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Abstract— The involvement of circular RNAs (circRNAs) in the progression of diabetic 
nephropathy (DN) has been reported. However, the functions of circ_0060077 in DN 
remain unclear. HK-2 cells were treated with high glucose (HG) to establish DN cell 
model. Quantitative real-time polymerase chain reaction (qRT-PCR) was proceeded to 
determine the levels of circ_0060077, microRNA-145-5p (miR-145-5p) and vasorin 
(VASN). Cell counting kit-8 (CCK-8) assay, 5-ethynyl-2’-deoxyuridine (EdU) assay and 
colony formation assay were conducted to assess cell proliferation ability. Flow cytometry 
analysis was employed for cell apoptosis. The oxidative stress level was evaluated by com-
mercial kits. Enzyme-linked immunosorbent assay (ELISA) was adopted to examine the 
concentrations of inflammatory factors. Western blot assay was utilized for protein levels. 
Dual-luciferase reporter assay and RNA pull-down assay were manipulated to analyze 
the relationships among circ_0060077, miR-145-5p and VASN. Circ_0060077 level was 
increased in DN patients and HG-stimulated HK-2 cells. Circ_0060077 knockdown ame-
liorated the inhibitory effect of HG on HK-2 cell proliferation and the promotional effects 
on cell apoptosis, oxidative stress, inflammation and fibrosis. MiR-145-5p was identi-
fied as the target for circ_0060077 and miR-145-5p inhibition ameliorated the effect of 
circ_0060077 silencing on HG-induced HK-2 cell injury. Moreover, miR-145-5p directly 
bound to VASN. Overexpression of miR-145-5p facilitated cell proliferation and repressed 
apoptosis, oxidative injury, inflammation and fibrosis in HG-induced HK-2 cells by tar-
geting VASN. Circ_0060077 silencing protected HK-2 cells from HG-induced damage by 
regulating miR-145-5p/VASN axis.
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INTRODUCTION

Diabetic nephropathy (DN) is a serious compli-
cation that commonly existed in diabetic patients [1, 
2]. A typical feature of DN is the accumulation of 
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extracellular matrix (ECM) proteins, such as various 
collagen, laminin, fibronectin (FN) and the thickening 
of the glomerulus and tubular basement membrane, 
ultimately leading to tubulointerstitial fibrosis and 
glomerular sclerosis [3]. Although some progress has 
been made in recent years, the pathogenesis of DN has 
not been entirely understood [4, 5]. Therefore, investi-
gating the potential molecular mechanisms of DN and 
discovering effective molecular therapeutic targets for 
DN are crucial.

Circular RNAs (circRNAs) are non-coding RNAs 
(ncRNAs) that are formed by back-splicing and distin-
guished by covalently-closed loops [6]. CircRNAs take 
part in the governing of gene expression via function-
ing as microRNA (miRNA) sponges [7]. Up to date, 
circRNAs have been gradually identified to play crucial 
regulatory functions in human diseases, including DN 
[8]. For instance, circ_0000712 knockdown alleviated 
high-glucose (HG)-stimulated SV40-MES13 cell dam-
age in DN depending on the regulation of miR-879-5p 
and SOX6 [9]. Circ_0003928 deficiency relieved HG-
caused HK-2 cell apoptosis and inflammatory injury 
by decoying miR-151-3p and modulating Anxa2 [10]. 
Circ_0060077 derived from the gene of centrosomal 
protein 250 (CEP250) and was upregulated in type 
1 diabetes (T1DM) patients [11]. However, it is still 
unclear whether circ_0060077 participates in the devel-
opment of DN.

In this work, the level of circ_0060077 in DN 
patients and DN cell model was determined. Furthermore, 
the function and potential mechanism of circ_0060077 in 
the progression of DN cell model were investigated.

MATERIALS AND METHODS

Clinical Sample Acquisition
The peripheral blood samples were harvested from 

25 DN patients and 25 healthy volunteers at The First 
Affiliated Hospital of Henan University of Science and 
Technology. The samples were stored at -80 °C until 
use. The study was approved by the Ethics Committee 
of The First Affiliated Hospital of Henan University of 
Science and Technology. The participants offered the 
written informed consents.

