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Abstract. Long non‑coding RNAs (lncRNAs) serve major 
roles in diabetic nephropathy (DN). The present study inves‑
tigated the regulatory mechanism of lncRNA non‑coding 
RNA activated by DNA damage (NORAD) on DN in vitro. 
Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) was used to detect the expression of lncRNA 
NORAD, microRNA‑485 (miR‑485) and nuclear respira‑
tory factor  1 (NRF1) in the tissues of patients with DN 
and high‑glucose (HG)‑induced human mesangial cells 
(HMCs). The viability of HMCs was determined using an 
MTT assay. The levels of inflammatory [tumour necrosis 
factor (TNF)‑α, interleukin (IL)‑1β and IL‑6] and fibrotic 
[type  IV collagen (Col.  IV), fibronectin (FN) and plas‑
minogen activator inhibitor 1 (PAI‑1)] factors in HMCs were 
measured by ELISA. The interactions between miR‑485 and 
NORAD/NRF1 were predicted using StarBase and miRDB 
softwares and confirmed by a dual‑luciferase reporter assay. 
Western blot analysis was utilized to measure NRF1 protein 
levels. lncRNA NORAD was highly expressed in tissues and 
HG‑induced HMCs. NORAD knockdown suppressed cell 
viability in HG‑induced HMCs. The levels of the inflamma‑
tory and fibrotic factors in HG‑induced HMCs were inhibited 
by NORAD knockdown. miR‑485 was the direct target of 
NORAD. NORAD reversed the inhibitory effects of miR‑485 
on HG‑induced HMCs. Furthermore, NRF1 was the target gene 
of miR‑485. Downregulation of miR‑485 and upregulation 

of NRF1 reversed the inhibitory effects of NORAD knock‑
down on HG‑induced HMCs. NORAD knockdown inhibited 
HG‑induced HMC proliferation, inflammation and fibrosis by 
regulating miR‑485/NRF1, providing a possible therapeutic 
strategy for DN.

Introduction

Diabetic nephropathy (DN) has long been considered the 
most pervasive and serious diabetic chronic complication (1). 
Currently, DN is mostly treated with drugs, including rosi‑
glitazone (2), tripterysium glycosides (3) and alprostadil (4). 
However, these drug treatments have limitations and adverse 
reactions, including leukopenia, gastrointestinal reactions, 
irregular menstruation and abnormal liver function  (5,6). 
Therefore, the investigation into novel treatment strategies for 
DN remains necessary.

Long non‑coding RNAs (lncRNAs) are important regula‑
tors of cell proliferation, inflammation and fibrosis in DN (7,8). 
For instance, lncRNA plasmacytoma variant translocation 1 
promotes mesangial cell (MC) proliferation under high‑glucose 
conditions in DN (9,10) and lncRNA nuclear enriched abun‑
dant transcript 1 (NEAT1) accelerates the occurrence and 
development of DN  (11). Additionally, non‑coding RNA 
activated by DNA damage (NORAD) is a conserved and abun‑
dant lncRNA that preserves genomic stability (12). NORAD 
has been demonstrated to be an onco‑lncRNA in various 
types of human cancer, including prostate (13), ovarian (14), 
lung (15) and gastric (16) cancers. lncRNA NORAD is also 
involved in DN progression (17). Qi et al (17) demonstrated 
that the NORAD/miR‑520h/Toll‑like receptor 4 regulatory 
loop promotes the proliferation and inhibits the apoptosis of 
glomerular MCs, thereby aggravating the progression of DN. 
However, the possible effects of NORAD on the inflammation 
and fibrosis of DN and the underlying regulatory mechanisms 
remain to be fully revealed.

Emerging evidence has indicated that lncRNAs serve 
roles as competing endogenous RNAs (ceRNAs) for miRNAs 
and regulate the expression of their target genes in certain 
diseases  (18). miRNAs are involved in cellular processes, 
including cell viability and apoptosis  (19). Furthermore, 
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miRNAs act as efficient inhibitors in DN progression (20). 
For example, miR‑544 attenuates diabetic renal injury by 
suppressing glomerulosclerosis and inflammation  (21). 
miR‑320a may be a potential curative target in DN (22). miR‑874 
overexpression alleviated renal injury in DN rats (23). Notably, 
miR‑485 may serve as a regulator of inflammatory and fibrotic 
responses (24). In a recent study, miR‑485 suppressed MC 
inflammation and proliferation in an in vitro model of DN (25). 
Additionally, lncRNAs may act as competing endogenous 
RNAs or sponges of miRNAs. NORAD has been reported to 
regulate numerous miRNAs in several types of human disease, 
including miR‑136‑5p in retinoblastoma (26), miR‑144‑3p in 
hepatocellular carcinoma (27), miR‑520a‑3p in non‑small cell 
lung cancer (28) and miR‑214 in gastric cancer (16). However, 
the regulatory mechanisms between lncRNA NORAD and 
miR‑485 have not yet been reported.

