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Background: Diabetic nephropathy (DN), as a complication of diabetes, is a leading cause 
of mortality in diabetic patients. It has been reported that lncRNA PVT1 (PVT1) could 
accelerate the progression of DN by promoting ECM accumulation and increasing the 
expression of fibronectin 1 (FN1). However, the underlying mechanism of PVT1 on DN 
remains unknown.
Methods: To study the effect of PVT1 on DN, mice were injected 50 mg/kg STZ to build 
the DN models. Mesangial cells (MCs) were induced by high glucose as in vitro model of 
DN. The expression level of PVT1, miR-325-3 and Snail1 was assessed by qRT-PCR and 
Western blot. Luciferase reporter assay, RNA pull-down and RIP were used to explore the 
interaction among PVT1, miR-325-3 and Snail1.
Results: In in vivo and in vitro DN models, the expression of PVT1 was upregulated. High 
glucose (HG) induced cell viability, oxidative stress, fibrosis and inflammation in MCs, 
which were reversed in the PVT1-KD MCs. The level of miR-325-3p was also increased in 
in vivo and in vitro experiments. Additionally, PVT1 can directly bind to miR-325-3p. 
Finally, Snail1 was a direct target of miR-325-3p.
Conclusion: PVT1 inhibits viability, oxidative stress, fibrosis, and inflammation in DN via 
miR-325-3p/Snail1 axis.
Keywords: diabetic nephropathy, lncRNA PVT1, miR-325-3p, Snail1

Introduction
Diabetic nephropathy (DN) is a serious cardiovascular complication of diabetes 
mellitus,1 which ultimately leads to end-stage renal diseases and shortens the life 
expectancy in diabetic patients.2 It has been reported that one-third of individuals 
with diabetes mellitus develop nephropathy.3 A number of factors are involved in 
the progression of DN. Hyperglycaemia plays an important role in the pathogenesis 
of DN, as glucose overload results in oxidative stress and inflammation.4 

Additionally, high glucose causes MCs viability and induces MCs to secrete 
fibronectin, which lead to extracellular matrix accumulation and fibrosis.5

LncRNAs are nonprotein coding RNAs with >200 nucleotides, which can 
regulate many physiological processes.6 Some studies revealed that lncRNAs are 
related to the development and progression of DN.7–9 For example, lncRNA 
MALAT1 can regulate renal tubular epithelial pyroptosis by modulating miR-23c 
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targeting of ELAVL1 in DN.10 LncRNA Tug1 can regulate 
mitochondrial bioenergetics in DN.3 Moreover, lncRNA 
PVT1 (PVT1) has been shown to be involved in acceler-
ating the progression of DN by promoting ECM accumu-
lation and increasing expression of fibronectin 1 (FN1).11 

However, the underlying mechanism of PVT1 on diabetic 
nephropathy remains unclear.

MicroRNAs (miRNAs) are non-coding RNAs with 
20–30 nucleotides that can bind to mRNA to regulate its 
protein expression.12 Previous reports indicated that 
miRNA-325-3p can suppress inflammation and fibrosis in 
the progression of DN.13 Snail1, as a zinc finger protein 
transcription factor, is related to the formation, development 
and metastasis of various tumors.14 Studies have highlighted 
that the Snail1 pathway is related to the progression of renal 
fibrosis.15 However, whether PVT1 regulates DN by miR- 
325-3p and Snail1 has not been investigated.

In this study, we explore the function and mechanism 
of PVT1 on DN in in vitro and in vivo.

Materials and Methods
Materials and Reagents
DNA methyltransferase recombinant protein was purchased 
from R&D system (USA). Trizol reagent was purchased from 
Invitrogen (Carlsbad, USA). Fetal bovine serum (FBS, 
Gibco, USA), dulbecco’s modified eagle’s medium 
(DMEM, Gibco, USA), and HRP-goat-anti-mouse IgG 
were purchased from Santa Cruz (USA). Protein marker 
was purchased from Fermentas (Canada). BCA protein kit 
was purchased from Pierce (Rockford, USA). ECL lumines-
cence reagent was purchased from Applygen (China). 
Nitrocellulose filter membrane was purchased from 
Millipore (Beijing, China). D-Glucose was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Transcript first-strand 
cDNA synthesis supermix was purchased from TransGen 
Biotech (China). Evagreen qPCR Master Mix was purchased 
from Applied Biological Materials (ABM) Inc. (Vancouver, 
Canada). CCK-8 kit was purchased from Sangon (Shanghai, 
China). Lipofectamine 2000 was purchased fromThermo 
Fisher (USA).

