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MiR-185-3p downregulates advanced glycosylation
end product receptor expression and improves
renal function in diabetic nephropathy mice
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Abstract. - OBJECTIVE: To investigate the effects
of the downregulation of AGER by miRNA-185-3p on
renal function in diabetic nephropathy (DN) mice.

MATERIALS AND METHODS: Mice were di-
vided into normal, model, NC, miR-185-3p mim-
ic, si-AGER, and miR-185-3p mimic + si-AGER
groups. Eight weeks following the establishment
of the model, various indicators were assessed.

RESULTS: Compared to control groups, miR-
185-3p expression, body weight, superoxide dis-
mutase (SOD) content, catalase (CAT) content,
proliferation, S-phase ratios, and proliferating cell
nuclear antigen (PCNA) expression were signifi-
cantly lower in all experimental groups, whilst
AGER expression, water intake, food intake, urine
volume, urine protein content, serum creatinine
(Scr), Blood Urea Nitrogen (BUN), MDA content,
GO0/G1 status, and rates of apoptosis were signifi-
cantly higher (all p<0.05). Compared to the model
group, miR-185-3p mimics, si-AGER, and miR-185-
3p mimic + si-AGER groups had a significantly
higher SOD content, CAT content, proliferation, S
phase ratios, PCNA expression and lower AGER
expression, water intake, food intake, urine out-
put, urine protein, Scr, BUN, MDA content, GO/G1
ratios, and apoptosis rates (all p<0.05). In addition,
the effects of the miR-185-3p mimics + si-AGER
were superior to miR-185-3p mimics and si-AGER
monotherapy groups (both p<0.05).

CONCLUSIONS: MiR-185-3p inhibits AGER,
downregulates AGER expression, and improves
renal function in DN mice.
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Introduction

Diabetic nephropathy (DN) is a complication
of diabetes mellitus (DM). Diabetes leads to dis-
turbances in renal function and the occurrence of
DN'. DN leads to chronic renal failure?, whose
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mechanisms remain poorly defined?®. Understand-
ing the pathogenesis of DN can improve renal
function injury in DN patients, with far-reaching
significance for DN treatment.

Enhanced levels of advanced glycosylation end
products (AGEs) are characteristic of DM. The recep-
tor for these products, the advanced glycosylation end
product receptor (AGER) is an AGE-binding protein
and a member of the immunoglobulin superfami-
ly. AGER possesses intracellular, extracellular and
transmembrane domains. As a signal transduction
receptor, AGER binds to AGEs on the cell surface
and transduces downstream signals that promote re-
nal damage and deterioration*®. MicroRNAs have
been intensively investigated in cancer studies’ ", but
their role in DN development is less well-understood.
Bioinformatics predicted a miR-185-3p binding site
in AGER, and this miRNA inhibits inflammatory re-
sponse in intestinal diseases. In addition, miR-185-3p
expression is downregulated in hypoxic stress, and
its upregulation improves oxidative stress in sarco-
ma cells. MiR-185-3p is significantly downregulated
in DM patients and mouse models and promotes cell
proliferation and inhibits apoptosis'***.

To date, experimental evidence of the interaction
between miR-185-3p and AGER and whether miR-
185-3p regulates DN through AGER remains unclear.
In this study, we established a DN mouse model and
through miR-185-3p silencing or overexpression, we
explored its relationship with AGER to understand the
effects of miR-185-3p on renal function in DN mice.

Materials and Methods

Experimental Animals

Ninety SPF grade healthy male C57BL/6 mice
were selected. The mice had an average weight of
22.18 £ 2.19 g and were aged 6 weeks. Animals
were provided by the Animal Center of Guangxi
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Medical University (animal license number:
SCXK Guijian 2015-0027). Using a random
number table method, 10 mice were retained as
normal controls. The remainder was used as DN
models. All mice were raised according to con-
ventional methods. The study was approved by
the Animal Ethics Committee of Weinan Central
Hospital. Mice were treated according to the Na-
tional Principles of Laboratory Animal Care and
Management.