The present study investigated the effects of lncRNA 
NORAD on human (H)MC proliferation, inflammation and 
fibrosis and investigated the regulatory mechanisms between 
NORAD and miR‑485/nuclear respiratory factor 1 (NRF1). 
The present study revealed that the NORAD/miR‑485/NRF1 
axis will be a theoretical basis for DN‑targeted therapy.

Materials and methods

Tissue collection. A total of 21 patients with DN without 
other complications were selected in Shengli Oilfield Central 
Hospital (Dongying,  China) between March  2017 and 
June 2018. The patients included 11 males and 10 females (age 
range, 46‑64 years; mean age, 54.6±6.2 years). These patients 
had not received treatment within 3 months before admission. 
Pathological kidney and adjacent normal tissues were obtained 
by biopsy. Each patient provided written informed consent and 
agreed to the study being published. The present study was 
approved by the Ethics Committee of Shengli Oilfield Central 
Hospital (approval no. Q/ZXYY‑ZY‑YWB‑LL202037).

Cell grouping and transfection. HMCs were purchased from 
The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences. DMEM containing 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.) was used to culture the cells 
at  37˚C in 5%  CO2. Small interfering (siRNA)‑negative 
control (si‑NC, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​U‑3') and 
siRNA‑NORAD‑1/‑2 (si‑NORAD‑1, 5'‑AAG​CCA​CCU​UUG​
UGA​ACA​GUA‑3'; si‑NORAD‑2, 5'‑GAG​AAA​UGG​UAG​
AAU​GAC​A‑3') were obtained from Sangon Biotech Co., 
Ltd. NORAD overexpression (ov‑NORAD), NRF1 overex‑
pression (ov‑NRF1), miR‑485 mimics (5'‑AGA​GGC​UGG​
CCG​UGA​UGA​AUU​C‑3'), miR‑NC (5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UTT‑3'), miR‑485 inhibitor (5'‑GUC​AUA​CAC​
GGC​UCU​CCU​CUC​U‑3'), and inhibitor NC (5'‑CAG​UAC​
UUU​UGU​AGU​ACA​AA‑3') were procured from Guangzhou 
RiboBio Co., Ltd. HMCs were transfected with the afore‑
mentioned agents (all 50  nM) using a Lipofectamine 
RNAiMAX kit (Invitrogen; Thermo Fisher Scientific, Inc.) 
for 48 h at 37˚C. In addition, the HMCs (6x105 cells/well) 
were further divided into high glucose (HG; 30 mM) and 
normal glucose (NG; 5.5 mM) groups. At 48 h after treat‑
ment, the cells were harvested to perform the following 
experiments.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA was extracted from HMCs 
using a TRIzol® reagent kit (Invitrogen; Thermo  Fisher 
Scientific, Inc.), according to the manufacturer's protocols. In 
accordance with the manufacturer's protocols of GoScript™ 
reverse transcription system (Promega Corporation), the 
extracted RNA was initially reverse transcribed into cDNA 
at 37˚C for 60 min, followed by 85˚C for 5 min and then 
subjected to qPCR analyses with the Applied Biosystems 
SYBR™ Green PCR Master mix (Thermo Fisher Scientific, 
Inc.). The thermocycling conditions were: Initial denatur‑
ation at 95˚C for 10 min, followed by 40 cycles of 95˚C for 
10 sec, 60˚C for 20 sec and 72˚C for 34 sec. U6 or GAPDH 
was used as the internal reference standard. The primers 
were designed as follows: NORAD forward: 5'‑GGA​GAA​
TCG​CTT​GAA​CT‑3' and reverse, 5'‑CAA​ACA​CCC​AAT​
GAA​TAG‑3'; miR‑485 forward, 5'‑CCA​AGC​TTC​ACC​CAT​
TCC​TAA​CAG​GAC‑3' and reverse, 5'‑CGG​GAT​CCG​TAG​
GTC​AGT​TAC​ATG​CAT​C‑3'; NRF1 forward, 5'‑TTA​CTC​
TGC​TGT​GGC​TGA​TGG‑3' and reverse, 5'‑CCT​CTG​ATG​
CTT​GCG​TGG​TCT‑3'; U6 forward, 5'‑GCT​TCG​GCA​GCA​
CAT​ATA​CTA​AAA​T‑3' and reverse, 5'‑CGC​TTC​ACG​AAT​
TTG​CGT​GTC​AT‑3' and GAPDH forward, 5'‑GAA​GGT​
GAA​GGT​CGG​AGT​C‑3' and reverse, 5'‑GAA​GAT​GGT​GAT​
GGG​ATT​TC‑3'. Gene expression was quantified using the 
2‑ΔΔCq method (29).

