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Abstract: Background and Objectives: Diabetic nephropathy (DN) is one of the commonest microvascular complica-
tions of diabetes and has been the major cause of end-stage renal disease in many countries. It is of great clinical
significance to further explore more efficacious therapeutic strategies for DN. This study aims to explore the effect
of BIncl on renal fibrosis in diabetic nephropathy. Methods: In this study, mRNA level of BInc1l was examined by
RT-PCR. HE staining and Masson staining were adopted to detect kidney damage and renal fibrosis. The renal fi-
brosis was evaluated by the levels of PTEN, fibronectin, collagen | and collagen IV with immunofluorescence assay
and western blot analysis. Oxidative Stress and inflammatory response were detected by ELISA assay. At the same
time, western blot was performed to detect the proteins related to NRF2/HO-1 and NF-kB pathways. Results: Binc1l
has higher expression in serum of DN patients, STZ-induced DN model and HG-induced HK2 cells. BInc1 interfer-
ence significantly attenuated renal fibrosis, inflammation and oxidative stress via NRF2/HO-1 and NF-kB pathways.
Conclusion: Our present study suggested that Binc1 can affect inflammation, oxidative stress and renal fibrosis by

Nrf2/HO-1 and NF-kB pathways in DN.
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Introduction

Diabetes mellitus (DM) describes a common
metabolic disorder with high blood glucose lev-
els [1]. Persistently high blood glucose levels
may lead to various complications in heart, kid-
neys, nerves and eyes [2]. Diabetic nephropa-
thy (DN) is one of the commonest microvascu-
lar complications of diabetes and has been the
major cause of end-stage renal disease in
many countries [3]. DN is characterized by the
accumulation of extracellular matrix (ECM) pro-
teins, the activation of myofibroblasts and tubu-
lointerstitial fibrosis (TIF) [4]. Actually, the
pathogenesis of DN is extremely complicated
and is the result of multiple factors synergy,
such as inflammation and oxidative stress [5].
At present, there are no more effective preven-
tion methods to control it [6].

Phosphatase and tensin homologue (PTEN) are
a ubiquitously expressed phosphatase [7].
More scholars have discovered that PTEN plays

an important role in mediating fibrosis develop-
ment in kidney [8]. Also, mounting evidence in
vivo and in vitro has indicated that PTEN acti-
vates profibrotic signaling pathways in kidney
such as SMAD3, p53, and JNK to attenuate
renal fibrosis [9, 10]. Therefore, PTEN may be a
significant way to restrain the development of
TIF and DN.

Nowadays, nuclear-factor erythroid 2-related
factor 2 (Nrf2) as an antioxidant transcription
target has gained more and more attention
[11]. In the regulation of the oxidative response,
Nrf2 modulates the expressions of various anti-
oxidant factors, such as heme oxygenase-1
(HO-1) et al [12]. It has been widely recognized
that nuclear factor kappa beta (NF-kB) is an
important transcription factor associated with
inflammation [13]. The activation of NF-kB can
promote inflammatory factors secretion includ-
ing TNFax, IL-6, IL-1B [13]. A research showed
that the modulation of the Nrf2/HO-1 and
NF-kB pathways could affect DN due to their
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adjustment of oxidant and inflammatory [14].
These researches suggest that targeting Nrf2/
HO-1 and NF-kB pathways might serve as a
potential therapy against DN.

Long non-coding RNAs (IncRNAs) are a subset
of RNAs of over 200 nucleotides that play a
key role in numerous biological processes [15].
In the past decades, IncRNAs have been
intensely investigated and found to regulate
diabetes and fibrosis progresses [16]. Bincl is
a conserved IncRNA that could promote ther-
mogenic gene expression in brown adipocytes
[17]. A research showed that inactivation of
Bincl could exacerbate adipose tissue inflam-
mation and fibrosis, insulin resistance and
hepatic steatosis [18]. However, the effects
and specific mechanisms of Bincl on inflam-
mation, oxidative stress and renal fibrosis have
not yet been fully elucidated. Therefore, the
present study aims to evaluate whether Bincl
can affect inflammation, oxidative stress and
renal fibrosis by Nrf2/HO-1 and NF-kB path-
ways in DN. The in-depth study on the molecu-
lar mechanisms will provide new strategies and
methods for the treatment of diabetic
nephropathy.