Dual-Luciferase Reporter System

Potential miR-185-3p-AGER binding sites
were identified through TargetScanHuman
(www.targetscan.org). The targeting of AGER by
miR-185-3p and AGER was verified using the Du-
al-Luciferase reporter assay system. Mutations in
the predicted binding sites of the reporters were
constructed: PGL3-AGER wt and PGL3-AGER
mut. Renilla plasmids and two reporter plasmids
were co-transfected into HEK 293T cells with the
miR-185-3p and NC plasmids. Luciferase assays
were performed 24 h post-transfection. Dual-Lu-
ciferase reporter assay kits were purchased from
Promega (Madison, WI, USA). Following firefly
Luciferase assessments, Renilla Luciferase was
added, and Luciferase activity measured. Relative
Luciferase activity = firefly Luciferase / Renilla
Luciferase.

Construction of Mice DN Models

The DN model was established by injecting
streptozotocin (STZ) intraperitoneally at 50 mg/
kg/d for 5 weeks after 1 week of adaptive feeding'.
One week after the fifth STZ injection, the blood
sugar levels were examined. Blood sugar levels
> 300 mg/dL. were used as markers of successful
modeling. Sixty successfully modeled mice were
randomly selected for subsequent grouping.

Experimental Grouping and Processing
Mice were divided into the following 6 groups
each containing 10 mice: (1) Normal group (normal
control mice); (2) Model group (DN model mice);
(3) NC group (DN model mice with 20 mg/kg tail
vein injections of a negative control vector); (4)
miR-185-3p mimics (DN model mice with a 20 mg/
kg tail vein injection of miR-185-3p overexpression
vector); (5) si-AGER group (DN model mice with a
20 mg/kg tail vein injection of AGER silencing vec-
tor); (6) miR-185-3p mimic + si-AGER group (DN
model mice with combined treatment of 20 mg/kg
tail vein injection of miR-185-3p overexpression
plasmid and 20 mg/kg tail vein injection of AGER

silencing vector). All vectors were purchased from
Thermo Fisher Scientific (Waltham, MA, USA)
and injected into the tail veins after modeling (20
nM, 100 pL). Mice in the microRNA-185-3p mim-
ic + si-AGER group were injected with 100 puL of
20 nM microRNA-185-3p mimic vector, followed
by 100 pL of 20 nM si-AGER vector. The vectors
were injected once a day for a week. After 1 week
of injections, renal function and its related indices
were investigated. Blood was collected and mice
were sacrificed. Kidney tissues were isolated for
subsequent experiments.

Detection of General Conditions in Mice
Water intake, body weight, food intake, urine
volume, and urinary protein content of mice in
each group were measured after 1 week. Mice in
each group were placed in metabolic cages (ZS Di-
chuang Science and Technology Development Co.,
Ltd., Beijing, China). Water intake, food intake, and
urine volume were measuredby measuring cylin-
der. Serum creatinine (Scr) and blood urea nitrogen
(BUN) were detected by enzyme-linked immuno-
sorbent assay (ELISA). The urinary protein levels
were measured with commercial kits (SNM297,
Biolab, Beijing, China). Urine protein concentra-
tions were deter mined using the full automatic
biochemical analyzer. Scr and BUN were deter-
mined according to commercial kits (YS01266B,
Yaji Biotechnology Co., Ltd., Shanghai, China).

ORT-PCR

Total RNA was extracted using TRIzol (Invit-
rogen, Calsbad, CA, USA). Total RNA and RNA
purity were determined on a Nanodrop 2000 mi-
cro-ultraviolet spectrophotometer (1011U, nano-
drop, Wilmington, Delaware, USA) by detecting
the ratio of A, /A,, and A, /A, , respectively.
According to the instructions of TagMan MicroR-
NA Assays Reverse Transcription Primer system
(4427975; Applied Biosystems, Waltham, MA,
USA), the transcription was performed to gener-
ate cDNA. cDNA was diluted to 50 ng/uL. PCR
reactions were performed in a 25 pL reaction
volume. The conditions for reverse transcription
were 37°C for 30 min, followed by 85°C for 5 s.
Primers for miR-185-3p, GAPDH, U6, and AGER
were synthesized by Beijing Qingke Biotechnolo-
gy Co., Ltd. (Beijing, China) (Table I). Quantita-
tive Real Time-PCR (qRT-PCR) was performed
(7500, ABI, Waltham, MA, USA). The reaction
conditions were as follows: pre-denaturation at
95°C for 10 min, denaturation at 95°C for 10 s,
annealing at 60°C for 20 s, and elongation at 72°C
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Table I. Primer sequences.

