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Abstract

roles of miR-543 in DN and its underlying mechanisms.

miR-543 and TSpan8.

and autophagy were rescued by TSPAN8 overexpression.

Background: Diabetic nephropathy (DN) is one of the most common and serious complications of diabetes, which
can lead to renal failure and fatality. miRNAs are an important class of endogenous non-coding RNAs implicated in a
wide range of biological processes and pathological conditions. This study aims to investigate the potential functional

Methods: gRT-PCR was performed to detect the expression levels of miR-543 and TSPAN8 in kidney tissues of
mice with DN. Western blot (WB) was used to measure the protein levels. CCK8 assay was employed to evaluate the
proliferation of HK2 cells. Dual luciferase reporter assay was conducted to verify the functional interaction between

Results: The downregulation of miR-543 and upregulation of TSPAN8 were observed in kidney tissues of mice with
DN. miR-543 mimic significantly decreased cell proliferation and autophagy in high-glucose (HG)-induced HK2 cells,
and promoted cell fibrosis. We further identified a putative binding site between miR-543 and TSPANS, which was
validated by Dual luciferase reporter assay. The treatment of miR-543 mimic and miR-543 inhibitor could reduce or
increase TSPANS8 protein level respectively. We further showed that the overexpression of TSPAN8 could attenuate HG-
induced cell injury by reducing fibrosis and increase autophagy. The effects of miR-543 mimic in proliferation, fibrosis,

Conclusions: Our study indicate that miR-543 mediates high-glucose induced DN via targeting TSPANS. Interfering
miR-543/TSPANS axis could serve as potential approach to ameliorate DN.
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Introduction

Diabetic nephropathy (DN) is one of the most common
and serious complications of diabetes, which can lead
to renal failure and fatality [1, 2]. DN has been the main
cause of chronic kidney disease, accounting for one-third
of cases worldwide [3]. Due to the complex pathogenesis
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of DN, currently there is no specific treatment for DN.
Therefore, understanding the molecular mechanism
underlying the pathogenesis of DN could provide insights
into the treatments and prevention.

miRNAs are an important class of endogenous non-
coding RNAs implicated in a wide range of biological
processes and pathological conditions by modulating the
expression of the downstream target genes [4]. Recently,
a growing body of evidence has suggested the involve-
ment of miRNAs in DN pathogenesis [5]. For example,
He et al. demonstrated that miR-320a exacerbates renal
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dysfunction in DN by sponging MafB and inhibiting the
expressions of Nephrin and Gpx3 in podocytes [6]. In
contrast, miR-30c plays a protective role against DN by
inhibiting the epithelial-to-mesenchymal transition of
retinal endothelial cells through targeting Snaill/TGE-
B1 signal pathway [7]. miR-543 seems to be implicated
in inflammatory responses of a wide range of diseases.
Xu et al. showed that exosome-derived miR-543 could
reduce lung injury induced by radiation [8]. While in dia-
betic retinopathy, the inhibition of miR-543 activity could
decrease high glucose (HG)-induced cell proliferation,
migration, and angiogenesis [9].

TSPANS is a member of membrane glycoprotein tetras-
panins which are characterized by four highly conserved
transmembrane domains. TSPANS has been recognized
as an important factor in various diseases, such as tumor
[10, 11], infectious diseases [12, 13], and immune disor-
ders [14]. The upregulation of TSPANS promotes cancer
cell stemness [11], and a high expression of TSPANS is
associated with a poor prognosis in breast cancer [15],
colorectal cancer [16], lung adenocarcinoma [17]. How-
ever, whether TSPANS plays a functional role in DN
remains to be elucidated.

In this study, we examined the expression levels of
miR-543 and TSPANS in DN mice and high glucose (HG)
induced HK2 cells. We found that miR-543 was down-
regulated and TSPANS was upregulated in kidney tissues
of mice with DN. Moreover, modulating miR-543 could
regulate the proliferation, fibrosis, and autophagy in HK2
cells treated with high glucose. TSPANS was identified
as a target gene of miR-543 and the effect of miR-543
TSPANS could be rescued by TSPANS overexpression.
Our study indicate that miR-543 mediates high-glucose
induced DN via targeting TSPANS.

