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Abstract. Diabetic nephropathy (DN) is the leading cause 
of end‑stage renal disease (ESRD), seriously threatening the 
health of individuals. The 5‑lipoxygenase (ALOX5) gene has 
been reported to be associated with diabetes, but whether it is 
involved in DN remains unclear. The present study aimed to 
explore the role of ALOX5 in DN and to clarify the potential 
mechanism. Mouse renal mesangial cells (SV40 MES‑13) were 
treated with high glucose (HG) to mimic a DN model in vitro. 
The expression level of ALOX5 was assessed using reverse 
transcription‑quantitative PCR and western blotting. Cell 
Counting Kit‑8 and flow cytometric assays were performed 
to determine cell proliferation, the cell cycle and apoptosis. 
Immunofluorescence was carried out to detect the expression 
of Ki67 and proliferating cell nuclear antigen (PCNA). The 
inflammatory cytokines were assessed using ELISA. The 
expression of fibrosis‑ and NF‑κB‑related proteins was deter‑
mined using western blotting. The results revealed that ALOX5 
was significantly upregulated in HG‑induced SV40 MES‑13 
cells. Interference of ALOX5 greatly hindered HG‑induced 
cell viability loss, as well as increasing the expression of Ki67 
and PCNA. In addition, HG induced cell cycle arrest in the 
G1 phase and cell apoptosis, which were then partly abolished 
by interference of ALOX5. Moreover, the elevated production 
of inflammatory cytokines and upregulated fibrosis‑related 
proteins induced by HG were weakened by interference of 
ALOX5. Eventually, interference of ALOX5 was found to 
reduce the activity of NF‑κB signaling in HG‑induced SV40 
MES‑13 cells. Collectively, interference of ALOX5 serves as 
a protective role in HG‑induced kidney cell injury, providing a 
potential therapeutic strategy of DN treatment.

Introduction

Diabetic nephropathy (DN) is a serious complication of 
diabetes mellitus (DM) clinically characterized as increased 
urinary albumin excretions, reduced glomerular filtration 
rate and progressive deteriorations in renal function (1). It is 
reported that approximately 20‑40% of patients with diabetes 
develop DN in their disease course (2,3). DN is the leading 
cause of chronic kidney disease (CKD) and end‑stage renal 
disease (ESRD), and is acknowledged as an independent risk 
factor for cardiovascular diseases, seriously threatening human 
health (4,5). Currently, strict glycemic, blood pressure, and lipid 
control are the main managements of DN (1); however, ~40% 
of diabetic patients progress to ERSD, eventually requiring 
dialysis, which imposes heavy health care costs (6). Given the 
increased prevalence of the DN, seeking novel biomarkers for 
the early detection of DN and elucidating the pathogenesis of 
DN are essential in order to provide appropriate treatments to 
prevent this disease.

The 5‑lipoxygenase gene (ALOX5), a member of the 
ALOX family responsible for the oxidative metabolism 
of polyunsaturated fatty acids, is involved in arachidonate 
metabolism, a metabolic pathway in which cysteinyl leukot‑
rienes are biosynthetically initiated (7,8). ALOX5 has been 
reported to be closely associated with multiple physiological 
and pathological processes, such as inflammation, oxida‑
tive stress, and cell differentiation, thus influencing various 
diseases, including cancers, myocardial infarction, and bone 
diseases (9‑11). Interestingly, ALOX5 was generally reported 
to be aberrantly upregulated in patients suffering from 
different diseases, such as esophageal adenocarcinoma and 
gastric cancer (12,13). Notably, ALOX5 was also reported 
to be aberrantly upregulated in type 1 diabetes (T1D) and 
type 2 diabetes (T2D). Increased expression of ALOX5 was 
linked to the tissue inflammation in diabetes, and the inhibitor 
of ALOX5 was suggested as a candidate for DM (14‑16). In 
addition, ALOX5 appears to be involved in the progression of 
diabetic retinal disease, emphasizing the importance of ALOX5 
in DM‑related diseases (17). In addition, ALOX5‑deficient 
mice with diabetic retinopathy exhibited less leukostasis, 
superoxide production, and nuclear factor (NF)‑κB expres‑
sion, suggesting that the inflammation in diabetic retinopathy 
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was ALOX5‑dependent (18). Moreover, ALOX5 products 
have been demonstrated to be involved in renal tubulointer‑
stitial injury, indirectly indicating that ALOX5 is associated 
with renal tissue injury (19). Furthermore, a previous study 
demonstrated that although ALOX5 is usually located in 
leukocytes, dendritic cells, macrophages and neutrophils, it 
can also be found in areas of the kidney, including the cortex, 
outer medulla, and inner medulla (20). Collectively, ALOX5 
appears to participate into multiple processes of DM‑related 
diseases and renal diseases, as DN is one of the complications 
of DM, it is hypothesized that ALOX5 may be involved in the 
progression of DN.

