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Aim: This study was designed to use in vivo and in vitro approaches to evaluate puerarin in
diabetes-induced renal injury.

Materials and Methods: SD rats were divided into NC (normal control), Model (diabetic
induced renal injury model), SP-L (model rats treated with low-dose standard puerarin), SP-
M (model rats treated with middle-dose standard puerarin), and SP-H (model rats treated
with high-dose standard puerarin) groups. We evaluated fasting blood-glucose (FBG),
urinary albumin/creatinine ratio (UACR), body weight, and kidney index (KI) in the different
groups. TNF-a, IL-1B, and IL-6 concentrations were measured using Elisa assays. HE
staining and TUNEL assays were used to evaluate pathology and apoptosis in kidney tissues,
respectively. Relative gene and protein expression was measured using RT-qPCR and
Western blot assays. Apoptosis was measured using flow cytometry. The correlation between
miRNA-145-5p and TLR4 was assessed using dual-luciferase reporter gene assays.
Results: The pathology and apoptosis cell number were deteriorate in Model group; TNF-a,
IL-1pB and IL-6 concentrations, FGB, UACR and KI were increased and body weight was
depressed; meanwhile, relative gene and proteins expressions (miRNA-145-5p, TLR4,
MyD88 and NF-kB p65) were significantly different in Model group in vivo and vitro
study compared with NC group. SP treatment significantly improved the pathology and
apoptosis levels in the tissues, as well as TNF-a, IL-1p and IL-6 concentrations, FGB,
UACR, body weight, and KI. In vitro cell studies revealed that SP could prevent renal injury
induced by diabetes through the miRNA-145-5p/TLR4 axis.

Conclusion: SP prevents diabetes-induced renal damage via miRNA-145-5p overexpression
and reduces TLR4/MyD88/NF-kB (p65) pathway activation in vitro and in vivo.
Keywords: SP, renal injury, apoptosis, miRNA-145-5p, TLR4/MyD88/NF-kB (p65)

Introduction

Diabetic nephropathy (DN) is a microvascular complication in patients with dia-
betes and the most common cause of end-stage renal disease (ESRD) in developed
countries. DN morbidity and mortality have also sharply increased in developing
countries.' Pathological changes related to DN include glomerular and tubular
hypertrophy, basement membrane thickening, and mesangial proliferation, which
finally lead to glomerular sclerosis and renal tubule interstitial fibrosis.® Although
measures such as strict blood sugar and pressure control and the use of renin-
angiotensin system blockers have yielded certain therapeutic effects on DN, they
still cannot inhibit DN progress. An increasing number of studies reveal that
chronic low-grade inflammation and fibrosis play a vital role in DN occurrence
and progression, and are common pathways through which DN develops in ESRD.*
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Macrophage infiltration, activation of cell adhesion mole-
cules, and inflammatory cytokine levels increase signifi-
cantly in kidneys of patients with DN.>® Therefore, studies
focusing on anti-inflammatory mechanisms have provided
novel therapeutic strategies for the treatment of DN.

miRNAs are non-coding microRNAs that can reduce
the expression of target genes and cause abnormal cell
proliferation, apoptosis, and differentiation in mammals.’
Accordingly, miRNAs are significant for disease diagnosis
and treatment.®* '® As a primary active ingredient in the
root of the kudzu vine, standard puerarin (SP) can inhibit
inflammation and is widely used in clinical practice to
treat fever, headache, and thirst.'! Recent studies indicate
that SP can reduce B-cell apoptosis in a mouse model of
Type II diabetes,'* and prevent cadmium-induced hepato-
cellular damage by inhibiting apoptosis.'® Furthermore, SP
can prevent the apoptosis-inducing factor from translocat-
ing to the nucleolus to generate oxidative stress, thereby
reducing apoptosis.'* The roles of SP in preventing dia-
betic renal damage and the mechanism of miRNA-140-5p
action are not fully elucidated. This study was designed to
investigate the effect of SP on diabetic renal damage and
explore the mechanism of miRNA-140-5p action to pro-
vide fundamental data for clinical application of SP in DN
treatment.