Materials and Methods

Animals

Eight-week-old male db/db mice (#=12) on C57BL/Ks]
background and control C57BL/Ks] mice (n=12) were
obtained from NBRI (Nanjing, China). Mice were main-
tained under a temperature of 21 £+ 2 °C and humid-
ity of 55 £ 2%, with a cycle of 12-h light/dark. Mice
were allowed to diet and water freely. The db/db mice
were commonly used as DN models and previous stud-
ies demonstrated that db/db mice could be considered
as the early stage of DN at 8 weeks [18-20]. Animal
experiments were conducted according to the Guide-
lines for the Care and Use of Laboratory Animals at The
First Affiliated Hospital of Bengbu Medical College and
approved by the ethics committee of The First Affiliated
Hospital of Bengbu Medical College. Euthanasia of mice
was performed using pentobarbital solution (150mg/kg,

ip.).
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Cell culture

Human HK?2 cell line purchased from the American Type
Culture Collection, ATCC) was cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Gibco, Grand Island,
NY) with 15% fetal bovine serum (FBS; Gibco, Grand
Island, NY). The medium contained additional 100U/ml
penicillin (Gibco, Grand Island, NY) and 100pg/ml strep-
tomycin (Gibco, Grand Island, NY). Cells were cultured
in an incubator with 5% CO, at 37°C. For normal growth
condition, cells were cultured in medium containing
D-glucose at 5.5 mmol/L glucose plus 19.5 mmol/L man-
nitol. For high glucose (HG) treatment, cells were main-
tained in medium with 25 mmol/L glucose.

gRT-PCR
Trizol reagent (Thermo Fisher Scientific) was used to
extract RNA from tissues and cells according to the
instructions. The extracted total RNA was dissolved in
DEPC water and 5 pg of total RNA was used for reverse-
transcription into cDNA using RevertAid First Strand
¢DNA Synthesis Kit (K1622, Thermo Fisher Scientific).
The resulted cDNA was diluted to 50 ng/pL and analyzed
in a 7500 Real Time PCR System (Applied Biosystems)
using SYBR premix EX TAQ II kit (RR820A, Takara).
The PCR cycling condition used: 95°C 2 mins, 40 cycles
of 95°C 30 sec, 60°C 30 sec and 72°C 60 sec. Finally, the
2—-AACt method was used to analyze the relative expres-
sion level and GAPDH/U6 was used as the internal ref-
erence gene. All primer sequences were synthesized and
purchased from Shanghai Sangon Biotechnology Co.,
Ltd. (Shanghai, China):

miR-543-forward, 5- CAGTGCTAAAACATTCGC
GG-3; miR-543- reverse, 5’-TATGGTTGTTCACGA
CTCCTTCAC-3’; TSPANS-forward, 5'- GAGUUUAAA
UGCUGCGGUU -3'; TSPANS- reverse: 5- AACCGC
AGCAUUUAAACUC-3; GAPDH-forward, 5-AGA
GGCAGGGATGATGTTCTG-3’; GAPDH- reverse
5-GACTCATGACCACAGTCCATGC-3; U6-forward,
5-ACAGTAGTCTGCACATTGGTTA-3.

MiRNA mimics and inhibitor and plasmids

For TSPANS8 overexpression, the cDNA sequence of
TSPANS8 was cloned into pcDNA3.1 expression vector.
miR-543 mimic and miR-543-inhibitor were purchased
from Shanghai GenePharma. For dual luciferase assay,
the wide-type (WT) or mutant 3’-untranslated regions
(3’-UTRs) of TSPANS8 was cloned into the pmirGLO
Dual-Luciferase Vector (Promega, Madison, WI).

