impact on
cell growth, proliferation, migration, apoptosis, and
inflammatory response [9,10]. By binding to angiotensin
receptors, Angll initiates various physiological processes
that promote arteriolar contraction, thereby increasing
blood pressure through stimulation of the vascular smooth
muscle [11]. Studies have shown that Angll promotes the
release of Monocyte Chemotactic Protein 1 (MCP-1) from
GMCs, which consequently enhances the proliferation of
parietal epithelial cells (PECs) to form crescent bodies [12].
Overexpression of Ang II activates multiple intracellular
signal transduction systems through interactions with
various cytokines and growth factors, promoting GMC
proliferation, hypertrophy, and involvement in vascular
remodeling [13].

MicroRNAs (miRNAs), approximately 22-nucleotide-
long endogenous  single-stranded non-coding RNA
molecules, play a pivotal role in cellular processes, including
differentiation, metabolism, aging, autophagy, and apoptosis,
by orchestrating mRNA degradation or translational
inhibition through recruitment of the RNA-induced silencing
complex (RISC) [14,15]. The dysregulation of miRNA
expression has been a focal point in recent studies
investigating renal diseases [16]. Studies employing selective
Dicer deletion in mouse podocytes unveiled clinically
relevant abnormalities such as proteinuria, kidney failure,
and mortality, characterized by glomerulosclerosis, foot
process effacement, uneven glomerular basement membrane,
podocyte death, mesangial enlargement, capillary dilation,
and podocyte depletion [17]. Transcriptome sequencing
highlighted substantial expression of miR-192, miR-194,
miR-204, miR-215, and miR-216 in the kidney [18,19]. In
glomeruli, elevated miR-145-5p acted protectively against
immunological injury in glomerulonephritis [19]. In rats
with chronic glomerulonephritis (CGN), featuring mesangial
cell proliferation and inflammatory responses, abnormal
upregulation of miR-145-5p was observed. Both in vivo and
in vitro tests demonstrated that miR-145-5p mitigates rat
mesangial cell proliferation and inflammatory responses by
modulating the Protein kinase B (Akt)/Glycogen synthase
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kinase (GSK) pathway via Chemokine (C-X-C motif) ligand
16 (CXCL16) targeting [20]. Furthermore, miR-145 regulates
the progression of Lupus nephritis through the Colony-
stimulating factor 1 (CSF1)-mediated Janus kinase (JAK)/
Signal transducer and activator of transcription (STAT)
pathway [21]. Dioscin alleviated hepatorenal damage
induced by methotrexate through modulation of miR-145-
5p-mediated oxidative stress [22].

Chronic Kidney Disease (CKD), a prevalent
nephropathy, induces kidney injury with significant
implications for patients’ quality of life. Despite its impact,
the role of miRNAs and their associated mechanisms in
CKD has received insufficient attention. In this study, we
employed human glomerular mesangial cells (HGMCs) and
induced renal injury by exposing them to angiotensin IL
Through the manipulation of miR-145-5p expression via
ectopic transfection or knockdown techniques, we
investigated its regulatory role in immune response, cell
cycle, and proliferation. Our findings suggest that miR-145-
5p holds potential as a novel biological marker for the
diagnosis and treatment of glomerulonephritis.