Animal Studies
A total of 20 male C57BL/6J mice were purchased from 
Peking University Health Science Center (Beijing, China). 
Mice were randomly divided into two groups (n = 10 for 
each group), one was intraperitoneal injected with STZ 
dissolved in a low pH (pH 4.5) citrate buffer (50 mg/kg 

for 5 consecutive days) to build the DN models or citrate 
buffer alone. Hyperglycaemic state was monitored and 
maintained on a standard rodent diet with water ad libitum 
and tested with a glucose metre (Sinocare, China) accord-
ing to the manufacturer’s instructions. At the end of 12 
weeks after the onset of diabetes, the blood of the mice 
was collected from mice through submandibular vein and 
the serum was extracted for the following experiments. All 
animal protocols were in accordance with the standards of 
the Institutional Animal Care and Use Committee 
(IACUC). And All animal studies were performed based 
on the review and approval of Animal Ethics Committee 
of the First Affiliated Hospital of Guangxi Medical 
University (approval number: [KY-E-2020-01-25]).

Cell Culture and Treatment
Mice MCs were purchased from Shanghai Institute of 
Biochemistry and Cell Biology (Shanghai, China) and cul-
tured in DMEM supplemented with 10% FBS and 1% peni-
cillin–streptomycin (Invitrogen, USA) in a humidified, 5% 
CO2, 37 °C incubator in a keratinocyte serum-free medium 
(K-SFM, Invitrogen, Carlsbad, CA, USA). For glucose treat-
ment, CMs cells were starved in serum-free DMEM for 12 
h followed by incubation of 30 mM D-glucose as HG treat-
ment or 5.5 mM D-glucose as normal control for 24 h. The 
treatment time is obtained by referring to the research of 
others3 and the experimental results in Figure S1.

Cell Transfection
Transfection was performed when cell density reached 70% 
by using Lipofectamine 2000 following the manufacturer’s 
instructions. Briefly, MCs were inoculated in a 6-well cell 
culture plate 24 h before transfection. After that, when the 
cells fuse to about 60%, si-PVT1 and negative control 
sequences (si-con group) transfected into CMs, and treated 
MCs without any treatment as the NC group. Cells in the 
logarithmic growth phase were collected for experiments. 
MiR-325-3p mimics, inhibitor and negative control of them 
(miR-NC and NC-inhibitor), PVT1 and snail1 overexpres-
sion vector (pcDNA-PVT1, oe snail1) and their pcDNA 
negative control (pcDNA-NC) were synthesized by 
Genepharma Company (Shanghai, China). After transfection 
for 48 h, CMs were used for further assay.

Cell Counting Kit-8 (CCK-8) Analysis
The cell viability assay was performed with CCK-8 assay. 
Briefly, approximately 5×103 cells were cultured in 96- 
well plates and measured via CCK-8 assay (Dojido, Japan) 
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accordance with the manufacturer’s instructions at 0, 24, 
48, and 72 h, after incubation with 10 μL CCK-8 solution 
(Solarbio, Beijing China) for 2 h at 37° C, the Microplate 
Reader (Bio-Rad) was employed to estimate the optical 
density at 450 nm.

Western Blot Analysis
MCs were lysed in RIPA lysate (KenGEN, China) and pro-
tein concentration was determined by Bicinchoninic acid 
(BCA) protein assay. The protein was separated on a 10% 
SDS-PAGE and transferred to polyvinylidene difluoride 
(PVDF) membrane (Millipore, USA). These, blots were 
blocked with 5% non-fat milk for 1 h and incubated with 
rabbit anti-Snail1 (1:5000), rabbit anti-col1IV (1:5000) and 
mouse anti-GAPDH (1:5000) primary antibody overnight at 
4 °C, followed by incubating in horseradish peroxidase 
(HRP)-conjugated secondary antibodies (1:5000) for 1 
h. Subsequently, the membranes were visualized with elec-
trochemiluminescent system (BioRad, USA) and quantified 
by software Image J (Bio-Rad Laboratories).