Cell transfection was performed using Lipofectamine
3000 reagent (Thermo Fisher Scientific, L3000001). In
6 well plate, 60% confluent cells were transfected with
100 nM of microRNA mimic or inhibitor or 6 ug of
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pcDNA3.1- TSPANS plasmid according to manufactur-
er’s instruction. Transfected cells were subjected to sub-
sequent analysis 48 hours post-transfection.

CCK-8 cell proliferation assay

48 hours after transfection, cells were seeded in to a 96
-well plate at a density of 1500 cell/well and cultured in
a humidified cell culture incubator for 0, 24, 48, and 72
hours, respectively. Subsequently, 10 uL. CCK8 reaction
solution (Dojindo Laboratory, Japan) was added to the
cell culture for 3-hour incubation in a humidified cell cul-
ture incubator. The light absorption value (OD value) in
each condition was captured at 450nm wavelength on a
Synergy H1 microplate reader.

Dual luciferase reporter assay

To demonstrate the functional interaction between miR-
543 and TSPAN8 mRNA, the sequence containing the
wild type binding site and the sequence with mutated
binding site in the 3'UTR of TSPAN8 mRNA were cloned
into the PmirGLO vector (Promega). The reporter plas-
mid and Renilla luciferase (hRlucneo) control plasmid
were co-transfected into cells with either miR-543 mimic
or miR-NC using Lipofectamine 3000 reagent accord-
ing to the manufacturer’s instructions. 48h post trans-
fection, the relative luciferase activities were measured
using Dual-Luciferase Reporter Assay Kit (Promega,
E1910) on a luminescence microplate reader (Infinite
200 PRO; Tecan). The relative firefly luciferase activity
in the reporter plasmid was normalized to that of Renilla
luciferase.

Western blot

Western blotting was conducted as in a previous study
[21]. Total protein was extracted from cells using
RIPA lysis buffer containing protease inhibitor cock-
tail (Thermo Fisher Scientific 78429). Cells suspended
in RIPA buffer were lysed on ice for 10 mins and lysed
cells were centrifuged at 14000 rpm for 10 mins. The
supernatant containing total protein lysate was quanti-
fied by a BCA Protein assay kit (Beyotime Biotechnol-
ogy P0009; Shanghai, China). 20 ug of protein was used
for SDS-PAGE electrophoresis. Separated protein in
SDS_PAGE gel was transferred onto the PVDF mem-
brane (BioRad 1620177, Irvine, CA, USA). After block-
ing with 5% skimmed milk for 1 hour, the membrane
was then incubated with primary antibodies: anti-actin
(1:2000, ab8227); fibronectin (1:1000, ab2413), collagen
IV (1:1000, ab6586), TSPANS(1:1000, ab 70007), LC3A/B
(1:1000, ab128025), Beclinl (1:1000, ab62557) and p62
(1:1000, ab91526) overnight. The membrane was washed
3 times with TBST for 5 minutes each. After wash, the
membrane was further incubated with HRP-linked
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secondary antibody (1:3000; Cell signaling #7074, MA,
USA) at room temperature for 1 hour. Then the mem-
brane was washed 4 times with TBST and the protein
bands were visualized using an enhanced chemilumi-
nescence kit (ECL, Solarbio, Beijing, China) and photo-
graphed on a gel imager system (Bio-Rad, Hercules, CA,
United States). The densitometry analysis was performed
with Image ] software (Bethesda, MD, USA).

Fluorescence in situ hybridization (FISH)

RNAscope kit (Invitrogen, CA, United States) was used to
perform RNA FISH according to manufacturer’s instruc-
tions. Briefly, the kidney tissues were fixed with 4% para-
formaldehyde and embedded in paraffin. 5 pm sections
were obtained by a microtome. After deparaffinization
and hydration, the tissue sections were hybridized with
miR-543 probe with Cy3 fluorescent dye (RiboBio Co.
Ltd., Guangzhou, China) at 50°C in hybridization buffer
for 3 hours, and the section was mounted onto a slide
using the mounting media containing DAPI (Vector Lab,
Inc., Burlingame, CA, United States). Fluorescent images
were captured by Leica AM6000 microscope.

