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Objective(s): Chemerin is associated with insulin resistance, obesity, and metabolic syndrome. α-lipoic 
acid (α-LA) is a potent antioxidant involved in the reduction of diabetic symptoms. This study aimed 
to investigate the relationship between chemerin and P38 MAPK in the progression of diabetic 
nephropathy (DN) and examine the effects of α-LA on chemerin-treated human mesangial cells 
(HMCs). 
Materials and Methods: HMCs were transfected with a chemerin-overexpressing plasmid. HMCs were 
also treated with high-glucose, chemerin, α-LA, PDTC (pyrrolidine dithiocarbamate ammonium, NF-
κB p65 inhibitor), and/or SB203580 (P38 MAPK inhibitor). Cell proliferation was tested using the Cell 
Counting Kit-8 assay. Collagen type IV and laminin were tested by ELISA. Chemerin expression was 
detected by qRT-PCR. The chemerin receptor was detected by immunohistochemistry. Interleukin-6 
(IL-6), tumor necrosis factor-a (TNF-α), nuclear factor-κBp-p65 (NF-κB p-p65), transforming growth 
factor-β (TGF-β), and p-P38 mitogen-activated protein kinase (p-P38 MAPK) were evaluated by 
western blot.
Results: High-glucose culture increased the expression of the chemerin receptor. α-LA inhibited 
HMC proliferation. Chemerin overexpression increased collagen type IV and laminin expression. P38 
MAPK signaling was activated by chemerin, resulting in up-regulation of IL-6, TNF-α, NF-κB p-p65, 
and TGF-β. SB203580, PDTC, and α-LA reversed the effects of chemerin, reducing IL-6, TNF-α, NF-κB 
p-p65, and TGF-β expression. 
Conclusion: Chemerin might be involved in the occurrence and development of DN. α-LA might 
prevent the effects of chemerin on the progression of DN, possibly via the P38 MAPK pathway.
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Introduction
As one of severely microvascular complications of 

diabetes (1-3), DN involves the thickening of the capillary 
basement membrane and microvascular endothelial cell 
hyperplasia, leading to glomerular sclerosis, thickening 
of the glomerular basement membrane, mesangial 
expansion, and extracellular matrix hyperplasia (4). 
These changes cause a high glomerular filtration rate 
and proteinuria, leading to chronic renal insufficiency 
(4).

Chemerin is an adipokine that regulates the 
differentiation and metabolism of adipose tissue 
through auto-/paracrine signaling (5). It is secreted 
as an 18-kDa inactive pro-protein and undergoes 
extracellular serine protease cleavage of its C-terminal 
portion to generate the 16-kDa active chemerin, which 
is present in the plasma, serum, hemofiltrate, and kidney 
(6). It plays a potential role in controlling local immune 
responses and inflammation of tissue injury, including 
chronic inflammation of adipose tissue in obesity (6). 
In the general population, serum chemerin levels are 
inversely correlated with renal function (7). 

α-lipoic acid (α-LA) belonging to the B vitamin family 
is an important metabolic anti-oxidant in the human 
body (8). It can be used as an antidote for heavy metal 
poisoning and is regarded a universal anti-oxidant (9). 

α-LA is regarded as a novel therapeutic agent in kidney 
diseases (10), and its potential to treat DN is being 
explored (11). α-LA attenuates the toxic effect of high 
glucose levels on cells (12). α-LA suppresses neuronal 
excitability and colonic hypersensitivity in diabetic rats 
(13). α-LA prevents the atrophy of slow and fast muscles 
in diabetes (14).

The P38-MAPK signaling pathway is critical in many 
pathophysiologic processes such as inflammation, 
oxidative stress, cell cycle, and apoptosis. Higher P38 
phosphorylation is observed in diabetic patients, and 
phosphorylated P38 was identified in accumulating 
interstitial macrophages and myofibroblasts. With type 
1 and type 2 diabetic mice, the level of phosphorylated 
P38 in the kidney increases (2–6 times). Further 
assessment of streptozotocin-induced diabetic 
nephropathy showed that interstitial phosphorylated 
P38 correlated with interstitial fibrosis (15). Many 
studies showed that P38-MAPK could be used as a 
treatment target against impaired glucose metabolism 
(16, 17) and diabetic complications like myocardial 
collagen deposition (18). Inhibition of P38-MAPK using 
dexmedetomidine protects against renal ischemia and 
reperfusion injury (19). 