Materials and Methods

Cell culture and transfection

Human glomerular mesangial cells (HGMCs) were obtained
from ScienCell Research Laboratories (Carlsbad, CA, USA,
#4200), and cultured in Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco, Carlsbad, California, USA, 10-092-CRVC)
containing 10% of Fetal bovine serum (FBS) (Gibco,
Carlsbad, California, USA, 10099141C) and 100 U/ml
penicillin-streptomycin (Gibco, Carlsbad, California, USA,
15140122) under 37°C in a 5% CO, incubator. Angll
stimulation group (final concentration of Angll was
100 nM), control group, miR-145-5p mimic transfection
group and miR-145-5p inhibitor group were established on
6-well plates 6 h after cell inoculation, cells were collected at
different time points based on the requirements of each
experiment. All the scramble (5-UCACAACCUCCUA
GAAAGAGUAGA-3"), mimic (5-GUCCAGUUUUCCCA
GGAAUCCCU-3") and inhibitor (5'-AGGGA
UUCCUGGGAAAACUGGAC-3") were synthesized by
Ribobio Company (Guangzhou, China). Before transfection,
the frozen mimic and inhibitor were taken out and thawed
on an ice box. 2.5 pL mimic or 5.0 pL inhibitor was added
in 250 pL opti-MEM solution (Yobibio, Shanghai, China,
U21-08100A) in tube A to make the final working
concentration to 50 nM. 5 pL Lipofectamine 2000
(Invitrogen, Carlsbad, California, USA, 11668019) was
added to 250 pL opti-MEM solution in tube B. Solution in
tube B was added to tube A and gently mixed. The mixture
was sat still for 20 min at room temperature. New fresh
complete medium was supplied to the transfection system.
Cell samples were collected at a given time for subsequent
laboratory analysis. Current study was approved by the
Ethics Committee of Nantong University (Nantong, China;
approval no. S20160305-601).
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TABLE 1
Primer sequence of target genes (Homo sapiens)
Gene name Forward Sequence (5 to 3) Reverse Sequence (5’ to 3')
GAPDH GGAGCGAGACCCCACTAAC GGCGGAGATGATGACCCT
IL-1f GAAGAAGAGCCCATCCTCTG TCATCTCGGAGCCTGTAGTG
IL-6 GTCAACTCCATCTGCCCTTC TGTGGGTGGTATCCTCTGTG
IL-2 CAGCGTGTGTTGGATTTGAC TGATGCTTTGACAGATGGCTA
IL-10 CGACGCTGTCATCGATTTCTC CAGTAGATGCCGGGTGGTTC
ICAM-1 TGTCCCCCTCAAAAGTCATC TTGCTCAGTTCATACACCTTCC
IL-8 TCTGGACCCCAAGGAAAAC GCATCTGGCAACCCTACAAC
CyclinA2 GTTTAGCAATGTTTTTGGGAGA TTGAGGTAGGTCTGGTGAAGG
CyclinD1 AACAGAAGTGCGAGGAGGAG GATGGAGTTGTCGGTGTAGATG
miR-145-5p TCGGCAGGGTCCAGTTTTCCCA CTCAACTGGTGTCGTGGA
U6 snRNA GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

Quantitative real-time polymerase chain reaction (qQRT-PCR)
and RNA

The collected cell samples were thawed and utilizing Trizol
buffer produced by Vazyme company (Vazyme, Nanjing,
China, R401-01), the total RNA was isolated according to
the protocol from supplier. RNA sediments were resolved
and thermo Fisher Scientific’s NanoDrop 2000 was used to
calculate concentration. RNA strands were reversely
transcribed into cDNA with synthesis kit (Vazyme, Nanjing,
China, R212) and quantified by SYBR Green Mix (Vazyme,
Nanjing, China, Q141) under the reaction condition as
below: 95°C 5 min; 95°C 10 s, 60°C 30 s, 40 cycles.
Additionally, cDNA synthesis for miRNA detection was
generated by miRNA synthesis kit (Vazyme, Nanjing,
China, MR101) and checked by miRNA Universal SYBR
Mix (Vazyme, Nanjing, China, MQ101) under the reaction
condition as below: 95°C 5 min; 95°C 10 s, 60°C 30 s, 40
cycles. Samples were examined in triplicate and 2744
method was used to standardize Ct values to the expression
of the housekeeping genes GAPDH or U6 snRNA. Primers
were selected by Primer 3 online tools and blasted for its
uniqueness. The primer sequences were detailed in Table 1.