Materials and Methods

Materials

Healthy male specific pathogen free SD rats (n = 45;
8 weeks old; 180220 g in weight) were purchased from
Shanghai Sibyl Bike Experimental Animal Co., Ltd. SP
(China) and streptozotocin (STZ) were purchased from
Sigma (USA). Tumor necrosis factor-o (TNF-a), interleu-
kin-1pB (IL-1B), and IL-6 Elisa kits were purchased from
Bender MedSystems GmbH (Austria). Human kidney
proximal tubular epithelial cells (HK-2 cells) were pur-
chased from the American Type Culture Center (ATCC),
and DMEM F-12 medium, fetal bovine serum (FBS), and
trypsin solution were purchased from Hyclone (USA).
Trizol reagent, cDNA reverse transcription reagent Kkit,
SYBR GreenPCR fluorochrome were bought from
Invitrogen (USA). TLR4, miRNA-140-5p, MyD88, and
NF-xB (p65) primer sequences were designed by
Nanjing Keygen Biological Co., Ltd. TLR4, MyD88, and
NF-xB (p65) primary antibodies were purchased from
Abcam (England) and goat anti-rabbit secondary antibody
was purchased from Nanjing Univ-Bio Company. The

Omron glucometer HEA-230 and HEA-STP30 glucose
indicator paper were purchased from Omron Healthcare
(China). The FA2004 electronic scale was purchased from
Shanghai
Olympus DX45 microscope and DP72 camera were pur-
chased from Thermo Electron Corporation (USA). The
DX45 was purchased from Olympus (Japan).

Shangping Instruments Co., Ltd, and the

Rats Group'®

This study and all experiments within were approved by
the Ethics Committee of Wuhan Fourth Hospital. We
followed the envir onment, housing, and management,
veterinary care guidelines in accordance with the Guide
for the Care and Use of Laboratory Animals (Eighth
Edition, published by National Research Council of the
National Academies Press). Rats were raised in a barrier
system with 12 h alternate natural lighting at an ambient
temperature of 21-27°C and humidity of 40-70%. Food
and water were supplied without limit, and padding was
always kept dry. After being allowed to acclimate for
1 week, 45 SD rats were randomly divided into 5 groups
(n = 9): the normal control group (NC), diabetic renal
damage group (Model), low-dose SP treatment group
(SP-L), moderate-dose SP treatment group (SP-M), and
high-dose SP treatment group (SP-H). Rats were fasted
for 12 h and after which their FBG was tested. Rats with
FBG < 8.9 mmol/L were selected to create the model. STZ
was used to create a DN rat model in Model, SP-L, SP-M,
and SP-H groups. More specifically, 0.1 mol/L STZ solu-
tion was injected into the rats’ abdomen at a dose of
60 mg/kg. FBG was measured 72 h after the model was
prepared. Modeling was successful when FBG >16.65
mmol/L. Rats in Model, SP-L, SP-M, and SP-H groups
all met this requirement. Rats in the NC group were
abdominally administered 0.1 mol/L citric acid buffer
solution once (pH 4.5). After the model was established,
was intra-gastrically administered to rats every 24 h: SP
low-dose (20 mg/kg) in the SP-L group; moderate-dose SP
(40 mg/kg) in SP-M group; and high-dose (80 mg/kg) to
those in SP-H group. Model and NC groups were infused
with equal volumes of normal saline (NS). After intra-
gastric administration for 8 weeks, a metabolism cage
was used to collect urine for 24 h. Rats were then fasted
for collection of caudal venous and orbital blood, and then
sacrificed. Kidneys from both sides were quickly removed
from killed rats, rinsed with precooled NS to remove
residual blood, and dried with filter paper for subsequent
inspection.
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Detection of FBG, Urinary Albumin
Creatine Ratio (UACR), Body Mass, KI

Venous blood was gathered from the tail of rats for FBG
detection. Rat wurine was collected for 24 h wusing
a metabolism cage to determine 24 h urinary albumin and
creatine using biuret colorimetry. The UACR was calculated.
The body mass of dead rats was determined by weighing.
Bilateral kidneys excised from rats were weighed for comput-
ing K1 as per the formula KI = weight of rat kidney/entire body
mass.