Studies have shown that in glomerular endothelial 
cells, high glucose stimulation can induce expression 
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of chemerin, which can promote activation of cytokines 
through the p38 MAPK signaling pathway (20), and DN 
patients as well as mice models show increased levels 
of chemerin expression, and suppressing ChemR23 
(receptor for chemerin) alleviates DN damage (21). 
There are studies about the effects of chemerin in 
diabetic complications (22-27), as well as on the effects 
of α-LA in diabetes (24, 28-50) (of note, most studies of 
the effects of α-LA are about diabetic neuropathy, not 
DN), but to our knowledge, there have been no previous 
studies that investigated the effect of α-LA in chemerin-
induced human mesangial cell injury and the underlying 
mechanisms. Therefore, the purpose of this study was 
to explore the relationship between chemerin and P38 
MAPK in the development of DN using human mesangial 
cells (HMCs) and to examine the effects of α-LA on 
chemerin induced HMCs. The innovation of this article 
is to discuss the protective effect of α-LA on chemerin-
induced kidney damage.

Materials and Methods
Cell culture

HMCs were purchased from Central South University 
(Changsha, China). HMCs were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM; GIBCO, Carlsbad, 
CA, USA) (glucose concentration was 1.0 g/l) and 
supplemented with 10% fetal bovine serum (FBS; 
Sciencell Research Laboratories, Carlsbad, CA, USA) and 
1/100 penicillin-streptomycin at 37 °C in 5% CO 2 in a 
humid atmosphere. 

Cell transfection
About 3×105 HMCs were plated in a six-well plate. 

When they reached 80% confluency, the cells were 
transfected with the chemerin plasmid (amino acid 
118-609; Gene Chemical Technology Co. Shanghai, 
China). Chemerin plasmid was structured based on 
the GV144 carrier. The component sequence is CMV-
EGFP-MCS-SV40-Neomycin. Plasmid vector alone 
using Lipofectamine 2000 was applied as transfection 
medium (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. Forty-eight hours later, 
transfected HMCs were harvested and used for the 
subsequent experiments. 

Cell proliferation assay
Cell proliferation was measured using the Cell 

Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, 
Kimamoto, Japan). HMCs were seeded into 96-well plates, 
at 3.5×103 cells per well. Twenty-four hours later, cells 
were treated with high glucose (4.5 g/l) and/or 50, 100, 
200, 300, 400, and 500 µmol/l of α-LA (Sigma, St Louis, 
MO, USA), PDTC (Biomol GmbH, Hamburg, Germany), 
SB203580 (Biomol GmbH, Hamburg, Germany) (5, 10, 

20, 50, 100, 200, and 300 µmol/l of each inhibitor), and 
0.01, 0.05, and 0.1 µg/ml of Chemerin (amino acid 118-
609; Gene Chemical Technology Co., Shanghai, China). 
After 24 hr, 10 µl of CCK-8 reagent was added, incubated 
for 1 hr at 37 °C, and the absorbance (OD) was measured 
at 450 nm with a spectrophotometric plate reader (Bio-
Rad, Hercules, CA, USA).

Enzyme-linked immunosorbent assay (ELISA)
This assay was based on the sandwich enzyme 

immunoassay technique. HMCs were centrifuged at 
1000 ×g for 20 min, and the supernatants were used for 
ELISA. The samples and standard solutions (100 μl per 
well) were added to the microplate that had been pre-
coated with anti-mouse collagen type IV (SEA180Hu) 
and laminin (LN, SEA082Hu) antibodies and were 
incubated at 37 °C for 2 hr. Rabbit biotinylated polyclonal 
antibodies for collagen type IV and LN were added, 
incubated for 30 min, and washed four times with PBS 
buffer. HRP-conjugated streptavidin was added to each 
well, incubated for 30 min at 37 °C, and washed four 
times with PBS buffer. The Substrate reagent TMB and 
stop solution were added to each well in sequence. The 
absorbance was immediately measured at 450 nm using 
a spectrophotometric plate reader (Bio-Rad, Hercules, 
CA, USA).

