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Abstract: Long non-coding RNAs (lncRNAs) play important roles in the pathogenesis of various diseases, including 
diabetic nephropathy (DN). However, the detailed mechanism is still largely unknown. High-glucose treated SV40-
MES13 cells was used to mimic diabetic nephropathy in vitro. qRT-PCR was introduced to measure Hottip, collagen 
type I (Col. I), collagen type IV (Col. IV), fibronectin (FN), PAI-1, miR-455-3p and Wnt2B, IL-6, TNF-α mRNA level. Ellisa 
was used to examine the expression level of IL-6, TNF-α in the cell culture medium. Western blotting was employed 
to detect the protein level of Col. I, Col. IV, FN, PAI-1, Wnt2B, β-catenin and cyclin D1. Cell viability was examined 
by MTT assay, luciferase reporter assay were used to determine the relationship between Hottip, miR-455-3p and 
Wnt2B. In the results, Hottip and Wnt2B was upregulated in db/db DN mice and high-glucose treated mouse me-
sangial cells (MMCs) while miR-455-3p was downregulated. High glucose treatment could enhance cell prolifera-
tion, and inflammation, increase fibrosis-related protein expression and active Wnt2B/β-catenin/cyclin D1 pathway, 
while Hottip silencing reversed all the effects caused by high-glucose treatment. miR-455-3p was a sponge target of 
Hottip while Wnt2B was a downstream target of miR-445-3p. miR-445-3p inhibitor could suppress the effect of Hot-
tip knockdown in cell proliferation, inflammation and fibrosis-related protein expression. Our data supported lncRNA 
Hottip/miR-455-3p/Wnt2B axis plays an important role in cell proliferation, inflammation, and extracellular matrix 
(ECM) accumulation in diabetic nephropathy.
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Introduction

Diabetic nephropathy (DN), a chronic kidney 
disease, is the main cause of end-stage renal 
disease in diabetic patients worldwide [1-5]. 
About 30%-40% diabetes patients will suffer 
diabetic nephropathy [6]. The main pathologic 
characteristics of DN are increased extracellu-
lar matrix formation, podocyte loss, increased 
thickness of basement membrane, glomerular 
and tubular cell injury which lead to albumin-
uria, glomerular matrix accumulation, glomeru-
lar hypertrophy and kidney fibrosis or failure 
[7-10]. DN is a complicated pathologic process 
which involves many different molecules, and 
cells [11]. For example, immune inflammatory 
response [12-15], epithelial-mesenchymal tran- 
sition [16], apoptosis [17, 18]. Emerging evi-

dence demonstrated that epigenetics is also 
involved in DN. High glucose stimulation may 
lead to epigenetic modifications such as DNA 
methylation [19], histone modification [20, 21], 
chromatin remodeling [22], and non-coding 
RNA regulation [23-25].

Non-coding RNAs are transcripts with limited 
protein coding ability which constitute about 
98% of all the transcripts [26]. Long non-coding 
RNAs, a type of non-coding RNAs, are a group 
of RNAs with over 200 nucleotides in length. 
They may modulate the expression of protein-
coding transcripts at transcriptional and post-
transcriptional levels [27]. It has been shown 
that lncRNAs are widely involved in biologic pro-
cesses such as epigenetic regulation, cell cycle, 
cell differentiation, and apoptosis [28]. Aberrant 
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expression of lncRNAs is related with various 
diseases, including DN [29]. However, the 
mechanism of lncRNA in DN is still largely 
unknown.

In present work, we validated that Hottip was 
upregulated in db/db DN mice and high-glucose 
treated mouse mesangial cells (MMCs). Then 
we hypothesized Hottip was involved in the 
pathogenesis of diabetic nephropathy and fur-
ther study revealed that hottip/miR-455-3p/
Wnt2B played an important role in cell prolifer-
ation, apoptosis, and fibrosis-protein expres-
sion in DN which provided a novel view of DN 
pathogenesis.