Cell Culture

Cells were cultured in DMEM-F12 medium containing
10% FBS (volume fraction), 1x10,000 U/L penicillin,
10,000 mg/L streptomycin, and 20 mg/L amphotericin
B for subculture within a humid incubator at 37°C with
5% CO, (volume fraction). When examined under an
inverted microscope, HK-2 cells grew and blended
to form a monolayer after approximately 3 d and
presented the typical pattern of embedded paving
stones.

Cell Grouping and Stimulation

HK-2 cells were cultured adherently in low-sugar
DMEM medium containing 10% FBS (D glucose 5.6
mmol/L) at 37°C and 5% CO,, digested with 0.25%
trypsin. When reached 70-80% confluence, serum-free
medium was used for 12 h synchronization. Afterwards,
cells were randomly divided into five groups: NC group
(D-glucose 5.6 mmol/L), Model group (D-glucose 30
mmol/L), si-NC group (transfection with si-negative
control), SP group (administered 80 mg/LSP), SP +si-
miRNA group.

Cell Transfection with siRNA

Cells were seeded into 12-well plates at 2x10° cells per
well, and cultured for 24 h in DMEM-F12 medium
containing 10% FBS. Cells which were growing well
and had adherence of 70-80% were chosen for trans-
fection. Liposome-mediated transfection of miRNA-
140-5p siRNA was performed using Lipofectamine
2000 as instructed in the manufacturer’s guidelines.
The si-NC control group was also established. Cells
were placed in an incubator for 6 h, and transferred
into medium containing 30 mmol/L glucose for another
24 h culture.

Detection of TNF-q, IL-1p3, and IL-6

Inflammatory Cytokines

Orbital blood was collected from rats to harvest protein
supernatant. Serum and medium supernatant were sepa-
rated by centrifugation at 3000 x g for 5 min. Supernatant
was obtained and proteins of interest were detected with
Elisa test kit strictly following the manufacturer’s instruc-
tions. OD values for the different groups were determined
using a microplate reader at 450 nm wavelength to form
a standard profile. TNF-a, L-1pB and IL-6 concentrations
were determined in all groups.

Pathomorphological Examination of Rat

Renal Tissues in All Groups

HE staining was employed to examine tissue morphology.
Tissues from the right kidney were collected and fixed
with 10% formalin, dehydrated with graded ethanol, and
embedded with paraffin to prepare 4-5 pum-thick contin-
uous slices. Slices were microscopically examined after
being HE staining.

TUNEL Assay

Slides were dewaxed and hydrated in 3% H,0, and metha-
nol at the ambient temperature for 30 min to block perox-
idase, and were then washed by PBS. After the addition of
2 pg/mL proteinase K working solution, slides were incu-
bated at 37°C, returned to room temperature, and washed.
Afterwards, 0.1% TritonX-100 and 1% sodium citrate
solution were added and cultured at 37 °C for 4 h. Slides
were returned to room temperature, washed, reaction mix-
ture added, and the slides were incubated at 37°C for
90 min, washed, and blocked with normal goat serum for
20 min at the ambient temperature. The serum was dis-
carded and transforming POD (peroxidase coupled anti
digoxin) solution was added before slides were incubated
at 37°C for 30 min, returned to room temperature, and
washed. When positive cells were observed via a tanned
nucleus under light microscopy, the reaction was termi-
nated by rinsing.

Apoptosis Detection with Flow
Cytometry

Cells in all groups were administered separately by differ-
ence methods as before and then washed with PBS
48 h later. Trypsin was added for digestion and centrifuga-
tion. Cells were washed twice with PBS twice. Binding
buffer (250 pL) was added to each sample. After cell
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counting, the cell concentration was adjusted to 1.0x10°
cells/mL. Cell suspension (100 pL) was added into
a cytometric tube and mixed with Annexin V-FITC
(150 mg/L) and propidium iodide (120 mg/L). The mix-
ture was incubated in the dark at the ambient temperature
for 15 min. PBS was added to washing the cells. Apoptosis
was detected using a Fluorescence Activated Cell Sorter.