Therefore, the present study aimed to investigate the 
role of ALOX5 in the progression of DN, and to explore the 
underlying mechanism of action, addressing the therapeutic 
potential of ALOX5 in DN. To better carry the exploration, an 
in vitro cell model of DN was first constructed. HG‑induced 
SV40 MES‑13 has been widely recognized as an in vitro 
cell model of DN, and has been widely applied in numerous 
studies (21‑24). Accordingly, SV40 MES‑13 cells were treated 
with HG to simulate DN in vitro in the present study.

Materials and methods

Cell culture and treatment. Mouse renal mesangial cells 
(SV40 MES‑13) were obtained from American Type Culture 
Collection and cultured in Dulbecco's modified Eagle's 
medium (DMEM; Thermo Fisher Scientific, Inc.) supple‑
mented with 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.) and 1% streptomycin/penicillin 
(HyClone; Cytiva) in a 5% CO2 incubator under 37˚C. Cells 
were classified into normal glucose (NG; 5.6 mM glucose) and 
high glucose (HG; 30 mM) groups according to the treatment 
of various concentrations of glucose for 24 h.

Cell transfection. siRNAs against ALOX5 (si‑ALOX5‑1, 
5'‑GCC GGA CUG AUG UAC CUG UUU TT‑3'; si‑ALOX5‑2, 
5'‑CCU GUU CAU CAA CCG CUU CAU TT‑3') and siRNA 
negative control (si‑control, 5'‑UUC UCC GAA CGU GUC ACG 
UTT‑3') were obtained from Shanghai GenePharma Co., Ltd. 
SV40 MES‑13 cells were transfected with si‑control (50 nM) 
or si‑ALOX5 (50 nM) using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) at 37˚C. At 48 h post trans‑
fection, the transfected cells were harvested for the further 
experiments.

Cell viability assay. Transfected or non‑transfected cells 
were seeded into 96‑well plates (3x103 cells/well) and then 
incubated with different doses of glucose. After 24 and 48 h 
of incubation, 10 µl Cell Counting Kit‑8 (CCK‑8; Dojindo 
Molecular Technologies, Inc.) solution was added to each well 
for another incubation at 37˚C for 1 h in an incubator with 5% 
CO2. Finally, the OD value of each group was determined at 
an absorbance of 450 nm using a microplate reader (Bio‑Rad 
Laboratories, Inc.).

Immunofluorescence. SV40 MES‑13 cells were seeded into 
6‑well plates (5x104 cells/well) and cultured for 24 h. Then, 
cells were washed with PBS and fixed with 4% paraformalde‑
hyde for 30 min at room temperature and permeabilized using 

0.5% Triton X‑100. Subsequently, the cells were blocked in 
2.5% bovine serum albumin (BSA) at room temperature for 
1 h and incubated with anti‑Ki67 (1:500; cat. no. orb389335; 
Biorbyt Ltd.) or anti‑ proliferating cell nuclear antigen (PCNA; 
1:50; cat. no. orb48485; Biorbyt Ltd.) antibodies at 4˚C over‑
night. The following day, the cells were incubated with the 
Alexa Fluor 488‑flagged goat anti‑rabbit secondary antibody 
(1:500; cat. no. A0423; Beyotime Institute of Biotechnology). 
Subsequently, the cells were incubated with DAPI for 3 min, 
and the fluorescence signals were captured using a DMRA2 
fluorescence microscope (Leica Microsystems GmbH).