Quantitative Real-Time (qRT-PCR) 
Analysis
In the qRT-PCR analysis, GAPDH is used as a reference 
gene in the cytoplasm and U6 as a reference gene in the 
nucleus. Instill 750 µL TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) into 250 µL of each fraction for RNA extraction. 
Then, complementary DNAs (cDNA) were synthesized 
using 5× All-In-One RT MasterMix (Takara, Tokyo, 
Japan). qRT-PCR analysis was performed using micro- 
optical real-time PCR detection system (BioRad 
Laboratories, Inc.), and EvaGreen qPCR masterbatch. The 
relative expression was measured using 2−ΔΔCt method.

Intracellular Reactive Oxygen Species 
(ROS), Superoxide Dismutase (SOD), and 
Malondialdehyde (MDA) Estimation
MCs ROS contents were evaluated using DCF fluores-
cence (Sigma-Aldrich) at a wavelength of 525 nm. The 
activity of SOD and level of MDA was estimated in the 
cellular supernatant with a commercial kit (Nanjing 
Institute of Bioengineering, China) at the wavelength of 
412 nm in accordance with the manufacturer’s instruction.

ELISA
To detect the level of inflammatory cytokines (TNF-α, IL- 
6, and IL-1β) produced in the high glucose-induced MCs 

and explore the role of PTV1 in inflammation, we cultured 
CMs in 24 well cell culture microplates at 1 × 105 cells/ 
well for 24 h and later treated them with high glucose for 
another 24 h, respectively. We measured the amount of 
TNF-α, IL-6, and IL-1β produced by the high glucose- 
induced MCs, and their respective sham (or control) 
groups. The levels of TNF-α, IL-6, and IL-1β in the super-
natant of the transfection experiment were also measured 
by ELISA kit (Co., LTD, Location) according to the man-
ufacturer’s instructions. Each of the experiments was done 
in three replicate wells.

Dual-Luciferase Reporter Assay
Cells (3 × 104/well) were seeded in 24-well plates before 
transfection. Then, cells were transfected with the wild- 
type (WT) or mutant (MUT) PITPNA-AS1/PDGFD repor-
ter plasmids with Lipofectamine® 2000 (Invitrogen, CA, 
USA) as the manufacturer’s advice. After 48 h, luciferase 
activities were analyzed using the Dual-Luciferase 
Reporter Assay System (Promega, Madison, WI, USA).

RNA Pull-Down Assay and RNA 
Immunoprecipitation (RIP)
For RNA pull-down assay, transfection was performed 
into l × 106 MCs with biotin-labeled Bio-miR-NC and 
Bio-miR-325-3p (WT and MUT) according to its instruc-
tion. After 48 h of transfection, cells were removed, and 
the collection of bound RNA was done with Pierce™ 
Magnetic RNA Pull-Down Kit (Thermo Fisher Scientific) 
in accordance with the guide. Lastly, PVT1 enrichment in 
the biotin-coupled miRNAs was measured with qRT-PCR. 
RIP assay was utilized to verify the interaction of PVT1 
with miR-325-3p. For the first step, CMs were lysed and 
cultured with the conjugated Ago2 or IgG antibodies (Cell 
Signaling Technology, USA) magnetic beads in RIP buf-
fer. And then the precipitated RNA was isolated and quan-
tified by qRT-PCR to obtain the enrichment value.

Statistics Analysis
Statistical analysis was performed by SPSS 20.0 (SPSS, 
Chicago, IL, USA) software using variance t-test. The 
difference between the two groups was calculated by 
Student’s t-test. The significant difference among multiple 
groups was calculated by One-Way ANOVA with 
Bonferroni correction. Three independent experiments 
were performed for each data point, and the data represent 
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the mean ± standard deviation (SD) of the triplicates. P < 
0.05 was considered statistically significant.

Results
PVT1 Was Upregulated and miR-325-3p 
Was Downregulated in DN Blood 
Samples and HG-Induced MCs
At the first stage of this study, serum was collected from 
10 diabetic nephropathy mice and 10 normal mice. After, 
qRT-PCR was employed to determine the PVT1 differen-
tial expression between the two groups. The result showed 
that the expression of PVT1 was highly upregulated in DN 
group compared to the normal (Figure 1A, p < 0.01). As 
showed in Figure S1, the expression of PVT1 in MC cells 
induced by HG or normal concentration for 0–48 h was 
detected. It was found that the expression of PVT1 in HG- 
induced MCs increased with time and even increased by 
about 3 times at 24 h, but as time increased to 48 h, the 
growth trend of PVT1 expression was slowed down, so we 
chose high glucose stimulation follow-up research is car-
ried out under this condition of 24 h. Subsequently, in HG- 
induced MCs, s same as the results of in vivo experiments, 
mRNA level of PVT1 increased in high glucose group 
than that in normal (Figure 1B, p < 0.01). Additionally, 
miR-325-3p expression was strongly decreased in DN 
group compared to the normal (Figure 1C, p < 0.01) and 
same as the results of in vivo experiments, mRNA level of 
miR-325-3p decreased in high glucose group than that in 
normal (Figure 1D, p < 0.01).