R: GGGGTCGTTGATGGCAACA

Gene Primer sequence (5D-3D)
miR-185-3 F: GAGGCTGGAGCTCTCAGGCCACCTGCCCAGGGCGACTCCC
T1697P R: GGGAGTCGCCCTGGGCAGGTGGCCTGAGAGCTCCAGCCTC
AGER F: CTTGCTCTATGGGGAGCTGTA
R: CATCGACAATTCCAGTGGCTG
U6 F: TGTTCCACACTACGCAGTCC
R: TTTGTCGTTCCCGTCTCCTG
GAPDH F: AGGTCGGTGTGAACGGATTTG

AGER: advanced glycosylation end product receptor.

for 2 min, for 35 cycles. PCR reactions consisted
of qRT-PCR forward primer (10 pM) 0.8 pL, qRT-
PCR reverse primer (10 uM) 0.8 uL., ROX refer-
ence dye I1 0.4 uL, SYBR Premix Ex Taq™ II 10
pL, cDNA template 2.0 pL, and sterile purified
water 6.0 pL (total volume = 20 pL). The relative
expression of microRNA-185-3p was determined
using U6 as an internal reference. The relative
expression of AGER was determined using GAP-
DH. The 224 was used to measure relative gene
expression. The formula was as follows: AACT =
ACt ACt ,,ppy» 10 Which ACt = Ct
arget gene — Clingernal reference Ct represented the number
of amplification cycles.

experimental group

Western Blotting

Western blotting was used to detect AGER,
cleaved caspase-3, p27, caspase-3, and prolifer-
ating cell nuclear antigen (PCNA) expression in
the kidneys. Renal homogenates were prepared,
and the total proteins were extracted from kidney
tissue using RIPA buffer (BB-3209; Bebe Bio-
logical Co., Ltd., Shanghai, China). The proteins
were resolved by sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF)
membranes. The membranes were probed with an-
ti-rabbit polyclonal antibodies to AGER (1:2,000,
ab3611, Abcam, Cambridge, MA, USA), caspase-3
(1:500, ab13847, Abcam, Cambridge, MA, USA),
p27 (1:3,000, abl37736, Abcam, Cambridge,
MA, USA), Cleaved caspase-3 (1:500, ab49822,
Abcam, Cambridge, MA, USA), and GAPDH
(1:3,000, ab37168, Abcam, Cambridge, MA, USA)
at 4°C in a shaker overnight. Membranes were
washed and labeled with Horseradish Peroxidase
(HRP)-conjugated goat anti-rabbit IgG (1:10,000,
ab6721, Abcam, Cambridge, MA, USA) at 37°C
for 2 hours. Membranes were washed 3 times with
phosphate-buffered saline (PBS) at room tempera-
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ture for 5 min and bands were imaged using the
enhanced chemiluminescence (ECL) system. The
relative protein expression was calculated using the
following formula = gray value of protein band /
gray value of GAPDH band of the same sample.

Immunofiuorescence

Kidney tissues were fixed with 10% neutral
buffered formalin and embedded in paraffin.
PCNA was fluorescently labeled and the prolifer-
ation of renal cells was determined by PCNA ex-
pression. Sections were probed with rabbit mono-
clonal antibodies PCNA (1:200, ab92552, Abcam,
Cambridge, MA, USA) for 1 hour at room tem-
perature. Slides were washed with three times in
1xPBS for 5 min. Secondary IgG (1:1,000, ab6708,
Abcam, Cambridge, MA, USA) was blocked for
30 minutes and nuclei were stained with DAPI
(Invitrogen Molecular Probes, Carlsbad, CA,
USA). After 10 min, the slides were washed three
times and imaged under a fluorescent microscope
(XSP-BM22AY, Shanghai Optical Instrument
Factory, Shanghai, China).

Flow Cytometry

Kidney tissues were sectioned with ophthal-
mic curved scissors and samples were placed onto
60 um diameter nylon beakers and washed with
PBS. The single cells were collected, fixed in 95%
ethanol, and washed in PBS. The cells were cen-
trifuged at 1,500 rpm for 5 min and the superna-
tants were discarded.