Cell Culture

Human kidney-2 (HK-2) cells were offered by Pro-
cell (CL-0109; Wuhan, China) and maintained at MEM 

(PM150410; Procell) plus 10% FBS (164,210; Procell) 
and 1% penicillin/streptomycin (PB180120; Procell) in a 
humid incubator containing 5%  CO2.

Glucose was purchased from Sigma-Aldrich 
(49,163; St. Louis, MO, USA). For cell treatment, HK-2 
cells were treated with high glucose (HG) (30 mM) for 
12 h, 24 h and 48 h. The cells exposed to 30 mM glucose 
for 24 h were used to establish the cell model of DN. The 
cells exposed to normal glucose (NG) (5.5 Mm) were 
used as controls.

Quantitative Real‑Time Polymerase Chain 
Reaction (qRT‑PCR)

The RNA was obtained from cells and periph-
eral blood samples by using TRIzol (15596018; Inv-
itrogen, Carlsbad, CA, USA), and then DNAs were 
eliminated by adding DNase (9003–98-9; Solarbio, 
Beijing, China). Thereafter, the RNAs were reversely 
transcribed into cDNAs via PrimeScript™ Reverse 
Transcriptase Kit (RR014A; Takara, Dalian, China) or 
miRNA 1st Strand cDNA Synthesis Kit (MR101-01; 
Vazyme, Nanjing, China) and either Random hexamer 
primers or Oligo (dT)18 primers. Next, SYBR green rea-
gent (MQ101-01; Vazyme) was utilized for qRT-PCR 
and the  2−ΔΔCt strategy was utilized to assess the data 
with β-actin or U6 as the internal control. The primers 
are presented in Table 1. To analyze the ring feature 
of circ_0060077, RNase R assay was conducted on 
total RNA through the usage of RNase R (Epicenter 

Table 1  Primers Sequences Used for qRT-PCR

Name Primers (5’-3’)

circ_0060077 Forward AGC AGG AGA CCA CTG GGA TA
Reverse GGC AAG CAC TTC TTC CTG TC

CEP250 Forward AGC AAC CCT TGT GAG GAA GC
Reverse TTT TCC ATG TGC AGT CGA AGC 

miR-145-5p Forward GTC CAG TTT TCC CAG GAA TCCCT 
Reverse CGC TTC ACG AAT TTG CGT GTCAT 

VASN Forward GAG AGC CAC GTC ACA CTG G
Reverse CAA AGT CGG CGT AGT CAA GC

β-actin Forward AGC GAG CAT CCC CCA AAG TT
Reverse GGG CAC GAA GGC TCA TCA TT

U6 Forward TTC GGC AGC ACA TAT ACT A
Reverse CGC TTC ACG AAT TTG CGT 

GTCA 
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Biotechnologies, Madison, WI, USA) and then the 
enrichment of circ_0060077 and CEP250 was detected.

Cell Transfection

To silence circ_0060077 expression, short inter-
fering RNA against circ_0060077 (si-circ_0060077) 
was transiently transfected into HK-2 cells and related 
scramble control (si-NC) was used as control. MiR-
145-5p mimic or miR-145-5p inhibitor was transiently 
transfected into HK-2 cells to increase or reduce 
miR-145-5p level with miR-NC mimic and miR-NC 
inhibitor used as controls. VASN overexpression vector 
(VASN) was transiently transfected into HK-2 cells to 
enhance VASN expression with vector used as a con-
trol. Cell transfection was done via lipofectamine 2000 
(11668019; Invitrogen) according to the manufacturers’ 
instructions.

Cell Counting Kit‑8 (CCK‑8) Assay

To test cell viability, CCK-8 assay reagent (C0037; 
Beyotime, Shanghai, China) was utilized. In brief, the 
transfected HK-2 cells were added into 96-well plates 
and treated with HG for 48 h. Afterward, 10 μL CCK-8 
was supplemented into the well for 2 h. Thereafter, the 
absorption at 450 nm was recorded.