Materials and methods
Patients and clinical specimens

The research protocol was approved by
Shanghai Tongren Hospital. Blood were collect-
ed from DN patients (n = 30) and normal
patients (n = 30) in Tongren Hospital, People’s
Republic of China. Written informed consent
was obtained from every patient. The serum
was separated from blood by centrifugation
and the supernatant serum was frozen at-80°C
for analysis.

Streptomycin-induced animal model

Eight-week old SD rats were bought from
Shanghai Animal Center (Shanghai, China) and
were housed in animal facility at the Animal
Center of Shanghai Jiaotong University School
of Medicine. Streptomycin (STZ; Sigma) was
dissolved in citrate buffer to a working concen-
tration of 35 mg/ml, and purified with 0.22 um
filter. The DN model was induced with intraperi-
toneal administration of 35 mg/kg body weight
while the negative control group were adminis-
trated with equal amount of PBS buffer. Blood
glucose concentration was measured at 24 h
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post administration. DN mice model were
defined when blood glucose level was higher
than 16.7 mmol/L.

Cell culture and transfection

Human kidney-2 (HK-2) line was purchased
from the Type Culture Collection of the Chinese
Academy of Sciences, Shanghai, China. Cells
were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM; Sigma) supplemented with
10% fetal bovine serum (FBS; Gibco, MA, USA),
100 U/ml penicillin and 100 mg/ml streptomy-
cin in a humidified atmosphere containing 5%
CO, at 37°C. HK-2 cells were treated with 30
mM D-glucose or mannitol for 12 h, 24 h, 48 h.
Transfection with LncRNA Binc1 siRNA was per-
formed using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) in line with the manufactur-
er’s protocol.

HE staining and Masson staining

The kidney tissues from NC and DN group were
fixed in 4% paraformaldehyde, and embedded
in paraffin. Sections in 5 ym thickness were cut
in series from the embedded tissues and
stained with H&E and Masson’s trichrome.
Immunohistochemical analysis was performed
following its standard protocol. Five random
images were chosen and analyzed with Image-
Pro Plus (Medium Cybernetics, Bethesda, MD,
USA).

RNA isolation and quantitative real-time PCR

TRIzol reagent (Invitrogen, CA, USA) was used
to extract the total RNA from HK-2 cell line and
clinical blood samples according to the manu-
facturer’s protocol. For the evaluation of mMRNA,
total cDNA was reverse-transcribed from iso-
lated RNA using a RNA PCR kit (Takara, Japan)
and quantitative real-time PCR was carried out
with the SYBR premix Ex Taqll kit (Takara) in line
with the manufacturer’s instructions. Reaction
steps were 95°C for 30 s, 95°C for 5 s and
60°C for 34 s, for a total of 40 cycles. The rela-
tive expression level of lincRNA-BIncl was nor-
malized to GAPDH as internal controls, and the
2-AACt method was adopted to calculate the
relative quantities.

Protein extraction and Western blot analysis

Total protein from animals and cells were
extracted with ice-cold Radio-Immunopreci-
pitation Assay (RIPA) lysis buffer containing pro-
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Figure 1. Bincl has higher expression in in serum
of DN patients. The relative mRNA expression level
of BIncl in normal patient serum (n = 30) and DN
patient serum (n = 30) were detected by qRT-PCR.
***P < (0.001 vs. Healthy group.