For cell cycle determination, the samples were
protected from light and 100 pL RnaseA was add-
ed in a 37°C water bath. The cells were incubated
for 30 min and stained with 400 pL of Propidium
lodide (PI; Sigma-Aldrich, St. Louis, MO, USA).
Cell cycle status was assessed by flow cytometry.

For apoptosis assessments, the cells were
stained with Annexin-V-fluorescein isothiocya-
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nate (FITC) Apoptosis Detection Kits (Sigma-Al-
drich, St. Louis, MO, USA) for 15 min at room
temperature. The number of apoptotic cells were
assessed by flow cytometry.

Statistical Analysis

Data were analyzed and processed using SPSS
21.0 (SPSS Inc., Chicago, IL, USA) software. All
measurement data were expressed as the mean
+ SD. A One-way ANOVA combined with Bon-
ferroni two-way comparison tests were used for
inter-group comparisons. p<0.05 was considered
statistically significant.

Results

Dual-Luciferase Reporter Assays

We assessed the binding sites between miR-
185-3p and AGER through TargetScanHuman
(Figure la). Targeting of miR-185-3p to AGER
was validated through Dual-Luciferase reporter
assays (Figure 1b). No significant differences in
AGER mut values between NC and miR-185-3p
groups were observed (p>0.05), but AGER wt
values in the miR-185-3p group were significant-
ly lower than the NC group (p< 0.05), suggesting
that miR-185-3p targets and regulates AGER.

Expression of MiR-185-3p
and AGER in Kidney Tissue

Upon comparison to the normal group, miR-
185-3p expression significantly decreased, whilst
AGER expression significantly increased in all
other groups (all p<0.05). Compared to the mod-
el group, the expression of miRNA-185-3p in the
mice of the miR-185-3p mimic and miR-185-3p
mimic + si-AGER groups significantly increased,
whilst the expression of AGER mRNA significant-
ly decreased (all p<0.05). No significant differenc-
es in the expression of miRNA-185-3p between
the model and si-AGER groups were observed
(p>0.05), but the expression of AGER mRNA
significantly decreased in the si-AGER group
(p<0.05). Compared to the miR-185-3p mimic
and si-AGER groups, the expression of miR-185-
3p significantly increased, whilst the expression of
AGER significantly decreased in the miR-185-3p
mimic + si-AGER group (all p<0.05, Figure 1c).

Assessment of AGER Expression

The expression of AGER was significantly high-
er in all groups vs. the normal group (all p<0.05).
Compared to the model group, AGER expression in

the miR-185-3p mimic group, the si-AGER group,
and the miR-185-3p mimic + si-AGER group sig-
nificantly decreased (all p<0.05). Compared to the
miR-185-3p mimic and si-AGER groups, AGER ex-
pression in the miR-185-3p mimic + si-AGER group
significantly decreased (both p<0.05, Figure 1d-e).

Relevant Indicators of Renal Function in
Mice of Each Group

Compared to the normal group, the body
weight of other groups significantly declined.
However, water intake, food intake, urine vol-
ume, urine protein content, Scr, and BUN content
all significantly increased (all p<0.05). Compared
to the model group, no significant differences in
body weights of the miR-185-3p mimic, si-AGER,
and miR-185-3p mimic + si-AGER groups were
observed (all p>0.05), whilst water intake, food
intake, urine volume, urinary protein content,
Scr, and BUN content in the groups declined (all
p<0.05). Compared to miR-185-3p mimic and si-
AGER groups, no significant difference in the
body weights of mice in the mi-185-3p mimic + si-
AGER group were observed (both p>0.05), whilst
water intake, food intake, urine volume, urinary
protein content, Scr, and BUN content signifi-
cantly decreased (all p <0.05, Figure 2).

Detection of MDA, SOD and CAT and
Assessment of Kidney Cell Proliferation

Compared to the normal group, the MDA
content significantly increased, whilst SOD and
CAT decreased in all other groups (all p<0.05).
Compared to the model group, MDA content sig-
nificantly decreased in the miR-185-3p mimic
group, the si-AGER group, and the miR-185-3p
mimic + si-AGER group, whilst SOD and CAT
contents significantly increased in all groups (all
p<0.05). Compared to the miR-185-3p mimics
and the si-AGER group, MDA levels significantly
decreased, whilst the content of SOD and CAT
significantly increased in the miR-185-3p mimic
+ si-AGER group (all p<0.05, Figure 3a).