5‑Ethynyl‑2’‑deoxyuridine (EdU) Assay

To assess cell proliferation, the EdU kit (C10310; 
RIBOBIO, Guangzhou, China) was adopted. Shortly, 
after relevant treatment, HK-2 cells were plated into 
24-well plates. Following EdU was added, the cells were 
fixed using paraformaldehyde (158127; Sigma-Aldrich) 
and maintained with 0.5% Triton-X-100 (93,443; Sigma-
Aldrich). After that, EdU and DAPI (D9542; Sigma-
Aldrich) were utilized to stain the nuclei. By using the 
fluorescence microscope (Olympus, Tokyo, Japan), 
the images were obtained and EdU-positive cells was 
quantified.

Colony Formation Assay

After HK-2 cells were inoculated into 12-well 
plates for 12 days, the formed colonies were stained 

with 0.1% crystal violet (V5265; Sigma-Aldrich). At 
last, the colony numbers were manually counted.

Flow Cytometry Analysis

By utilizing Annexin V-fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) Apoptosis Kit (A211-01; 
Vazyme), the apoptosis of HK-2 cells was estimated. 
In short, the collected HK-2 cells were resuspended in 
binding buffer and dyed with Annexin V-FITC and PI 
in the dark. After 15 min, the apoptotic cells were ana-
lyzed with flow cytometry.

Western Blot Assay

After isolation using RIPA buffer (P0013C; 
Beyotime), the proteins were subjected to SDS-PAGE 
electrophoresis for separation. Then the proteins were 
electroblotted onto PVDF membranes. After that, the 
membranes were blocked with 5% non-fat milk for 
2 h, kept with primary antibodies overnight and sec-
ondary antibody (ab6721; 1:10,000; Abcam, Cam-
bridge, MA, USA) for 2 h. The bands were exposed 
using ECL kit (E411-03; Vazyme). The primary anti-
bodies included Bax (ab104156; 1:1000; Abcam), 
Bcl-2 (ab32124; 1:1000; Abcam), cleaved-caspase-3 
(ab2302; 1:500; Abcam), collagen I (Col I; ab34710; 
1:1000; Abcam), Col IV (ab236640; 1:1000; Abcam), 
fibronectin (FN; ab2413; 1:1000; Abcam),VASN 
(ab156868; 1:1000; Abcam) and β-actin (ab5694; 
1:5000; Abcam).

Measurement of Malondialdehyde (MDA) 
Content and Superoxide Dismutase (SOD) 
Activity

The MDA content and SOD activity were exam-
ined utilizing MDA and SOD assay kits (MAK085; 
19160; Sigma-Aldrich) according to the protocols.

Enzyme‑Linked Immunosorbent Assay (ELISA)

The levels of IL-6, TNF-α, and IL-1β were exam-
ined with ELISA kits (ab178013; ab181421; ab214025; 
Abcam) in line with the manufacturers’ protocols.
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Dual‑Luciferase Reporter Assay

The sequences of circ_0060077 or VASN 3’UTR 
consisting of the wild-type or mutant miR-145-5p binding 
sites were introduced into pmirGLO (E1330; Promega, 
Fitchburg, WI, USA). Then, the generated vectors were 
introduced into HK-2 cells in combination with miR-NC 
mimic/miR-145-5p mimic. The luciferase signal was 
examined with the Dual-Luciferase Reporter Assay Rea-
gent (E1910; Promega).

RNA Pull‑Down Assay

The biotin-labeled probe of miR-145-5p, mutant 
miR-145-5p and control (Biotin-miR-145-5p, Biotin-
miR-145-5p MUT and Biotin-NC) was synthesized by 
GenePharma (Shanghai, China) and then cultivated with 
streptavidin-coated magnetic beads (88,816; Invitrogen) for 
the generation of probe-covered beads. Next, the biotin-
coupled RNA complexes were pulled down and bound 
RNAs were extracted. The enrichment of circ_0060077 
and VASN in the bound fractions was quantified.

