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Abstract: Neuregulin 4 (Nrg4) play important roles in the pathogenesis of obesity-associated disorders, including
type 2 diabetes mellitus (T2DM) and nonalcoholic fatty liver disease (NAFLD). This study aims to investigate roles
of Nrg4 in the pathophysiologic mechanism underlying the progression of tubulointerstitial fibrosis (TIF) in diabetic
nephropathy (DN). In present study, Nrg4 is under-expression in serum and renal tissue of diabetic nephropathy
rats. In present study, Nrg4 attenuate renal function injury, tubulointerstitial fibrosis, inflammation and suppress the
expression levels of advanced glycosylation end products (AGEs) in vivo and vitro. Furthermore, the results reveal
that Nrg4 ameliorates fibrosis and attenuate the expression of AGEs and inflammation via TNF-R1 signaling instead
of TNF-R2 signaling in HK-2 cells. In conclusion, these results revealed that Nrg4 may effectively ameliorates TIF and
attenuate the expression of AGEs in DN through TNF-R1 signaling instead of TNF-R2 signaling. We have provided

evidence indicating that Nrg4 possesses therapeutic effect on TIF in DN.
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Introduction

Diabetic nephropathy (DN), identified as a cau-
se of end-stage renal disease (ESRD), is a major
micro-vascular complication with the chronic
loss of kidney function occurring in diabetes
mellitus (DM) [1]. With the increased inciden-
ce of DM, DN plays a critical role in increasing
mortality and morbidity worldwide. Multiple me-
chanisms contribute to the occurrence and pro-
gression of DN, including excessive generation
of advanced glycosylation end products (AGES)
and the interaction with their receptors, oxida-
tive stress and renal hemodynamic alterations.
It is well known tubulointerstitial fibrosis (TIF)
always occur in the early stage of DN. TIF, char-
acterized by excessive deposition of extracel-
lular matrix (ECM) components, is considered
as the main cause of renal disease worldwide
[2]. When renal epithelial cells undergo heavy

and prolonged insults, they can release multi-
ple cytokines, involved in pathogenesis of inter-
stitial fibroblasts and ECM production [3].
Fibronectin (FN) and collagen accumulation
were reported to be linked in the development
of TIF [4]. Furthermore, Li H et al. demonstrate
autophagy-related gene 5 (ATG5) prevent the
progression of renal fibrosis depend on its
autophagic activity in proximal epithelial cells
[2]. Previous studies have demonstrated that
autophagy have renal protective effects on
acute kidney injury, obstructive nephropathy,
diabetic nephropathy, and other renal diseases
[5]. Liu N et al. reported that activation of
autophagy in podocytes may be a potential
therapy to prevent the development of DN [6].

Phosphatase and tension homologue (PTEN),
identified as inhibitor PI3K (phosphatidylinosi-
tol 3-kinase)/Akt (protein kinase B) signal path-
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way, was reported to be a potential target to
prevent renal extracellular matrix secretion of
DM [7]. PTEN was also reported to play impor-
tant roles in cardiac fibroblast proliferation and
phenotypic switch [8]. At present, increased
evidences demonstrated oxidative stress and
overexpression of tumor necrosis factor-o (TN-
Fa) is related to excessive deposition of ECM,
tubulointerstitial cell proliferation and apopto-
sis, eventually accelerating the DN progress [9,
10]. The elevated levels of TNF receptors 1 and
2 (TNFR1 and TNFR2) in serum and urine were
associated with the severity of renal interstitial
fibrosis in nephropathy patients [11]. On bind-
ing of TNFa, TNFR1 recruits the adaptor pro-
tein, TNFR associated death domain (TRADD),
directly to its cytoplasmic death domain. It is
reported that both ubiquitination and degrada-
tion of TRADD were elevated in unilateral ure-
teral obstruction (UUO) kidneys, followed by TIF.
Moreover, degradation of TRADD was stimulat-
ed by TNFa in proximal tubule cells [12].

