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ABSTRACT

Diabetic nephropathy (DN) is the leading cause of end-stage renal disease worldwide. Autophagy was
reported to be related to the pathogenesis of DN. This research investigated the function of the
Nucleoporin 160 (Nup160) gene in regulating autophagy in DN. A mouse model of DN was estab-
lished through an intraperitoneal injection of streptozotocin (STZ). Normal rat kidney tubular epithe-
lial cells (NRK-52E) were treated with high glucose to induce DN in vitro. Real-time quantitative
polymerase chain reaction (RT-qPCR), western blot, immunofluorescence assays were conducted to
measure the expression of NUP160, autophagy-associated proteins, and inflammatory cytokines
in vitro and in vivo. Pathological changes of kidney and liver tissues were analyzed using hematoxylin
and eosin (H&E), Masson and periodic acid-silver (PAS) staining. The body weight, blood glucose, renal
and lipid profiles of DN mice were examined. In this study, DN mice showed serious pathological
injury. NUP160 expression was upregulated, autophagy was inhibited, and inflammatory response
was increased in DN mice. Depletion of NUP160 restored autophagy and inhibited inflammation and
fibrosis in high glucose (HG)-treated NRK-52E cells and STZ-induced DN mice by downregulating the
expression of p62 and Collagen IV (Col-X), increasing the ratio of LC3II/LC3I, and inactivating nuclear
factor (NF)-kB signaling. Moreover, NUP160 knockdown could ameliorate pathological damage and
glucose tolerance in DN mice. Overall, this study is the first to demonstrate the key role of NUP160
silencing in promoting autophagy against diabetic injury in DN.
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Introduction

In recent years, the prevalence of diabetes has been on
the rise, and it is the leading cause of human disease
and premature death worldwide [1]. Diabetic nephro-
pathy (DN) is a complication of diabetes that induces
the development of end-stage renal disease [2,3].
Approximately 30% of diabetic individuals suffering
from DN develop end-stage renal failure [4,5]. DN is
accompanied by elevation of urinary albumin and
blood pressure and loss of glomerular filtration [6,7].
Studies show that the disturbance of internal environ-
ment and metabolism caused by hyperglycemia is the
risk factor of DN [8]. Renal tubulointerstitial fibrosis is
common in DN, which is characterized by mesangium
thickening, tubular atrophy and abnormal accumula-
tion of extracellular matrix components [9]. However,
the mechanisms how renal tubulointerstitial fibrosis
develops in DN need more clarifications.

Autophagy is a key homeostatic process that is
involved in degradation and cycling of protein
aggregates, organelles, and other macromolecules
[10]. Thus, autophagy is required for the mainte-
nance of cellular homeostasis [11]. Recent evi-
dence has indicated that autophagy participates
in the pathogenesis and physiology of types of
diseases, including infectious diseases, inflamma-
tory bowel diseases, and neurodegenerative dis-
eases [12]. Additionally, autophagy defects are
associated with the pathogenesis of DN [13], and
suppression of autophagy aggravates fibrosis in
tubular cells [14]. Activation and restoration of
autophagy activity may be renoprotective strate-
gies to retard the progression of DN [15].
Although accumulating studies have confirmed
the protective role of autophagy preventing the
fibrogenesis in DN, the event that initiates this

CONTACT Qiang Zhu @ zhugiang4721@sina.com @ Department of Nephrology, Xinghua People’s Hospital, Taizhou 225700, Jiangsu, China; Jiayong Xie
8 xiejiayong2019@sina.com Xinghua People’s Hospital, No. 419, Yingwu South Road, Xinghua, Taizhou, Jiangsu, China

*These authors contributed equally to this work.
Supplemental data for this article can be accessed here