PVT1 Regulates HG-Induced Viability, 
Oxidative Stress, Fibrosis, and 
Inflammation in MCs
To further explore the effect of PVT1 on DN, si-PVT1 was 
used to knock down the PVT1 which was verified by q-PCR. 
The result revealed that the relative expression of PVT1 was 
significantly inhibited in the HG-induced MCs after knock-
down with si-PVT1, compared to the negative control group 
(Figure 2A, p < 0.01). In addition, CCK-8 assay was applied to 
evaluate the cell viability. The results showed that silencing 
PVT1 significantly reduced the viability of the HG-treated cell 
in a time-dependent manner compared to the negative control 
group (Figure 2B, p < 0.01). Moreover, we assessed the 
oxidative stress by measuring ROS, MDA and SOD levels 
in the HG-induced MCs after silencing PVT1. Our results 
revealed that the level of ROS and MDA was reduced in si- 
PVT1 group while the SOD level was elevated, supposing that 
PVT1 triggered oxidative stress in the HG-induced MCs 
(Figure 2C, **p < 0.01, ***p < 0.001). Additionally, protein 
expression of fibronectin and collagen type IV was conducted 
by Western blot in HG-induced MCs, we found that the 
protein expression level of fibronectin and collagen type IV 
was significantly inhibited in the HG si- PVT1 relative to the 
normal (5.5mM) and control HG si-NC group (Figure 2D). 
Finally, the inflammation was assessed by ELASE. The con-
tent of IL-6, IL-1β and TNF-α was decreased in si-PVT1 
group, compared with si-NC group (Figure 2E). The above 
results indicated that PVT1 regulates HG-induced viability, 
oxidative stress, fibrosis, and inflammation in MCs.

Figure 1 PVT1 was upregulated and miR-325-3p was downregulated in DN in vivo and in vitro. (A) The expression of PVT1 in DN blood samples detected by qRT-PCR. (B) 
The expression of PVT1 in HG-induced MCs detected by qRT-PCR. (C) The expression of miR-325-3p in DN blood samples detected by qRT-PCR. (D) The expression of 
miR-325-3p in HG-induced MCs detected by qRT-PCR. **P< 0.01.
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In the end, we evaluate the expression of PVT1 in 
normal glucose-treated MCs which transfected with 
pcDNA-PVT1 plasmid (Figure S2A) to show that key 
parameters mimicking high glucose culture are created. 
The result clearly showed that the level of PVT1 was 
obviously upregulated than that of control and MCs trans-
fected with empty plasmid. Similarly, CCK-8 was con-
structed to assess the viability of NG-induced MCs 
(Figure S2B) and the result revealed that the viability of 
the NG-induced MCs treated by pcDNA-PVT1 was sig-
nificantly increased compared to the control. Moreover, 

the IL-6, IL-1β and TNF-α were assessed for evaluating 
the inflammation response of NG-induced MCs by ELASE 
(Figure S2C). And the level of them was increased in 
pcDNA-PVT1 group compared with in the control.

miR-325-3p Served as a Target of PVT1
To study the underlying mechanism, we found that PVT1 
has miR-325-3p binding sites by analyzing the starbase 
(Figure 3A). This was further confirmed through dual- 
luciferase reporter assay and the results showed that over-
expression of miR-325-3p inhibited the luciferase activity 