Western blot analysis. Radioimmunoprecipitation assay buffer 
(Beyotime Institute of Biotechnology) containing protease 
inhibitors was used to extract proteins from cells. The protein 
concentrations were determined using a bicinchoninic acid 
Protein assay kit (Thermo Fisher Scientific, Inc.). A total 
of 50 µg of protein/lane was separated via 10% SDS‑PAGE 
(Boster Biological Technology). The resolved proteins were 
then transferred onto polyvinylidene fluoride membranes. 
Blocking was performed using 5% bovine serum albumin 
(Thermo  Fisher Scientific, Inc.) at room temperature for 
2  h. Following blocking, the membranes were incubated 
overnight at  4˚C with primary antibodies against NRF1 
(1:1,000; cat. no. ab175932; Abcam) and GAPDH (1:1,000; 
cat. no. ab8245; Abcam). Next, the membranes were washed 
three times in TBS‑Tween‑20  (0.05%). The secondary 
antibody horseradish peroxidase‑conjugated anti‑mice 
immunoglobulin G (1:2,000; cat. no. ab6728; Abcam) was 
added and incubated for 1 h at room temperature. GADPH was 
used as the internal reference. The membranes were developed 
using an ECL reagent (Thermo Fisher Scientific, Inc.) under 
Gel‑Pro analyzer (version 4.0; Media Cybernetics, Inc.).

Cell viability assay. MTT assays were used to determine 
HMC viability. Cells were seeded onto a 96‑well plate with 
2x105 cells/well and cultured in serum‑free medium overnight 
at 37˚C. Subsequently, cells were incubated under the desig‑
nated glucose conditions for 24, 48, 72 and 96 h at 37˚C. Next, 
20 µl MTT (Merck KGaA) was added to each well and the 
cells were incubated for another 2 h at 37˚C. The supernatant 
was removed and the formazan crystals were dissolved using 
DMSO (150 µl/well). The absorbance at 450 nm was analysed 
using a Multiskan Spectrum microplate reader (Thermo Fisher 
Scientific, Inc.).
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ELISA. According to manufacturer protocols, the 
levels  of  in f lammatory [tumour necrosis  factor 
(TNF)‑α (cat.  no.  70‑EK182HS‑96), interleukin (IL)‑1β 
(cat. no. 70‑EK101BHS‑96) and IL‑6 (cat. no. 70‑EK106/2‑96) and 
fibrotic [type IV collagen (Col. IV) (cat. no. RK‑009‑001‑106), 
fibronectin (FN; cat.  no.  RK‑KOA0169) and plasminogen 
activator inhibitor 1 (PAI‑1) (cat. no. 70‑EK1136‑96)] factors 
in HMCs were measured using specific ELISA kits purchased 
from Multisciences Biotech, Ltd. The absorbance at 450 nm 
was determined using a Multiskan Spectrum microplate 
reader (Thermo Fisher Scientific, Inc.).

Target prediction. The miRNA targets of NORAD were predicted 
using StarBase software version 2.0 (http://starbase.sysu.edu.
cn/), and 272 targets were predicted. Among these miRNA 
targets, miR‑485 was selected for the following assays due to its 
important role in DN (25) and unknown regulatory association 
with NORAD. In addition, the mRNA targets of miR‑485 were 
predicted using miRDB software version 3.0 (http://mirdb.org/), 
and 1,646 targets were predicted. NRF1 was selected for the 
following assays due to its important role in renal diseases (30,31).

Dual‑luciferase reporter assay. To verify the direct interac‑
tions between miR‑485 and NORAD/NRF1, a dual‑luciferase 
reporter assay was performed. Briefly, the mutant type (MUT) 
and wild type (WT) of NORAD/NRF1 binding sequences 
were cloned into the pGL3‑promoter (Promega Corporation) to 
generate the recombinant vectors pGL3‑NORAD‑WT/‑MUT 
or pGL3‑NRF1‑WT/‑MUT. Cells were co‑transfected with 
the aforementioned recombinant vectors and miR‑485 
mimic/miR‑NC (all 50  nM) using Lipofectamine®  3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C for 48 h. 
The supernatant was used to measure relative luciferase 
activity on a Dual‑Luciferase Reporter assay system (Promega 
Corporation). The activity of firefly luciferase was normalized 
to that of Renilla luciferase.