Statistical Analysis

All data were acquired from three independent 
experiments and analyzed using GraphPad Prism 7. The 
results were presented as mean ± SD. The difference 

between 2 groups was analyzed by Student’s t-test, while 
that among 3 groups was analyzed by one-way analysis 
of variance. P < 0.05 was thought as significant.

RESULTS

Circ_0060077 Was Upregulated in DN Patients 
and HG‑Treated HK‑2 cells

Circ_0060077 derived from the exons 20–25 of 
CEP250 gene and possessed a mature length of 939 
nt (Fig. 1A). The expression of circ_0060077 in DN 
patients was determined. The results showed that 
circ_0060077 was upregulated in the peripheral blood 
samples of DN patients compared to normal controls 
(Fig. 1B). Moreover, circ_0060077 level was increased 
in HG-treated HK-2 cells in a time-dependent manner 
(Fig. 1C). CircRNAs do not have 3’ polyadenylated tail; 
thus, we detected the existence of circ_0060077 in the 
reverse transcription products using random primers or 
oligo (dT)18 primers. The results showed that Oligo 
(dt)18 primers reversely transcribed cDNA could barely 
amplify circ_0060077 compared with Random primers 
reversely transcribed cDNA (Fig. 1D). RNase R assay 
indicated that circ_0060077 was resistant to RNase 
R digestion, while CEP250 was markedly digested 
by RNase R (Fig. 1E). These results suggested that 
circ_0060077 might play a role in DN development.

Fig. 1  Circ_0060077 was highly expressed in DN patients and HG-stimulated HK-2 cells. (A) Circ_0060077 originated from the exons 20–25 of 
CEP250. (B) Circ_0060077 expression in DN patients and healthy volunteers was detected by qRT-PCR assay. (C) The expression of circ_0060077 
in HG-treated HK-2 cells was determined by qRT-PCR assay. (D) The RNA in HK-2 cells was reversely transcribed into cDNA using random prim-
ers or Oligo (dt)18 primers, and then circ_0060077 and CEP250 levels were detected by qRT-PCR. (E) The RNA in HK-2 cells was treated with or 
without RNase R, and then circ_0060077 and CEP250 levels were determined by qRT-PCR. *P < 0.05.

1914



Circ_0060077 Knockdown Alleviates High-Glucose-Induced Cell Apopt

Circ_0060077 Knockdown Reversed the Effects 
of Hg on Cell Proliferation, Apoptosis, 
Oxidative Stress, Inflammation and Fibrosis 
in HK‑2 Cells

To explore the exact functions of circ_0060077, si-
circ_0060077 was transfected into HK-2 cells to silence 
circ_0060077 expression. As indicated by qRT-PCR 
assay, the introduction of si-circ_0060077 markedly 
reduced circ_0060077 expression in HK-2 cells (Fig. 2A). 
CCK-8 assay showed that HG treatment led to a suppres-
sion in HK-2 cell viability, while circ_0060077 silencing 

reversed the effect (Fig. 2B). EdU assay showed that HG 
exposure repressed the proliferation of HK-2 cells, with 
circ_0060077 knockdown abrogated the effect (Fig. 2C). 
The results of colony formation assay exhibited the 
colony formation of HK-2 cells was inhibited by HG 
treatment, while the effect was weakened by reducing 
circ_0060077 (Fig. 2D). HG treatment led to a promo-
tion in HK-2 cell apoptosis, whereas circ_0060077 defi-
ciency reversed this effect (Fig. 2E). Then, we detected 
the levels of apoptosis-related proteins via western blot 
assay. It was found that HG treatment increased Bax and 
cleaved-caspase-3 levels and decreased Bcl-2 level in 