Materials and methods

Animal model

Diabetic mouse model C57BL/KsJ-db/db and 
matched normal db/m mice were obtained 
from the Laboratory Animal Services Center, 
Yancheng City No. 1 People’s Hospital. All mice 
were kept in the animal facility of Yancheng City 
No. 1 People’s Hospital following the animal 
protocol. The animal experiment was approved 
by the Ethics Committee of the Animal Resea- 
rch Institute of Yancheng City No. 1 People’s 
Hospital and was performed in accordance 
with the guidelines of the National Institutes of 
Health Guide for the Care and Use of Laboratory 
Animals. The kidney cortex was extracted from 
the kidney tissues of the db/db and db/m mice 
for analysis. 

Cell culture

Mouse mesangial cell lines (MMCs, SV40-
MES13) were purchased from American Type 
Culture Collection (Manassas, VA). SV40-
MES13 was cultured in Dulbecco’s modified 
eagle medium (DMEM) medium containing with 
2 mM glutamine, 50 mM β-mercaptoethanol, 
20% fetal bovine serum (FBS), 0.1% penicillin/
streptomycin antibiotics. SV40-MES13 cells 
were treated with low glucose (LG) or high glu-
cose (HG), in low-glucose group, SV40-MES13 
were stimulated with 5.5 mM glucose together 
with 19.5 mM mannitol; and in high-glucose 
group, MCs were stimulated with 25 mM glu-
cose. High glucose treatment was performed to 
mimic the DN cells. HEK293T cells were cul-
tured with DMEM medium containing 10% FBS 
and 0.1% penicillin/streptomycin antibiotics. 

SV40-MES13 and HEK293T cells were cultured 
in humidified 95% air with 5% carbon dioxide at 
37°C and the medium was changed every 2 
days. 

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from mouse model 
and MMCs using Trizol reagent. For miRNA, 
cDNA was reversely transcribed by miScript II 
RT Kit (Qiagen). For mRNA and lncRNAs, cDNA 
was reversely transcribed by Reverse Tran- 
scription Reagents (Applied Biosystems). Hot- 
tip, miR-455-3p, WNT2B, Col. I, Col. IV, FN, and 
PAI-1 expression levels were measured by 
SYBR Green (Promega, Madison, WI, USA) 
according to the manufacturer’s protocol. 
QuantStudio™ 3 Real-Time PCR Systems (Ther- 
moFisher, USA) was used to detect the fluores-
cence and the relative expression was calcu-
lated by 2-ΔΔCt method. U6 and 18s rRNA were 
used to normalize the expression. Primer 
sequences are: mouse Hottip, forward 5’-GC- 
ACCATTCACTCACACTCCTG-3’, reverse 5’-CAAA- 
ACGGAATGCAACAGTGGA-3’; mouse WNT2B, 
forward 5’-CCGACGTGTCCCCATCTTC-3’, rever- 
se 5’-GCCCCTATGTACCACCAGGA-3’; mmu-miR-
455-3p, forward 5’-ACACTCCAGCTGGGGCAG- 
TCCACGGGCATATACAC-3’; mouse Col. I (COL- 
1A1), forward 5’-GCTCCTCTTAGGGGCCACT-3’, 
reverse 5’-CCACGTCTCACCATTGGGG-3’; mou- 
se Col. IV (COL4A1), forward 5’-CTGGCACAA- 
AAGGGACGAG-3’, reverse 5’-ACGTGGCCGAGA- 
ATTTCACC-3’; mouse Fibronectin (FN, FN1), for-
ward 5’-GATGTCCGAACAGCTATTTACCA-3’, rever- 
se 5’-CCTTGCGACTTCAGCCACT-3’; mouse PAI- 
1 (Serpine1), forward 5’-TTCAGCCCTTGCTTGC- 
CTC-3’, reverse 5’-ACACTTTTACTCCGAAGTCG- 
GT-3’; mouse IL-6, TGATGGATGCTTCCA AACTG, 
GAGCATTGGAAGTTGGGGTA; mouse TNF-α, AC- 
TGAACTTCGGGGTGATTG, GCTTGGTGGTTTGCT- 
ACGAC; mouse 18S rRNA, forward 5’-GGC- 
CCTGTAATTGGAATGAGTC-3’, reverse 5’-CCAA-
GATCCAACTACGAGCTT-3’; mouse U6 forward 
5’-GTTGACATCCGTAAAGACC-3’, reverse 5’-GG- 
AGCCAGGGCAGTAA-3’.