Figure 2 PVT1 regulates viability, oxidative stress, fibrosis, and inflammation in HG-induced MCs. (A) The expression of PVT1 when be knocked-down in HG-induced MCs 
detected by qRT-PCR. (B) The cell viability of MCs transfected with si-PVT1 was assessed through CCK8 assay (C) The level of DCF, MDA, and SOD was evaluated by ELISA 
in HG-induced MCs. (D) The proteins level of fibronectin and collagen type IV was detected by Western blot. (E) The level of inflammatory cytokines IL-6, IL-1β, and TNF- 
α, produced by HG-induced MCs after PVT1 knockdown. **P< 0.01, ***P< 0.001.
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when co-transfection with WT PVT1 reporter plasmid 
compared to the control group (miR-NC) in HG-induced 
MCs, but the inhibitory effect disappeared when the pre-
dicted PVT1 binding site was mutated (PVT1 MUT) 
(Figure 3A, p < 0.01). The results of the RNA pull-down 
experiment also revealed that biotin-coupled probes with 
WT miR-325-3p could pull-down more PVT1 than the one 
with the MUT miR-325-3p in HG-induced MCs (Figure 
3B, p < 0.01). The binding relationship between PVT1 and 
miR-325-3p was further assessed by RIP-qrt-PCR in HG- 
induced MCs (Figure 3C, p < 0.01), and we discovered 
that more PVT1 and miR-325-3p were significantly 
enriched in immunoprecipitated Ago2-containing com-
plexes compared to the IgG group, validating the PVT1- 
miR-325-3p ability of interaction. Besides, the expression 
of miR-325-3p was evaluated in HG-induced MCs. In si- 
PVT1 group, the miR-325-3p level was upregulated. But 
the expression was downregulated in pc-DNA PVT1 
group (Figure 3D, p < 0.01). Finally, the correlation 
between PVT1 and miR-325-3p was analyzed, and the 
results showed that there was a clear negative correlation 
between PVT1 and miR-325-3p (Figure 3E). We used 
qRT-PCR to detect the expression of miR-325-3p in HG- 

induced MCs transfected with miR-325-3p inhibitor 
(Figure S3). The results have shown that in cells trans-
fected with miR-325-3p inhibitor, the level of miR-325-3p 
decreased significantly. It indicated that the transfection 
was a success and can be further used.

Snail1 Was a Direct Target of miR-325-3p
TargetScan software was used to predict that there were miR- 
325-3p binding sites in the 3ʹ-UTR region of Snail1. 
Luciferase reporter assay was performed in HG-induced 
MCs, which showed that the luciferase activity was inhibited 
by overexpression of miR-325-3p while the luciferase activ-
ity was increased after mutating the predicted Snail1 3ʹ-UTR 
binding site (Figure 4A, p < 0.01). To explore the relation of 
miR-325-3p and Snail1, qRT-PCR and Western blot were 
used. The results of them both revealed that the mRNA and 
protein expression of Snail1 was upregulated in HG-induced 
MCs transfected with miR-325-3p inhibitor but increased 
when miR-325-3p overexpressed (Figure 4B, p < 0.01). 
Furthermore, we study the relationship of PVT1, miR-325- 
3p and Snail1. MCs of which PVT1 was knocked down were 
incubated with miR-325-3p inhibitor. The mRNA and pro-
tein level of Snail1 was reduced in si-PVT1 group, which 

Figure 3 miR-325-3p served as a target of PVT1. (A) Potential binding sites of PVT1 were identified through lncbase database and confirmed by luciferase assay. (B) RNA 
pull-down experiment was used to confirmed the interaction between PVT1 and miR-325-3p. (C) the interaction between PVT1 and miR-325-3p was evaluated by RIP-qrt- 
PCR. (D) The expression of miR-325-3p in HG-induced MCs was detected by qRT-PCR. (E) The association of the levels of miR-325-3p and PVT1 was analyzed using 
Spearman correlation coefficient analysis. **P< 0.01.
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Figure 4 Snail1 was a direct target of miR-325-3p. (A) TargetScan software showing 3ʹ-UTR site of Snail1 as the possible target of miR-325-3p and confirmed by luciferase 
reporter assay. (B) The protein level and mRNA expression of Snail1 in MCs incubated with miR-325-3p mimic and inhibitor. (C) The protein level and mRNA expression of 
Snail1 in si-PVT1 co-transfected with miR-325-3p inhibitor in HG-induced MCs. (D) The mRNA expression of Snail1 in DN blood samples was detected by qRT-PCR. (E) 
Spearman correlation coefficient analysis was used to analyze the association of PVT1 and Snail1 as well as miR-325-3p and Snail1. **P< 0.01, ***P< 0.001.
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was promoted by treated with miR-325-3p inhibitor 
(Figure 4C, p < 0.001). Consistent with the cell experiment, 
the expression of Snail1 mRNA was upregulated in STZ- 
induced mice (Figure 4D, p < 0.001). Finally, the correlation 
between Snail1 and PVT1 was obviously positive while the 
correlation between Snail1 and miR-325-3p was a negative 
trend according to Spearman correlation coefficient analysis 
(Figure 4E, p = 0.0024).