Bioinformatics analysis

Starbase (http://starbase.sysu.edu.cn/) online resources
was used for bioinformatic prediction of the binding site
between miR-543 and TSPAN8 mRNA analysis.

Statistical analysis

Statistical analyses were performed with SPSS 20.0 soft-
ware (IBM SPSS, Armonk, NY, USA). The relationship
between the expression of miR-543 and TSPANS8 was
analyzed by the spearman correlation coefficient test.
The statistical difference between two groups was com-
pared using unpaired student’s t tests. Comparisons
among multiple groups were analyzed using one-way
analysis of variance (ANOVA) with Tukey’s post hoc test
for pairwise comparison. Comparisons of data at multi-
ple time points were examined using two-way ANOVA.
Data were reported as the mean + standard deviation
(SD). P < 0.05, P < 0.01 or P < 0.001 was considered as
statistically significant.

Results

The downregulation of miR-543 and upregulation

of TSPANS in kidney tissue of DN mice

We first examined the expression level of miR-543 and
TSPANS in kidney tissue of DN mice and control mice by
qRT-PCR. The results showed that miR-543 was signifi-
cantly downregulated in DN group compared with the
control group (Fig. 1A). We also performed RNA FISH to
examine the localization of miR-543 in kidney, and miR-
543 seemed to be expressed by different cells in both the
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Fig. 1 The expression of miR-543 and TSPAN8 in kidney tissue of DN mice. A The downregulation of miR-543 in kidney of DN mice (n=12) as
compared with normal mice (n=12). B The mRNA expression of TSPAN8 is upregulated in kidney of DN mice (n=12) when compared with normal
mice (n=12). C The expression level of miR-54 in DN mice kidney tissues was negatively associated with mRNA level of TSPANS, as analyzed by the

cortex and medulla (Supplementary Fig.1) Meanwhile,
the expression of TSPANS was significantly increased in
kidney tissue of DN mice (Fig.1B). Spearman correlation
coefficient test demonstrated that miR-543 expression
level was negatively correlated with TSPANS8 expression
in kidney tissues of DN mice (Fig.1C). These data suggest
that both miR-543 and TSPANS are dysregulated in DN
mouse model.

miR-543 regulates the proliferation, fibrosis,

and autophagy in high-glucose-induced HK2 cell

To investigate the potential role of miR-543 in DN, we
applied miR-543 mimic in high glucose (HG)-induced
HK2 cells as a cellular model of DN. HG-treated cells
displayed a more elongated and fibroblast-like cell shape,

which is reminiscent of fibrotic phenotype (Supplemen-
tary Fig.2). The efficiency of miR-543-mimic transfection
was confirmed by qRT-PCR (Fig.2A). Compared to miR-
NC transfection, miR-543 was significantly increased
after miR-543 mimic transfection in HG-induced cells
(Fig. 2A). CCKS8 cell proliferation assays demonstrated
that the HG treatment suppressed cell proliferation,
which was further exacerbated by the overexpression
of miR-543 (Fig.2B). Moreover, high-glucose treatment
increased the expression of collagen IV (Col. IV) and
fibronectin (FN), and miR-543 mimic further enhanced
their expression (Fig. 2C). We also investigated the
change of autophagy-related proteins, which showed
that the ratio of LC3-II/LC3-I, Beclin-1 level decreased,
but the level of P62 increased upon HG treatment (2D).
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Fig. 2 miR-543 regulates proliferation, fibrosis and autophagy in high glucose induced HK2 cell. A The expression of miR-543 was detected in
different experimental groups (normal group, HG group, HG +miR-543-mimic group) by gRT-PCR. B CCK-8 cell proliferation assay in different
experimental groups (normal group, HG group, HG+miR-543-mimic group). C-D The protein levels of fibrosis or autophagy-related proteins were
examined in HK2 cells after HG-induction or transfecting with miR-543 mimic. *P < 0.05, **P < 0.01 or ***P < 0.001
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The overexpression of miR-543 further augmented these
changes. These results indicate that high glucose impairs
cell proliferation, but promotes fibrosis and autophagy in
HK2 cells. miR-543 acts as a promoting factor to further
suppress HK-2 cell proliferation and autophagy, but pro-
motes fibrosis in HG-induced HK2 cells.