Quantitative real-time RT-PCR (RT-qPCR)
Trizol (Invitrogen, Carlsbad, CA, USA) was 

used to extract total RNA from cells, according to 
the manufacturer’s instructions. RNA purity and 
concentrations were assessed by measuring the 
absorbance at 260 and 280 nm using a Nanodrop ND-
1000 spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). Total RNA was reverse transcribed 
into cDNA using PrimeScript RT reagent Kit (TaKaRa, 
Otsu, Japan). The expression of chemerin was measured 
by real-time PCR using an ABI 7500 real-time PCR 
System (Applied Biosystems, Foster City, CA, USA) using 
the following conditions: 95 °C for 30 sec, 40 cycles of 
95 °C for 5 sec , and 60 °C for 40 sec. The expression of 
the target gene was normalized to that of β-actin using 
2-ΔΔCT. The experiment was conducted three times. The 
primer sequence was shown in Table 1.

Immunocytochemistry
HMCs were grown in normal and high glucose 

conditions. HMCs were inoculated on sterile glass 
coverslips and placed into 6-well plates. The cells were 
treated with 1.0 g/l and 4.5 g/l of glucose for 24 hr and 
incubated at 37 °C in a humidified CO2 incubator until 
they were 50%–70% confluent. The cells were fixed by 
incubating in 4% (v/v) paraformaldehyde in PBS for 20 
min at room temperature and then washed thrice with 

Genes Primers Sequences (5'-3') 
Chemerin (Human) Forward GCGAACTGTCCAGGGAAGTAGAA 

Reverse GCGAACTGTCCAGGGAAGTAGAA 

β-actin (Human) Forward ACTTAGTTGCGTTACACCCTT 

 Reverse GTCACCTTCACCGTTCCA 

 

Table 1. Primer sequences of the chemerin expression after cell transfection with Quantitative Real-time RT-PCR
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PBS. The cells on the coverslips were heated for 10 min 
at 95 °C in the Antigen Retrieval Buffer (100 mM Tris, 
5% (w/v) urea, pH 9.5) and then washed thrice with 
PBS. The cells were permeabilized in 0.1% Triton X-100 
in PBS for 15 min at room temperature and washed 
thrice in PBS. Then the cells were blocked with normal 
goat serum for 30 min at 37 °C and then incubated with 
ChemR23 (1:500, ab64881 Abcam) overnight at 4 °C. 
After washing with PBS, the sections were incubated 
with Goat Anti-Rabbit IgG H&L-HRP (1: 1000, ab205718 
Abcam) for 30 min at room temperature. The sections 
were stained with 3,3’- Diaminobenzidine (DAB) and 
counterstained with hematoxylin. The cells were 
air-dried and mounted on a clean glass slide using a 
mounting medium. The coverslips were sealed using nail 
polish, and the images were captured with 40× objective 
under a light microscope (TE2000, Nikon, Tokyo, Japan). 
The number of ChemR23 positive HMCs of 10 randomly 
selected non-overlapping fields was evaluated. The 
images were analyzed using Image J (National Institutes 
of Health, Bethesda, MD, USA).

Western blot analysis
HMCs were lysed in RIPA lysis buffer (Beyotime 

Institute of Biotechnology, Haimen, China). Protein 
concentration was measured using the Bradford assay. 
Equal amounts of protein per lane were separated 
by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE, 8%) and then transferred 
to a nitrocellulose membrane (Millipore Corp., Billerica, 
MA, USA). Membranes were blocked with 5% non-fat 
milk for 1 hr at room temperature, then incubated with 
primary antibodies against NF-κBp-p65 (3031s, Cell 
Signaling, Danvers, MA, USA), P38-MAPK (9212s, Cell 
Signaling, Danvers, MA, USA), p-P38 MAPK (9211s, Cell 
Signaling, Danvers, MA, USA), transforming growth 
factor-β1 (TGF-β1) (3711s, Cell Signaling, Danvers, MA, 
USA), GAPDH (KC-5G5, Kangcheng Bio-tech, Shanghai, 
China), β-actin (WL01372, Wanleibio, China), (all at 
1:1000), IL-6 (WL02841, Wanleibio, China, 1:500) and 
TNF-α (WL01581, Wanleibio, China, 1:500) overnight 
at 4 °C. Then, the corresponding secondary antibodies 
were added at room temperature for 1 hr. Protein bands 
were detected by electrochemiluminescence (ECL). 
A ChemiDoc™ XRS+ System with Image Lab Software 
(Bio-Rad, Hercules, CA, USA) was used for densitometric 
analysis of the protein bands.