Statistical analysis. SPSS version 20.0 (IBM Corp.) and 
GraphPad Prism version  5.01 (GraphPad Software, Inc.) 
were used to perform the statistical analyses. Data are 
expressed as the mean ± standard deviation. Student's t‑tests 
were used to assess the differences between groups (paired, 
Figs. 1A, 3D and 5C; unpaired, Figs. 1B, 3E and 5D). One‑way 
analysis of variance (ANOVA) was used to investigate the 

differences among multiple groups. Following ANOVA, 
pairwise comparisons were performed using Tukey's multiple 
comparisons tests. P<0.05 was considered to indicate a statisti‑
cally significant difference. All experiments were conducted 
in triplicate in at least three independent experiments.

Results

NORAD is highly expressed in DN tissues and HG‑stimulated 
HMCs. The NORAD expression in DN and normal tissues 
was detected by RT‑qPCR. The results demonstrated higher 
expression in DN tissues compared with in normal tissues 
(P<0.001; Fig.  1A). Meanwhile, NORAD expression was 
significantly increased in HG‑stimulated HMCs compared 
with in the NG group (P<0.05; Fig. 1B).

Knockdown of NORAD inhibits HG‑induced HMC 
proliferation, inflammation and fibrosis. To investigate 
the possible role of NORAD in DN pathogenesis in vitro, 
si‑NORAD‑1/‑2 was initially transfected into HMCs to detect 
the silencing efficiency. As illustrated in Fig. 2A, RT‑qPCR 
demonstrated significantly decreased NORAD expression 
following transfection of si‑NORAD‑1 and si‑NORAD‑2 
(P<0.01). Following treatment with HG, NORAD expression 
was also significantly decreased in the HG + si‑NORAD‑1 and 
HG + si‑NORAD‑2 groups (P<0.01; Fig. 2B). si‑NORAD‑1 
was selected in the following experiments due to its greater 
silencing efficiency. The results of the MTT assay demonstrated 
increased HMC viability in the HG + si‑NC group compared 
with in the NG group, whilst cell activity was partially inhib‑
ited in the HG + si‑NORAD group compared with in the HG 
+ si‑NC group (P<0.05; Fig. 2C). Similarly, the ELISA results 
demonstrated highly increased levels of inflammatory factors 
(IL‑6, IL‑1β and TNF‑α) in the HG + si‑NC group compared 
with those in the NG group, which was attenuated in the 
HG + si‑NORAD group (P<0.01; Fig. 2D‑F). The levels of 
PAI‑1, Col. IV and FN were higher in the HG + si‑NC group 
compared with in the NG group, which was partially reversed 
in the HG + si‑NORAD group (P<0.01; Fig. 2G‑I). These 
results indicated that NORAD knockdown suppressed HMC 
proliferation, inflammation and fibrosis in vitro.

NORAD targets miR‑485. Analysis using StarBase software 
demonstrated potential binding sequences between lncRNA 

Figure 1. Expression of NORAD in DN tissues and HMCs. (A) Expression of NORAD in DN tissues (n=21) and adjacent normal tissues (n=21) determined 
by RT‑qPCR. ***P<0.001 vs. normal. (B) Expression of NORAD in HG‑stimulated HMCs and NG HMCs determined by RT‑qPCR. *P<0.05, **P<0.01 vs. NG. 
NORAD, non‑coding RNA activated by DNA damage; DN, diabetic nephropathy; HMCs, human mesangial cells; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction; HG, high glucose; NG, normal glucose. 
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NORAD and miR‑485 (Fig. 3A). The luciferase activity in 
the NORAD WT/miR‑485 mimics group was decreased 
compared with that in the NORAD WT/miR‑NC  group 
(P<0.01; Fig.  3B). miR‑485 expression was significantly 
downregulated in the HG + si‑NC group compared with in 
the NG group, which was attenuated in the HG + si‑NORAD 
group (P<0.01; Fig.  3C). RT‑qPCR assays demonstrated 
decreased miR‑485 expression in DN tissues compared 
with in normal tissues (P<0.001; Fig. 3D). The expression 
of miR‑485 was also decreased in the HG group compared 
with in the NG group (P<0.01; Fig. 3E). These data indi‑
cated a negative regulatory association between NORAD 
and miR‑485.