Western blot assay

Cell lysis was performed using radio-immunoprecipitation
assay buffer (RIPA, P0013B, Beyotime, Nantong, China) and
total protein was extracted through centrifugation and
followed by quantification using the BCA protein assay kit
(E111, Vazyme, Nanjing, China). Equivalent protein
amounts were loaded into 8%~15% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis at 20 mA per gel, and
subsequently transferred from gels to polyvinylidene
difluoride membranes. After blocking with 5% defatted milk
for 1 h at room temperature (RT). Membranes were
incubated with primary antibodies of IL-6 (1:1000, ab9324,
Abcam), Cyclin A2 (1:1000, ab181591, Abcam), ICAM-1
(1:1000, abl109361, Abcam), IL-10 (1:1000, abl33575,
Abcam), B-actin (1:5000, ab179467, Abcam) at 4°C for one
night. HRP-conjugated secondary antibodies (1:10000,

ab205718 and ab205719, Abcam) were applied to the
washed membranes for 2 h at room temperature. Blots were
revealed by ECL solution (E412, Vazyme, Nanjing, China).
All bands were exposed with a Tanon 5200 system and
interpreted by Image] software, and PB-actin was taken as
internal control.

CCK-8 assay

A cell suspension was prepared and seeded in 96-well plates
with 2000 cells/well. Subsequently, 10 uL of Cell Counting
Kit 8 (CCK8) solution (A311, Vazyme, Nanjing, China) was
introduced into each well at intervals of 0, 12, 24, 48, and
72 h. The CCK8 solution should be added along the wall of
the plate and shake gently to avoid air bubbles. And the
plates were incubated for extra 2 h at 37°C. The optical
density was detected under 450 nm with a microplate reader
(Multiskan FC, Thermo Fisher Scientific, Carlsbad, CA,
USA). All results were gathered and computed using the
formula below. Viability rate = 100 x (OD amount of
experimental group/OD amount of control group).

Enzyme-linked immunosorbent assay kit

The levels of supernatant IL-1p and IL-8 were determined by
human IL-1B Elisa kit (DLB50, R&D System, Minneapolis,
MN) and IL-8 Elisa kit (D8000C, R&D System, Minneapolis,
MN), respectively, following the manufacturer’s indications.

Flow cytometry

For cell cycle analysis, cells underwent two washes with pre-
cooled PBS and were then dislodged using Trypsin without
EDTA (Gibco, Carlsbad, California, USA, 15050065). The
trypsin was deactivated by complete culture medium
containing 5% FBS. Subsequently, cells were harvested by
centrifugation with 1000 rpm for 5 min at RT. The collected
cells were fixed with precooled 100% ethanol solution for
20 min at 4°C, and then stained in propidium iodide (PI) at
37°C for 30 min. Cell cycles were analyzed on a FACScalibur
flow cytometer (BD, Franklin Lakes, NJ, USA), and estimated
using CellQuest software (BD, Franklin Lakes, NJ, USA).
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FIGURE 1. AngllI boosted the inflammation response in HGMCs. (A) Expression levels of miR-145-5p at 0, 12, 24, 48 and 72 h after AngII
incubation. (B-E) Transcriptional expression of ICAM-1, IL-6, IL-8 and IL-1p detected by qRT-PCR. (F and G) Content of IL-8 and IL-1f in
supernatant checked by Elisa kits. (H) Protein expression of IL-6 detected by western blot. (I) Relative grey density-based statistical analysis of
the western blot data. AnglI had a final concentration of 100 nM. All samples for PCR and western blot were harvested at 24 and 48 h post
AnglI treatment. N = 8 for mRNA detection, N = 5 for Elisa investigation, and N = 3 for western blot analysis. *p < 0.05, **p < 0.01,

*p < 0.001.

Statistical evaluation

SPSS Statistics software (version 24.0) was taken into the
statistical evaluation. All testimonies were given as mean *
standard deviation ("X+SD) and significance was assessed
by Student’s t-test between two groups, while 1-way analysis
of variance (ANOVA) with Tukey’s multiple comparisons
test was used to evaluate comparisons among multi-groups.
A 2-tailed test was utilized for p value calculation, and
significance was established for p values less than 0.05.