Statistical analysis
All data were presented as mean ± standard deviation 

(SD). SPSS 17.0 (IBM, Armonk, NY, USA) was used for 

statistical analysis, and Student’s t-test (comparisons of 
two groups) or one-way analysis of variance (ANOVA) 
(analysis of three groups or more) with Tukey’s post hoc 
test was used for comparison. P<0.05 was considered 
statistically significant.

Results
High glucose-induced expression of ChemR23 in HMCs

HMCs were inoculated with different concentrations 
of glucose for 24 hr. ChemR23 expression was detected 
by immunocytochemistry. Comparing with the normal 
control group, the expression of ChemR23 in the high 
glucose group was significantly increased (P=0.0228, 
Figure 1). This suggests that ChemR23 may play a vital 
role in the occurrence and development of diabetic 
nephropathy.

Chemerin, P38 MAPK, NF-κBp65, and α-LA are 
involved in HMC proliferation

The effects of chemerin on HMC proliferation were 
assessed. The results indicated that high glucose 
enhanced cell proliferation, and chemerin could 
further promote this effect with 0.05 µg/ml showing 
the maximum effect (P<0.01) (Figure 2A). P38-MAPK 
inhibitor SB203580 and NF-κB p65 inhibitor PDTC 
decreased the HMC viability with maximum inhibition 
at 100 µmol/l and 10 µmol/l, respectively (P<0.01) 
(Figures 2B-C). α-LA decreased HMC proliferation, with 
the maximum effect being seen at 200 µmol/l (P<0.01) 
(Figure 2D). These results indicate that chemerin, 
P38-MAPK, NF-κB p65, and α-LA play roles in HMC 
proliferation.

Expression of p-P38 MAPK are significantly increased 
after chemerin treatment

Chemerin (0.05 µg/ml) was used to treat HMCs 
in conventional culture with different glucose 
concentrations (1.0 g/l for normal and 4.5 g/l for high 
glucose) and durations (1, 6, and 24 hr). Compared with 1 
hr, the expression of p-P38 MAPK significantly increased 
after 6 or 24 hr of normal or high glucose or chemerin 
treatment (P<0.01). Compared with 6 hr, the expression 
of p-P38 MAPK increased significantly after chemerin 
treatment for 24 hr (P=0.0080) (Figure 3). According to 
these results, we can conclude that chemerin governs 
the expression of p-P38 MAPK in a time-dependent 
manner.

Chemerin increases the expression of collagen type IV 
and LN

Compared with the normal group, expression of 

 

  Figure 1. Expression of ChemR23 in human glomerular mesangial cells. (A) HMCs+ glucose (1.0 g/l); (B) HMCs+ glucose (4.5 g/l) treatment for 24 
hr. * P<0.05 vs glucose (1.0 g/l). The experiments were performed in triplicate. Original magnification, ×200. The scale bar, 100 μm
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collagen type IV and LN in the cell supernatant showed 
a remarkable increase in the high glucose group 
(P<0.0001). Collagen Type IV and LN were increased 
in the chemerin group compared with the high glucose 

group (P=0.0003 and P=0.0001). α-LA decreased type 
IV collagen and LN expression induced by chemerin 
(P<0.0001) (Figures 4A-B). Furthermore, HMCs were 
transfected with chemerin or vehicle plasmid. As RT-

 