Transient transfection

Si-Hottip, miR-455-3p mimic, pcDNA3.1-Hottip, 
miR-455-3p inhibitor and the negative controls 
were purchased from GenePharma Co., Ltd. 
(Shanghai, China). All of the oligos and plas-
mids were transfected into MMCs using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
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USA) according to the manufacturer’s instru- 
ctions.

Western blot analysis

Total protein was extracted from MMCs using 
RIPA lysis buffer. Equal protein samples were 
loaded and separated with 8%-10% sodium 
dodecyl sulfate polyacrylamide-gel electropho-
resis and then transferred to polyvinylidene 
difluoride (PVDF) membranes (Bio-Rad, Her- 
cules, CA, USA). After blocking with 5% dried 
non-fat milk in TBS for 1 hr at room tempera-
ture, the membranes were incubated with dif-
ferent primary antibodies including and anti-
Col. I (ab34710, 1:1000), anti-Col. IV (ab6586, 
1:1000), anti-fibronectin (anti-FN, ab2413, 
1:1000), anti-PAI-1 (ab66705, 1:1000), anti-
Wnt2B (ab50575, 1:1000), anti-β catenin 
(ab32572, 1:1000), anti-cyclin D1 (ab16663, 
1:1000) and anti-GAPDH (CST#5174, 1:1000) 
at 4°C overnight. On second day, the mem-
branes were washed with TBS-T 3 times for 10 
min each time and incubated with HRP-
conjugated IgG secondary antibody at room 
temperature for 1 hr. After washing with TBST 
three times, the protein signals were detected 
using PierceTM ECL western blotting substrate 
(ThermoFisher Scientific).

Luciferase reporter assay

Hottip-WT, Hottip-MUT, WNT2B-WT and WNT2B- 
MUT were constructed into pGL3 vector and 
cotransfected with miR-455-3p into HEK293T 
cells by Lipofectamine 2000 (Invitrogen). After 
48 hrs, the luciferase activity was measured 
using dual-luciferase reporter system (Promega, 
Madison, WI, USA). 

µL MTT solvent (4 mM HCl, 0.1% NP40 in iso-
propanol) was added into each well and incu-
bated for 2 h at 37°C. Then we measured the 
absorbance at 490 nanometers using the 
Microplate Reader (MG LABTECH, Durham, NC, 
USA).

Enzyme-linked immunosorbent assay (ELISA)

The levels of tumor necrosis factor alpha (TNF-
α) and interleukin-6 (IL-6) were detected by 
ELISA in culture medium. ELISA kits for TNF-α 
and IL-6 (BD Biosciences, San Jose, CA) were 
used according to the manufacturers’ instruc-
tions. Results were read at an optical density of 
450 nm using a Spectra Max Plus plate reader 
(Molecular Devices, Sunnyvale, CA). 

Statistical analysis

Student t-test was used for statistical analysis. 
Statistical significance means P value < 0.05 or 
as indicated. All data were displayed as mean ± 
SD (standard deviation) which was analyzed by 
GraphPad Prism 7.0 (GraphPad Software, San 
Diego, CA, USA).