NORAD reverses the inhibitory effects of miR‑485 on 
HG‑induced HMCs. Next, miR‑485 mimics, miR‑485 
inhibitor and miR‑485 mimics + ov‑NORAD were trans‑
fected into HMCs to detect the transfection efficiency. The 
expression of miR‑485 was upregulated in the miR‑485 
mimics group compared with in the miR‑NC group, whilst 
the inverse was observed in the miR‑485 inhibitor group 
compared with the inhibitor NC group (P<0.01; Fig. 4A). 
Meanwhile, compared with the miR‑485 mimics + ov‑NC 
group, miR‑485 expression in the miR‑485 mimics + 
ov‑NORAD group was partially inhibited (P<0.01; Fig. 4A). 
NORAD expression was then determined following 
transfection. The results of RT‑qPCR analysis demonstrated 

Figure 2. Knockdown of NORAD inhibits proliferation, inflammation and fibrosis in HG‑induced HMCs. (A) Expression of NORAD determined by RT‑qPCR 
following transfection of si‑NORD‑1/‑2. **P<0.01 vs. si‑NC. (B) Expression of NORAD detected by RT‑qPCR following transfection of si‑NORD‑1/‑2 under HG 
conditions. **P<0.01 vs. HG + si‑NC. (C) Viability of HMCs measured using MTT assay. **P<0.01 vs. NG; #P<0.05, ##P<0.01 vs. HG + si‑NC. Levels of (D) IL‑6, 
(E) IL‑1β, (F) TNF‑α, (G) Col. IV, (H) FN and (I) PAI‑1 in HMCs measured via ELISA. **P<0.01 vs. NG; ##P<0.01 vs. HG + si‑NC. NORAD, non‑coding RNA 
activated by DNA damage; NG, normal glucose; HG, high glucose; HMCs, human mesangial cells; RT‑qPCR, reverse transcription‑quantitative polymerase 
chain reaction; si, small interfering RNA; NC, negative control; OD, optical density; TNF, tumour necrosis factor; IL, interleukin; Col. IV, type IV collagen; 
FN, fibronectin; PAI‑1, plasminogen activator inhibitor 1. 
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that the expression of NORAD was upregulated by 
ov‑NORAD, but was partially suppressed by ov‑NORAD 
+ miR‑485 mimics (P<0.01; Fig. 4B). In addition, it was 
also discovered that miR‑485 expression was significantly 
decreased in the HG group; its expression was upregulated 
in the HG + miR‑485 mimics group and downregulated in 
the HG + miR‑485 inhibitor group (P<0.01; Fig. 4C). All the 
results suggested that miR‑485 mimics, miR‑485 inhibitor, 
ov‑NORAD and miR‑485 mimics  +  ov‑NORAD were 
successfully transfected into HMCs. The results of the MTT 
assay demonstrated significantly decreased HG‑induced 
HMC viability in the miR‑485 mimics group compared with 
in the miR‑NC group; however, the viability of HG‑induced 
HMCs was partially promoted in the miR‑485 mimics + 
ov‑NORAD group compared with in the miR‑485 mimics 
group (P<0.05; Fig. 4D). Similarly, the ELISA results demon‑
strated significantly decreased levels of inflammatory (IL‑6, 
IL‑1β and TNF‑α) and fibrotic (PAI‑1, Col.  IV and FN) 
factors in the miR‑485 mimics group compared with in the 
miR‑NC group. Furthermore, overexpression of NORAD 

attenuated the effects of miR‑485 on inflammation and 
fibrosis in HG‑induced HMCs (P<0.05; Fig.  4E  and  F). 
Therefore, the results suggested that NORAD may affect the 
occurrence and development of DN in vitro by regulating 
miR‑485 expression.

Identification of NRF1 as the target gene of miR‑485. Using 
miRDB software, the potential binding sites between NRF1 
and miR‑485 were predicted (Fig. 5A). Dual‑luciferase reporter 
assays demonstrated significantly decreased luciferase activity 
in the NRF1 WT/miR‑485 mimics group compared with in 
the control group. These results indicated that NRF1 was a 
direct target gene of miR‑485 (P<0.01; Fig. 5B). The RT‑qPCR 
results suggested that the expression of NRF1 was higher in DN 
tissues compared with in normal tissues (P<0.001; Fig. 5C). 
Similar to the mRNA levels, the results of the western blot 
analysis demonstrated downregulation of the NRF1 protein 
level in the HG + miR‑485 mimics group compared with that 
in the HG + miR‑NC group (P<0.01; Fig. 5D). These results 
suggested that miR‑485 inhibited NRF1 expression.