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0003-1535-0364
https://doi.org/10.1080/21655979.2021.1968777
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2021.1968777&domain=pdf&date_stamp=2021-09-15

process is largely unknown. Nuclear factor (NF)-
kB is thought to be a key regulator in inflamma-
tory response in diabetic kidney disease [16].
Under normal conditions, NF-kB is blocked by
its inhibitor, IKB. Persistent activation of NF-kB
can promote the release of inflammatory cytokines
and enhance the inflammatory response, finally
aggravating tissue damage [17-19]. In diabetes,
endogenous danger-associated molecular patterns
are generated and induce a sterile tubulointerstitial
inflammatory response via the NF-«kB signaling
pathway [16]. Many genes encoding nucleoporins,
such as NUP93, NUP107 and NUP205 were
reported to participate in the pathogenesis of
nephrotic syndrome [20-22]. NUP160 is 1 of up
to 60 proteins that constitute the 120-MD nuclear
pore complex, which mediates nucleoplasmic
transport [23,24]. NUP160 is expressed in both
mouse and human cells. It has been reported that
NUP160 depletion induces autophagy in mouse
podocytes [25].

To data, the regulatory function of NUP160 on
autophagy in tubular cells and animal models of
DN has not been investigated. In this work, we
established DN models in vitro and in vivo to
explore the role of NUP160. We hypothesized
that NUP160 depletion may have an inhibitory
effect on autophagy in DN. Our study may provide
a theoretical basic for further investigations of the
role of NUP160 in the pathogenesis of DN.

Material and methods
Animals

Twenfour healthy male C57BL/6 ] mice were pur-
chased from Vital River Co. Ltd. (Beijing, China).
All mice were housed in an environment with
a 12 h light/dark cycle at 21 + 3°C. They were
allowed to take food and water ad libitum. After
one week of acclimation, the mice were divided
into the sham group, the DN+adeno-associated
virus-negative control (AAV-NC) group, and the
DN+AAV-sh-NUP160 group. N = 8 mice each
group. To establish a mouse model of DN,
60 mg/kg streptozotocin (STZ; Sigma-Aldrich,
USA) in 0.01 M citrate buffer was intraperitoneally
injected into the mice for 5 consecutive days [26].
Mice in the sham group were injected with the
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same amount of citrate buffer. After 48 h, a blood
glucose level of > 16.7 mM indicated a successful
establishment of DN model. After 2 weeks, AAV-
NC or AAV-sh-NUP160 synthesized by HanBio
(Shanghai, China) was injected into the mice via
the tail vein at 1 x 10"" viral genomes each mouse,
at a 3-day interval for 8 weeks. All mice were
anesthetized with pentobarbital sodium (60 mg/
kg). The health of the mice were monitored
daily. No mice died accidentally. Body weight
and blood glucose of mice were measured twice
a week during the experimental period from the
third week. In the end, all mice were fasted over-
night. Serum and tissues were collected and frozen
in liquid nitrogen for biochemical assays and his-

tological analysis. Animal experiments were
approved by the Ethics Committee on Animal
Experiments of Xinghua People’s Hospital

(Jiangsu, China).

Oral glucose tolerance test (OGTT)

The concentrations of blood glucose were mea-
sured using blood samples obtained from the tail
vein, with a glucometer (OneTouch Ultra). The
oral glucose tolerance test (OGTT) was performed
as described [27]. Briefly, for the OGTT, after
8 weeks of intervention, the mice were fasted for
6-8 h. All mice were orally administered 2 g/kg
glucose solution. The blood glucose of each group
was measured at 0, 30, 60, 90 and 120 min.

Biochemical measurements in serum

Serum samples were stored at —20°C after separa-
tion by centrifugation (3000 g for 15 min at 4°C).
Serum insulin, total triglyceride (TG), total choles-
terol (TC), low-density lipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol
(HDL-C), alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), urine albumin
and urine creatinine, blood urea nitrogen (BUN)
and serum creatinine (Scr) were analyzed using the
corresponding ELISA kits (Shanghai, China)
according to the manufacturer’s instructions.
Mouse urinary albumin/urinary creatinine ratio
was calculated as mg/mg [28].
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Histological staining

Tissues including kidney and liver were carefully
removed, washed with ice-cold saline, and fixed in
10% formalin. All samples were embedded in par-
affin and cut into 4-um-thick slices for morpholo-
gical and pathological evaluations. Tissue sections
were stained with hematoxylin and eosin (H&E),
Masson, and periodic acid-silver (PAS) [29], and
examined with a light microscope (Olympus,
Tokyo, Japan).