Flow cytometric analysis. Cell cycle and cell apoptosis were 
evaluated using a flow cytometer. Briefly, SV40 MES‑13 cells 
were harvested and washed using ice‑cold PBS twice. For the 
cell cycle assay, cells were fixed with 70% ice‑cold ethanol 
overnight. The cells were then incubated with 50 µg/ml 
RNase at 37˚C for 30 min, followed by staining with 50 µg/ml 
propidium iodide (PI) at 4˚C for 30 min in the dark. For cell 
apoptosis assay, cells were resuspended with 500 µl binding 
buffer, followed by staining with 5 µl Annexin V‑FITC and 
5 µl PI at room temperature for 15 min in the dark. Finally, 
the flow cytometric analysis was performed by a FACScan 
(Beckman Coulter, Inc.) and the data were analyzed using 
FlowJo software version 10.6.2 (Tree Star, Inc.).

Enzyme‑linked immunosorbent assay (ELISA). The concen‑
trations of inflammatory cytokines in the culture medium, 
including TNF‑α, IL‑6 and IL‑1β, were detected using their 
corresponding ELISA kits: Mouse TNF‑α ELISA kit (cat. 
no. orb565170), mouse IL‑6 ELISA kit (cat. no. orb565132) or 
mouse IL‑8 ELISA kit (cat. no. orb566249) from Biorbyt Ltd., 
according to the manufacturer's instructions.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
total RNA was extracted from cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. The purity of RNA was measured 
using NanoDrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Inc.). First‑strand complementary DNA (cDNA) 
synthesis was then performed using SuperScript IV One‑Step 
RT‑PCR system (Invitrogen; Thermo Fisher Scientific, Inc.). 
RT‑qPCR was conducted using the SYBR‑Green PCR Master 
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
on ABI 7500 Real‑time PCR system (Bio‑Rad Laboratories, 
Inc.). The primer sequences used were listed as follows: 
ALOX5 forward, 5'‑CCT CAG CCT CAT TGG CTC TG‑3' and 
reverse, 5'‑TAG GAG TCC ACC GCG CC‑3'; GAPDH forward, 
5'‑CAG GAG AGT GTT TCC TCG TCC‑3' and reverse, 5'‑TTT 
GCC GTG AGT GGA GTC AT‑3'. The mRNA expression was 
normalized to GAPDH and quantified using the comparative 
quantification method (2‑ΔΔCq) (25).

Western blotting. The cells were harvested using RIPA lysis 
buffer (Beyotime Institute of Biotechnology) to extract total 
protein. A bicinchoninic acid (BCA) kit (Sigma‑Aldrich; 
Merck KGaA) was applied to measure the protein concen‑
tration according to the manufacturer's instructions. The 
same amount of protein (30 µg/lane) was electrophoresed 
on polyacrylamide gels and transferred to polyvinylidene 
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fluoride (PVDF) membranes (Millipore; Merck KGaA). After 
blocking with 5% skimmed milk for 2 h at room temperature, 
the membranes were incubated with primary antibodies 
against ALOX5 (1:1,000; cat. no. orb536948), Bcl‑2 (1:1,000; 
cat. no. orb10173), Bax (1:2,000; cat. no. orb31066), and cleaved 
caspase‑3 (1:1,000, cat. no. orb126608; all Biorbyt Ltd.), 
phosphorylated NF‑κB inhibitor α (p‑IκBα) (1:1,000; product 
no. 2859), IκBα (1:1,000; product no. 4812), p‑p65 (1:1,000; 
product no. 3033), p65 (1:1,000; product no. 8242; all from 
Cell Signaling Technology, Inc.), collagen type IV (COL4; 
1:1,000; cat. no. SAB4200500; Sigma‑Aldrich; Merck KGaA), 
fibronectin (FN; 1:1,000; cat. no. 15613‑1‑AP; ProteinTech, 
Inc.), transforming growth factor (TGF)‑β1 (1:1,000; cat. 
no. 21898‑1‑AP; ProteinTech, Inc.), and GAPDH (1:1,000; 
product no. 2118; Cell Signaling Technology, Inc.) at 4˚C over‑
night. The following day, the membranes were incubated with 
the horseradish peroxidase‑conjugated goat anti‑rabbit IgG 
secondary antibody (1:2,000; product code ab6721; Abcam) 
for 1 h at room temperature. The protein bands were visual‑
ized by enhanced chemiluminescence system (ECL; Thermo 
Fisher Scientific., Inc.) and quantified using ImageJ software 
version 1.46 (National Institutes of Health). Since GAPDH 
expression was not changed in HG‑induced SV40 MES‑13 
cells in previous studies (22,24), GAPDH was used as the 
internal control.