RT-qPCR Assay

Collected tissues and cells were ground, and Trizol solution
was for total RNA extraction following the manufacturer’s
instructions. Reverse transcription was performed to form first
strand cDNA. TLR4, MyD88, miRNA-140-5p, and NF-kB
(p65) expression levels of detected using qRT-PCR following
the kit directions. The primer sequences were synthesized by
Shanghai Sangon Bioengineering Company Limited.
Reaction conditions were as follows: 30 s pre-degeneration
at 95°C; 40 cycles of 95°C for 5s, 60°C for 20 s; and melting
curve analysis at 95°C for 1s, 65°C for 15 s and 95°C for

5 s. The sequences of primers used are shown in Table 1.

Western Blotting Assay

RIPA cytolysis buffer solution was added to renal tissues
and cells to a form homogenate using an electrical grinder.
After centrifugation, proteins were quantified using the
BCA protein quantification kit. Proteins were separated
by electrophoresis and transferred to a membrane over-
night. Proteins were then incubated with TLR4, MyDS§S8,
and NF-xB (p65) antibodies overnight at 4°C, and then
with goat anti-rabbit antibody marked with peroxidase at

Table | The Sequences of Difference mRNA

Gene Name Primers Sequence
TLR4 F:5'-AAACTTGCCTTCAAAACCTGGC-3’
R: 5-ACCTGAACTCATCAATGGTCA-3’
MyD88 F:5'-CGAGAGCTGGAGCAAACGGAGTTCAAG-3’
R: 5-GCTGGCTAGTGATGGACCACACGCA-3’
NF-«xB(p65) F:5'-CCCTCATCTTCCCCTCG-3’
R:5-TGGGCGTGAACTCGTCA-3’
miRNA-145-5p F: 5-ACACTCCAGCTG
GGAGGCGGGGCGCCGCGGGA-3
R: 5-CTCAACTGGTGTCGTGGA-3’
GAPDH F:5'-GGGAAGCTCATCGGCATGG-3’
R:5-CTTCTTGATGTCATCATACTTGGCAG-3’
U6 F:5'-TGCGGGTGCTCGCTTCGGCAGC-3'
R:5-CCAGTGCAGGGTCCGAGGT-3’

the ambient temperature. After 2 h incubation at the ambi-
ent temperature, the membrane was reacted with enhanced
chemiluminescence (ECL) and exposed to reveal protein
bands of interest. OD values were analyzed using Image
Tools with GAPDH as an internal reference.

Dual-Luciferase Reporter Gene Assay

The 3'UTR segment containing the TLR4 miRNA-140-5p
binding site was inserted into the PGL3 luciferase reporter
gene carrier to construct the 3'UTR luciferase reporter
genes with wildtype TLR4 (TLR4-WT) and mutant
TLR4 (TLR4-Mul). miRNA-140-5p mimics and miRNA-
NC were transfected into HK-2 cells, and then cultured in
a 5% CO, incubator at 37°C for 48 h. Cells were collected
to determine the dual-luciferase activity. All operations
were performed following the manufacturer’s instructions.

Cell Immunofluorescence

After cells in all groups were treated accordingly, target cells
adhering to slides were stained with the mitochondrial dye,
Mitotracker red CMXRos (25 nmol/L), for 2-3 min. Cells
were washed with PBS, fixed with 4% paraformaldehyde,
and their membranes were penetrated with 0.1% TritonX-
100. Cells were washed with PBS, and blocked with FBS.
Cells were washed again with PBS and the primary antibody,
NF-kB (p65) (at 1:100 dilution), was added and incubated at
the ambient temperature for 1 h. Cells were washed with
PBS, and incubated with fluorescent secondary antibody
marked with FITC (at 1:100 dilution) and incubated at 4°C
for 1 h. Cells were washed with PBS and then incubated with
DAPI solution (1:100) for 45 s. Slides were washed with PBS
and blocked. Finally, NF-kB (p65) proteins in the nucleus
were determined by confocal microscope.

Statistical Analysis

Data were analyzed using SPSS20.0 software. Dose data
are expressed as mean + standard deviation (Mean + SD).
One-way analysis of variance was used for intergroup
comparisons and pairwise comparisons were tested using
LSD (Least—SignificantDifference). Statistical signifi-
cance was defined as P < 0.05.