Immunofluorescence assay

Immunofluorescence staining was used to detect
the light chain 3 (LC3) level [30]. The tissue sec-
tions were incubated with the primary antibody
LC3B (ab192890, 1:200, Abcam) for 12 h at 4°C,
and subsequently incubated with Fluorescent-
conjugated goat anti-rabbit IgG for 2 h at 37°C.
DAPI (Sigma-Aldrich) was used to stain the
nuclei. Images on the slides were obtained using
a confocal fluorescence microscope (Nikon TE300,
Japan) and quantified by Image ] software
(NTH, USA).

Cell culture

Normal rat kidney tubular epithelial cell line (NRK-
52E) and mouse podocyte cell line (MPC5) were
purchased from the American Type Culture
Collection (Rockville, MD, USA). Cells were cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% fetal bovine serum
(Gibco Laboratories, NY, USA), 100 U/ml penicillin,
100 mg/ml streptomycin at 37°C. The incubation
was conducted in a Thermo Scientific Heraeus CO,
incubator of 5% CO,/95% air. All experiments were
performed with cells that were passaged 4 to 10
times. For high glucose treatment, cells were serum-
starved in medium containing 1% serum for 24 h,
followed by treatment with medium containing
5.5 mmol/L glucose (Con), 33 mM high glucose
(HG), and 5.5 mM glucose + 27.5 mM mannitol
(Mannitol), respectively, for 24 h [31].

Cell transfection

Short hairpin RNA targeting NUP160 (sh-
NUP160) and shRNA-NC (sh-NC) were con-
structed by Ribobio (GuangDong, China). Cells
were seeded in 24-well plates and transfected
with 40 nM shRNA vector following the instruc-
tions of Lipofectamine 3000 (Invitrogen, USA) as
described previously [32].

Real-time quantitative polymerase chain
reaction (RT-qPCR)

Total RNA was extracted from tissues and cells
utilizing TRIzol kit (Invitrogen). Next, a Reverse
Transcription Kit (Promega, USA) was used for
the reverse transcription of total RNA into cDNA.
The ¢cDNA was amplified using appropriate pri-
mers by Bio-Rad 96fx circulatory (Bio-Rad, USA)
with SYBR Green Master Mix (TaKaRa, Japan).
The 27°%“" method was used to calculate
NUP160 expression, normalizing to GAPDH
[33]. NUPI160, forward: 5-GAGCTTCGTGGA
ACTGAGC-3', reverse: 5-TCCTGGTGATGG
AGAACAACT-3'; GAPDH: forward 5-TCTC
TGCTCCTCCCTGTTC-3', reverse 5-ACACCG
ACCTTCACCATCT-3".

Western blot

Western blot was performed as previously pub-
lished [34]. Total protein from tissues and cells
was extracted using radioimmunoprecipitation
assay lysis buffer (Sangon Biotech, Shanghai,
China). Cell or tissue lysates (50 pg protein per
lane) were separated on the sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (10%) gels
for 2 h and then transferred onto the polyvinyli-
dene difluoride membrane (EMD Millipore, USA)
for 1 h. After blocking with 5% skimmed milk for
1 h, the membrane was blotted with primary anti-
bodies: NUP160 (PA5-20,565; Thermo Scientific),
p62 (ab109012), LC3A/B (ab192890), Collagen IV
(Col-1V)  (ab236640), interleukin-1p  (IL-1P)
(ab254360), IL-6 (ab2593341), Tumor necrosis fac-
tor alpha (TNF-a) (ab109322), p-NF-kB p65
(ab239882), NF-xB p65 (ab16502), nephrin



(ab2163412), podocin (ab181143), a-actinin-4
(ab108201), and GAPDH (ab181602) overnight at
4°C. After washing, the membrane was incubated
with secondary antibodies for 1 h at room tem-
perature, and the signals were developed with
Immobilon Western Chemiluminescent HRP sub-
strate (EMD Millipore). The images were pro-
cessed with Image ] software (NIH, USA).