Results

AnglI boosted the inflammation response in HGMCs

The expression of miR-145-5p showed a significant
upregulation at 24 h (p < 0.05), 48 h (p < 0.01), and 72 h
(p < 0.01) post-incubation with 100 nM AnglIl (Fig. 1A).
Furthermore, the mRNA levels of inflammatory factors,
including ICAM-1 (24 h, p < 0.01; 48 h, p < 0.001), IL-6
(24 h, p < 0.001; 48 h, p < 0.001), IL-8 (24 h, p < 0.001; 48 h,

p < 0.001), and IL-1B (24 h, p < 0.01; 48 h, p < 0.001), were
evaluated at 24 and 48 h after Angll treatment (Figs. 1B-
1E). Additionally, the concentration of IL-8 and IL-1f in the
culture medium was measured using Elisa, revealing an
increase after Angll treatment (Figs. 1F and 1G). Subsequent
western blot analysis indicated a noticeable increase in IL-6
protein expression at 24 h (p < 0.001) and 48 h (p < 0.001),
along with a reduction in IL-10 protein expression at 24 h
(p < 0.001) and 48 h (p < 0.001) compared to the control
group (Figs. 1H and 1I). Collectively, these findings suggest
that Angll significantly elevates miR-145-5p expression and
induces a distinct upregulation in typical inflammatory factors.

AngllI reshaped the cell cycle in HGMCs

To investigate the impact of Angiotensin II (Ang II) on the cell
cycle, we examined the mRNA expression levels of Cyclin A2
and Cyclin D1. The results revealed a significant increase in
both Cyclin A2 (p < 0.001; Fig. 2A) and Cyclin D1 (p <
0.001; Fig. 2B) after 24 h. Furthermore, the protein



MIRNA-145-5P IN RENAL INFLAMMATION

(A) (B)

8 Cyclin A2
sk sk sk

Relative mRNA expression
£

Relative mRNA expression
~

*

© D)

Cyclin A2 | = ws 55kDa

Intergrated density

B-Actin | s 42kDa

(E) (F) _
J
=
e

o o =

g 61% 39% £

= I =

) ‘ =

= | 24% 5

= o | “470 =%

3 ‘zo % e =

| 1/9% | R o
G S \& O‘\ S
& ¢ S &

expression of Cyclin A2 also showed a significant
enhancement at 24 h following Ang II challenge (p < 0.001;
Figs. 2C and 2D). To further assess the alterations in the cell
cycle of HGMCs, flow cytometry was employed. The
findings indicated that incubation with Ang II led to a
reduction in the fraction of cells in the GO/G1 stage,
accompanied by an increase in the proportion of cells in the
G2/M stage (p < 0.01; Figs. 2E and 2F). These observations
suggest that Ang II can modulate cell cycle distribution by
upregulating the expression levels of genes associated with
the cell cycle.

Downregulation of miR-145-5p accelerated the inflammatory
reaction in HGMCs

The microRNA inhibitor demonstrated a significant
knockdown efficiency at both 24 h (p < 0.05) and 48 h (p <
0.001) post-transfection (Fig. 3A). The treatment of AngllI
resulted in a reduction in the expression of IL-10 (p <
0.001), and the inhibition of miR-145-5p notably decreased
IL-10 expression compared to control cells (p < 0.001,
Fig. 3B). Additionally, AngIl noticeably increased the
expression of ICAM-1 (p < 0.001, Fig. 3C), IL-6 (p < 0.001,
Fig. 3D), and IL-1 (p < 0.001, Fig. 3E), while the
application of the miRNA-145-5p inhibitor further
enhanced the expression of ICAM-1 (p < 0.001, Fig. 3C), IL-
6 (p < 0.001, Fig. 3D), and IL-1 (p < 0.001, Fig. 3E).
Moreover, the protein levels of ICAM-1 (p < 0.001) and IL-
6 (p < 0.01) increased after Angll incubation, and were
further boosted by the transfection of the miR-145-5p
inhibitor (ICAM-1, p < 0.05; IL-6, p < 0.05, Figs. 3F and
3G). In contrast, the inhibitor significantly downregulated
the protein expression of IL-10 compared with the control
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FIGURE 2. AnglI reshaped the cell cycle in HGMCs.
(A and B) Transcriptional expression of Cyclin A2,
and Cyclin D1 was quantified by qRT-PCR. (C)
Protein expression of Cyclin A2 was revealed by
western blot. (D) Western blot data statistically
analyzed based on relative grey density. (E) Cell
cycle variations of HGMCs that stimulated with
Angll for 24 h were investigated by FACs analysis.
(F) Statistical analysis of the FACs results to reveal
the distribution of different phases in cell cycle. The
final concentration of Angll was 100 nM. All
samples for PCR, western blot and FACs were
collected at 24 h after Angll incubation, N = 8 for
mRNA inspection, and N = 3 for western blot
investigation and FACs examination. *p < 0.05,
**p < 0.01, **p < 0.001.