Results
FBG, UACR, Body Mass, and Kl

Comparisons
Compared with the NC group, the Model group had sig-
nificantly higher FBG, UACR, and KI levels (P < 0.05 for
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Table 2 FBG, UACR, Body Weight and Kl in Difference Rats Groups (Mean+SD)
Group FBG (mmol/L) UACR (mg/g) Body Weight (g) Kl
NC 7.1241.38 3.62+1.84 429.54+26.49 0.24+0.01
Model 23.69+4.36%%* 86.74+9.78%* 238.16224.1 7% 0.42+0.09°+*
SP-L 20.16+3.98% 65.87+7.87% 260.88+27.18% 0.34+0.05"
SP-M 17.15+4.19#% 46.76+6.94"% 300.16+30.15%% 0.32+0.077%
SP-H 10.59+6.547#%:& 16.56+7.747#3& 372.81422.59#$& 0.27+0.06™#3&

Notes: *P<0.001, compared with NC group; “P<0.05, “P<0.01, "#P<0.001, compared with Model group; *P<0.05, compared with SP-L group; %P<0.05, compared with

SP-M group.

all) and lower body mass (P<0.05) (Table 2). Rats the SP-
intervened groups have significantly reduced FBG, UACR,
and KI levels (P < 0.05 for all) and increased body mass
(P<0.05), compared with those in the Model group.
Comparison of SP-intervened groups revealed a dose-
effect relationship (P < 0.05, respectively).

Comparison of TNF-q, IL-10, and IL-6
Concentrations in Rat Serum in Different

Groups

Rats in the Model group had significantly higher TNF-q,
IL-1B, and IL-6 concentrations in serum than did those in
the NC group (P < 0.05 for each; Table 3). After SP
administration, the concentrations of TNF-a, IL-1B, and
IL-6 significantly decrease when compared with those
observed in the model (P < 0.05 for each; Table 3). An
obvious dose-effect relationship was observed in the SP-
intervened groups (P < 0.05; Table 3).

Pathomorphological Changes in Renal

Tissues

Rate in the NC group have morphologically normal glomer-
uli and renal tubules, largely unchanged volume and cell
numbers in glomeruli, visible blood capillary lumen and
saccular lumen, almost complete glomerulus mesangial

Table 3 TNF-a, IL-1B and IL-6 Concentrations in Serum of
Difference Rats Groups (MeantSD)

Group TNF-o (pg/mL) IL-1B (pg/mL) IL-6 (pg/mL)

NC 80.54+6.49 248.41437.94 145.58+16.54
Model 135.64+25.9 | %+ 530.68+44.06%%* 254.62425 467
SP-L 116.79+19.87% 397.19+33.59% 200.87+46.24"
SP-M 105.16221.54% 329.77+30.51%%% 186.57+30.57%
SP-H 85.49+16.41##8& | 956 7143|517 #8& | |72 30427887 $&

Notes: ***P<0.001, compared with NC group; #P<0.05, #P<0.01, ##P<0.001,
compared with Model group; *P<0.05, compared with SP-L group; #P<0.05, com-
pared with SP-M group.

matrix, no significant thickening in the basement membrane,
no significant degeneration or necrosis in glomeruli epithelial
cells, and no tube within the lumen. By contrast, in the Model
group enlarged glomeruli, mildly or moderately enlarged
lumens of some renal tubules, vacuolar degeneration of
tubular epithelial cells, and visible infiltration of inflamma-
tory cells was observed. Compared with the Model group, the
pathological damage to renal tubules and glomeruli was
reduced in the SP-intervened groups (see Figure 1A).

TUNEL Detection Results
detected in the
A significantly higher number of apoptotic cells were

No apoptosis was NC group.
observed in the Model group compared with the NC
group (P < 0.001; Figure 1B). The number of apoptotic
cells was significantly reduced after SP was administered
(P<0.0,). No significant difference was observed among
the groups with SP-intervention (P < 0.05; Figure 1B).

Renal Tissue Expression of TLR4, MyD88,
NF-xB (P65), and miRNA-140-5p

Rats in the Model group had significantly elevated levels of
TLR4, MyD88, and NF-kB (p65) gene expression (P <0.001,
for each; Figure 2A) and reduced miRNA-140-5p expression
(P <0.001; Figure 2A) compared with those in the NC group.
Administration of SP lowered the expression levels of TLR4,
MyD88, and NF-kB (p65) genes (P < 0.05 for each; Figure
2A) but raised that of miRNA-140-5p (P < 0.05; Figure 2A).
The differences observed between SP-intervened groups
were statistically significant (P < 0.05; Figure 2A).