Statistical analysis

Experimental data are shown as the mean * stan-
dard deviation and were analyzed with SPSS20.0
statistics program (IBM, USA). Analysis of data
among multiple groups was performed using
unpaired t-test and one-way analysis of variance.
p < 0.05 was considered statistically significant.

Results

In this study, we used HG-treated NRK-52E cells
and STZ-induced DN mice to explore the function
of NUP160 on autophagy and renal fibrosis
in vitro and in vivo. We hypothesized that
NUPI160 depletion may have an inhibitory effect
on autophagy. Our results showed that depletion
of NUP160 restored autophagy and inhibited
inflammation and fibrosis in HG-treated NRK-
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52E cells and STZ-induced DN mice by down-
regulating the expression of p62 and Col-K,
increasing the ratio of LC3II/LC3I, and inactivat-
ing NF-«xB signaling Moreover, NUP160 knock-
down could ameliorate pathological damage in
DN mice.

The NUP160 level is high in HG-treated
NRK-52E cells and in DN mice

First, the NUP160 level in NRK-52E cells treated
with HG was measured by RT-qPCR and western
blot. The results revealed that the expression level
of NUP160 mRNA and protein was significantly
upregulated in HG-treated NRK-52E cells
(Figure la and 1b). Moreover, we assessed the
level NUP160 in STZ-induced DN mice. It was
shown that NUP160 expression was obviously ele-
vated in the kidney tissues of DN mice (Figure lc
and 1d). These results demonstrated the upregula-
tion of NUP160 expression in DN in vitro and
in vivo, and thus we hypothesized that NUP160
may participate in the pathology of DN.

Autophagy is inhibited in DN

Next, the protein levels of autophagy-associated
markers in DN were measured using western

* %

Relative NUP160 protein level
|
Relative NUP160 level
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1

Figure 1. The NUP160 level in HG-treated NRK-52E cells and in DN mice. (a) The NUP160 mRNA level in HG-treated NRK-52E cells
was measured by RT-qPCR. (b) The NUP160 protein level in HG-treated NRK-52E cells was determined by western blot. (c) The
NUP160 mRNA level in DN mice was measured by RT-qPCR. (d) The NUP160 protein level in DN mice was measured by western blot.

**P < 0.01, ***P < 0.001.
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Figure 2. Autophagy level in HG-treated NRK-52E cells and in DN mice. (a) The protein expression of autophagy-related markers and
Col-IV in HG-treated NRK-52E cells was assessed by western blot. (b) The protein expression of autophagy-associated markers in DN
mice was assessed by western blot. ***P < 0.001.

blot. The p62 protein expression was increased
and the LC3-II/LC3-I ratio was reduced in NRK-
52E cells after treatment with HG (Figure 2a).
Additionally, the Col-IV level was higher in the
HG group than in the control group (Figure 2a).
Furthermore, an elevation in p62 expression and
a reduction in LC3-II/LC3-I ratio were found in

the kidneys of DN mice (Figure 2b).
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NUP160 depletion inhibits autophagy in
HG-treated NRK-52E cells

To determine whether NUP160 is related to the
regulation of autophagy in NRK-52E cells, we
knocked down NUP160 and examined the protein
levels of autophagy-associated markers in HG-
treated NRK-52E cells after NUP160 silencing. As

shown in Figure 3a, the NUP160 protein level was
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Figure 3. Effects of NUP160 depletion on autophagy in HG-treated NRK-52E cells. (a) The protein levels of NUP160, p62, LC3-I/1l, and
Col-IV in HG-treated NRK-52E cells transfected with sh-NUP160 were examined by western blot. (b) The expression of LC3B in HG-
treated NRK-52E cells transfected with sh-NUP160 was examined using immunofluorescence assay. **P < 0.01, ***P < 0.001.