Neuregulin 4 (Nrg4), identified as an adipokine,
play important roles in regulating systemic en-
ergy metabolism and the pathogenesis of obe-
sity-associated disorders, including type 2 dia-
betes mellitus (T2DM) and nonalcoholic fatty
liver disease (NAFLD) [13]. Nrg4 was reported
to be a member of the epidermal growth factor
(EGF) family of extracellular ligands and has
been found highly expressed in adipose tis-
sues, enriched in brown adipose tissue (BAT)
and markedly increased during brown adipo-
cyte differentiation [14]. Previous study report-
ed that the T2DM patients with the highest
high-sensitivity C-reactive protein (hs-CRP) lev-
els showed higher atherogenic coefficients and
atherogenic index of plasma (AIP) levels, but
lower levels of plasma Nrg4, as compared to
those with the lowest hs-CRP levels [15]. Yan PJ
et al. reported that decreased plasma Nrg4 lev-
els is associated with augmented oxidative
stress, inflammation [16], and dyslipidemia,
and plasma Nrg4 levels were positively corre-
lated with concentrations of high-density lipo-
protein cholesterol (HDL-C) and apolipoprotein
A and negatively correlated with triglyceride
and hs-CRP [15]. BAT exert modulation effect
on liver lipogenesis via secretion of the growth
factor Nrg4 [17], Wang GX et al. further demon-
strated that Nrg4 has potential therapeutic
effect on obesity-associated disorders, includ-
ing T2DM and NAFLD [14].
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However, the role of Nrg4 in DN has not been
studied, therefore this study aims to investigate
the roles of Nrg4 in the pathophysiologic mech-
anism underlying the progression in TIF of DN.

Materials and methods
Animal model preparation

Male Sprague-Dawley (SD) rats (160-180 g)
were obtained from Slaccas-Shanghai Lab
Animal Ltd. All rats were kept in standard cages
on a 12-hour light/dark cycle at 22-24°C with
55%-65% relative humidity and had ad libitum
access to chow and tap water. All the rats
received humane care in accordance with the
Guidelines established by the Care and Use of
Laboratory Animals of the National Institutes of
Health. Procedures involving animals and their
care were approved by Min Dong Hospital of
Ning De City. After three-day acclimatization,
the rats were allocated into two dietary regi-
mens consisting of 7 and 28 rats by feeding
either NPD or HFD (60% fat, as a percentage of
total kcal) ad libitum, respectively. After 4
weeks (W), the rats were fast for overnight, sub-
sequently, these rats were intraperitoneally
injected freshly prepared streptozotocin (STZ)
(35 mgkg?, dissolved in 0.1 mol-L* of cold
citrate buffer, pH 4.5) to induce diabetes. One
week later, postprandial blood glucose levels
were detected by blood glucose test strips
(Roche, Mannheim, Germany). The rats with
blood glucose levels higher than 16.7 mmol-L*
were defined as diabetic rats and chosen for
the next experiments. Age-matched normal
rats were given an equal volume of vehicle as
the control. All rats used in the study were
weighted once a week since feeding HFD or
NPD, 24 h-urine samples were collected and
recorded weekly and blood was obtained from
the tail vein to measure non-fasting blood
glucose.

Treatment with neuregulin 4

The diabetic rats were randomly allocated 4
groups of 7 animals each, including one non-
treated diabetic group (model group) and three
neuregulin 4 (Nrg4) treated diabetic groups
(35, 70, 105 g/kg). The Nrg4 was intraperitone-
ally injected into the diabetic rats once daily for
4 weeks. Normal non-diabetic rats received
normal saline orally as control group (n = 5).
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Western blot analysis