Fig. 2  Circ_0060077 knockdown promoted cell proliferation and inhibited apoptosis, oxidative stress, inflammation and fibrosis in HG-treated 
HK-2 cells. (A) The expression of circ_0060077 in HK-2 cells transfected with si-NC or si-circ_0060077 was detected by qRT-PCR assay. (B-J) 
HK-2 cells were divided into 4 groups: NG, HG, HG + si-NC and HG + si-circ_0060077. (B-E) The viability, proliferation, colony formation and 
apoptosis of HK-2 cells were assessed by CCK-8 assay, EdU assay, colony formation assay and flow cytometry analysis, respectively. (F) The pro-
tein levels of Bax, Bcl-2 and cleaved-caspase-3 in HK-2 cells were measured via western blot assay. (G and H) MDA content and SOD activity were 
examined by related commercial kits. (I) The concentrations of IL-6, TNF-α and IL-1β were examined with ELISA kits. (J) The protein levels of 
FN, Col I and Col IV in HK-2 cells were measured through western blot assay. *P < 0.05.
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HK-2 cells, with circ_0060077 knockdown ameliorated 
the effects (Fig. 2F). We also found that HG exposure 
elevated MDA level and inhibited SOD activity in HK-2 
cells, but circ_0060077 knockdown relieved the effects 
(Fig. 2G and H). The concentrations of IL-6, TNF-α and 
IL-1β were increased in HG-treated HK-2 cells, whereas 
si-circ_0060077 transfection abated the effects (Fig. 2I). 
Additionally, HG treatment increased the protein lev-
els of fibrosis-related markers (FN, Col I and Col IV) 
in HK-2 cells, but circ_0060077 downregulation res-
cued the impacts (Fig. 2J). Taken together, silencing of 
circ_0060077 relieved HG-induced HK-2 cell damage.

Circ_0060077 Directly Targeted miR‑145‑5p

To explore the potential mechanism of circ_0060077 
in regulating HG-induced HK-2 cell damage, we searched 
circinteractome (https:// circi ntera ctome. irp. nia. nih. gov/) 
and found miR-145-5p was a target of circ_0060077 
(Fig. 3A). As we observed in Fig. 3B, miR-145-5p mimic 
transfection increased miR-145-5p expression in HK-2 
cells. Dual-luciferase reporter assay showed that miR-
145-5p mimic transfection repressed the luciferase activity 
of circ_0060077 WT in HK-2 cells, but did not change the 
luciferase activity of circ_0060077 MUT (Fig. 3C). RNA 

Fig. 3  MiR-145-5p was targeted by circ_0060077. (A) Circ_0060077 contained miR-145-5p binding sites. (B) The expression of miR-145-5p in 
HK-2 cells transfected with miR-NC mimic or miR-145-5p mimic was determined by qRT-PCR. (C and D) Dual-luciferase reporter assay and RNA 
pull-down assay were performed to analyze the relationship between miR-145-5p and circ_0060077. (E) The expression of miR-145-5p in HK-2 
cells transfected with si-NC or si-circ_0060077 was determined by qRT-PCR. (F) The expression of miR-145-5p in the peripheral blood samples of 
DN patients and healthy volunteers was detected by qRT-PCR. (G) The expression of miR-145-5p in HG-treated HK-2 cells was detected by qRT-
PCR. *P < 0.05.
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pull-down assay showed that Biotin-miR-145-5p markedly 
pulled down circ_0060077 compared to Biotin-NC and 
Biotin-miR-145-5p MUT control groups (Fig. 3D). These 
results demonstrated the interaction between circ_0060077 
and miR-145-5p. Furthermore, circ_0060077 knockdown 
remarkably increased miR-145-5p expression in HK-2 
cells (Fig. 3E). Indeed, miR-145-5p was lowly expressed 
in DN patients’ peripheral blood samples and HG-treated 
HK-2 cells (Fig. 3F and G). Taken together, circ_0060077 
directly targeted miR-145-5p to regulate miR-145-5p 
expression.

Circ_0060077 Knockdown Remitted 
HG‑Induced HK‑2 Cell Injury by Targeting 
miR‑145‑5p

As presented in Fig. 4A, miR-145-5p expression 
was repressed in HK-2 cells after miR-145-5p inhibitor 
transfection compared to miR-NC inhibitor transfection 
groups. As illustrated by CCK-8 assay, EdU assay and 
colony formation assay, circ_0060077 knockdown pro-
moted cell viability, proliferation and colony formation 
in HG-exposed HK-2 cells, whereas these effects were 