TLR4, MyD88 and NF-«B (P65) Protein

Expressions in Renal Tissues

TLR4, MyDS88, and NF-xB (p65) proteins were expressed
at significantly higher levels in the Model group than they
were in the NC group (P < 0.001 for each; Figure 2B).
After SP administration, TLR4, MyD88, and NF-«kB (p65)

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

submit your manuscript 395 I

Dove


http://www.dovepress.com
http://www.dovepress.com

Xu et al

Dovepress

Model SP-L

SP-M

NC Model SP-L

##3
T

###,98.&
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Figure | Pathology and apoptosis in kidney tissues. NC: The rats were treated with normal treatment; Model: diabetic model rats; SP-L: diabetic nephritis (DN) model rats treated
with 20 mg/kg standard puerarin (SP); SP-M: DN model rats treated with 40 mg/kg SP; SP-H: DN model rats were treated with 80 mg/kg SP. (A) Pathology changes in different rat
experimental groups revealed by HE staining (200 x). (B) Apoptosis in different rat experimental groups revealed by TUNEL assay (200 x). ***P < 0.001, compared with NC group;
#P < 0.05, P < 0.01, "*P < 0.001, compared with Model group; *P < 0.05, 3*P < 0.01, compared with SP-L group; %P < 0.05, compared with SP-M group.

proteins expression levels dropped sharply (P < 0.05 for Compared with the NC group, the Model and si-NC
each; Figure 2B). The differences between SP-intervened  groups had higher average concentrations of TNF-a, IL-18,
groups were significant (P < 0.05 for each; Figure 2B). and IL-6 in medium supernatant (P < 0.05, for each; Table 4).

Differential expression of related inflammatory factors  After SP administration, TNF-a, IL-1p, and IL-6 concentra-
in different cell groups tions decline remarkably in medium supernatant from SP
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Figure 2 Relative gene and protein expressions in kidney tissues. (A) NC: The rats were treated with normal treatment; Model: diabetic model rats; SP-L: diabetic nephritis
(DN) model rats treated with 20 mg/kg standard puerarin (SP); SP-M: DN model rats treated with 40 mg/kg SP; SP-H: DN model rats were treated with 80 mg/kg SP. ***P <
0.001, compared with NC group; #p< 0.05, ##p < 0.01, #Hp < 0.001, compared with Model group; $p < 0.05, $%p < 0.01, compared with SP-L group; &p < 0.05, compared
with SP-M group. (B) Relative gene expression in kidney tissues from different rat experimental groups revealed by RT-gPCR. ***: P < 0.001, compared with NC group; *P <
0.05, *P < 0.01, *#P < 0001, compared with Model group; *P < 0.05, ¥*P < 0.01, compared with SP-L group; P < 0.05, compared with SP-M group.

group when compared with Model group. However, simul-
taneous SP administration and si-miRNA-140-5p transfec-
tion in HK-2 cells resulted in medium supernatant TNF-q,
IL-1B, and IL-6 concentrations that were notably higher than
those in the SP group (P < 0.05 for each: Table 4)

Flow Cytometry Detection of HK-2 Cell
Apoptosis

Flow cytometry detection of apoptotic cells revealed signifi-
cantly high levels of apoptosis in the Model and si-NC groups
(P < 0.001 for each; Figure 3). After administration of SP,
apoptosis rate in the SP group was significantly lower than that

observed in the Model group (P <0.001; Figure 3). The SP+ si-
miRNA group had a significantly higher apoptosis rate than did
the SP group (P < 0.001; Figure 3). Taken together, these
results indicate that the effect of SP on hyperglycemia-
induced HK-2 cells may be associated with miRNA-140-5p
upregulation.