Statistical analysis. All data were analyzed using GraphPad 
Prism version 6 (GraphPad Software, Inc.) and presented as the 
mean ± standard deviation (SD) from at least three indepen‑
dent experiments. Comparisons between different groups were 
carried out using Student's unpaired t‑test or one‑way AVOVA 
followed by Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

ALOX5 is upregulated in HG‑induced SV40 MES‑13 cells. 
Firstly, SV40 MES‑13 cells were treated with HG (30 mM 
glucose) for 24 h to simulate DN in vitro, and cells treated 
with NG (5.6 mM glucose) were regarded as the control. As 
revealed in Fig. 1A, the cell viability was significantly reduced 
following HG treatment. In addition, both the mRNA level and 
protein expression of ALOX5 were significantly upregulated 
upon HG treatment (Fig. 1B‑D), suggesting that HG induced a 
high level of ALOX5 in SV40 MES‑13 cells.

Silencing of ALOX5 promotes cell proliferation in HG‑induced 
SV40 MES‑13 cells. To investigate the role of ALOX5 in DN, 
SV40 MES‑13 cells were transfected with si‑ALOX5‑1 or 
si‑ALOX5‑2 to silence ALOX5. As revealed in Fig. 2A and B, 
compared with si‑control, both si‑ALOX5‑1 and si‑ALOX5‑2 
significantly reduced the mRNA level and protein expression 
of ALOX5. Since the si‑ALOX5‑1 group was more efficient 
than the si‑ALOX5‑2 group in silencing ALOX5, it was used 
for subsequent experiments. A series of cellular experiments 
was then performed. As revealed in Fig. 2C, it was observed 
that at both 24 and 48 h post HG stimulation, the decreased cell 
viability under HG stimulation was significantly improved by 
ALOX5 silencing. Generally, the induction time is dependent on 
the induction efficacy and the research goal. In this study, upon 

24 h of an induction of HG, a reduced cell viability was not only 
obtained, compared with NG, but a significantly upregulated 
expression level of ALOX5 was also found, confirming a high 
level of ALOX5 in HG‑induced SV40 MES‑13 cells, which was 
suitable for the following investigation on the specific role of 
ALOX5 upon HG stimulation. Thus, 24 h was the time‑point 
used for investigation in this study. Subsequently, the expres‑
sion levels of Ki67 and PCNA, two classical hallmarks of cell 
proliferation (26), were markedly decreased by HG treatment 
for 24 h, which were partly abolished by interference of ALOX5 
(Fig. 2D and E). These results indicated that interference of 
ALOX5 improved cell proliferation ability of SV40 MES‑13 
cells under HG stimulation.

Silencing of ALOX5 promotes cell cycle progression and 
suppresses cell apoptosis in HG‑induced SV40 MES‑13 
cells. Subsequently, a flow cytometric assay was conducted to 
analyze the effects of ALOX5 on cell cycle progression and 
cell apoptosis. As revealed in Fig. 3A, after treatment with HG, 
cells were arrested in the G1 phase, and the cell proportion in 
the S phase was reduced, reflecting that HG treatment blocked 
cell cycle progression. However, interference of ALOX5 
reduced the cell proportion in the G1 phase and increased 
that in the S phase, indicating that interference of ALOX5 
promoted the progression of the cell cycle. In addition, HG 
stimulation significantly increased the cell apoptosis rate of 
SV40 MES‑13 cells, which was partly abolished by interfer‑
ence of ALOX5 (Fig. 3B). In addition, the reduced protein 
expression of Bcl‑2 and the elevated protein expression of Bax 
and cleaved caspase‑3 after HG induction were also partly 
hindered by silencing of ALOX5 (Fig. 3C). These results 
suggested that HG‑induced blockage of cell cycle progression 
and a high rate of cell apoptosis could be partly attenuated by 
interference of ALOX5.