Compared to the normal group, the prolif-
eration rates of the kidney cells significantly
decreased (all p<0.05). Compared to the mod-
el group, the proliferation of renal cells signifi-
cantly increased in the miR-185-3p mimic group,
the si-AGER group, and the microRNA-185-3p
mimic + si-AGER group (all p<0.05). Compared
to the miR-185-3p mimic and si-AGER groups,
the proliferation rates of renal cells significantly
increased in the miR-185-3p mimic + si-AGER
group (p<0.05, Figure 3b-c).
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Figure 1. Dual-Luciferase reporter assays and mRNA expression of miR-185-3p, AGER and protein expression of AGER. A,
Bioinformatics website predicted and analyzed the binding sites between miR-185-3p and AGER. B, Dual-Luciferase reporter
assay verified the targeting relationship between miR-185-3p and AGER. C, Detection of the expression of miR-185-3p and
AGER. D, Detection of AGER protein expression. E, Protein expression of AGER in the kidney of rats in each group. Com-
pared with Normal group, *»<0.05. Compared with Model group, *p<0.05. Compared with NC group, p<0.05. Compared with

miR-185-3p mimic group, $p<0.05. Compared with the si-AGER group, ©p<0.05. AGER: advanced glycosylation end product
receptor.
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Figure 2. Relevant indicators of renal function in mice of each group. A, Comparison of weight in each group. B, Comparison
of water intake in each group. C, Comparison of the intake of mice in each group. D, Comparison of urine volume in each
group. E, Comparison of urinary protein content in each group. F, Comparison of Scr content in each group. G, Comparison
of BUN content in each group. Compared with Normal group, *»<0.05. Compared with Model group, “p<0.05. Compared
with NC group, ¢p<0.05. Compared with miR-185-3p mimic group, *p<0.05. Compared with si-AGER group, ®p<0.05. AGER:
advanced glycosylation end product receptor, Scr: serum creatinine, BUN: blood urea nitrogen.

Assessment of renal Cell Cycle Status, 3pmimic and si-AGER groups, the rates of apop-
Apoptosis Distribution and Protein tosis significantly decreased in the miR-185-3p
Expression in Kidney Tissues mimic + si-AGER group (all p<0.05, Figure 4c-d).

Compared to the normal group, the proportion Compared to the normal group, PCNA expres-
of cells in the GO/G1 phase significantly increased, sion significantly decreased, whilst the expression of
whilst the proportion of cells in the S-phase signifi- caspase-3, p27, and cleaved caspase-3 increased in all

cantly decreased in all other groups (all p <0.05). other groups (all p<0.05). Compared with the mod-
Compared to the model group, the proportion of el group, PCNA expression significantly increased,
cells in the GO/G1 phase significantly decreased whilst the expression of caspase-3, p27 and cleaved
in the miR-185-3p mimic group, si-AGER group, caspase-3 significantly decreased in the miR-185-3p
and miR-185-3p mimic + si-AGER groups, whilst mimic group, the si-AGER group, and the miR-185-
the proportion of cells in the S phase significantly 3p mimic + si-AGER group (all p<0.05). Compared
increased in these groups (all p<0.05). Compared to the miR-185-3pmimic and si-AGER groups,
to the miR-185-3p mimic and si-AGER groups, the PCNA expression significantly increased, whilst the
proportion of cells in the GO/G1 phase significant- expression of caspase-3, p27, and cleaved caspase-3
ly decreased, whilst the proportion of cells in the significantly decreased in the miR-185-3pmimic +
S-phase significantly increased in the miR-185-3p si-AGER groups (all p<0.05, Figure 4e-f).
mimic + si-AGER groups (all p<0.05 Figure 4a-b).