Related Gene Expression in Cells of
Different Groups

RT-qPCR results show that TRL4, MyD88 and, NF-kB (p65)
are more highly expressed and miRNA-140-5p expression
is reduced in the Model and si-NC group compared with the
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Table 4 TNF-o, IL-1p and IL-6 Concentrations in Difference Cell
Groups (MeantSD)

Group TNF-a (pg/mL) IL-1B (pg/mL) IL-6 (pg/mL)
NC 81.49+5.97 247.87+34.77 144.95+15.82
Model 130.59429.5 1% | 527.91443.19% | 259.54+2] 57%¥*
si-NC 129.19428.7 1% | 528.79+41.66%* | 260.51+24.16%*
SP 85.19+17.417# 257.84429.87% 175.48+29.16"#
SP+si- 131.17 521.49 261.13

miRNA +27.41@Q@@ +37.97@@@ +26.41@@@

Notes: **P<0.001, compared with NC group; *#P<0.001, compared with Model
group;@@@P<0‘00I, compared with SP group.

NC group (P <0.001 for each; Figure 4A). SP intervention
resulted in a decline in TRL4, MyD&88, and NF-kB (p65)
expression levels and an increase in miRNA-140-5p levels
when compared with that in the Model group (P < 0.001 for
each; Figure 4A). However, in the SP+ si-miRNA group
TRL4, MyDS88, and NF-«kB (p65) expression levels were
elevated and miRNA-140-5p expression was reduced
when compared with that in the SP group (P < 0.001 for
each; Figure 4A).

Related Proteins Expressions in Cells of
Different Groups

had significantly higher TLR4, MyD88 and NF-kB (p65)
protein expression (P < 0.001 for each; Figure 4B). After
intervention with SP, TLR4, MyD88 and NF-kB (p65)
expressions levels were much lower in the SP group than
in Model group (P < 0.001 for each; Figure 4B). The SP+
si-miRNA group had remarkably elevated TLR4, MyD88
and NF-kB (p65) levels when compared with those in the
SP group (P < 0.001 for each; Figure 4B).

NF-kB (P65) Protein Nuclear Volume in
Cells of Different Groups

Notably more NF-kB (p65) protein was detected intranu-
clearly in Model and si-NC groups than in the NC group
(P <0.001 for each; Figure 5). When SP was administered,
a dramatic decline in intranuclear NF-xB (p65) protein
was observed in the SP group had when compared with
Model group (P < 0.001; Figure 5). However, more intra-
nuclear NF-kB (p65) protein was detected in the SP+si-
miRNA group than in the SP group (P < 0.001; Figure 5).

The Correlation Between miRNA-140-5p

and TLR4 in HK-2 Cells
In HK-2 cell strains containing TLR4 mutation (TLR4-

Western blotting was used to detect protein expression. Mul), the difference in luciferase activity between
Compared with the NC group, Model and si-NC groups miRNA-NC and miRNA-140-5p groups remained
. NC . Model . si-NC
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Figure 3 Apoptosis in different cell groups. NC: HK-2 cells were treated with normal; Model: HK-2 cells treated with high glucose; si-NC: HK-2 cells transfected with si-
NC (negative control) and high glucose; standard puerarin (SP): HK-2 cells treated with high glucose and 80 mg/L SP; SP+si-miRNA: HK-2 cells transfected with si-miRNA
-145-5p, high glucose, and 80 mg/L SP. ***P < 0.001, compared with NC group; **P < 0.001, compared with Model group; @@@p < 0,001, compared with SP group.
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Figure 4 Relative gene and protein expressions in different cell groups. NC: HK-2 cells treated with normal; Model: HK-2 cells treated with high glucose; si-NC: HK-2 cells
transfected with si-NC (negative control) and high glucose; standard puerarin (SP): HK-2 cells treated with high glucose and 80 mg/L SP; SP+si-miRNA: HK-2 cells
transfected with si-miRNA-145-5p and treated with high glucose and 80 mg/L SP. (A) Relative gene expression measured RT-qPCR assay. ***P < 0.001, compared with NC
group; P < 0.001, compared with Model group; @@@p < 0,001, compared with SP group. (B) Relative protein expression measured by Western blot. **P < 0.001,
compared with NC group; P < 0.001, compared with Model group; @@@p < 0,001, compared with SP group.

insignificant (P > 0.05). The miRNA-140-5p group had
significantly lower luciferase activity than did the miRNA-
NC group in TLR4 wild type (TLR4-WT) HK-2 cell
strains (P < 0.001; Figure 6).