cells (p < 0.001, Figs. 3F and 3G). Overall, the inhibition of
miR-145-5p expression hindered the expression levels of
anti-inflammatory factors, concurrently augmenting the
expression of pro-inflammatory factors.

Inhibition of miR-145-5p variated HGMCs cell cycle

To explore the impact of inhibiting miR-145-5p on the cell
cycles of HGMCs under the influence of Angiotensin II
(AnglI), we scrutinized the transcriptional alterations of
Cyclin A2 and Cyclin DI. The results revealed that the
adoption of the inhibitor enhanced the expression of Cyclin
A2 (p < 0.05, Fig. 4A) and Cyclin D1 (p < 0.05, Fig. 4B)
compared to cells treated with Angll. Flow cytometry results
showed that inhibiting miR-145-5p decreased the cell
population in the GO/G1 phase (p < 0.05, Figs. 4C and 4D),
while increasing the fraction of cells in the G2/M phase (p <
0.01, Figs. 4C and 4D). Furthermore, cell viability increased
after incubation with AnglI for 24 h (p < 0.001), 48 h (p <
0.001), and 72 h (p < 0.001) compared to control cells, and
the inhibition of miR-145-5p enhanced cell viability
compared to Angll-treated cells at 24 h (p < 0.001), 48 h
(p < 0.001), and 72 h (p < 0.001, Fig. 4E). Additionally, the
treatment with the miR-145-5p inhibitor increased Cyclin
A2 protein levels compared to cells incubated with AngllI
(p < 0.01, Figs. 4F and 4G). In conclusion, inhibiting miR-
145-5p promoted cell cycle regulators and increased the
proportion of cells in the G2/M phase.

Upregulation of miR-145-5p ameliorated the inflammation in
HGMCs

The ectopic expression of miR-145-5p demonstrated a
significant increase at 24 h (p < 0.01), 48 h (p < 0.001), and
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FIGURE 3. Downregulation of miR-145-5p accelerated the inflammation in HGMCs. (A) Knockdown efficiency of miR-145-5p was
confirmed by qRT-PCR. (B-E) Transcriptional expression of IL-10, ICAM-1, IL-6, and IL-1B detected by qRT-PCR. (F) ICAM-1, IL-6,
and IL-10 protein expression was checked by western blot. (G) Relative grey density-based statistical analysis of the western blot data.
AnglI had a final concentration of 100 nM. All samples for PCR and western blot were collected at 24 h after AnglI incubation, N = 8 for
mRNA detection, N = 5 for Elisa survey, and N = 3 for western blot analysis. *p < 0.05, **p < 0.01, **p < 0.001.

72 h (p < 0.01) post-transfection (Fig. 5A). Furthermore,
overexpression of miR-145-5p significantly decreased the
expression levels of ICAM-1 (p < 0.001, Fig. 5B), IL-6 (p <
0.001, Fig. 5C), and IL-1p (p < 0.001, Fig. 5D), while
significantly increasing the expression of IL-10 (p < 0.001,
Fig. 5E) compared to Angll-stimulated cells. Furthermore,
the protein levels of IL-10 were significantly increased in the
presence of miR-145-5p overexpression compared to AngllI-
treated cells (p < 0.001, Figs. 5F and 5G) or control cells
(p < 0.001, Figs. 5F and 5G). Conversely, ectopically
expressed miR-145-5p mimic decreased the protein
expression of ICAM-1 (p < 0.001, Figs. 5F and 5G) and IL-6
(p < 0.01, Figs. 5F and 5G). In summary, miR-145-5p
exhibited an inhibitory effect on the Angll-induced
inflammatory reaction.

