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Abstract. - OBJECTIVE: To study the protec-
tive effect of micro ribonucleic acid (miR)-146
against kidney injury in diabetic nephropathy
(DN) rats through the nuclear factor-kB (NF-kB)
signaling pathway.

MATERIALS AND METHODS: In this exper-
iment, 30 adult Sprague-Dawley rats with 5-6
weeks old and weighing 20-30 g were selected
and randomly divided into control group (n=10),
model group (n=10), and miR-146 Mimic group
(n=10, DN rat model + miR-146 Mimic). The se-
rum levels of creatinine (Cr) and blood urea ni-
trogen (BUN) in the three groups were
ed using the full-automatic biochemical
er. The protein expression levels of pho
ylated-inhibitor of NF-kB (p-IkB), p-P65,
and Tubulin were detected via Western blott
The messenger RNA (mRNA) g
termined using quantitative B
Reaction (qPCR). Positive g
in tissues was determineg
chemistry. Moreover, thé
tory factors tumor ne

detect-
thiocya-
jodide (PI) dual-fluo-

ed through
nate (FITC) a

p-P65/P65 significant-
model group compared
ntrol group (p<0.01), while

results of qPCR showed that the
RNA Ievel of P65 had no significant difference
ong the three groups (p>0.05). The immuno-

sion of p-IkB in tissues was consistent
with those of the protein level as Western blot-
ting revealed. The rats in the model group had
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iR4E can inhibt the NF-
y, lower the levels of TNF-a,
reduce the apoptosis, there-

Diabetlc nephropathy, MiR-146, NF-xB signaling
pathway.

Introduction

Diabetes mellitus often leads to microvascu-
lar injury, especially microvessels in kidneys,
thus causing diabetic nephropathy (DN)'. With
the improvement of people’s living standards in
China, the incidence of diabetes mellitus also
increases®. The chronic development of diabetes
mellitus is very harmful. Elevation of urinary
protein, glomerular damage, and decline in the
glomerular filtration rate are typical manifesta-
tions of diabetes mellitus and DN3. Therefore, it is
extremely important to study the pathogenesis of
DN and explore prevention approaches. Previous
studies*® have shown that kidney injury in diabe-
tic patients is mainly related to glucose metabolic
disorders, oxidative stress, and inflammatory re-
sponse. Nuclear factor-kB (NF-kB), an important
nuclear transcription factor in cells, occupies a
pivotal position in the inflammatory signaling
pathway. When NF-kB enters the nucleus, the
transcription of a variety of cellular inflamma-
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tory factors can be promoted, thereby mediating
the intracellular inflammatory response through
inflammatory factors®.

Besides the NF-xB pathway, many micro ri-
bonucleic acids (miRNAs) are also related to the
inflammation. MiRNAs, generally with 19-22 nt
in length, are a kind of endogenous non-coding
single stranded small RNAs, which can regula-
te the transcriptional expressions of the target
genes’. They bind to the 3’-untranslated region
(3°UTR) of mRNAs to directly degrade them
or inhibit their translation, thereby regulating
the gene expressions at the transcriptional level.
Important roles of miRNAs in various biological
processes have been identified, such as cell diffe-
rentiation, proliferation, and apoptosis® !

MiR-146 is a widely studied miRNA cur-
rently, and its vital function in regulating the
innate immunity has been discovered'?. MiR-
146 includes miR-146a located in the second
exon on chromosome 5 and miR-146b located on
chromosome 10"3. As a multifunctional miRNA,
miR-146 can be involved in a variety of phy-
siological and pathological processes, such as
inflammation, immunity, occurrence, and
lopment of tumor, by regulating the exp
of multiple genes'*'¢.

Materials and Mejk
Animal Modeling and 4 uplng

Wild-type Sprague-Da
weeks old (Shangha1

solution for modeling.
>16.7 mmol/L indicated

¢ group, the DN model was
bed in the same way of the model

performed strictly according to the Guidelines for
the Care and Use of Laboratory Animals of the
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National Institute. This study was approved by
the Animal Ethics Committee of Jilin University
Animal Center.

into paraffin sections,
with methanol containg
temperature for 30
sphate- buffered S

or 3 times, the sectlons were
radish peroxidase (HRP)-la-
ntibody at 37°C for 30 min.
in the dark at room tempera-
n counterstaining was conducted
30 min. The sections were dehydrated in
hanol, transparent with xylene and
ith neutral balsam. Finally, the sections
were observed under an inverted fluorescence
microscope.

The dark brown particles in kidney tissues
indicated positive expression. The mean optical
density (OD) value of immunohistochemistry-po-
sitive particles was determined using ImageJ pro-
fessional image analysis system. The protein level
of phosphorylated-inhibitor of NF-xB (p-IkB)
was semi-quantitatively analyzed.