decreased after transfection of sh-NUP160. The
p62 protein expression was significantly decreased
in HG-treated NRK-52E cells transfected with sh-
NUP160 compared to cells transfected with sh-
NC. NUP160 depletion also restored the ratio of
LC3-II/LC3-1. The Col-1V level was reduced after
silencing NUP160. Additionally, the expression of
autophagosome adapter protein LC3B was exam-
ined using assay. We
observed that the fluorescence intensity of LC3B
was notably increased in the sh-NUP160 group
compared with the sh-NC group (Figure 3b).
Overall, NUP160 depletion promotes autophagy
and alleviates fibrosis in HG-treated NRK-52E
cells.

immunofluorescence

NUP160 depletion suppresses inflammatory
response in HG-treated NRK-52E cells

We further examined the impact of NUP160 in
inflammatory response. The results of western blot
showed that the protein levels of proinflammatory
cytokines IL-1B, IL-6, and TNF-a were increased
in HG-treated NRK-52E cells and were then
reduced after NUP160 knockdown (Figure 4a).
The protein level of NF-kB signaling pathway
was detected to explore the mechanisms of
NUPI160 in inhibition of inflammatory response.
We found that the phosphorylation of NF-kB p65
(p-NF-kB p65) in the HG group was higher than

that of the control group, while NUP160
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knockdown induced a significant decrease in the
p-NF-kB p65 level (Figure 4a). Therefore, NUP160
knockdown inhibits inflammatory response by
blocking NF-kB signaling pathway.

NUP160 depletion suppresses
podocyte-associated protein disruption

Nephrin, podocin, and a-actinin-4 are important
podocyte proteins that help maintain the integrity
of the slit diaphragm and prevent proteinuria [35].
We tested whether knockdown of NUP160 could
alter the expression of podocyte associated pro-
teins. Here, the mouse glomerular podocyte
MPC5 was stimulated with HG, and the sh-
NUP160 vector was transfected into MPC5 cells.
The results showed that HG could decrease the
expression of Nephrin, podocin, and a-actinin-4,
while the expression of these proteins were
restored after knockdown of NUP160 (Fig. S1A).

Effects of NUP160 depletion on body weight,
blood glucose and insulin in DN mice

To reveal the effects of NUP160 in DN mice, we
established a DN model by STZ injection and
examined the influence of NUP160 on blood glu-
cose and renal function parameters of the DN
mice. The experimental design of the animal
study is presented in a schematic diagram
(Figure 5a). Compared with the sham group, the

—= Con
—= HG+sh-NC
=== HG+sh-NUP160

i i

IL- 1[3 TNFa p-NF- KB p65/
NF-kB p65

Figure 4. Effects of NUP160 depletion on inflammatory response in HG-treated NRK-52E cells. (a) The protein levels of IL-1f, IL-6,
and TNF-a in HG-treated NRK-52E cells transfected with sh-NUP160 were examined by western blot. **P < 0.01, ***P < 0.001 vs. the

control group; *P < 0.05, P < 0.01 vs. the HG+sh-NC group.
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body weight in the DN group was significantly
decreased, and the body weight was obviously
increased after injection of AAV-sh-NUP160
(Figure 5b). At the beginning of the experiment,
there were no significant differences in fasting
glucose blood levels between the DN+AAV-NC
and DN+AAV-sh-NUP160 groups. However,
compared with the DN+AAV-NC group, fasting
glucose blood levels in the DN+AAV-sh-NUP160
group were significantly reduced at the 8th week
(Figure 5c). After oral glucose administration, the
blood glucose levels reached their peak value at

30 min in all groups, and then the blood glucose
levels gradually returned to their original levels
within 120 min (Figure 5d). As shown in
Figure 5e, serum insulin levels were markedly
higher in the DN+AAV-NC group than the sham
group. However, the DN+AAV-sh-NUP160 group
exhibited significantly lowered serum insulin levels
than the DN+AAV-NC group. The DN mice
showed significant hyperlipidemia, high blood
urea nitrogen, and creatinine, as shown in Table
1. NUP160 knockdown improved STZ-induced
hyperlipidemia by decreasing triacylglycerol and
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Figure 5. Effects of NUP160 depletion on body weight, blood glucose and insulin in DN mice. (a) The experimental design of the
in vivo study is presented in a schematic diagram. (b) Body weight in each group. (c) Fasting blood glucose levels in each group. (d)
Changes in the glucose levels in the OGTT. (e) Serum insulin content in each group. **P < 0.01, ***P < 0.001 vs. the sham group;

#*P < 0.05 vs. the DN+AAV-NC group.