miR-543 targets TSPANS8 in HG-induced cells
To identify the downstream target gene, the potential
binding site of miR-543 was predicted by starbase (http://
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starbase.sysu.edu.cn/) and there is a putative binding site
of miR-543 in the 3'UTR of TSPANS (Fig.3A). To confirm
their functional interaction, we performed dual luciferase
reporter assay with WT and mutated binding site, with
the empty vector (luci-NC) as the negative control. We
found that the presence of miR-543 mimic significantly
suppressed the luciferase activity of WT reporter, which
was not observed in the mutated reporter or the negative
control vector (Fig.3B). Besides, the mRNA and protein
levels of TSPANS were reduced after miR-543 mimic

TSPAN8 3'UTR WT 5’...GUCAAACCCCUUUAAAAUGUUG...3’
has-miR-543 3'...UUCUUCACGUGGCGCUUACAAA...%5
TSPANS8 3'UTR mutation 5'...GUCAAACCCCUUUAACAGUCAG...3’
© s .
1.5 iR- o MIR=04y .
> E ngg“% > =3 NC inhibitor
S e B miR-543 inhibitor
"G *% c 1.54
®© (®)
@ 1.0 ]
2 7]
s 2 1.0
£ g "
%) X
3 w
° 0.5+ o
2 = 0.54 **
5 ®
0 o
14
0.0 o
luci- luci- luci- 0.0
NC TSPAN8-3'UTR TSPANS8-3'UTR TSPAN8 TSPANS
-WT -mut
= 1.5 E NC inhibitor .
= *% [l miR-543 inhibitor
5 = miR-NC
< b4 E miR-543
© <
s & 2
\\\ R "b ]
& R A 10
oS Qjo & & 7]
D D & N\ & =
o
> Kk
TSPANS | e i - S 057
]
2
T - ——— 5
)
@ 0.0
Fig. 3 miR-543 negatively regulates TSPAN8 in HK2 cells. A The predicted miR-543 binding sites on the 3'UTR of TSPAN8 was shown. B Dual
luciferase reporter assay was performed using vectors containing WT binding site or mutated binding site between miR-543 and TSPANS, with the
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fibrosis or autophagy related-proteins were detected in different experimental groups (normal group, HG group, HG +miR-543-mimic group, HG
+miR-543-mimic+ TSPANS group). **P < 0.01 or ***P < 0.001

transfection, while miR-543 inhibitor increased TSPANS8
expression. (Fig. 3C-D). Together, these data suggest
miR-543 negatively regulates TSPAN8 in HG-induced
cells.

TSPANS reduces the injury induced by high glucose

To explore the functional role of TSPANS in HG-induced
cell model, we transfected HK2 cells with TSPANS8 over-
expression vector. As shown in Fig.4A, the expression
level of TSPANS was upregulated in HG-induced HK2
cells after transfecting with TSPANS vector. CCK8 assay
demonstrated that high glucose could lead to suppres-
sion of cell proliferation and TSPANS8 overexpression
partially rescued this effect (Fig.4B). In addition, the rela-
tive protein levels of LC3-1I/LC3-I, Beclin-1 decreased,

while fibronectin (EN), collagen type IV (Col. IV), P62
increased in HG-induced HK2 cells upon high glu-
cose induction. TSPANS overexpression could partially
reverse these effects (Fig.4C-D). These results indicate
that TSPANS alleviates cell damages induced by HG
through suppressing fibrosis and promoting autophagy.