Raised miR-145-5p inhibited HGMCs cell cycle

To explore the effects of Angll and miR-145-5p mimic
treatment on the cell cycle of HGMCs, we examined
the transcriptional expression of cell cycle regulators. The
results demonstrated a significant downregulation in the
expression of Cyclin A2 (p < 0.001, Fig. 6A) and Cyclin D1
(p < 0.001, Fig. 6B) in cells treated with Angll. Furthermore,
the overexpression of miR-145-5p mimic hindered the
protein expression of Cyclin A2 compared to the cells
incubated with AngIl (p < 0.001, Figs. 6C and 6D). Flow
cytometry analysis revealed that the fraction of GO/G1 cells
increased in cells transfected with the mimic (p < 0.05, Figs.
6E and 6F), while the proportion of G2/M cells decreased in
cells overexpressing the mimic compared to Angll-treated
cells (p < 0.05, Figs. 6E and 6F). Additionally, the cell
viability was significantly decreased in HGMCs with miR-
145-5p overexpression at 24 h (p < 0.001), 48 h (p < 0.001),

and 72 h (p < 0.001, Fig. 6G). In conclusion, the ectopically
overexpressed miR-145-5p resulted in a decrease in the cell
cycle progression of HGMCs.

Discussion

The present study unearthed miR-145-5p as a protective non-
coding RNA against kidney injury. The results demonstrated
the following findings: (1) AnglI increased the inflammatory
response, the expression of miR-145-5p, and the ratio of
G2/M cell cycle in HGMCs; (2) upregulation of miR-145-5p
reduced the inflammatory reaction, cell proliferation, and
the ratio of G2/M cell cycle; (3) downregulation of miR-
145-5p elevated the inflammation levels, cell proliferation,
and the ratio of G2/M cell cycle.

Glomerular mesangial cells (GMCs) perform various
functions such as contraction, phagocytosis, and production
of extracellular matrix, which play a crucial role in
maintaining normal kidney function and the development
of renal lesions [23]. Mature GMCs in vivo exhibit a
quiescent phenotype under physiological conditions,
characterized by slow proliferation and a dynamic balance
between secretion and degradation of extracellular matrix.
However, under pathological conditions, such as
inflammation and injury, GMCs can become activated and
acquire a proliferative or secretory phenotype, characterized
by hyperproliferation and secretion of extracellular matrix
[24,25]. Activation of GMCs is a common response to
various harmful stimuli in the glomerulus. In vivo and ex
vivo studies have shown that various injurious factors and
harmful substances can activate GMCs and promote their
proliferation. GMCs were the most active intrinsic cells
within the glomerulus in patients with CKD. Under
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the CCK-8 assay. (F) Protein expression of Cyclin A2 was analyzed by western blot. (G) Relative grey density based statistical analysis of

western blot results. The final concentration of AnglIl was 100 nM.
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after Angll incubation, N = 8 for mRNA detection and cell survival rate examination; and N = 3 for western blot analysis and FACs

analysis. *p < 0.05, **p < 0.01, **p < 0.001.

glomerular conditions, they become activated and transition
into a secretory and proliferative state [3,26]. Activated
GMCs proliferated rapidly and secreted numerous
inflammatory mediators and This, in turn, led to
hyperplasia of the cell matrix and infiltration of numerous
immune cells resulting in glomerular fibrosis [27,28].
Studies have confirmed that Angll stimulation induces
proliferation and secretion of inflammatory mediators,
which is one of the potential pathogenic mechanisms of
chronic kidney disease [29,30]. However, the molecular
mechanisms underlying how Angll promotes GMC
proliferation and secretion of inflammatory mediators are
still unknown.