Renal tissue or cultured cells were homoge-
nized in lysis buffer (Sigma, R0O278) supple-
mented with protease inhibitors. Total protein
(25 pg) was separated by SDS-PAGE and trans-
ferred to membranes. Protein concentration
was measured with the Bradford assay. The
membranes were blocked with 5% nonfat milk
powder and incubated with appropriate prima-
ry antibodies at 4°C overnight. Rabbit anti-PT-
EN antibody (1:1000), Rabbit anti-FN antibo-
dy (1:1000), Rabbit anti-Collagen | antibo-
dy (1:1000), Rabbit anti-Collagen IV antibody
(1:2000), Rabbit anti-S100B Rabbit (1:1000),
anti-TNF-R1 antibody (1:1000), Rabbit anti-
TNF-R2 antibody (1:1000), Rabbit anti-TRADD
antibody (1:1000) were purchased from Cell
Signaling Technology (Danvers, USA), Mouse
anti-AGEs antibody (1:500), Mouse anti-RAGES
antibody (1:500) were purchased from Merck
(Darmstadt, USA), Mouse anti-Neuregulin 4
antibody (1:1000) was purchased from Santa
Cruz Biotechnology (California, USA). After wa-
shing with PBS, subsequently the membranes
were probed with appropriate horseradish per-
oxidase-conjugated secondary antibody for 2 h
at room temperature. Protein expression levels
were visualized using Tanon-5200 Chemilu-
minescence Imager (Tanon, Shanghai, China)
with ECL western blotting substrate (Millipore).

Quantitative real-time PCR (RT-qPCR)

Total RNA from kidney tissue, blood or cultured
cells was extracted using the Trizol agent (In-
vitrogen, Carlsbad, CA, USA), according to the
manufacturer’s instructions. Then, Reverse Tr-
anscription regents (TaKaRa, Otsu, Shiga, Ja-
pan) was used to synthesize cDNAs. Quan-
titative real-time PCR was measured by using a
System 7500 instrument (Applied Biosystems,
Carlsbad, CA, USA). The relative expression was
calculated by using the 2t method. RNA U6
was performed as the internal control for
miRNA and GAPDH was used for mRNA expres-
sion. The primer sequences for qPCR were as
follows:

Neuregulin 4 Forward 5’-CACCATGCCAACAGATCACGAAGAGCC-3’

Reverse 5-GTGTTGTTCATGACTGTGGTGG-3’

TNF-R1 Forward 5-CGGAAAGAAATGTTCCAGGT-3’
Reverse 5-CACTGGAAATGCGTCTCACT-3’
GAPDH Forward 5-CTCACCGGATGCACCAATGTT-3’

Reverse 5'-CGCGTTGCTCACAATGTTCAT-3’
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Immunohistochemistry

The fixed renal tissues in rat were frozen and
cut into 5 um thick sections. Slides were immu-
nostained by the streptavidin-biotin-peroxidase
complex (SABC) method on paraffin sections.
Slides were deparaffinized, rehydrated and im-
mersed in 3% hydrogen peroxide to block en-
dogenous peroxidase activity. After being blo-
cked with 5% Bovine Serum Albumin (BSA), Sli-
des were incubated primary antibody overnight.
Mouse anti-Neuregulin 4 antibody (1:200) and
Mouse anti-collagen IV (1:100) Santa Cruz Bio-
technology (California, USA), Mouse anti-AGEs
antibody (1:100) was purchased from Merck
(Darmstadt, USA). All slides were incubated wi-
th biotinylated secondary antibodies and SA-
BC reagent. The detection was visualized using
chromogen and counterstaining with 3, 3’-dia-
minobenzidine-tetrahydrochloride followed wi-
th hematoxylin and examined under a light mi-
croscope at the 400x maghnification.

Kidney histology analyses

The tissue samples were fixed with 4% parafor-
maldehyde, dehydrated in graded alcohols and
embedded in paraffin. The paraffin-embedded
kidneys tissues were sectioned into 2-um-thick
sections. Hematoxylin and eosin (H&E) and
Masson staining was performed for the visual-
ization of general histology. The stained tissues
were observed using an optical microscope
(Nikon Eclipse Ti; Nikon Corporation, Tokyo, Ja-
pan) at the 200x magnification, the renal fibro-
sis and collage deposition were estimated, res-
pectively.

Cell culture and treatments of HK-2 cells

Immortalized tubular epithelial cells (HK-2) was
purchased from American Type Culture Coll-
ection (ATCC; Manassas, VA, USA) and cultured
in DMEM/F-12 medium (Sigma-Aldrich) supple-
mented with 10% fetal bovine serum (FBS;
Gibco, MA, USA), 1% penicillin and streptomycin
and maintained at 37°C in a humidified atmo-
sphere containing 5% CO.,

The HK-2 cells were seeded into a 6-well plates,
grown overnight and transfected with TNF-R1
plasmid to investigate the regulatory role of
Neuregulin 4. All transfections were conducted
with Lipofectamine 3000 in accordance with
the manufacturer’s instructions. A blank vector
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pcDNA was used as a negative control (NC).
TNF-R1 expression in cells following transfec-
tion was detected by RT-gPCR and western
blot. Subsequently, High glucose stimulation
was employed by culturing cells in DMEM medi-
um containing 30 mM D-glucose (high glucose
(HQ)) for 48 h, followed by cell harvest for fur-
ther experiments.