Figure 1. ALOX5 is upregulated in HG‑induced SV40 MES‑13 cells. 
(A) SV40 MES‑13 cells were treated with HG (30 mM glucose) or NG 
(5.6 mM glucose) for 24 h, and the cell viability was detected using Cell 
Counting Kit‑8 assay. (B) The mRNA level of ALOX5 was detected using 
reverse transcription‑quantitative PCR. (C and D) The protein expression 
of ALOX5 was assessed using western blotting. *P<0.05 and ***P<0.001. 
ALOX5, 5‑lipoxygenase; HG, high glucose; NG, normal glucose.
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Silencing of ALOX5 alleviates inflammatory response and 
fibrosis in HG‑induced SV40 MES‑13 cells. Next, a series 
of inflammatory cytokines and fibrosis‑related proteins 
were assessed to detect the effects of ALOX5 on inflamma‑
tion and fibrosis in a cell DN model in vitro. As shown in 
Fig. 4A‑C, the upregulated levels of TNF‑α, IL‑6 and IL‑8 
upon HG stimulation were significantly suppressed when 
ALOX5 was silenced, indicating that silencing of ALOX5 
markedly inhibited inflammatory response in HG‑induced 
SV40 MES‑13 cells. In addition, the upregulated protein 
expression levels of COL4, FN, and TGF‑β1 upon HG 
stimulation were markedly inhibited by silencing of ALOX5 

(Fig. 4D), suggesting that interference of ALOX5 attenuated 
HG‑induced fibrosis.

Silencing of ALOX5 weakens NF‑κB signaling pathway in 
HG‑induced SV40 MES‑13 cells. Finally, NF‑κB, as an impor‑
tant inflammatory stimulus for DN (27,28), was also assessed 
in the present study. As revealed in Fig. 5, HG stimulation 
enhanced the expression levels of p‑IκBα and p‑p65, indicating 
that NF‑κB signaling was activated upon HG stimulation, 
whereas silencing of ALOX5 reduced the expression levels 
of p‑IκBα and p‑p65. These results indicated that ALOX5 
regulated NF‑κB activation.

Figure 2. Silencing of ALOX5 promotes cell proliferation in HG‑induced SV40 MES‑13 cells. (A and B) SV40 MES‑13 cells were transfected with si‑ALOX5‑1 
or si‑ALOX5‑2 to silence ALOX5, and the protein expression and mRNA level of ALOX5 was assessed using (A) western blotting and (B) reverse transcription‑
quantitative PCR, respectively. ***P<0.001 vs. si‑control. (C) The HG‑induced SV40 MES‑13 cells were transfected with si‑ALOX5 or si‑control, and the cell 
viability was detected using Cell Counting Kit‑8 assay. (D) The expression level of Ki67 was detected using immunofluorescence. (E) The expression level 
of proliferating cell nuclear antigen was detected using immunofluorescence. ***P<0.001 vs. NG; ###P<0.001 vs. HG + si‑control. ALOX5, 5‑lipoxygenase; 
HG, high glucose; si‑, siRNA; PCNA, proliferating cell nuclear antigen; NG, normal glucose.
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Figure 3. Silencing of ALOX5 promotes cell cycle progression and suppresses cell apoptosis in HG‑induced SV40 MES‑13 cells. (A) The HG‑induced SV40 
MES‑13 cells were transfected with si‑ALOX5 or si‑control, and the cell cycle distribution of each group was assessed by flow cytometric analysis. The green 
region indicates the G1 phase; the yellow region indicates the S phase; the blue region indicates the G2 phase. (B) The cell apoptosis rate of each group was 
evaluated by flow cytometric analysis. (C) The expression of apoptosis‑related proteins, including Bcl‑2, Bax and cleaved caspase‑3, were assessed using 
western blotting. ***P<0.001 vs. NG; ##P<0.01 and ###P<0.001 vs. HG + si‑control. ALOX5, 5‑lipoxygenase; HG, high glucose; si‑, siRNA; NG, normal glucose.