Angiotensin II were derived from angiotensin I by
hydrolyzing of angiotensin converting enzyme and
specifically combined with a variety of angiotensin receptors
[31]. It was a key regulator in renin-angiotensin system and
report showed that Angll stimulated mesangial cells

secreted MCP-1 that promoted the excessive proliferation of
parietal epithelial cells by paracrine regulation. Similarly, in
this study, Angll promotes the release of inflammatory
factors from HGMCs and enhances their proliferation.

Since the discovery of small non-coding RNAs,
microRNAs (miRNAs) have garnered significant attention
from researchers. These miRNAs serve as critical
components of the RNA-induced silencing complex (RISC)
and play essential roles in regulating various aspects of RNA
transcription. This includes their involvement in the
regulation of targeted mRNA transcription, splicing,
translation, and chromatin modification [32]. Notably, a
study identified six miRNAs, namely mmu-miR-192, rno-
miR-192, rno-miR-194, rno-miR-203, rno-miR-450, and
rno-miR-34a, as preferentially expressed in the renal cortex,
while the renal medulla contained eleven rat miRNAs,
including let-7e, miR-30c, miR-24, miR-27a, miR-23a, miR-
27b, miR-200b, miR-99a, miR-125a, miR-200c, and miR-
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125b. Furthermore, miR-126 was found to be located in
glomerular endothelial cells, miR-145 was predominantly
distributed in mesangial cells, and miR-30a was found to be
highly expressed in podocytes [33]. The miR-205 and miR-
200 families, which comprise miR-200a, miR-200b, miR-
200c, miR-141, and miR-429, have been reported to
participate in the transition of epithelial cells into mesangial
cells [18]. Moreover, it was observed that miR-145-5p was
highly expressed in glomeruli and protected the kidney from
immune damage in cases of glomerulonephritis.
Interestingly, the  overexpressed  miR-145-5p  was
demonstrated to hinder proliferation and inflammatory
responses in human glomerular mesangial cells (HGMCs),
suggesting its crucial role in regulating mesangial cell
reactions during hazardous conditions. Conversely, the
hindrance of miR-145-5p resulted in increased
inflammation and proliferation in HGMCs. Unfortunately,
there are currently no reports regarding the direct or
indirect interplaying of miR-145-5p and IL-10. However,
based on the observations made in this study, it is possible
to speculate a connection between the two. To explore this
further, we examined potential regulatory downstream genes
of miR-145-5p in the database and identified XBP1 and
XBP2 as potential transcriptional regulators of IL-10. Thus,
miR-145-5p may affect the expression of IL-10 by
modulating the expression of either or both of these genes,
ultimately affecting local immune responses. In conclusion,
miR-145-5p plays a vital role in combating the detrimental
effects induced by Angll.

Cell proliferation relies on the arrangement of the cell
cycle, which is monitored by cell cycle checkpoints involving

cyclins and cyclin-dependent kinases (CDKs). Cyclins are
key regulators of the G1/S and G2/M phase transitions.
While Cyclin A2 is widely distributed, Cyclin Al is
primarily localized in the testis. Cyclin A2 regulates the
transitions between the G1/S, S, and G2/M phases of the cell
cycle. It accomplishes this by activating Cdkl, Cdk2 and
maintaining escalated levels from the S phase till early
mitosis [34]. Mice with a mutation preventing Cyclin A2
expression exhibit chromosomal instability and prone to
tumors. Therefore, Cyclin A2 is frequently expressed at high
levels in human malignancies due to its association with cell
proliferation.  Furthermore, Cyclin A2 has been
demonstrated to participate in regulating cytoskeleton
dynamics and cell motility [35]. Type D cyclins, in
conjunction with their own catalytic allies CDK4 and CDKS,
play an important role in regulating restriction points
during the GI1 phase and achieving the conversion from G1
to S phase [36]. Cyclin D proteins keep cells in a quiescent
state when growth signals are absent, but upregulation of
Cyclin D1 leads to uncontrolled cell proliferation, as
documented in breast cancer, lung cancer, colon cancer, oral
cancers, and melanoma [37-40]. Former studies have
illustrated that miR-145-5p can modulate cell cycle
progression by regulating various targets, including ETS
proto-oncogene 2 (ETS2) [41], Spl transcription factor
(SP1) [42], Spermatogenesis associated serine rich 2
(SPATS2) [43], Tripartite motif containing 2 (TRIM2) [44],
DNA topoisomerase II alpha (TOP2A) [45], and ADP
ribosylation factor 6 (ARF6) [46]. Under Angll stimulation,
there was consistently increased expression of Cyclin A2 and
Cyclin D1, resulting in boosted fraction containing cells in