PVT1 Inhibits HG-Induced Viability, 
Oxidative Stress, Fibrosis, and 
Inflammation in MCs via miR-325-3p/ 
Snail1 Axis
To confirm if PVT1 can inhibit the viability, oxidative 
stress, fibrosis, and inflammation of MCs through the 
miR-325-3p/Snail1 axis, HG-induced induced MCs were 
co-transfected with several different gene combinations. 
The results revealed that cell viability was increased in si- 
PVT1 group than control but reduced when si-PVT1 co- 
transfected with miR-325-3p inhibitor or oe Snail1 (Figure 
5A, p < 0.01). Our functional analysis experiment result 
showed that the miR-325-3p inhibitor or oe Snail1 partly 
restored the depleted level of ROS and MDA and 
repressed the SOD activity that was increased by si- 
PVT1 (Figure 5B, p < 0.01). Moreover, assessment of HG- 
induced MCs fibrosis revealed that miR-325-3p inhibitor 
or oe Snail1 recovered the downregulated fibronectin and 
collagen type IV protein expression that was induced by 
silencing PVT1, suggesting that the miR-325-3p inhibitor 
or the oe ROCK1 could increase cell fibrosis in DN 
(Figure 5C, p < 0.01). Besides, the downregulated level 
of IL-6, IL-1β, and TNF-α with si-PVT1 in the HG- 
induced MCs was also recovered by miR-588 inhibition 
or ROCK1 overexpression (Figure 5D, *p < 0.05, 
**p < 0.01).

Discussion
DN, a complication of diabetes mellitus (DM), is the leading 
cause of end-stage renal diseases.16 There are a number of 
factors involved in the development and progression of DN, 
such as glucose overload.17 MCs play a central role in the 
pathogenesis of DN.18 Hyperglycaemia environment caused 
MCs to secrete fibrosis-related protein, including fibronectin, 
which accelerated progression of DN.19 So, we incubated 
MCs with high glucose to establish an in vitro DN model, 
and the mice were injected STZ to induce DN for in vivo 
experiments. As the first result, the expression of PVT1 was 

upregulated both in mice and MCs incubated with high 
glucose. On the contrary, miR-325-9p was decreased in DN 
group and high glucose group.

According to the studies, PVT1 regulates DN by pro-
moting fibronectin 1. In this study, we also found cell 
viability, oxidative stress, inflammation and fibrosis were 
inhibited in PVT1-KD MCs. According to the analysis of 
starbase, there was a binding site in PVT1, combining to 
miR-325-3p. In general, miRNAs control target gene 
expression by inhibiting translation and destroying target 
RNAs,20,21 and play an important role in DN, for instance, 
miR-regulated E-box repressors and expression of profi-
brotic genes such as collagens.22 Interestingly, miRNAs 
are usually stable and can be sponged by lncRNA, but 
endogenous transcripts or sometimes viral transcripts can 
also control miRNAs by target RNA-directed miRNA 
degradation (TDMD).23,24 In order to verify that the 
PVT1 interacts with miR-325-3p in the form of sponge, 
we conducted luciferase reporter, RNA pull-down and RIP 
assays, and the results proved that PVT1 can bind to miR- 
325-3p, owing to the inhibitory effect will not be restored 
when it is degraded. Next, we found that miR-325-3p can 
bind to Snail1. It has been reported that Snail1 pathway is 
involved in the progression of many diseases, for instance, 
Dub3 inhibition suppresses breast cancer invasion and 
metastasis by promoting Snail1 degradation.25 CLDN6 
promotes tumor progression through the YAP1-snail1 
axis in gastric cancer.26 Moreover, it has been reported 
that Snail1 has involved the progression of DN.27 

Consistent with our research, mRNA and protein expres-
sion of Snail1 was decreased in PVT1-KD MCs, which 
was reversed by treating with miR-325-3p inhibitor.

Finally, PVT1-KD MCs were treated with miR-325-3p 
inhibitor, which induced cell viability, oxidative stress, 
inflammation and fibrosis. Same as the above results, over- 
expression of Snail1 in PVT1-KD MCs also aggravated 
the progression of DN.

In summary, lncRNA PVT1 regulates high glucose- 
induced viability, oxidative stress, fibrosis, and inflamma-
tion in diabetic nephropathy via miR-325-3p/Snail1 axis.
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