Results

Hottip was upregulated in DN mice and high-
glucose treated MMCs

To check the expression of Hottip in diabetic 
nephropathy, we firstly extracted the kidney 
cortex from db/db DN mice and db/m non-DN 
mice. qRT-PCR results demonstrated that 
Hottip was increased in db/db DN mice about 2 
fold compared with db/m non-DN mice (Figure 
1A). To mimic DN in vitro, we used low glucose 
(LG, 5 mM) and high glucose (HG, 25 mM) to 
treat SV40-MES13 which is one mouse mesan-

Figure 1. Hottip expression in DN mice and glucose treated MMCs. A. The 
expression of lncRNA Hottip in kidney cortex of db/db and db/m mouse. 
B. Mouse mesangial cells (MMCs, SV40-MES13) were treated with high-
glucose (25 mM) and low-glucose (5 mM) for 0, 6, 12, 24 and 48 hrs and 
the expression of Hottip was measured by qRT-PCR. *P < 0.05. **P < 0.01. 

Cell viability 

MTT assay kit (Sigma-Aldrich) 
was used to measure the cell 
viability. The transfected cells 
were seeded into 96-well 
plates (Corning Costar, Cor- 
ning, NY, USA) in a number of 
2 × 103. On different time 
points, 100 µL fresh media 
and 1 µL MTT solution con-
taining 12 mM MTT was added 
into each well and incubated 
for 2 h at 37°C. After that, 100 
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gial cell line (MMCs) for 0 h, 6 h, 12 h, 24 h and 
48 h. Hottip expression increased in a time-
dependent manner significantly (Figure 1B).

Hottip knockdown inhibited cell proliferation 
and inflammation in high-glucose treated 
MMCs

To explore the function of Hottip, we used small 
interfering RNA (siRNA) to knock down Hottip  
in SV40-MES13 cells and treated with high  
glucose (HG, 25 mM) (Figure 2A). The prolifera-
tion was inhibited significantly by Hottip knock-
down compared with control (Figure 2B). Then, 
RT-PCR results showed that HG could induce 
inflammation in SV40-MES13, which was inhib-
ited by Hottip knockdown group compared with 
si-NC control group (Figure 2C and 2D). Next, 
we examined IL-6, and TNF-α expression in  
cell culture medium by ELISA and found that 
high glucose treatment increased IL-6, TNF-α 
expression which was decreased by Hottip 
knockdown (Figure 2E and 2F). The results sug-
gested that Hottip knockdown could inhibit cell 
proliferation and inflammation in a DN model in 
vitro.

Hottip knockdown suppressed the fibrosis-
related protein expression and extracellular 
matrix accumulation in high-glucose treated 
MMCs

Fibrosis is one pathologic basis of extracellular 
matrix accumulation and mesangial cell prolif-
eration. So we checked the expression of fibro-
sis-related proteins including collagen type I 
(Col. I), collagen type IV (Col. IV), fibronectin (FN) 
and PAI-1. The mRNA level of these four pro-
teins were upregulated in db/db DN mice sig-
nificantly (Figure 3A). Meanwhile, in vitro the 
mRNA (Figure 3B) and protein level (Figure 3C) 
of Col. I, Col. IV, FN and PAI-1 were increased in 
high glucose treated SV40-MES13 cells. But, 
Hottip knockdown could partially inhibit their 
expression (Figure 3C and 3D). These results 
demonstrated that Hottip silencing suppressed 
the fibrosis-related protein expression in vitro. 

miR-455-3p acted as a target of Hottip

To further understand the function of Hottip, we 
found that miR-455-3p was a sponge target 
miRNA of Hottip by LncBase (Figure 4A). Then 

Figure 2. Hottip knockdown inhibited cell proliferation and inflammation in glucose treated SV40-MES13 cells. 
SV40-MES13 cells were transfected with si-Hottip and treated with high glucose (HG) for 24 hr. (A) The expression of 
Hottip in SV40-MES13 cells after si-Hottip transfection and high-glucose treatment. (B) Proliferation of SV40-MES13 
cells after si-Hottip transfection and high-glucose treatment. RT-PCR (C and D) and ELISA (E and F) assay to detect 
the IL-6, and TNF-α levels in SV40-MES13. *P < 0.05. **P < 0.01.
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lagen type I (Col. I), collagen type IV (Col. IV), 
fibronectin (FN) and PAI-1 were all upregulated 
after miR-455-3p inhibitor transfection (Figure 
5G). Therefore, these data indicated that Hottip 
regulated cell proliferation, inflammation and 
fibrosis-protein expression by modulating miR-
455-3p in MMCs.