Immunofluorescence

Immunofluorescence was performed to visual-
ize intracellular collagen IV and AGEs expres-
sion. The slides with HK-2 cells were washed
with cold PBS for 5 min each time, followed by
fixation with 4% paraformaldehyde (20 min,
room temperature). Subsequently, the cells
were permeabilized with 0.2% TritonX-100 (20
min, room temperature), and blocked with 3%
BSA (40 min, room temperature). Then, the
cells were probed with primary antibody with
the following primary antibodies: Mouse anti-
collagen IV (1:100) Santa Cruz Biotechnology
(California, USA), Mouse anti-AGEs antibody
(1:100) was purchased from Merck (Darmstadt,
USA) in a humidified chamber at 4°C overnight,
followed by secondary antibody for 1 h in a
dark. Finally, Cells’ nuclei were counterstained
with DAPI dye for 5 minutes and mounted with
95% glycerol. The images were observed and
collected using a conventional light microscope
(Olympus PD70) with a 400x magnification.
Pictures were analyzed using the Imagel so-
ftware.

Biochemical assays

After mashing and homogenizing, the renal tis-
sues were centrifuged at 4500 g for 10 min at
4°C, the supernatants were then collected as
well as the supernatants of HK-2 cells. The lev-
els of urine creatinine, IL-6, TNF-a and COX2
levels were measured using appropriate en-
zyme-linked immunoassay (ELISA) kits in accor-
dance with the manufacturer’s instructions.
Cytokine concentrations in samples were inter-
polated from recombinant IL-6, IL-1 TNF-a and
COX2 standard curves. The levels of nitric oxide
(NO) and inducible nitric oxide synthase (iNOS)
were measured using commercial test kits ac-
cording to the manufacturer’s protocols. Serum
glucose, blood urea nitrogen (BUN) and serum
creatinine (Scr) levels were measured using an
automatic biochemistry analyzer (Hitachi, Tok-
yo, Japan).
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Statistical analysis

Statistical data analysis was presented as the
mean * SEM with SPSS 19.0 and GraphPad
Prism 5.0, and all the experiments were perfor-
mance three times independently. Unpaired
two tailed student’s t-test was employed to
compare the difference between the two gr-
oups. The one-way analysis of variance (ANOVA)
test followed by the Dunnett’s post hoc test
was performed for comparisons in the multiple
groups. Differences at P < 0.05 were consid-
ered statistically significant.

Results

Decreased level of neuregulin 4 in serum and
renal tissue of diabetic nephropathy rats

To assess the levels of neuregulin 4 in serum
and renal tissue, western blotting, RT-gPCR
and immunohistochemistry were carried out.
All data showed Nrg4 is under-expression in
serum and renal tissue of diabetic nephropathy
(DN) rats compared with control group, as
showed in Figure 1 (P < 0.001).

Neuregulin 4 attenuate renal function injury of
diabetic nephropathy rats

To measure the roles of neuregulin 4 on renal
functions, body weight and blood glucose were
collected once week. Furthermore, serum cre-
atinine (Scr), blood urea nitrogen (BUN) and
urine creatinine, as the markers of renal func-
tions, were also detected. As expected, there
were no significant differences in body weight
and blood glucose at baseline. Streptozocin
(STZ) induced DN rats had significant weight
gain and higher blood glucose, compared with
control group. Notably, Nrg4 blocked the incre-
ment in body weight and blood glucose in a
dose dependent manner (P < 0.05, P < 0.01, P
< 0.001) (Figure 2A, 2B). Scr, BUN and urine
creatinine levels strikingly elevated in serum of
DN rats. In comparation with model group, Nr-
g4 suppressed this increment in a dose depen-
dent manner (P < 0.05, P< 0.01, P < 0.001) (Fi-
gure 2C-E). In addition, hematoxylin and eosin
(H&E) staining showed the obvious tubular epi-
thelial disruption and hypertrophy of glomeruli,
the results further demonstrated neuregulin 4
attenuate pathological damage in STZ-induced
DN rats.
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Neuregulin 4 ameliorates tubulointerstitial
fibrosis