Figure 4. Silencing of ALOX5 alleviates inflammatory response and fibrosis in HG‑induced SV40 MES‑13 cells. (A‑C) The HG‑induced SV40 MES‑13 cells 
were transfected with si‑ALOX5 or si‑control, and the inflammatory cytokines, including TNF‑α, IL‑6 and IL‑8 were evaluated using their corresponding 
ELISA kits. (D) The expression level of fibrosis‑related proteins was assessed using western blotting. ***P<0.001 vs. NG; ##P<0.01 and ###P<0.001 vs. HG + 
si‑control. ALOX5, 5‑lipoxygenase; HG, high glucose; si‑, siRNA; ELISA, enzyme‑linked immunosorbent; NG, normal glucose; COL4, collagen type IV; 
FN, fibronectin; TGF‑β1, transforming growth factor β1.
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Discussion

DN is one of the most challenging kidney diseases. This disease 
leads to heavy financial and health‑care burdens globally (29), 
therefore, it is evident that further understanding of the patho‑
genic mechanisms underlying DN is urgently required to prevent 
disease progression. Firstly, to better carry out our investigation, 
an in vitro cell model of DN was firstly constructed. HG‑induced 
SV40 MES‑13 has been widely recognized as an in vitro 
cell model of DN, and has been widely applied in numerous 
studies (21‑24). In addition, mannitol is usually used as a negative 
control to eliminate the effects of osmotic pressure caused by 
HG; however, in a previous study mannitol did not produce any 
change in comparison with the control, indicating that osmotic 
pressure is not a variable factor between NG and HG (24), thus 
numerous studies only set NG and HG, without mannitol as a 
negative control, for the investigation in HG‑induced kidney 
injury (21‑23). Accordingly, the present study used NG and HG 
groups for the investigation. In the present study, it was observed 
that ALOX5 was aberrantly upregulated by HG stimulation in 
SV40 MES‑13 cells. A series of cellular biological experiments 
revealed that silencing of ALOX5 could efficiently attenuate 
HG‑induced renal cell injuries by mitigating cell apoptosis and 
cell growth restriction, antagonizing inflammatory response and 
fibrosis in SV40 MES‑13 cells. Mechanistically, interference of 
ALOX5 inhibited NF‑κB signaling, which may account for the 
regulatory function of ALOX5 in HG‑induced SV40 MES‑13 
cells. These results suggested that ALOX5 may serve as a prom‑
ising candidate for novel therapeutic strategies of DN treatment. 
Furthermore, silencing of ALOX5 exerted a protective effect 
against HG‑induced injuries in SV40 MES‑13 cells, raising the 
possibility that ALOX5 inhibitors or ALOX5‑targeting drugs 
may be alternative strategies for the clinical treatment of DN.

DN is a multifactorial disease involving a variety of pathogenic 
molecular processes and histopathological structure. Fibrosis 
and inflammation are important pathologic characteristics of 
DN. The production of fibrotic and pro‑inflammatory cytokines 
can directly damage the kidney structure and promote the 
deposition of extracellular matrix components (EMC), thereby 
contributing to the onset and progression of DN (30,31). In addi‑
tion, apoptosis is a strictly controlled cell death process, which 

is involved in cell growth in multiple diseases. It was reported by 
Zheng et al that HG treatment promoted the apoptosis of mouse 
β‑TC‑tet cells, and that cell apoptosis was up to 30% (32). In 
addition, another study revealed that the apoptosis rate of RSC96 
Schwann cells was increased to ~40% following HG treatment 
for 48 h (33). However, according to different handling factors 
such as experiment personnel, there may exist some differences 
in the actual data between different studies. In the present study, 
promotion of apoptosis (~30%) was demonstrated following HG 
treatment for 24 h in SV40 MES‑13 cells, indicating that HG 
caused severe injury in renal cells. The accumulating evidence 
confirms that renal cell apoptosis is also a classical hallmark of 
DN, whereby apoptotic cells may be partly attributed to renal 
inflammation (34,35). Qi et al determined that NORAD could 
aggravate the progression of DN by promoting the proliferative 
ability and inhibiting the apoptosis of glomerular mesangial 
cells (21). Ma et al reported that downregulation of lncRNA 
NEAT1 inhibited cell proliferation, fibrosis, and inflammation 
but promoted cell apoptosis in a DN cellular model, shedding 
light on the application of lncRNA NEAT1 downregulation in 
the treatment of DN (36). It was also demonstrated by Liu et al 
that praliciguat inhibited the progression of DN partly by 
suppressing inflammation and apoptosis (37). Consistently, in 
the present study, it was determined that silencing of ALOX5 not 
only exerted anti‑inflammatory and anti‑fibrotic effects, but also 
exerted anti‑apoptotic effects, accompanied with the promo‑
tive effects on cell viability, Ki67‑positive and PCNA‑positive 
cells, and cell cycle progression. These results provided ample 
evidence that silencing of ALOX5 could retain anti‑fibrosis, 
anti‑inflammation and anti‑apoptosis, thereby suppressing 
the progression of DN, revealing the potential application of 
ALOX5 interference for the treatment of DN.