Figure 3. miR‑485 is a direct target of NORAD. (A) Predicted complementary binding site of NORAD and miR‑485. (B) Luciferase activity in HMCs 
co‑transfected with pGL3‑NORAD WT/pGL3‑NORAD MUT and miR‑485 mimics/NC as determined by a dual luciferase reporter assay. **P<0.01 vs. 
miR‑NC. (C) Expression of miR‑485 in HMCs detected by RT‑qPCR. **P<0.01 vs. NG; ##P<0.01 vs. HG + si‑NC. (D) Expression of miR‑485 in DN tissues 
(n=21) and adjacent normal tissues (n=21) detected by RT‑qPCR. ***P<0.001 vs. normal. (E) Expression of miR‑485 in HG‑induced HMCs and NG HMCs 
detected by RT‑qPCR. **P<0.01 vs. NG. miR, microRNA; NORAD, non‑coding RNA activated by DNA damage; HMCs, human mesangial cells; si, small 
interfering RNA; NC, negative control; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; HG, high glucose; NG, normal glucose; 
DN, diabetic nephropathy; WT, wild‑type; MUT, mutant. 
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Figure 4. NORAD reverses the inhibitory effects of miR‑485 on HG‑induced HMCs. (A) Expression of miR‑485 following transfection of miR‑485 
mimics/inhibitor or miR‑485 mimics + ov‑NORAD detected by RT‑qPCR. **P<0.01 vs. miR‑NC; ##P<0.01 vs. miR‑485 mimics + ov‑NC; &&P<0.01 vs. 
inhibitor NC. (B) Expression of NORAD following transfection of ov‑NORAD or ov‑NORAD + miR‑485 mimics detected by RT‑qPCR. **P<0.01 vs. ov‑NC; 
##P<0.01 vs. ov‑NORAD + miR‑NC. (C) Expression of miR‑485 in HG‑induced HMCs detected by RT‑qPCR. **P<0.01 vs. NG; ##P<0.01 vs. HG + miR‑NC; 
&&P<0.01 vs. HG + inhibitor NC. (D) Viability of HG‑induced HMCs measured by an MTT assay. **P<0.01 vs. miR‑NC; #P<0.05 vs. miR‑485 mimics. 
(E) Levels of IL‑6, IL‑1β and TNF‑α in HG‑induced HMCs measured via ELISA. **P<0.01 vs. miR‑NC; #P<0.05 vs. miR‑485 mimics. (F) Contents of Col. 
IV, FN and PAI‑1 in HG‑induced HMCs measured via ELISA **P<0.01 vs. miR‑NC; #P<0.05 vs. miR‑485 mimics. miR, microRNA; NORAD, non‑coding 
RNA activated by DNA damage; NG, normal glucose; HG, high glucose; HMCs, human mesangial cells; RT‑qPCR, reverse transcription‑quantitative poly‑
merase chain reaction; ov, overexpression vector; NC, negative control; OD, optical density; TNF, tumour necrosis factor; IL, interleukin; Col. IV, type IV 
collagen; FN, fibronectin; PAI‑1, plasminogen activator inhibitor 1.

Figure 5. NRF1 is a target gene of miR‑485. (A) Predicted complementary binding site of NRF1 and miR‑485. (B) Luciferase activity in HMCs co‑transfected 
with pGL3‑NRF1 WT/pGL3‑NRF1 MUT and miR‑485 mimics/NC determined by a dual luciferase reporter assay. **P<0.01 vs. mimics NC. (C) Expression 
of NRF1 in DN tissues (n=21) and adjacent normal tissues (n=21). ***P<0.001 vs. normal. (D) Protein expression of NRF1 in HMCs detected via western blot 
analysis. **P<0.01 vs. HG + miR‑NC. NRF1, nuclear respiratory factor 1; miR, microRNA; HMCs, human mesangial cells; NC, negative control; DN, diabetic 
nephropathy; WT, wild‑type; MUT, mutant; HG, high glucose.
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NORAD knockdown inhibits proliferation, inflammation and 
fibrosis in HG‑induced HMCs by regulating the miR‑485/NRF1 
axis. The expression of NORAD and miR‑485 following 
co‑transfection was detected. The results of RT‑qPCR demon‑
strated that NORAD expression was significantly increased in 
the si‑NORAD + miR‑485 inhibitor and si‑NORAD + ov‑NRF1 
groups compared with their controls (si‑NORAD + miR‑NC 
and si‑NORAD  +  ov‑NC, respectively; P<0.05; Fig.  6A). 
Furthermore, the expression of miR‑485 was inhibited by 