MIRNA-145-5P IN RENAL INFLAMMATION

609

(A) £ Cyclin A2 B) § Cyelin D1
g 8 s HHE g 4 ey —EEX
6 53
z z
2, :
g ? 2!
o0 2o
) Q
~ &.@\ &&“’ \é‘\x‘ &
ce é‘b Nx®
& i v?%
o
(C) ~¢\° (D) Cyclin A2 protein
& z 1.
& & gL o HAE
DA 5 0.8
> D <
S :
S & ¥ e
O w oW £ 04
502
Cyclin A2 | #e # # | 55kDa = o0
B-Actin |ee— | 42kda
FIGURE 6. Raised miR-145-5p inhibited HGMC:s cell
(E) cycle. (A and B) Under the condition of miR-145-5p
overexpression, the transcriptional expression of
2 61% 25% 2% Cyclin A2, and Cyclin D1 was quantified by qRT-
= ¥ ¥
g ‘ i PCR. (C) Protein expression of Cyclin A2 was
S 24%% “\“410/ examined by western blot. (D) The results of
3 19% N7 24% statistical analysis of the western blot based on
© \ 20% | ; 3% relative grey density. (E) Cell cycle variations of
~ S < \g XY ~ S § HGMCs after miR-145-5p overexpression under
OQ\O & GQ\G & OQ\G > treatment of Angll were investigated by FACs
analysis. (F) Statistical analysis of the FACs results
F) (G) to reveal the distribution of different phases in cell
2 50 *:T* 257 = Angll+Mimic cycle. (G) Detection of cell survival rate after
el — s%x W@ Control 20 = Angll+Scramble overexpression of miR-145-5p under treatment of
2 60 * k% WM AnglltScramble E | e Control |§ AnglIl by CCK-8 assay. The final concentration of
5 = X mm Angll+Mimic S 1.5 *
% 40 o « AngIl was 100 nM. All samples for PCR, western
g 2 1.0 I§ blot and FACs were collected at 24 h after Angll
§ 20 © 0.5- incubation, N = 8 for mRNA detection and cell
~ 0.0 p g HkE survival rate examination; and N = 3 for western
Q\C’\ © O,ys 0 12 24 36 48 60 T2 blot analysis and FACs analysis. *p < 0.05, **p <
© Time (hr) 0.01, **p < 0.001.

the G2/M phase. As a result, miR-145-5p was downregulated,
leading to elevated Cyclin A2 and Cyclin D1 expression,
further promoting HGMC proliferation and an increased
proportion of cells in the G2/M phase. Conversely, ectopic
expression of miR-145-5p diminished the expression levels
of Cyclin A2 and Cyclin D1, resulting in decreased cell
proliferation and a higher proportion of cells in the G2/M
phase. Recent research has provided additional evidence of
the link between miR-145-5p and Cyclin A2 and Cyclin D1,
which affect changes in the cell cycle.

This study focused on the function of miR-145-5p in
coordinating the activity of mesangial cells (MCs) associated
with chronic kidney disease (CKD). The outcomes
illustrated that miR-145-5p had a positive impact on AnglI-
induced renal injury, which could potentially facilitate the
testimony of novel biological targets for the diagnosis and
treatment of CKD. It is important to note, however, that the
findings of this study are predominantly based on
experiments conducted using cell models. Therefore, further

investigation utilizing animal models and patients is
necessary to ascertain the specific targets regulated by miR-
145-5p.
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