Wnt2B is a target of miR-455-3p

MicroRNAs usually play functions by binding 
3’UTR of specific mRNA to regulate the tran-
scription or mediate the degradation. So we 
used TargetScan to predict the target of miR-
455-3p and found that WNT2B contains com-
plementary sequence (Figure 6A). The lucifer-
ase activity was decreased when WNT2B-WT 
and miR-455-3p mimics were cotransfected 
into HEK293T (Figure 6B). Then qRT-PCR dem-
onstrated that WNT2B was upregulated in db/
db DN mice in vivo (Figure 6C) and high glucose 
(HG) treated SV40-MES13 cells in vitro (Figure 

Figure 3. Hottip knockdown suppressed the fibrosis-related protein genera-
tion and extracellular matrix (ECM) accumulation in SV40-MES13 cells. A. 
The mRNA level of fibrosis-related protein including Col. I, Col. IV, FN and 
PAI-1 in kidney cortex of db/db and db/m mouse. B. The mRNA level of 
fibrosis-related protein including Col. I, Col. IV, FN and PAI-1 in mouse me-
sangial cells (MMCs, SV40-MES13) treated with high-glucose (25 mM) and 
low-glucose (5 mM) for 24 hr. C. Fibrosis-related protein expression in SV40-
MES13 after Hottip knockdown and HG treatment. D. Grey scale analysis of 
fibrosis-related proteins. *P < 0.05. **P < 0.01.

we constructed luciferase reporter vector con-
taining wild-type Hottip (Hottip-WT) and mutant 
Hottip (Hottip-MUT). The luciferase activity was 
decreased when the Hottip-WT and miR-455-
3p mimics were cotransfected into HEK293T 
cells but not Hottip-MUT (Figure 4B). Then, 
qRT-PCR results showed that miR-455-3p was 
downregulated in db/db DN mice in vivo (Figure 
4C) and high glucose (HG) treated SV40-
MES13 cells in vitro (Figure 4D). In addition, 
knockdown of Hottip induced the expression of 
miR-455-3p (Figure 4E) while overexpression 
of Hottip inhibited miR-455-3p expression 
(Figure 4F). These results indicated that miR-
455-3p was a target of Hottip and regulated by 
Hottip.

Hottip/miR-455-3p regulated cell proliferation, 
inflammation and ECM accumulation in MMCs

Next, we introduced a rescue experiment using 
miR-455-3p inhibitor. We treated SV40-MES13 