  Figure 2. CCK-8 was used to assess cell proliferation of HMCs treated with high glucose and various concentrations of chemerin, SB203580, PDTC, 
or α-LA. (A) HMCs were treated with chemerin for 24 hr. (B-C) HMCs were treated with SB203580 or PDTC for 1 hr. (D) HMCs were treated with 
α-LA for 24 hr. Data were derived from four independent experiments. * P<0.05, ** P<0.01 vs control group. # P<0.05, ## P<0.01 vs high glucose 
group. The experiments were performed in triplicate

 

  Figure 3. Protein expression of p-p38MAPK was detected by western blot at 1 hr, 6 hr, and 24 hr after chemerin treatment in each group. **P<0.01. 
The experiments were performed in triplicate

 

  Figure 4. ELISA was used to measure the concentration of (A) type IV collagen and (B) laminin (LN) in cell supernatant. α-LA (200 µM) was used 
to pretreat the cells for 24 hr, and then chemerin was added and incubated for another 24 hr. *P<0.05 vs control group. #P<0.05 vs the high glucose 
group. ^P<0.05 vs high glucose + chemerin group. The experiments were performed in triplicate
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qPCR showed, the relative expression of the chemerin 
mRNA was 1037 times that of the vehicle group 
(transfected with only the vector) (P=0.0013), while 
the non-treated group (non-transfected HMCs) was 
comparable to the vehicle group (P=0.0013), (Figure 
5A). The expression of collagen type IV and LN was 
measured by ELISA in the chemerin transfected HMCs, 
and the results showed that the concentrations of 
collagen type IV (P=0.0091) and LN (P=0.043) were 
significantly increased in the chemerin overexpression 
group (Figures 5B-C). These results suggest that 
chemerin aggravates DN by increasing the expression 
of type IV collagen and LN, whereas α-LA reverses the 
expression of these proteins.

The expression of p-P38 MAPK, NF-κB p-p65, and 
TGF-β was increased after chemerin overexpression

Significant increase in the expression of p-P38 
MAPK (P=0.0488), NF-κB p-p65 (P=0.0076), and TGF-β 

(P=0.0096) was seen as compared with the vehicle 
group, 24 hr post chemerin transfection, suggesting 
that chemerin influences the expression of these 
proteins (Figures 6A-C). This phenomenon was further 
confirmed by chemerin treatment (Figure 7).

SB203580 blocked the activation of p-P38 MAPK and 
PDTC abrogated the expression of NF-κB p-p65 and 
TGF-β induced by chemerin

Next, we explored the role of chemerin in the 
expression patterns of p-P38 MAPK, NF-κB p-p65, and 
TGF-β. Inhibitors namely SB203580 (100 µmol/l) and 
PDTC (10 µmol/l) were added to HMCs for 1 hr followed 
by chemerin (0.05 µg/ml). HMCs treated above were 
cultured for 24 hr. The expression of p-P38 MAPK, NF-
κB p-p65, and TGF-β in the high glucose group increased 
compared with the normal control group (P=0.0315, 
P=0.0221, and P<0.0001). After treatment with 
chemerin, levels of all three proteins were higher than 

 

  
Figure 5. (A) qRT-PCR was used to detect the transfection efficiency of HMC transfected with the chemerin plasmid. (B-C) ELISA was used to measure 
the concentrations of type IV collagen and laminin (LN) in the cell supernatant. *P<0.05, **P<0.01. The experiments were performed in triplicate

 

  

Figure 6. Western blot was used to detect the changes of p-P38 MAPK(A), NF-κB p-p65 (B), and TGF-β (C) expression in HMCs after chemerin 
plasmid transfection. *P<0.05, **P<0.01. The experiments were performed in triplicate
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in the high glucose group (P=0.0002, P=0.0001, and 
P<0.0001), while the inhibitors (SB203580 or PDTC) 
decreased the expression of the proteins (P<0.0001, 
P=0.0381, and P<0.0001) (Figures 7A-C). These results 
indicate that chemerin regulates the expression of p-P38 
MAPK, NF-κB p-p65, and TGF-β.