Masson staining indicated DN rats had higher
levels of tubulointerstitial fibrosis (TIF) com-
pared with normal rats, which was attenuated
by Nrg4 treatment, as showed in Figure 3A. To
further verify the amelioration of TIF by Nrg4
treatment, the western blotting and immuno-
histochemistry technique were used. The re-
sults showed that the expression levels of col-
lagen |, collagen IV and fibronectin (FN) were
markedly increased in DN rats. In contrast, the
expression level of PTEN was decreased signifi-
cantly in STZ group compared with control
group (P < 0.001). Interestingly, Nrg4 treatment
can suppress above abnormal expression nota-
bly (P < 0.01, P < 0.001), which showed in Fi-
gure 3B, 3C.

Neuregulin 4 suppresses the expression of
advanced glycosylation end products in the
kidney

In the present study, western blotting and im-
munohistochemistry were performed to exam-
ine the expression levels of advanced glycosyl-
ation end products (AGEs). The AGE accumula-
tion in the kidney was observed in DN rats, as
shown by using both western blotting and im-
munohistochemical analysis (Figure 4A, 4B).
Furthermore, RAGE and S100B were highly en-
hanced in renal tissue of DN rats (P < 0.001),
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. Figure 1. Decreased level of Nrg4 in
serum and renal tissue of DN rats.
Total protein and DNA was extracted
from the renal tissue and serum.
“. The level of Nrg4 was detected by
. Western blot analysis (A), RT-qPCR
% (B), Immunohistochemistry (C). The
| data are presented as the means
% SEM, n = 3. """P < 0.001, vs. Con-
.. trol (serum) group. ##P < 0.001, vs.
< Control (tissure) group.

which were attenuated by the Nrg4 in a dose
dependent manner (P < 0.01, P<0.001) (Figure
4A).

Neuregulin 4 attenuate inflammation in kidney
of diabetic nephropathy rats

Biochemical assays were used to detect COX2,
NO, iNOS and inflammatory factor including IL-6
and tumor necrosis factor-a (TNFx). As shown
in Figure 5A-E, compared with normal rats, the
levels of COX2, IL-6, TNFa, NO, and iNOS were
significantly enhanced in STZ-induced DN rats
(P < 0.001), Nrg4 reversed the abnormal levels
of levels of these proteins in a dose dependent
manner (P < 0.01, P < 0.001).

Neuregulin 4 may attenuate renal dysfunction
via TNF-R1 signaling instead of TNF-R2 signal-
ing

To analyze the expression levels of TNFa binds
to TNF receptor 1 (TNF-R1), TNF-R2, TNFR as-
sociated death domain (TRADD) protein, We-
stern blotting was performed. Compared with
control group, significantly increased expres-
sion level of TNF-R1 protein was observed in
the STZ group (P < 0.001), which can be re-
versed by Nrg4 treatment in a dose manner (P
< 0.05, P < 0.001). In contrast, the expression
level of TRADD protein of STZ group was de-
creased (P < 0.001), Nrg4 increase the expres-
sion level of TRADD protein (P < 0.001). Inte-
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Figure 2. Influence of Nrg4 on body weight, blood glucose and renal function of DN rats (n = 7 for each group). A,
B. Weight and blood glucose gain after combination of high-fat diet and STZ treatment, respectively. C. Blood urea
nitrogen (BUN); D. Serum creatinine (Scr); E. Urine creatinine were measured using an automatic biochemistry ana-
lyzer. F. H&E staining of representative sections from kidney (x200). The data are presented as the means + SEM,
“P < 0.05, P < 0.01, ""P < 0.001, vs. Control group. #P < 0.05, #P < 0.01, ##P < 0.001, vs. STZ group.

restingly, the expression level of TNF-R2 pro-
tein had no change compared with control
group, as shown in Figure 6.