tease and phosphatase inhibitors (Beyotime,
Shanghai, China) in strict accordance with the
manufacturer’s protocol. Equal amounts of pro-
tein per lane (16-20 mg) were loaded onto 10%
sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) according to differ-
ent molecular weights. Proteins were trans-
ferred to polyvinylidene fluoride (PVDF) mem-
branes. After blocked in 5% skimmed milk or
BSA solution, the PVDF membranes were incu-
bated with the primary antibodies against
PTEN PTEN (1:1000, ab170941, abcam, UK),
Fibronection (1:1000, ab32419, abcam, UK),
Collagen | (1:1000, ab34710, abcam, UK),
Collagen IV (1:1000, ab6586, abcam, UK),
NRF2 (1:1000, ab137550, abcam, UK), p-NF-
KB P65 (1:2000, ab86299, abcam, UK), kB
(1:1000, ab32518, abcam, UK), NF-KB P65
(1:2000, ab32536, abcam, UK), HO-1 (1:2000,
ab13243, abcam, UK) and GAPDH (1:10000,
ab181602, abcam, UK) overnight. HRP-con-
jugated anti-rabbit immunoglobulin G (IgG)
(1:10000, ab6721, abcam, UK) and anti-mice
IgG (1:10000, ab6728, abcam, UK) were used
as the secondary antibodies. GAPDH was uti-
lized as the endogenous control. Gray value of
protein bands was quantified by Image J
software.

Immunofluorescence assay

For the immunofluorescence assay, the fixed
HK-2 cells were permeabilized with 0.1% Triton
X-100 and blocked in 5% goat serum solution.
Then, the coverslips were treated with primary
antibodies against Collagen IV (1:100, ab6586,
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abcam, UK) at 4°C overnight and Cy3-labeled
secondary antibody (1:1000, ab6939, abcam,
UK) for 1 h at room temperature. The coverslips
were sealed with glycerine after treatment with
DAPI. Images were analyzed with Image-Pro
Plus (Medium Cybernetics, Bethesda, MD,
USA).

Enzyme-linked immunosorbent assay (ELISA)

Medium from HK-2 cells after different treat-
ments was collected to detect production of
inflammatory factors. The contents of TNF,
IL-6, IL-1B were measured by ELISA using the
appropriate ELISA kit (R&D Systems, United
States) according to the manufacturer’s
instructions.

Determination of ROS

The ROS level was determined using the ROS
detection kit (Nanjing Jiancheng Bioengineer-
ing Institute, Nanjing, China). After culturing
under various stimulation conditions, HK-2
cells were incubated with DCFH-DA for 20 min
at 37°C. Then the ROS levels were observed
and recorded using a fluorescent microscope.

Statistical analysis

All statistical analysis was analyzed by SPSS
21.0 software. All the results were presented
as mean + standard deviation. Student’s t-test
was applied to the analysis of two groups and
one-way ANOVA was applied to the analysis of
no less than three groups. A value of P < 0.05
was considered to indicate a statistically signifi-
cant difference. *P < 0.05, **P < 0.01, ***P <
0.001.

Results

Binc1 has higher expression in serum of DN
patients

In our study, qRT-PCR assay was used to detect
the relative mRNA expression level of BIncl in
normal patient serum (n = 30) and DN patient
serum (n = 30). We found that compared with
normal patient serum, the mRNA expression
level of BIncl was significantly increased in DN
patient serum in Figure 1.

Binc1 attenuates renal dysfunction and fibro-
sis in STZ-induced DN model

To explore the functional role of IncRNA Binc1,
we next examined the expression level of Bincl
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Figure 2. Bincl attenuates renal dysfunction and fibrosis in STZ-induced DN model. DN model was induced with
intraperitoneal administration of STZ. A. Renal cortical tissues are collected for H&E staining and Masson staining.
B. gRT-PCR assay was used to detect the relative mRNA expression level of Blncl in normal rats and DN models.