co‑transfection with si‑NORAD + miR‑485 inhibitor compared 
with si‑NORAD + inhibitor NC (P<0.01; Fig. 6B). The trans‑
fection efficiency of ov‑NRF1 was subsequently determined 
using RT‑qPCR, which demonstrated that NRF1 expression 
was increased by ov‑NRF1 (P<0.01; Fig. 6C). The aforemen‑
tioned results indicated that si‑NORAD + miR‑485 inhibitor or 
ov‑NRF1 was successfully transfected into HMCs. Western blot 
analysis demonstrated downregulated NRF1 protein expression 
following transfection of si‑NORAD, while co‑transfection with 

Figure 6. NORAD knockdown inhibits proliferation, inflammation and fibrosis in HG‑induced HMCs by regulating the miR‑485/NRF1 axis. (A) Expression 
of NORAD following transfection of si‑NORAD, si‑NORAD + miR‑485 inhibitor or si‑NORAD + ov‑NRF1 as determined via RT‑qPCR. **P<0.01 vs. si‑NC; 
#P<0.05 vs. si‑NORAD + inhibitor NC; &P<0.05 vs. si‑NORAD + ov‑NC. (B) Expression of miR‑485 following transfection of si‑NORAD or si‑NORAD + 
miR‑485 inhibitor as detected via RT‑qPCR **P<0.01 vs. si‑NC; ##P<0.01 vs. si‑NORAD + inhibitor NC. (C) Expression of NRF1 following transfection of 
ov‑NRF1 detected by RT‑qPCR. **P<0.01 vs. ov‑NC. (D) Protein expression of NRF1 was measured via western blot analysis. **P<0.01 vs. si‑NC; #P<0.05 vs. 
si‑NORAD + inhibitor NC; &&P<0.01 vs. si‑NORAD + ov‑NC. (E) Viability of HG‑induced HMCs measured by MTT assays. **P<0.01 vs. si‑NC; #P<0.05 vs. 
si‑NORAD + inhibitor NC; &P<0.01 vs. si‑NORAD + ov‑NC. (F) Levels of IL‑6, IL‑1β and TNF‑α in HG‑induced HMCs as determined via ELISA. **P<0.01 
vs. si‑NC; #P<0.05 vs. si‑NORAD + inhibitor NC; &P<0.05 vs. si‑NORAD + ov‑NC. (G) Contents of Col. IV, FN and PAI‑1 in HG‑induced HMCs as determined 
via ELISA. **P<0.01 vs. si‑NC; #P<0.05 vs. si‑NORAD + inhibitor NC; &P<0.05 vs. si‑NORAD + ov‑NC. miR, microRNA; NORAD, non‑coding RNA 
activated by DNA damage; NRF1, nuclear respiratory factor 1; HG, high glucose; HMCs, human mesangial cells; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction; ov, overexpression vector; si, small interfering RNA; NC, negative control; OD, optical density; TNF, tumour necrosis factor; 
IL, interleukin; Col. IV, type IV collagen; FN, fibronectin; PAI‑1, plasminogen activator inhibitor 1. 
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miR‑485 inhibitor or ov‑NRF1 reversed this inhibitory effect 
(P<0.05; Fig.  6D). MTT assays demonstrated significantly 
inhibited HG‑induced HMC viability in the si‑NORAD group 
compared with that in the si‑NC group. Meanwhile, cell viability 
was partially promoted in the si‑NORAD + miR‑485 inhibitor 
and si‑NORAD  +  ov‑NRF1  groups compared with in the 
si‑NORAD group (P<0.05; Fig. 6E). Similarly, the ELISA results 
indicated that NORAD knockdown downregulated the levels 
of inflammatory (IL‑6, IL‑1β and TNF‑α) and fibrotic (PAI‑1, 
Col. IV and FN) factors. However, downregulation of miR‑485 
and upregulation of NRF1 reversed the effects of NORAD 
knockdown on inflammation and fibrosis in HG‑induced HMCs 
(P<0.05; Fig. 6F and G). These results indicated that knockdown 
of NORAD may suppress HG‑induced HMC proliferation, 
inflammation and fibrosis by regulating miR‑485/NRF1.