Table 1. Biochemical characteristics after 8 weeks of treatment
with AAV-sh-NUP160 in DN mice.

Sham DN+AAV-NC  DN+AAV-sh-NUP160
BUN (mg/dL) 1639 + 0.65 30.08 + 0.97* 25.11 + 0.62°
Cre (mg/dl)  0.24 +0.05  0.41 + 0.03* 0.28 + 0.03*
HDL/LDL 7.05 + 057  7.52 + 0.70% 7.11 £ 0.61%
TG (mg/dl) 5678 + 6.94 73.71 + 5.03* 65.99 + 3.88"
TC (mg/dL) 8343 +4.19 121.26 + 6.17* 98.85 + 5.94%
UACR (ug/mg) 329 £37 1008 + 6.4a* 67.7 + 2.4*

Data are presented as the mean + SD; n = 8 mice per group. *p < 0.05
indicates significant difference compared with the sham group deter-
mined by Student’s t test. p < 0.05 indicates significant difference
compared with the DN+AAV-NC group determined by ANOVA.

BUN: blood urine nitrogen; Cre: creatinine; HDL: high-density lipopro-
tein; LDL: low-density lipoprotein; TG: triacylglycerol; TC: total cho-
lesterol; UACR: urinary albumin/urinary creatinine.

total cholesterol levels. NUP160 knockdown also
had an inhibitory effect on the blood urea nitrogen
and creatinine. Additionally, the ratio of urine
albumin/urine creatinine, an indicator of renal
dysfunction, was increased in the DN group and
could be alleviated by NUP160 knockdown.

Suppression of NUP160 ameliorates kidney
and liver injury in DN mice

The effects of NUP160 on renal histopathologi-
cal changes were showed in Figure 6a. The DN
group exhibited an increase in mesangial matrix
expansion and glomerular volume, basement
membrane thickening and significant renal
tibrosis accumulation. Pathological injury of the
kidney tissues was significantly improved in the
DN+AAV-sh-NUP160 group. Furthermore, his-
tological analysis of liver tissues were performed
(Figure 6b). In the sham group, the liver lobules
were clear, the liver tissue structure was normal,
and the shape was intact. However, the hepato-
cytes in the DN group were largely necrotic, and
the cytoplasm was filled with round lipid dro-
plets of different sizes. In the DN+AAV-sh-
NUP160 group, the hyperglycemia-induced
damage was attenuated. The number of vacuola-
tions was significantly reduced, and the mor-
phology of liver cells was relatively normal.
ALT and AST levels can directly represent the
degree of liver damage. As shown in Figure 6¢
and 6d, serum ALT and AST levels were signifi-
cantly lower in the DN+AAV-sh-NUP160 group
than in the DN+AAV-NC group.
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Suppression of NUP160 restores autophagy
and inhibits inflammatory response in DN
mice

We further detected whether NUP160 affects
autophagy in vivo. As shown in Figure 7a, the
DN+AAV-NC group showed an upregulated
expression of NUP160, an increased expression
of p62, and a reduced ratio of LC3-II/LC3-I com-
pared with the sham group. The DN+AAV-sh-
NUP160 group showed a downregulation expres-
sion of NUP160, a decreased expression of p62,
and an increased ratio of LC3-II/LC3-I compared
to the DN+AAV-NC group, suggesting that silen-
cing NUP160 could promote autophagy in DN
mice. Subsequently, we found that the DN+AAV-
sh-NUP160 had an elevated LC3B fluorescence
intensity compared with the DN+AAV-NC group
(Figure 7b). Additionally, NUP160 knockdown
reduced the protein levels of proinflammatory
cytokines IL-1P, IL-6, and TNF-a in the kidney
tissues of DN mice (Figure 7c).