In comparison to the normal group, the rates of

kidney cell apoptosis significantly increased in all Discussion
other groups (all p<0.05). Compared to the mod-
el group, the rates of apoptosis significantly de- DN, as a major complication of DM, causes re-

creased in the miR-185-3p mimic group, si-AGER nal function damage. Long-term DN can lead to
group, and the miR-185-3p mimic + si-AGER renal failure, which seriously endangers the life
groups (all p<0.05). Compared to the miR-185- of patients. Studies on the pathogenesis of DN
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Figure 3. The detection of MDA, SOD, CAT and the assessment of kidney cell proliferation. A, Immunofluorescence (200x).
B, Statistical results of PCNA positive cells proportion. C, Detection of MDA, SOD and CAT. Compared with Normal group,
*p<0.05. Compared with Model group, *p <0.05. Compared with NC group, ¥p<0.05. Compared with miR-185-3p mimic
group, $p<0.05. Compared with si-AGER group, ©p<0.05. AGER: advanced glycosylation end product receptor, PCNA: pro-
liferating cell nuclear antigen.

are of great significance to effective control and 185-3p mimics, si-AGER, and miR-185-3p mim-
treatment strategies®*?. In this study, DN mouse ics + si-AGER vectors. Compared to the normal
models were used to explore the mechanisms of group, the expression of miR-185-3p in the mouse
DN pathogenesis. kidneys significantly decreased. Mice in the miR-

MiR-185-3p can inhibit inflammatory respons- 185-3p mimic group showed no weight loss, but
es and oxidative stress induced injury?**?’. In this renal function indices, including water intake,
study, DN model mice were injected with miR- food intake, urine volume, urinary protein con-
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Figure 4. Detection of renal cell cycle and apoptosis and expression of protein in kidney tissues. A, Flow cytometry of cell
cycle. B, Statistical results of renal cell cycle distribution in each group. C, Flow cytometry of cell apoptosis. D, Statistical re-
sults of apoptotic ratio of kidney cells in each group. E, Expression of protein by Western blotting. F, Protein expression in the
kidney tissues of rats in each group. Compared with Normal group, *p<0.05. Compared with Model group, *»p<0.05. Compared
with NC group, ¥p<0.05. Compared with miR-185-3p mimic group, *p<0.05. Compared with si-AGER group, ®p<0.05. AGER:
advanced glycosylation end product receptor.
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tent, Scr, and BUN content, were significantly
improved. In addition, the content of MDA de-
creased, whilst CAT and SOD levels increased,
which promoted the proliferation of kidney cells
and inhibited apoptotic induction.

AGER strongly influences DN. Through the
analysis of the TargetScanHuman, it was predict-
ed that the binding sites between miR-185-3p and
AGER were present, which was verified through
Dual-Luciferase reporter assays?®3°. qRT-PCR
and Western blot analysis showed that, in com-
parison to the normal group, AGER mRNA and
protein expression significantly increased in the
kidneys of other groups. Compared to the model
group, AGER gene and protein expression signifi-
cantly decreased in the si-AGER and miR-185-3p
mimic + si-AGER groups, whilst renal function
indicators, including water intake, food intake,
urinary protein, Scr, and BUN contents in the
DN mice significantly improved in the si-AGER
and miR-185-3p mimic + si-AGER groups. Mean-
while, MDA content decreased, and the levels of
CAT and SOD increased, which promoted kidney
cell proliferation and inhibited apoptosis. The
combined treatment of miR-185-3p overexpres-
sion and AGER silencing produced additive ef-
fects over each monotherapy. We thus identified
a negative regulatory relationship between miR-
185-3p and AGER and indicated that the overex-
pression of miR-185-3p improves renal function
in DN mice.

Conclusions

In this study, we demonstrated that miR-185-
3p could improve the renal function of diabetic
nephropathy mice by targeting AGER gene. This
study further elucidated the development mech-
anism of diabetic nephropathy and laid a theo-
retical foundation for the treatment of clinical
diabetic nephropathy. In order to further confirm
the above results, we need to further supplement
the clinical data. MicroRNAs modulate gene ex-
pression®3>. To date, it is unclear how miR-185-
3p inhibits the post-transcriptional translation of
AGER. The combined treatment of miR-185-3p
mimics and si-AGER produced more beneficial
effects that each respective monotherapy. This
may be explained by other unidentified targets of
miR-185-3p**¥". Moreover, whether miR-185-3p
can be used in the clinic for the treatment of DN
now requires further verification.
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