Discussion

SP was first explored in research related to diabetes and its
complications in the early 1990s. SP can affect the secre-
tion of diabetes-influencing inflammatory factors, reduce
the inflammatory reaction, and alleviate diabetes-related
clinical symptoms.'® Insulin resistance can lead to signifi-
cantly elevated levels of TNF-a in the human body, which

can then lapse into a state of chronic inflammation.'® The
administration of SP to intervene with diet-induced insulin
resistance in fat rats revealed that SP can lower TNF-a
levels and reduce blood glucose and lipid levels. SP can
also reduce ICAM-1 and TNF-a levels at the same time to
mitigate renal damage in diabetic rats.'” Additionally, SP
can effectively inhibit INF-y and TGF-B1 expression in
renal tissues of diabetic rats.'® Recent research reveals that
miRNAs play a vital role in the diagnosis and treatment of
diabetes.'” ' In this study, rats in the Model group are
have significantly higher FBG, UACR, and KI levels and
lower body mass compared with NC group. SP therapy
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Figure 6 Correlation between miRNA-145-5p and TLR4 in HK-2 cells. ***P < 0.001,

resulted in a significant reduction in FBG, UACR and KI
levels and an improvement in body mass when compared
with the Model group. Furthermore, pathomorphological
examination of renal tissues revealed enlarged glomeruli,
disorderly arranged epithelial cells, vacuolar degeneration
of renal tubules, and visible inflammatory cell infiltration
in SP treated group. TUNEL staining revealed that a large
number of cells undergo apoptosis in the Model group and
that the pathological changes and apoptotic cell numbers
in renal tissues from SP-intervened groups are signifi-

cantly reduced. Meanwhile, miRNA-140-5p is more

compared with the miRNA-NC group.

highly expressed in renal tissue from SP-intervened rats
than in those without SP intervention. Taken together,
these results indicate that SP can relieve renal tissue
damage in DN rats and the underlying mechanism may
be related to miRNA-140-5p.

As revealed by some study,”® Lipopolysaccharide-
binding protein binds specifically with LPS to deliver
a downstream activation signal through Toll-like receptor
4 and MD2 protein. This initializes the mononuclear macro-
phage system and the release of several chemotactic factors
and inflammatory cytokines including TNF-a, IL-6, IL-1p,

submit your manuscript

3956

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Xu et al

transforming growth factor, matrix metalloproteinases,
TGF-p, and platelet derived growth factor. Thus, NF-«B is
further activated. DN is stimulated to occur and develop
through these pathways and inflammatory cytokines includ-
ing TNF-a, 1L-6, and 1L-1p play important roles in the
pathogenesis of DN.>* Hyperglycemia can directly lead to
renal damage by stimulating mesangial cell proliferation
and inflammatory factor secretion. Additionally, mononuc-
lear macrophages may be stimulated to release more inflam-
matory cytokines like TNF-a, 1L-6, and 1L-1f which will
promote macrophage generation and cellular inflammation
kidney damage. In such cases, more CFs, adhesion mole-
cules, and fibrosis-inducing factor TGF-§ are expressed to
activate the nuclear transfer of NF-«kB. Inflammation-
associated cytokine expression is promoted by positive
feedback, resulting in the spread of the inflammatory
response.”* Our results reveal rats in the Model group had
significantly elevated levels of TNF-a, IL-1p and IL-6
inflammatory cytokines in the supernatant, rat serum, and
cells. However, the administration of SP significantly alters
the levels of inflammatory cytokines, including TNF-a, IL-
1B, and IL-6. Higher miRNA-140-5p expression reduces
the activity of the TLR4/MyD88/NF-kB (p65) signaling
pathway. However, si-miRNA-mediated inhibition of
miRNA-140-5p inhibits the effects of SP on DN.
Moreover, our dual dual-luciferase reporter gene assay
revealed that miRNA-140-5p can target and regulate
TLR4 in HK-2 cells.

Taken together, our results show that SP can reduce or
prevent DN-induced renal damage, reduce levels of
inflammatory cytokines TNF-a, IL-1f, and IL-6, and inhi-
bit the TLR4/MyDS88/NF-«kB (p65) pathway by up-
regulating miRNA-140-5p.
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All procedures performed in studies involving human par-
ticipants were performed in accordance with the ethical
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was approved by the ethics committee of Wuhan Fourth
Hospital (No.)
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