Discussion

Our findings showed that autophagy was a key
factor affecting renal tubulointerstitial fibrosis in
DN. Evidence indicates that inactivation of autop-
hagy is a culprit of the pathogenesis of DN, which
aggravates fibrosis in tubular cells, and restoration
of autophagy activity was found to attenuate cell
damage induced by high glucose [36-38].
Therefore, induction of autophagy may be
a renoprotective strategy against the progression
of DN. Recently, emerging studies have revealed
the relationship between tubular autophagy and
tubulointerstitial fibrosis [39,40]. For example,
Notch homolog 1 (Notch-1) aggravates renal tubu-
lointerstitial fibrosis in DN by regulating phospha-
tase and tensin homolog (PTEN) expression via
inhibiting autophagy [41]. Silencing microRNA-22
attenuates inhibition of autophagy and Col-IV in
HG-treated NRK-52E cells [42]. Dihydromyricetin
relieves renal tubulointerstitial fibrosis by activat-
ing autophagy in DN [43]. In the current study,
western blot results revealed upregulation of p62
and downregulation of LC3 in high glucose-
treated NRK-52E cells and in DN mice.
Additionally, the levels of Col-IV were increased.
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Figure 6. Effects of NUP160 depletion on kidney and liver histopathological changes. (a) Histopathological changes in the kidney. (b)
Histopathological changes in the liver. (c) Serum ALT content. (d) Serum AST content. **P < 0.01 vs. the sham group; #P < 0.05 vs.

the DN+AAV-NC group.

Severe renal tubulointerstitial fibrosis was found in
DN mice. These findings suggested that autophagy
has a key involvement in renal tubulointerstitial
fibrosis in DN.

Mutations in the NUP160 gene, which encodes
a protein component of the nucleopore complex
nucleopore 160 KD, are responsible for inducing
steroid-resistant nephrotic syndrome [44]. We
found that NUP160 expression was high in HG-
treated NRK-52 cells and in STZ-induced DN
mice. The role of NUP160 in DN has not been
investigated. To identify the relationship between
NUP160 and autophagy in DN, the expression of
NUP160 was knocked down in HG-treated NRK-
52E cells. Our data showed that inhibition of
NUP160 could downregulate p62 and upregulate
LC3, suggesting that inhibition of NUP160

promotes autophagy in HG-treated NRK-52E
cells. Moreover, NUP160 knockdown significantly
relieved renal tubulointerstitial fibrosis in DN
mice, and restored autophagy in vivo. These find-
ings were consistent with the previous studies
demonstrating that NUP160 depletion induces
autophagy in mouse podocytes cultured in vitro
[25]. Additionally, we also demonstrated that
NUP160 knockdown suppressed inflammatory
response in vitro and in vivo by reducing the
protein levels of proinflammatory cytokines IL-
1B, IL-6, and TNF-a. This was the first to reveal
the role of NUP160 in regulating inflammatory
response. However, some limitations in this study
are worth mentioning. First, it would be better to
expand the sample size in subsequent experiments
to enhance persuasion of our findings. Second, we
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Figure 7. Effects of NUP160 depletion on autophagy and inflammatory response in DN mice. (a) The protein expression of
autophagy-related markers and Col-IV in DN mice was determined by western blot. (b) The expression of LC3B in DN mice was
determined by immunofluorescence assay. (c) The protein levels of IL-1f, IL-6, and TNF-a in DN mice were examined by western
blot. **P < 0.01, ***P < 0.001 vs. the sham group; *P < 0.05, *P < 0.01 vs. the DN+AAV-NC group.
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would also conduct a further research on some
potential signaling pathways related to NUP160
in the future study.

Conclusion

In conclusion, we found that NUP160 depletion could
restore autophagy and inhibit fibrosis and inflamma-
tory response in high glucose-treated NRK-52E cells
and STZ-induced DN mice. Inhibition of NUP160
might be a promising strategy in preventing renal
injury. This study may provide new ideas and bring-
ing new hope for the treatment of DN.
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