Fig. 4  Circ_0060077 regulated HG-mediated HK-2 cell proliferation, apoptosis, oxidative stress, inflammation and fibrosis by interacting with miR-
145-5p. (A) The expression of miR-145-5p in HK-2 cells with miR-NC inhibitor or miR-145-5p inhibitor transfection was examined via qRT-PCR. 
(B-J) HK-2 cells were transfected with si-NC, si-circ_0060077, si-circ_0060077 + miR-NC inhibitor or si-circ_0060077 + miR-145-5p inhibitor and 
then treated with HG for 48 h. (B-E) HK-2 cell viability, proliferation, colony formation and apoptosis were evaluated by CCK-8 assay, EdU assay, 
colony formation assay and flow cytometry analysis, respectively. (F) The protein levels of Bax, Bcl-2 and cleaved-caspase-3 in HK-2 cells were 
measured via western blot assay. (G and H) MDA content and SOD activity in HK-2 cells were examined with kits. (I) The levels of IL-6, TNF-α 
and IL-1β in HK-2 cells were examined with ELISA kits. (J) The protein levels of FN, Col I and Col IV in HK-2 cells were measured through west-
ern blot assay. *P < 0.05.
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overturned by downregulating miR-145-5p (Fig. 4B-D). 
Flow cytometry analysis showed that the suppressive 
role of circ_0060077 knockdown on HG-treated HK-2 
cell apoptosis was reversed by miR-145-5p inhibition 
(Fig. 4E). Circ_0060077 knockdown decreased the pro-
tein levels of Bax and cleaved-caspase-3 and increased 
the protein level of Bcl-2 in HG-mediated HK-2 cells, 
whereas the addition of miR-145-5p inhibitor rescued 
the effect (Fig. 4F). Knockdown of circ_0060077 led 
to a reduction in MDA content and an enhancement 
of SOD activity in HG-triggered HK-2 cells, but these 
effects were rescued by miR-145-5p downregulation 
(Fig. 4G and H). Circ_0060077 deficiency-mediated 
suppressive effects on IL-6, TNF-α and IL-1β levels 
were also recovered by the inhibition of miR-145-5p in 
HG-treated HK-2 cells (Fig. 4I). Besides, the levels of 
FN, Col I and Col IV were decreased by circ_0060077 
knockdown in HG-treated HK-2 cells, while miR-
145-5p inhibition reversed the impacts (Fig. 4J). Col-
lectively, circ_0060077 silencing relieved HG-induced 
HK-2 cell damage through regulating miR-145-5p 
expression.

VASN Served as the Target Gene of miR‑145‑5p

Subsequently, VASN was predicted to be the 
target gene of miR-145-5p by analyzing targetscan 
(http:// www. targe tscan. org/ vert_ 71/), and the com-
plementary sequences are exhibited in Fig. 5A. As 
indicated by dual-luciferase reporter assay, the lucif-
erase activity of VASN 3’UTR WT but not VASN 
3’UTR MUT was repressed by miR-145-5p mimic in 
HK-2 cells (Fig. 5B). RNA pull-down assay showed 
that VASN was enriched by Biotin-miR-145-5p com-
pared to Biotin-NC and Biotin-miR-145-5p MUT 
groups (Fig.  5C). MiR-145-5p overexpression led 
to a reduction in VASN expression in HK-2 cells at 
mRNA and protein levels (Fig. 5D and E). Moreover, 
VASN mRNA and protein levels were increased in 
the peripheral blood samples of DN patients relative 
to normal controls (Fig. 5F and G). HG treatment also 
increased VASN mRNA and protein levels in HK-2 
cells in a time-dependent way (Fig. 5H and I). To 
summarize, miR-145-5p regulated VASN expression 
in HK-2 cells by direct interaction.