TSPANS alleviates the cellular damages caused by miR-543
overexpression in high glucose-induced cells

Given the observation that miR-543 negatively regulates
TSPANS, we further attempted to investigate whether
miR-543 mediates high glucose-induced cell dam-
age by targeting TSPANS8. In HG-induced HK2 cells,
the cell proliferation was greatly reduced by miR-543-
mimic as compared with miR-543-NC and the effect of
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miR-543 mimic was abrogated by TSPANS overexpres-
sion (Fig. 5A). The proteins in fibrosis and autophagy
were examined in HG-induced HK2 cells with miR-543-
mimic and TSPANS overexpression. The results showed
that miR-543 promoted the decrease of relative ratio of
LC3-II/LC3-1I and Beclin-1, and increased the levels of
EN, Col. IV, and P62, suggesting that miR-543 promotes
fibrosis and inhibits autophagy. However, TSPANS over-
expression could reverse the effects of miR-543 in HG-
induced HK2 cells (Fig.5B-C). Together, these data imply
that miR-543 mediates high glucose-induced cell damage
by targeting TSPANS.

Discussion
DN eventually leads to the end-stage renal disease, which
is a serious microvascular complications of diabetes
mellitus [22]. Recently, many studies have attempted to
identify the associated protein changes with DN patho-
physiology. For instance, the disorder of inflammatory
molecules and pathways like CCL2 and NF-kB path-
way are implicated in the progression of DN [23]. How-
ever, the potential functions of non-coding RNAs in DN
remain largely unknown.

miRNAs have emerged as a class of important non-
coding RNAs implicated in the progression of DN. Liu
et al. showed that BMP-7 (Bone morphogenetic protein 7)
could downregulate the expression level of miR-21, which
in turns increase the expression of Smad7 and decrease
the expression of Smad3. Consequently, BMP-7 sup-
presses the epithelial-mesenchymal transition and extra-
cellular matrix deposition to reduce kindey fibrosis in DN
[24]. In one study regarding the protective role of Astraga-
loside on DN, Astragaloside suppresses podocyte apopto-
sis in rat DN model by targeting miR-378 [25]. Moreover,
a previous study has demonstrated that metformin inhib-
its the senescence of renal tubular epithelial cells in DN by
promoting the expression of RNA-bind protein MBNL1
and miR-130a-3p [26]. In this study, we found that miR-
543 is downregulated in the kidney tissue of DN mouse
model, which is consistent with a previous study in which
miR-543 has negative impact on diabetic retinopathy [9].

The functional roles of TSPANS8 have been explored
in many cancers. For example, Zhu et al. found that
TSPANS promotes the stemness and enhances the drug-
resistance of breast cancer [27]. In nasopharyngeal car-
cinoma, colorectal cancer, and melanoma, TSPANS also
serves as a oncogenic factor to facilitate cell proliferation,
invasion, and migration [16, 27, 28]. However, in this
study we demonstrated that the TSPANS serves as a pro-
tective factor for DN. TSPANS is a downstream target of
miR-543, which shows upregulation in the kidney tissue
of DN mouse model. The differential roles of TSPANS
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between cancers and DN may result from the difference
in molecular network between cancer and inflammatory
disease. Future works are needed to further investigate
the mechanisms by which miR-543 is downregulated in
DN, and validate the protective effect of TSPANS8 in DN
mouse model. In addition, our study only focuses on
the HK2 cells derived from proximal tubular cell in kid-
ney. Whether miR-543 and TSPANS could exert similar
effects on other cells in the glomerulus of kidney (such
as podocyte and mesangial cells) need to be further
investigated.

Conclusion

In summary, this study showed the differential expression
patterns and functional roles of miR-543 and TSPANS8
in DN mouse model and HG-induced cell model. miR-
543 promotes fibrosis, and inhibits cell proliferation and
autophagy in HG-induced cell model. TSPANS is identi-
fied as a target of miR-543, and its overexpression could
rescue the effect of miR-543. The protective effect of
TSPANS in HG-induced cell damage will need to be fur-
ther validated in DN mouse model.
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