Furthermore, NF‑κB signaling has been demonstrated to be 
a key inflammatory pathway in the pathogenesis of DN inflam‑
mation and fibrosis in both clinical and animal studies (28,38). 
Under normal conditions, NF‑κB binds to anchor protein 
IκBα, forming an inactive complex in the cytoplasm, which 
suppresses the activation of NF‑κB signaling (39). In a diabetic 
state, IκBα can be phosphorylated in its proteasomal degra‑
dation by the IKK complex, leading to the activation and 
phosphorylation of NF‑κB subunit p65, which is then trans‑
located towards the nucleus and triggers the overproduction 
of pro‑inflammatory cytokines, including TNF‑α and IL‑6. 
Particularly, the hyperphosphorylation of IκBα and p65 have 
been observed in DN in vivo or in vitro, confirming that DN 
was dependent on NF‑κB activation, and limiting the activa‑
tion of NF‑κB has been widely demonstrated to protect the 
rats against DN (27,40‑42). Consistently, the present study also 
demonstrated the hyperphosphorylation of IκBα and p65, as 
well as a severe inflammatory response, in HG‑induced SV40 
MES‑13 cells. In addition, it has been reported that ALOX5 
and its metabolite LTB4 are capable of activating NF‑κB in 
cancer cells, indicating a close association between ALOX5 
and NF‑κB and a potential regulatory effect of ALOX5 on 
NF‑κB signaling (43,44). In the present study, it was further 
demonstrated that silencing of ALOX5 downregulated p‑p65 
and p‑IκBα in HG‑induced SV40 MES‑13 cells, revealing that 
interference of ALOX5 could regulate the functional NF‑κB 
subunit to block HG‑induced activation of NF‑κB signaling in 
a DN cell model in vitro.

Figure 5. Silencing of ALOX5 weakens the NF‑κB signaling pathway in 
HG‑induced SV40 MES‑13 cells. The HG‑induced SV40 MES‑13 cells 
were transfected with si‑ALOX5 or si‑control, and the protein expression 
of p‑IκBα, IκBα, p‑p65, and p65 was measured using western blotting. 
***P<0.001 vs. NG; ###P<0.001 vs. HG + si‑control. ALOX5, 5‑lipoxygenase; 
HG, high glucose; si‑, siRNA; p‑, phosphorylated; IκBα, NF‑κB inhibitor α; 
NG, normal glucose.
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Although the role of ALOX5 in HG‑induced SV40 
MES‑13 cells was investigated in the present study, thus far, 
these findings have not been verified in vivo or clinically. In 
addition, whether glomerular mesangial cells express ALOX5 
under normal or disease conditions in vivo should be verified 
in future studies. Furthermore, despite the fact that silencing 
of ALOX5 was determined to suppress NF‑κB signaling in 
HG‑induced SV40 MES‑13 cells, whether the effect of ALOX5 
is NF‑κB‑dependent remains to be investigated. Moreover, all 
of the findings concerning the cellular biological activities in 
the present study were based on transfection with si‑ALOX5‑1, 
therefore, a second siRNA may be beneficial to verify the 
absence of off‑target effects. In addition, the involvement 
of other signaling pathways underlying the regulatory role 
of ALOX5 in HG‑induced renal injury cannot be excluded. 
Further studies are required to reveal the functions and precise 
mechanisms of ALOX5 in DN in vivo and in vitro.

In conclusion, it was demonstrated that ALOX5 was 
aberrantly upregulated in HG‑induced renal cell injury, and 
silencing of ALOX5 ameliorated DN in vitro by attenuating the 
inflammatory response, fibrosis and cell apoptosis. Mechanistic 
analysis revealed the importance of NF‑κB signaling underlying 
the regulation of ALOX5 in DN. The present study contributed 
to an improved understanding of the mechanism underlying 
ALOX5 involved in DN. ALOX5 may be considered as an 
attractive therapeutic target to prevent the development of DN.
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