Overexpression of miR‑145‑5p Promoted Cell 
Proliferation and Suppressed Cell Apoptosis, 
Oxidative Stress, Inflammation and Fibrosis 
in HG‑Treated HK‑2 Cells

The overexpression vector of VASN transfection 
markedly increased VASN expression in HK-2 cells 
compared to vector control groups (Fig. 6A). Then the 
relationship between miR-145-5p and VASN in regulat-
ing HG-induced HK-2 cell progression was explored. The 
results of CCK-8 assay, EdU assay and colony formation 
assay exhibited that miR-145-5p overexpression facili-
tated cell viability, proliferation and colony formation in 
HG-stimulated HK-2 cells, while these effects were over-
turned by increasing VASN (Fig. 6B-D). As demonstrated 
by flow cytometry analysis, miR-145-5p overexpression 
led to an inhibition in HG-treated HK-2 cell apoptosis, 
while VASN upregulation weakened the effect (Fig. 6E). 
The protein levels of Bax and cleaved-caspase-3 were 
decreased, and the protein level of Bcl-2 was increased 
in HG-mediated HK-2 cells transfected with miR-145-5p 
mimic, with VASN overexpression abrogated the effects 
(Fig. 6F). The enhancement of miR-145-5p reduced MDA 
content and facilitated SOD activity in HG-treated HK-2 
cells, whereas the effects were rescued by increasing 
VASN (Fig. 6G and H). The suppressive roles of miR-
145-5p overexpression in IL-6, TNF-α and IL-1β levels 
in HG-mediated HK-2 cells were reversed by VASN 
overexpression vector transfection (Fig. 6I). Additionally, 
miR-145-5p overexpression decreased the protein levels 
of FN, Col I and Col IV in HG-triggered HK-2 cells, 
while VASN upregulation rescued the effects (Fig. 6J). 
Taken together, miR-145-5p overexpression relieved HG-
mediated HK-2 cell injury by targeting VASN.

Circ_0060077 Regulated VASN Expression 
by Targeting miR‑145‑5p

Thereafter, the relationships among circ_0060077, 
miR-145-5p and VASN were estimated. Our results exhib-
ited that circ_0060077 silencing reduced the mRNA and 
protein levels of VASN in HG-treated HK-2 cells, while 
miR-145-5p inhibitor transfection ameliorated the effects 
(Fig. 7A and B). These results indicated that circ_0060077 
positively regulated VASN expression by sponging 
miR-145-5p.
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Fig. 5  VASN was the target of miR-145-5p. (A) The binding sites between VASN and miR-145-5p were exhibited. (B and C) The combination 
between VASN and miR-145-5p was demonstrated by dual-luciferase reporter assay and RNA pull-down assay. (D and E) The mRNA and protein 
levels of VASN in HK-2 cells transfected with miR-NC mimic or miR-145-5p mimic were measured by qRT-PCR or western blot assay. (F and G) 
The mRNA and protein levels of VASN in the peripheral blood samples of DN patients and normal controls were measured by qRT-PCR or western 
blot assay. (H and I) The mRNA and protein levels of VASN in HG-treated HK-2 cells were measured by qRT-PCR or western blot assay. *P < 0.05.
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DISCUSSION

Currently, abundant circRNAs have been discov-
ered and demonstrated to serve as vital regulators in the 
development of renal diseases [20, 21]. In this work, we 
mainly explored the impacts of circ_0060077 on DN 
development. HK-2 cells were stimulated with HG to 
mimic DN in vitro, as previously reported [22, 23]. In 
this study, HG treatment resulted in a loss of cell prolif-
eration and a stimulation of apoptosis, oxidative stress, 

inflammation and fibrosis in HK-2 cells, indicating DN 
cell model was constructed.

Several circRNAs were reported to be abnormally 
expressed in DN and involved in DN progression. For 
instance, circ_0080425 was elevated in DN in vivo and 
in vitro model and facilitated cell fibrosis in MCs by tar-
geting FGF11 [24]. Circ-AKT3 was weakly expressed 
DN mice model and HG-treated MCs, and inhibited the 
accumulation of extracellular matrix in MCs depending 
on miR-296-3p/E-cadherin pathway [25]. The heatmap 