***P < 0.001 vs. control group.
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Figure 3. Bincl expression is upregulated in HG-in-
duced HK2 cells. HK-2 cells were treated with nor-
mal glucose (NG, 5.5 mM D-glucose) or high glucose
(HG, 30 mM D-glucose) for 12, 24, 48 h. Quantifica-
tion of Binc1 levels in HK-2 cells after NG or HG treat-
ments with indicated time were detected by qRT-PCR
assay. **P < 0.01, ***P < 0.001 vs. control group.

and fibrosis level in normal rats and DN mod-
els. As shown in Figure 2A, these results of
H&E and Masson staining suggested that kid-
ney damage and renal fibrosis were more seri-
ous compared to the control group. At the same
time, qRT-PCR assay was used to detect the
relative mRNA expression level of BIncl in nor-
mal rats and DN models. As shown in Figure
2B, the expression of Blnclwas almost 3-fold
upregulated compared to the control. These
results indicated that Blncl attenuates renal
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dysfunction and fibrosis in STZ-induced DN
model.

Binc1 expression is upregulated in HG-induced
HK2 cells

We further studied the role of Bincl in DN by
using HG-stimulated HK-2 cells. HK-2 cells
were treated with normal glucose (NG, 5.5
mM D-glucose) or high glucose (HG, 30 mM
D-glucose) for 12, 24, 48 h, after which levels
of were examined by qRT-PCR assay. Compared
with the control group, our results showed that
HG could significantly increase the level of
Bincl in a time-dependent manner in Figure 3.

Binc1 interference significantly inhibited renal
fibrosis in HG-induced HK-2 cells

To analyze the effect of Bincl on renal fibrosis
in DN, we inhibited the BIncl expression by
transfecting with Bincl inhibitor and measured
Bincl level by gPCR analysis in Figure 4A.
Subsequently, the protein levels of PTEN, fibro-
nectin, collagen | and collagen IV were exam-
ined by western blot in Figure 4B and 4C.
Meanwhile, we confirmed the expression of col-
lagen IV in HK-2 cells by immunofluorescence
assay in Figure 4D. High glucose injury obvi-
ously increased the levels of PTEN, fibronectin,
collagen | and collagen IV compared with the
control group while Bincl interference signifi-
cantly decreased the levels of PTEN, fibronec-

Am J Transl Res 2019;11(9):5664-5672
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Figure 4. Bincl interference significantly inhibited renal fibrosis in HG-induced HK-2 cells. A. The mRNA level of
Blnc1 was detected by qPCR assay. HK-2 cells were either untreated, or transfected with shRNA, Binc1 inhibitor 1 or
Bincl inhibitor 2. B and C. The protein levels of PTEN, fibronectin, collagen I, collagen IV were detected by western
blot. D. The expression of collagen IV in HK-2 cells was measured by immunofluorescence assay. HK-2 cells were
either untreated, or treated with D-glucose, and transfected with control or Bincl inhibitor. **P < 0.01, ***P <
0.001 vs. control group, *P < 0.01 vs. HG group.
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Figure 5. Bincl interference significantly inhibited inflammation factors in HG-induced HK-2 cells. The levels of
TNF-a, IL-6 and IL-1p were detected with ELISA kits. HK-2 cells were either untreated, or treated with D-glucose, and
transfected with control or BInc1 inhibitor. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control group, *#P < 0.001 vs.
HG group.

0 4- Binc1 interference significantly inhibited in-
8 s flammation factors in HG-induced HK-2 cells
5, - .
s e To determine whether Bincl affected the
B . 5: inflammatory response in DN, we measured the
§ 24 e Hi# levels of TNF-q, IL-6 and IL-1 by ELISA assay.
g e —_ Generally, the results indicated that high glu-
z 14 5: cose injury obviously increased the levels of
2 $$ pro-inflammatory cytokines TNF-a, IL-6 and
% . IL-1B while Bincl interference could extremely
x 0- T T T decrease the expression of pro-inflammatory
‘éo\ L Ny (\o" cytokines in Figure 5.
< & &
Q?’” Q‘\\V Binc1 interference significantly decreased the
0"(}\ ROS level in HG-induced HK-2 cells
N To analyze the effect of BIincl on the ROS level
Figure 6. Binc1 interference significantly decreased in HK-2 cells treated with D-glucose, we de-
the ROS level in HG-induced HK-2 cells. The effect tected the ROS level using 2’, 7’-Dichloro-
of BIncl on the ROS level in HK-2 cells treated with dihydrofluorescein diacetate. We found that