cells in 4 different ways: low 
glucose (LG), high glucose 
(HG), high glucose (HG) + si-
Hottip + miR-NC inhibitor, high 
glucose (HG) + si-Hottip + 
miR-455-3p inhibitor. miR-
455-3p inhibitor indeed inhib-
ited miR-455-3p expression 
compared with control (Figure 
5A). Cell proliferation of SV40-
MES13 cotransfected with si-
Hottip and miR-455-3p inhibi-
tor slightly and significantly 
increased compared with that 
only transfected with si-Hottip 
on day 4 after high glucose 
treatment (Figure 5B). The IL-
6, TNF-α mRNA levels were 
increased after miR-455-3p 
inhibitor transfection compa- 
red with the si-Hottip + miR-
NC groups (Figure 5C and 5D). 
Meanwhile, the expression of 
IL-6, TNF-α was reversed part-
ly in high glucose (HG) + si-
Hottip + miR-455-3p inhibitor 
group compared with high glu-
cose (HG) + si-Hottip + miR-
NC inhibitor group (Figure 5E 
and 5F). Moreover, fibrosis-
related proteins including col-
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Figure 4. mmu-miR-455-3p is a target of Hottip. A. The relationship between Hottip and miR-455-3p was predicted by LncBase. B. Luciferase assay confirmed the 
relationship between Hottip and miR-455-3p. C. miR-455-3p expression in kidney cortex of db/db and db/m mouse. D. miR-455-3p expression in mouse mesangial 
cells (MMCs, SV40-MES13) treated with high-glucose (25 mM) and low-glucose (5 mM) for 24 hr. E. miR-455-3p expression after Hottip silencing. F. miR-455-3p 
expression after Hottip overexpression. *P < 0.05. **P < 0.01.
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Figure 5. Hottip/miR-455-3p regulates cell proliferation, inflammation, and ECM accumulation in SV40-MES13 cells. SV40-MES13 cells were divided into 4 groups 
and treated with 1) low glucose (5 mM), 2) high glucose (25 mM); 3) si-Hottip + miR-NC inhibitor + high glucose; 4) si-Hottip + miR-455-3p inhibitor + high glucose. 
A. miR-455-3p expression in SV40-MES13 with different treatments as above. B. Proliferation curve of treated SV40-MES13. C-F. RT-PCR and ELISA assay to detect 
the IL-6, and TNF-α levels in SV40-MES13. G. Fibrosis-related protein expression in SV40-MES13 in these four group. *P < 0.05. **P < 0.01.
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6D). Meanwhile, we found that WNT2B protein 
level was downregulated by overexpression 
miR-445-3p (Figure 6E) and upregulated by 
transfection with miR-445-3p inhibitor (Figure 
6F). 

Wnt2B is a key regulator in Wnt signaling path-
way of which β-catenin and cyclin D1 are down-
stream target. So next, we checked the expres-
sion of Wnt2B, β-catenin and cyclin D1. After 
high glucose treatment, all of Wnt2B, β-catenin 

Figure 6. Wnt2B was a 
target of miR-455-3p. A. 
The relationship between 
miR-455-3p and Wnt2B 
predicted by TargetScan. B. 
Luciferase assay was used 
to confirm the relationship 
between miR-455-3p and 
Wnt2B. C. Wnt2B mRNA 
expression in kidney cor-
tex of db/db and db/m 
mouse. D. The mRNA of 
Wnt2B in mouse mesangial 
cells (MMCs, SV40-MES13) 
treated with high-glucose 
(25 mM) and low-glucose 
(5 mM) for 24 hr. E. Wnt2B 
protein expression in SV40-
MES13 after transfection 
of miR-455-3p mimic. F. 
Wnt2B protein expression 
in SV40-MES13 after trans-
fection of miR-455-3p in-
hibitor. G. Wnt2B, β-catenin 
and cyclin D1 expression in 
low-glucose, high-glucose, 
high-glucose + si-Hottip + 
miR-NC inhibitor and high-
glucose + si-Hottip + miR-
455-3p inhibitor treated 
SV40-MES13 cells. *P < 
0.05. **P < 0.01.
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and cyclin D1 expressions were upregulated 
significantly, but Hottip silencing could inhibit 
their expression which could be reversed by 
miR-455-3p inhibitor (Figure 6G). These data 
indicated that Wnt2B was a target of miR-455-
3p and Wnt pathway was involved in DN.

Discussion

Diabetic nephropathy (DN) is a microvascular 
complication in diabetic patients and is a  
leading cause of chronic renal failure [30]. 
Mutifactors are involved in the pathogenesis of 
DN. In this study, we used the db/db DN mice 
[31] model and high-glucose treated mouse 
mesangial cell line (MMCs, SV40-MES13) [32] 
to study the underlying molecular mechanism 
of DN. 