Fig. 6  Overexpression of miR-145-5p suppressed HG-induced HK-2 cell damage by regulating VASN. (A) The protein level of VASN in HK-2 cells 
transfected with vector or VASN was measured via western blot assay. (B-J) HK-2 cells were transfected with miR-NC mimic, miR-145-5p mimic, 
miR-145-5p mimic + vector or miR-145-5p mimic + VASN and then treated with HG. (B-E) HK-2 cell viability, proliferation, colony formation and 
apoptosis were assessed by CCK-8 assay, EdU assay, colony formation assay and flow cytometry analysis, respectively. (F) The protein levels of 
Bax, Bcl-2 and cleaved-caspase-3 in HK-2 cells were measured through western blot assay. (G and H) The content of MDA and the activity of SOD 
were examined with kits. (I) The concentrations of IL-6, TNF-α and IL-1β were examined with ELISA kits. (J) The protein levels of FN, Col I and 
Col IV were measured by western blot assay. *P < 0.05.
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Fig. 7  Circ_0060077 targeted miR-145-5p to regulate VASN expression. (A and B) HK-2 cells were transfected with si-NC, si-circ_0060077, si-
circ_0060077 + miR-NC inhibitor or si-circ_0060077 + miR-145-5p inhibitor and stimulated with HG, and then VASN mRNA and protein levels 
were measured by qRT-PCR and western blot assay, respectively. *P < 0.05.

Fig. 8  The sketch map of circ_0060077 in regulating HG-induced HK-2 cell injury via miR-145-5p/VASN axis.
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showed that circ_0060077 was upregulated in T1DM 
patients [11]. However, the exact roles of circ_0060077 in 
DN are not clear. Herein, circ_0060077 level was enhanced 
in DN patients and HG-triggered HK-2 cells. Moreover, 
circ_0060077 deficiency provoked HG-mediated HK-2 cell 
proliferation and suppressed cell apoptosis, oxidative dam-
age, inflammatory response and fibrosis. Taken together, 
circ_0060077 knockdown alleviated HG-induced HK-2 
cell impairments, illustrating that circ_0060077 might play 
a promotional role in DN.

CircRNAs can sponge miRNAs to alter gene 
expression and then regulate diverse biological pro-
gresses in human diseases [7]. Moreover, miRNAs play 
a crucial role in DN progression by targeting related 
mRNAs [12]. For example, miR-483-5p mitigated the 
renal tubular impairment in DN by interacting with 
HDCA4 [13]. MiR-17-5p interference ameliorated HG-
caused cell apoptosis and fibrosis in human mesangial 
cells (HMCs) by binding to KIF23 and inactivating 
Wnt/β-catenin pathway [14]. Thus, we further explored 
the underlying mechanism of circ_0060077 in DN. As a  
result, circ_0060077 was found to target miR-145-5p. Wei  
et al. reported that miR-145-5p relieved HG-stimulated 
podocyte apoptosis in DN via Notch pathway [15]. More-
over, miR-145 participated in HG-mediated MC prolif-
eration, fibrosis and apoptosis via lncRNA MEG3/miR-
145 pathway [26] or lncRNA MALAT1/miR-145/ZEB2 
pathway [27]. In this research, miR-145-5p deletion was 
able to rescue the impact of circ_0060077 silencing on 
HG-induced HK-2 damage. Additionally, overexpression 
of miR-145-5p aggravated cell growth and restrained 
apoptosis, oxidative stress, inflammation and fibrosis in 
HG-triggered HK-2 cells.

Vasorin (VASN) is a type I transmembrane glyco-
protein and plays vital regulatory roles in human diseases, 
such as glioma [16], thyroid cancer [17] and prostate can-
cer [18]. Moreover, VASN level was found to be abnor-
mally increased in DN [19]. In the present study, VASN 
was demonstrated to be the target gene of miR-145-5p. 
Furthermore, VASN overexpression ameliorated miR-
145-5p-mediated cell damage in HG-treated HK-2 cells.

However, there were some limitations of this study, 
For example, the number of samples was limited and 
there was the lack of the animal experiments.

In summary, circ_0060077 sponged miR-145-5p to 
promote VASN level, thereby suppressing cell viability 
and promoting apoptosis, oxidative stress, inflammation 
and fibrosis in HG-stimulated HK-2 cells (Fig. 8). These 
findings might provide a preclinical basis for DN therapy.
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