Discussion

Increasing evidence has indicated that hyperglycaemia serves 
a major role in DN (32). Inflammatory and fibrotic reactions 
in diabetic patients are mainly caused by hyperglycaemia and 
ultimately accelerate the development of DN (33,34). Recent 
studies have demonstrated that lncRNAs serve a critical role 
in DN (25‑27). A previous study reported upregulation of 
lncRNA antisense non‑coding mitochondrial RNA‑2 in DN 
tissues and HG‑treated MCs (35). Another study observed 
significantly upregulated expression of lncRNA distal‑less 
homeobox 6, opposite strand 1 (Dlx6os1) in MCs under HG 
conditions compared with NG conditions (36). Similarly, the 
present study identified that lncRNA NORAD was highly 
expressed in HG‑stimulated HMCs and DN tissues. Therefore, 
NORAD may be a pathogenic factor and may serve as a 
biomarker for the prognosis of DN.

In the last decade, lncRNAs have been identified as 
important regulators of cell proliferation, inflammation and 
fibrosis in DN (13,27,28). Hyperglycaemia is widely proposed 
to affect different types of nephrocytes (32). Furthermore, 
MC proliferation, inflammation and fibrosis are the three 
major features of DN (13,27,28). Ma et al (37) reported that 
downregulation of lncRNA NEAT1 inhibited the prolif‑
eration, fibrosis and inflammation of mouse MCs in DN. 
Feng et al (7) observed that lncRNA brown fat lncRNA 1 
interference attenuated renal inflammation fibrosis in DN. 
Furthermore, another study demonstrated that inhibition of 
lncRNA Dlx6os1 decreased cell proliferation and fibrosis 
in DN  (36). In the present study, NORAD knockdown 
suppressed HG‑stimulated HMC proliferation, inflammation 
and fibrosis. Similar to the results of the present study, a 
recent study also demonstrated that knockdown of NORAD 
decreased cell viability in mouse glomerular mesangial cells 
in DN (17). However, the previous study only investigated the 
mechanism of NORAD on cell proliferation. The results of 
the present study further revealed the involvement of lncRNA 
NORAD in regulating HMC proliferation, inflammation and 
fibrosis in DN.

Recent studies have reported that miRNAs act as regu‑
latory factors in various cellular processes. For example, 
miRNAs affect cell proliferation, apoptosis, stress resistance 
and angiogenesis (38). Yao et al (23) reported that miR‑874 
alleviates renal injury and inflammatory response in DN. 

Jiang et al  (20) observed that miR‑342‑3p‑overexpression 
suppressed renal interstitial fibrosis in DN. The present study 
revealed decreased miR‑485 expression in HG‑stimulated 
HMCs and DN tissues. Furthermore, miR‑485 was the direct 
target of lncRNA NORAD and inhibited HG‑stimulated 
HMC proliferation, inflammation and fibrosis. Similar to the 
results of the present study, Wu et al (25) also demonstrated 
that miR‑485 overexpression suppressed HG‑induced HMC 
proliferation. The results demonstrated that miR‑485 may 
inhibit DN progression. The present study also demonstrated 
that NORAD overexpression attenuated the inhibitory effects 
of miR‑485 on HG‑induced HMC proliferation, inflammation 
and fibrosis. These results suggested that NORAD may affect 
DN progression by regulating miR‑485 expression.

Emerging evidence has suggested that NRF1 is an impor‑
tant regulatory factor in apoptosis  (39). Zhang  et  al  (39) 
reported that NRF1 overexpression inhibited the apop‑
tosis of palmitate‑stimulated human cardiac myocytes. 
Zhang et al (40) also indicated that NRF1 acts as a key regulator 
of chondrocyte apoptosis in osteoarthritis. The present study 
demonstrated significantly increased NRF1 expression in DN 
tissues and showed that transfection of miR‑485 mimics into 
HG‑stimulated HMCs inhibited NRF1 expression. Therefore, 
NRF1 was determined to be the target gene of miR‑485. 
Furthermore, it was demonstrated that NRF1 expression was 
negatively regulated by miR‑485, and that downregulation 
of miR‑485 and upregulation of NRF1 reversed the effects 
of NORAD‑knockdown on HG‑induced HMC proliferation, 
inflammation and fibrosis. The results indicated that NORAD 
knockdown inhibited HG‑induced HMC proliferation, 
inflammation and fibrosis by regulating miR‑485 and NRF1 
expression.

In conclusion, the results of the present study revealed that 
NORAD knockdown inhibited the proliferation, inflammation 
and fibrosis of HG‑induced HMCs by regulating the in vitro 
expression of miR‑485 and NRF1. However, the difference 
between in  vitro and in  vivo conditions is a limitation of 
the present study. Further studies are warranted to elucidate 
these issues. Despite this limitation, these findings suggest the 
potential of a novel strategy for treating DN.
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