Detection of NF-«xB Signaling Pathway in
Kidney Tissues using Western Blotting
The kidney tissues of rats were cut into pie-
ces, homogenized, and added with lysis buffer,
followed by centrifugation at 20000 g and 4°C
for 30 min. The total protein concentration was
measured using the bicinchoninic acid (BCA)
protein assay kit (Pierce, Rockford, IL, USA).
After sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE), the protein was
transferred onto polyvinylidene difluoride (PV-
DF) membranes (IPVH00010, Millipore, Billeri-
ca, MA, USA). The membranes were incubated
with primary antibodies p-IxB, p-P65, P65, and
Tubulin (CST, Danvers, MA, USA) at 4°C over-
night. After being washed, the membranes were
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incubated with HRP-conjugated secondary anti-
bodies (CST, Danvers, MA, USA) for 1 h. Finally,
the enhanced chemiluminescence (ECL) mixture
was added to obtain images using the fluorescen-
ce development technique.

Detection of mRNA Expression Level of
P65 Via Quantitative Polymerase Chain
Reaction (qPCR)

The mRNA was extracted from kidney tissues
in each group using the TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA), and reversely tran-
scribed into complementary deoxyribose nucleic
acid (cDNA) according to the instructions. 2 pL
of 5xPrimeScript RT Master Mix was added into
500 ng of RNA, and the total reaction system was
10 pL. Then, PCR amplification was performed
according to the instructions: 2 pL of cDNA was
added with 10 pL of SYBR Premix Ex Taq II (Tli
RNaseH Plus) (2x), 0.8 pL of forward primers,
0.8 uL of reverse primers, and 0.4 pL of ROX
Reference Dye II (50x), and deionized water was
added finally till the total volume was 20 pL. The
mRNA expression level was calculated using
the cycle threshold, with B-actin as an injganal
reference. The primer sequences were as @K
P65: F: 5>-CACCAAAGACCCACCTCAC
5-CCGCATTCAAGTCATAGTCCC-3’, B-
F: 5 GCAGAAGGAGATTACTGCCCT 3,
5’-GCTGATCCACATCTGCTGguimis3 .

Detection of Inflamma,
Kidney Tissues
A total of 1-5 mg of ki

, and IL-6 via enzyme-linked
ISA), and quantified

cVels of creatinine (Cr) and blood urea
itrogen (BUN) were detected for reflecting renal
ions. 4 mL of blood was aseptically drawn
WPhe caudal vein and centrifuged at 3000 g
under low temperature for 10 min. The superna-
tant was collected and placed into the centrifuge

tube. Finally, the changes in serum indexes were
detected using the full-automatic biochemical
analyzer according to the instructions.

Detection of Apoptosis Via
Flow Cytometry

The cells were suspended, d
ged at 1500 rpm for 5 min,
adherent cells were diges

centrifu-

fuged at 1500
collected, re binding

exin V-Li-

h the FL4 channel, while the
al was detected through the
1. The Annexin V-Light 650

imultaneously to determine the
orescence compensation value and the posi-
9ss quadrant gate.

Statistical Analysis

GraphPad Prism 6.0 (La Jolla, CA, USA) was
used for the statistical analysis of data. The data
were expressed as (X = s5) and analyzed by #-test.
p<0.05 suggested the statistically significant dif-
ference.

Results

Expression of MiR-146 in Each Group

To observe the transfection efficiency of miR-
146 Mimic, the expression level of miR-146 was
detected. As shown in Figure 1, the expression of
miR-146 was significantly upregulated in miR-
146 Mimic group, while it significantly declined
in the other two groups (p<0.05), indicating that
subsequent experiments can be performed.

Biochemical Indexes in Kidney Injury in
Each Group

The renal function indexes in the three groups
were detected using the conventional biochemical
analyzer. As shown in Table I, the serum levels of
Cr and BUN significantly decreased in the miR-
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Figure 1. Expression of miR-146 in each group. Mimic:
miR-146 Mimic group, *p<0.05 vs. control group and model

group.

146 Mimic group, while they were elevated ja
model group (p<0.05). It is suggested thd
functions in DN rats were improved by mil

Effect of MiR-146 on NF-kB Signaling
Pathway
The protein was extracted

group (p<0.
that the

cal assay for the
of p-IkB in tissues were con-
el as Western blotting

ent of Cr and BUN.

revealed (Figure 2). The above findings demon-
strated that the NF-«B signaling pathway could
be activated in the model group by increasing th

group.

Effects of MiR-146 on
of Inflammatory Fac,

in kidney tissues
the ELISA Kits.
increased the
compared wij

The overexpression of miR-
F-xB signaling pathway and
these cytokines.

After Annexin V-FITC and PI dual-fluore-
scence labeling for kidney tissues, apoptosis was
detected using flow cytometry. It was found that
the apoptosis was enhanced in the model group
compared with that in the control group, while it
was remarkably inhibited in the miR-146 Mimic
group (Figure 4).