Neuregulin 4 ameliorates fibrosis in HK-2 cell
via TNF-R1 signaling

The HK-2 cells were transfected with TNF-R1
plasmid to investigate the regulatory role of
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Nrg4d. Western blotting and RT-gPCR were used
to detect the expression level of TNF-R1 pro-
tein. The expression level of TNF-R1 protein sig-
nificantly increased in pcDNA-TNF-R1 group,
compared with pcDNA group (P < 0.001) (Figure
7A, 7B). Consistent with the western blotting
and immunohistochemistry results in vivo, the
expression levels of collagen I, collagen IV and
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FN, analyzed by western blotting and immuno-
fluorescence, were notably increased in HK-2
cells with high glucose (HG) stimulation (P <
0.001), which can be decreased by Nrg4 treat-
ment (P < 0.01, P < 0.001). In contrast, the
expression level of PTEN was decreased signifi-
cantly in HK-2 cells of HG group compared with
control group (P < 0.001). As expected, the cor-
rective effect of Nrg4 treatment is reversed by
TNF-R1 overexpression (P < 0.05, P < 0.001)
(Figure 7C, 7D).

Neuregulin 4 attenuate the expression of ad-
vanced glycosylation end products and inflam-
mation in HK-2 cell via TNF-R1 signaling

To further confirm the regulatory role of Nrg4 in
vivo, AGEs, RAGE and S100B were detected
with western blotting or immunofluorescence,
the expressions of these protein were markedly
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STZ+Nrg4(35pg/kg)
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Relative FN expression in
different groups (fold)

Relative CollagenlV expression in
different groups (fold)

increased in HG group (P < 0.001), compared
with control group. TNF-R1 overexpression
blocked the suppressive effect of Nrg4d treat-
ment (P < 0.01) (Figure 8A, 8B). COX2, NO,
iINOS and inflammatory factor including IL-6
and TNFa were examined by appropriate com-
mercial kits. The data showed COX2, NO, iNOS,
IL-6 and TNFa were elevated by HG condition (P
< 0.001). Nrg4 treatment suppress the abnor-
mal expression, which can be reversed by TNF-
R1 overexpression (P < 0.001) (Figure 8C-F).

Discussion

Diabetic nephropathy (DN) is a most common
and severe diabetic microvascular complica-
tion worldwide [18]. Multiple physiological fac-
tors, including high glucose environment, in-
flammatory cytokines, oxidative stress, play im-
portant roles in the pathogenesis of DN [19].
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Tubulointerstitial fibrosis (TIF) is a key event in
DN development. In this study, rat model of DN
were established successfully by intraperitone-
al injections of streptozotocin (STZ). STZ-induc-
ed rats showed notably weight gain, overt hy-
perglycemia and injured renal function. Furth-
ermore, extracellular matrix (ECM) accumula-
tion, mesangial expansion, glomerular hyper-
trophy, and thickened tubular and basement
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membrane were also observed on the renal
histopathological images of DN rats. More im-
portantly, the present study demonstrated th-
at neuregulin 4 (Nrg4) treatment ameliorates
the defect of renal function and attenuate ren-
al pathological changes in DN rats. Taken to-
gether, our findings provide novel insights into
the onset and progression of renal fibrosis in
DN.
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munoassay (ELISA) kits. The levels
NO (D) and iNOS (E) were using com-
mercial test kits. The columns and
error bars represent the mean and
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Figure 6. Nrg4 may attenuate renal dysfunction via TNF-R1 signaling instead of TNF-R2 signaling. The levels of TNF-
R1, TNR-R2, TRADD were detected by Western blot analysis. The columns and error bars represent the mean and
SEM. **P < 0.001, vs. Control group. *P < 0.05, ##P < 0.001, vs. STZ group.