D-glucose. The ROS level was assessed with 2’, 7’-Di-
chlorodihydrofluorescein diacetate. HK-2 cells were
either untreated, or treated with D-glucose, and

high glucose could significantly increase the
ROS level in HK-2 cells while Binc1 interference

transfected with control or Bincl inhibitor. **P < could inhibit the generation of ROS in Figure 6.

0.01, ***P < 0.001 vs. control group, *# P < 0.001

vs. HG group. Binc1 interference attenuated inflammation
and oxidative stress via NRF2/HO-1 and NF-«kB
pathways

tin, collagen | and collagen IV compared with

the HG group. These results indicated Bincl To determine whether Bincl interference influ-

interference reversed renal fibrosis in HG- enced inflammation and oxidative stress via

induced HK-2 cells. NRF2/HO-1 and NF-kB pathways in HK-2 cells
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pre-incubated with D-glucose, we detected
some crucial proteins related to NRF2/HO-1
and NF-kB pathways, including NRF2, HO-1,
IkKB, NF-kB P65 and p-NF-kB P65 levels. As
shown in Figure 7, high glucose injury in HK-2
cells significantly downregulated NRF2, HO-1,
IKB levels and upregulated p-NF-kB P65 level
compared with the control group, which was
reversed by transfecting Blncl inhibitor. These
findings indicated that BIncl may regulate DN
progression through NRF2/HO-1 and NF-«kB
pathways.

Discussion

Recently, the research of IncRNAs to prevent
inflammation, oxidative stress and renal fibro-
sis in DN is getting more and more attentions
[19, 20]. In our study, we revealed that the
expression of Bincl was improved in the blood
of DN patients and rats. Also, we could see tis-
sue damage and fibrosis in the kidney of DN rat
models. Besides, we proved that high glucose
led to the improvement of Bincl in HK-2 cells.
Furthermore, we evaluated that Bincl interfer-
ence significantly reduced the fibrosis, inflam-
mation and oxidative factors in HK-2 cells pre-
incubated with high glucose. Finally, Bincl
interference could up-regulate NRF2/HO-1 sig-
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naling pathway proteins and inhibit the activa-
tion of NF-kB pathway.

It has been well documented that the expres-
sion of many IncRNAs changed in DN and was
associated with kidney fibrosis [21]. In the pres-
ent study, we found that the expression of
IncRNA BiIncl increased in DN patients and
rats. The damage and fibrosis were also found
in DN rat kidneys. Recently, it has been demon-
strated that high glucose could lead to the oxi-
dative stress in HK-2 cells [22]. Our results
revealed that HK-2 cells pre-incubated with
high glucose could be found the upregulation of
Bincl. And Bincl interference could significant-
ly inhibit the levels of fibrosis-related proteins,
inflammatory factors and ROS induced by high
glucose in HK-2 cells. It has been reported in
the literature that NRF2/HO-1 and NF-kB sig-
naling pathways had played important roles in
DN [14, 23]. Our research proved that pre-incu-
bating with high glucose inhibit significantly
reduced NRF2/HO-1 signaling pathway pro-
teins and promoted the activation of NF-kB
pathway in HK-2 cells, while BInc1 interference
could reverse the effects.

In conclusion, Bincl serves as a novel regulator
of inflammation, oxidative stress and fibrosis in

Am J Transl Res 2019;11(9):5664-5672
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DN through NRF2/HO-1 and NF-kB pathways.
Therefore, this study may provide new insights
into the possibility of Blncl being a potential
therapeutic target in DN.
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