Discussion

MiRNAs are endogenous, non-coding, sin-
gle-stranded, small RNA molecules generally
with 19-22 nt in length'7*®*, which can regulate
the target gene expressions at the transcriptio-
nal level”. The maturation of miRNAs involves

Cr (umol/L) BUN (mmol/L)
21.01 £ 3.11 7.23 +£1.21
Model group 91.25 +2.34% 31.32 + 3.14%
R.146 Mimic group 36.66 + 5.32* 14.24 + 1.33*

Note: The content of Cr and BUN is decreased significantly in miR-146 Mimic group, while it is the opposite in model group
(»<0.05). *p<0.05 vs. model group, “p<0.05 vs. control group.
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MiR-146 1s' a widely studied miRNA currently,
and it has been found to play an important role

Relative proteins expression

4- mp- kB mp-E

Control
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A 7. A, Protein levels of p-IkB, p-P65, P65 and Tubulin detected via
The mRNA level of P65 detected via qPCR. D, Positive expression of P-IkB
hemlstry (magnification ~ 40). *p<0.01: model group vs. control group, *p<0.05:

in regulating the cellular innate immunity. The
binding sequences between promoter regions of
NF-xB and miR-146 exist. LPS/TNF-a could
stimulate the upregulation of miR-146, and sub-
sequently, the expression levels of two target
genes IRAK1 and TRAF6 are downregulated®,
thereby inhibiting the immunoinflammatory
process. Therefore, it is believed that miR-146
regulates the inflammatory signaling pathway
through negative feedback. In addition, miR-146
is involved in pathophysiological processes, such
as autoimmune diseases, rheumatoid arthritis,
inflammation, and breast cancer?"?2.

NF-kB, an important nuclear transcription fac-
tor, occupies a pivotal position in the inflam-
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A response through inflammatory factors***. Un-
- 50 * der the resting state, NF-kB binds to IxB, and
£ vl its subunits P65 and P50 form the dimer i
£ s00- A cytoplasm. After exogenous stimuli, su
s m: TNF-a, and ROS, IkB is phosphory
E 200~ signal transduction, and further d
Z 1001 ubiquitinated proteasome, therel$

° Control Model miR-146 mimic the NF-kB-IkB complex. T
B .
500- activated, and the expose
= . specific sequences of tar
400- I . .
§ thereafter, leading to
= 3007 initiating the activiti
2 20 tors*2%, As a res
;_ A
.l
Control Model miR-146 mimic
C
500+ *
T 400~ were detected. The
£ significantly incre-
g 300 .
- roup, while they remarkably
3 207 146 Mimic group compared
©o .
= 100+ - odel group, suggesting that
0 in DN rats could be allevia-
Control Model miR-146 ted by > Then, the effect of miR-146 on

-kB signaling pathway was analyzed in the
s. The results showed that the levels
p-IkB"and p-P65 upregulated and the NF-xB
signaling pathway was activated in the model
group, which were inhibited in the miR-146
Mimic group. However, the above treatments
had no significant effect on the mRNA level of
P65. In addition, p-IxB level showed a similar
trend. Furthermore, the effects of miR-146 on

Figure 3. Effects of miR-146 on expression lev
inflammatory factors TNF-o/IL-1B/IL-6. A, TNF-a
detected. B, IL-1f level detected. C,
*p<0.01: model group vs. control g
Mimic group vs. model group.

matory signaling p g F-xB enters the expression levels of the downstream cytoki-
the nucleus, the ipti variety of nes of NF-«kB signaling pathway were detected
cellular inflam using ELISA. The results revealed that the model
thereby medi i group had evidently increased levels of TNF-a,
A _ -
Control miR-146 mimic
) & )
3 __ 80y i
’ a1 € 7o
e 2 ]
e \  : it 2 60
£ i = & 3 k300 8 40 =
Yy i e R e | £ %
A 3 4 £f § 20
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- = S | AILLLLE RALRLLLE SRLBLLALLY SR LY 0
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oo FIT1g r * FITC FITC Control Model miR-146 mimic

Fig 4. Effect of miR-146 on apoptosis of kidney tissues. A, Apoptosis determined using Annexin V-FITC and PI dual-
fluorescence labeling and flow cytometry. B, Quantification of (A). *p<0.01: model group vs. control group, “p<0.05: miR-146
Mimic group vs. model group.
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IL-1pB and IL-6, while miR-146 Mimic group had
evidently decreased levels compared with the
model group. Finally, apoptosis was enhanced
in the model group compared with that in the
control group, while it was remarkably inhibited
in the miR-146 Mimic group.

10)

11)

Conclusions

In summary, miR-146 can inhibit the NF-xB
signaling pathway, lower the levels of TNF-a, IL-
1B, and IL-6, and reduce the apoptosis, thereby
exerting a protective effect against kidney injury
in DN.
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