In the current study, decreased neuregulin 4
(Nrg4) was detected in serum and tissue of DN
rats, which is consistent with the change of cir-
culating Nrg4 levels in T2DM patients [20].
Nrgd attenuate renal function injury and ame-
liorates tubulointerstitial fibrosis of DN rats in a
dose dependent manner. To further investigate
the underlying mechanism of Nrg4 effect on
TIF, inflammatory cytokines, advanced glycosyl-
ation end products (AGEs), proteins involved in
oxidative stress and fibrosis were detected.
Higher expression of collagen I, collagen IV and
fibronectin (FN) were reported to be involved

5509

with renal fibrosis progression [21], which is
consistent with our data. Our results indicated
that Nrg4 treatment decreased the aberrant
expression of collagen I, collagen IV and FN in
DN rats. Phosphatase and tension homologue
(PTEN) have protective effect on renal fibrosis.
Liu et al. found the activation of cardiac fibro-
blasts can be inhibited by regulating PTEN sig-
naling pathway [22]. Interestingly, Nrg4 treat-
ment enhanced expression levels of PTEN pro-
tein of DN rats. In addition, Nrg4 treatment su-
ppress the advanced glycation end-products
(AGEs) accumulation and decreased the ex-

Am J Transl Res 2019;11(9):5501-5513
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Figure 8. Nrg4 attenuate the expression of advanced glycosylation end products and inflammation in HK-2 cell via
TNF-R1 signaling. (A) The levels of AGEs, RAGEs and S100B were detected by Western blot analysis. (B) Immunofluo-
rescence was used to measure the AGEs levels. The levels of TNF-a (C), IL-6 (D) were measured using appropriate
enzyme-linked immunoassay (ELISA) kits. The levels of iNOS (E) and NO (F) were using commercial test kits. The
data are presented as the means + SEM. **P < 0.001, vs. Control group. #P < 0.01, ##P < 0.001, vs. HG group. 24P

< 0.01, 444p < 0.001, vs. HG+Nrg4+pcDNA group.

pression levels of RAGE (receptor for AGE) and
S100B protein. RAGE, as a multiligand, trans-
membrane receptor, play important roles in
activating major pro-inflammatory and pro-oxi-
dative signaling pathways [23]. S100B was
shown to interact with RAGE and to trigger
inflammatory signaling [24]. The inflammatory
cytokines IL-6, TNF-a, COX2, NO and iNOS are
upregulated in DN rats. This result is consistent
with other research, such as Zhang et al., who
reported that AGEs stimulation significantly
increased the section of IL-1B and TNF-« in
mouse tubular epithelial cells [25]. In present
study, the inflammatory cytokines IL-6, TNF-q,
COX2, NO and iNOS are downregulated by Nrg4
treatment in a dose dependent manner. Co-
llectively, the data presented here support
potential roles and a novel function of Nrg4 in
the TIF of DN process.

TRADD, identified as an assembly platform to
diverge TNFR1 signaling, was reported to have
lower expression in rat unilateral ureteral ob-
struction (UUO) kidneys [12]. To put forward a
possible molecular mechanism for Nrg4 action
in the TIF, the expression levels of TNF-R1, TNF-
R2 and TRADD protein were further detected by
Western blot analysis. In accordance with previ-
ous studies, the expression level of TRADD pro-
tein was significantly decreased in DN rats,
Nrg4 treatment enhanced the TRADD levels. In
contrast, the expression level of TNF-R1 protein
was increased, which can be reversed by Nrg4
treatment. However, the expression level of
TNF-R2 protein have no change. The data sug-
gest that Nrg4 attenuate inflammation, AGEs
accumulation and ameliorates fibrosis through
TNF-R1 signaling, instead of TNF-R2 signaling.
To further confirm our hypothesis, the HK-2
cells were transfected with TNF-R1 plasmid to
investigate the regulatory role of Nrg4d. As ex-
pected, all the corrective effects of Nrg4 treat-
ment were blocked by TNF-R1 overexpression.
The results revealed that Nrg4 may effectively
ameliorates TIF and attenuate the expression
of AGEs in DN through TNF-R1 signaling instead
of TNF-R2 signaling. We have provided evi-
dence indicating that Nrg4 possesses thera-
peutic effect on TIF in DN.
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In conclusion, this comprehensive approach to
the study of the function of Nrg4 in TIF provides
novel insight into the onset and development of
DN and assistance in defining alternative reno-
protective strategies in diabetes.
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