Long non-coding RNAs draw a lot attention in 
recent years. Although lncRNAs are not capable 
of protein coding, they may regulate the expres-
sion of genes at transcriptional and posttran-
scriptional level in DN. For example, long non-
coding RNA metastasis associated lung ade- 
nocarcinoma transcript 1 (MALAT1) is increased 
in kidney cortex in streptozocin-induced diabet-
ic nephropathy in mice and in cultured mouse 
podocytes stimulated with high glucose, knock-
down of MALAT1 partially restored the function 
of podocytes [33]. CYP4B1-PS1-001 is signifi-
cantly decreased in DN and overexpression 
inhibits the proliferation and fibrosis of mesan-
gial cells [34]. ENSMUST00000147869 overex-
pression could reverse the proliferation and 
fibrosis-related protein expression in mesangial 
cells [35]. Long non-coding RNA taurine-upreg-
ulated gene 1 (Tug1) overexpression is associ-
ated with improvements in mitochondrial bio-
energetics in podocytes [36] and alleviates 
extracellular matrix accumulation by regulating 
miR-377 in mesangial cells [37]. In our study, 
we found long non-coding RNA Hottip was 
upregulated in kidney cortex in db/db DN mice 
and high glucose treated MMCs SV40-MES13 
cells. We further found knockdown of Hottip 
could inhibit cell proliferation and inflammation 
as well as decrease fibrosis-related protein in 
high-glucose treated MMCs by regulating miR-
455-3p and Wnt2b.

Extracellular matrix includes collagen, laminin, 
fibronectin and proteoglycans. Mesangial ma- 
trix changes include disrupted expression of 
collagen I, collagen IV, fibronectin, PAI-1 and 

others [38, 39]. Recent studies indicated that 
some signaling pathways or molecules are 
involved in the regulation of ECM in DN. For 
example, Notch1 and Jagged1 are significantly 
increased in tubular epithelial cells in DN 
patients [40]. HG treatment can activate the 
PI3K/Akt/mTOR pathway and subsequently 
promotes the expression of ECM laminin-β1. 
TGF-β, Col. IV and NF-κB expression were mark-
edly decreased in db/db mice treated withTLR4 
inhibitor [41]. In addition, various investigations 
suggested that Wnt/β-catenin pathway is rele-
vant to the evolution of renal fibrosis because 
its inhibition reduces ECM expression [42-44].

Wnt signaling pathways include a group of  
highly conserved signal transduction pathways 
which may regulate various biologic processes 
in different tissues including kidney. Wnt path-
ways regulate cell-to-cell interactions in physi-
ologic and pathologic conditions, such as 
inflammation, angiogenesis, and fibrosis [45]. 
Wnt signaling pathways have been character-
ized into two major transduction cascades: the 
Wnt/β-catenin-dependent or canonical path-
way and the β-catenin-independent or non-
canonical pathway [46]. Canonical Wnt path-
way involves the accumulation of β-catenin but 
this is not true of the non-canonical pathway. 
Disrupted Wnt pathways are related to various 
diseases such as cancer [47], neurodegenera-
tion [48], and cardiometabolic disorders [49]. 
Previous studies demonstrated that Wnt family 
members including Wnt2b, 4, 5b, 6, 7b, 9b and 
11 have been expressed in kidney ontogeny 
[50] while 6, 7b, 9b, 11 are expressed in the 
early stage of nephrogenesis. In our study, we 
found Wnt2B was upregulated in db/db DN 
mice and in the high-glucose treated mouse 
mesangial cells (MMCs) as well as β-catenin 
and cyclin D1. In addition, Hottip knockdown 
decreased their expression while miR-455-3p 
inhibitor increased the expression of Wnt2B, 
β-catenin and cyclin D1. This means the canon-
ical Wnt signaling pathway was involved in DN.

In conclusion, our present study demonstrated 
that high glucose (HG) treatment in mouse 
mesangial cells (MMCs, SV40-MES13) induced 
the expression of long non-coding RNA Hottip 
and inhibited miR-455-3p expression. HG treat-
ment enhanced cell proliferation and inflamma-
tion, induced fibrosis-related proteins including 
Col. I, Col. IV, FN and PAI-1 expression, as well 
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as activated the Wnt2B/β-catenin/cyclin D1 
pathway. However, knockdown of Hottip par-
tially reversed the effects caused by HG treat-
ment in MMCs which provides a novel and 
promising target in DN treatment.
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