Chemerin increased the expression of IL-6 and TNF-α 
after SB203580 pretreatment

HMCs were pre-treated with SB203580 (100 µmol/l) 

for 1 hr and then chemerin (0.05 µg/ml) was added. 
There were no statistically significant differences in the 
levels of IL-6 and TNF-α between the normal control 
group and the high glucose group. Compared with the 
high glucose group, the expression of IL-6 and TNF 
increased significantly after treatment with chemerin 
and high glucose (P<0.0001), while SB203580 treatment 
decreased the expression of IL-6 and TNF-α (P=0.0011 
and P=0.0005). To sum up, chemerin significantly 
increased the expression of IL-6 and TNF-α (Figure 8).

 

  Figure 7. Western blot was used to detect the changes in the expression levels of (A) p-P38 MAPK; (B) NF-κB p-p65; and (C) TGF-β in HMCs after 
high glucose, SB203580, PDTC, and chemerin treatment. Cells were pretreated with SB203580 or PDTC for 1 hr before chemerin was added and 
incubated for another 24 hr. *P<0.05, **P<0.01 vs control group. #P<0.05,##P<0.01 vs high glucose group. ^P<0.05, ^^P<0.01 vs chemerin group. 
The experiments were performed in triplicate

 

  Figure 8. Western blot was used to detect expression of IL-6 (A) and TNF-α (B) in HMCs pretreated with SB203580 for 1 hr followed by addition 
of chemerin (0.05 µg/ml) and incubation for another 24 hr. **P<0.01. The experiments were performed in triplicate
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α-LA decreased the expression of p-P38 MAPK, NF-κB 
p-p65, and TGF-β 

The expression of p-P38 MAPK, NF-κB p-p65, and 
TGF-β in the high glucose group was higher than that 
in the normal control group (P=0.0002, P=0.0121, 
and P<0.0001). When treated with chemerin and high 
glucose, the expression of NF-κB p-p65, and TGF-β 
increased (P<0.0001 and P=0.0351), while α-LA 
decreased expression of p-P38 MAPK, NF-κB p-p65, 
and TGF-β (P<0.0001, P<0.0001, and P=0.0011) (Figure 
9). These results suggest that α-LA decreased the 
expression of p-P38MAPK, NF-κB p-p65, and TGF-β.

Discussion
There are numerous studies about the involvement 

of chemerin in diabetic complications (22-27) and the 
effects of α-LA in diabetic neuropathy (24, 28-47) and 
DN (48-50), but to our knowledge, there have been no 
previous studies that investigated the effect of α-LA in 
chemerin-induced human mesangial cell injury and the 
underlying mechanisms. The purpose of this study was 
to explore the relationship between chemerin and P38 
MAPK in the development of DN using HMCs and to 
examine the effects of α-LA on inflammatory cytokines. 
Our results suggest that chemerin could activate the 
P38 MAPK signaling pathway resulting in increased 
expression of p-P38 MAPK, IL-6, TNF-α, NF-κB p-p65, 
and TGF-β. Expression of type IV collagen and LN was 
also increased by chemerin overexpression. SB203580, 
PDTC, and α-LA could reverse the process, leading to 

a reduced inflammatory reaction. α-LA also inhibited 
HMC proliferation. 

Chemerin, a novel adipokine, acts via its receptor 
ChemR23 expressed on macrophages, natural killer cells, 
immature dendritic cells, endothelial cells, and skeletal 
muscle cells (51). Serum chemerin is significantly 
increased in T2DM patients with macroalbuminuria 
compared with normal and diabetic patients with 
normoalbuminuria and microalbuminuria; creatinine 
clearance and serum creatinine are associated with 
serum chemerin (52). In the diabetic rat model, 
expression levels of chemerin and ChemR23 in renal 
tissues are significantly elevated and are positively 
correlated with TGF-β1, connective tissue growth 
factor, TNF-α, and intracellular cell adhesion molecule-1 
expression (53). TGF-β is involved in renal fibrosis (54-
56). The present study showed higher expression of IL-6 
and TNF-α, which are representative of inflammatory 
cytokines in HMCs when treated with chemerin or 
transfected with chemerin plasmid compared with the 
normal control group, suggesting that chemerin may 
potentially play a vital role in the pathology of DN. 

Increased P38 MAPK activity and expression were 
detected in kidneys of diabetic nephropathy rats (57). 
Glomerular P38 MAPK activity was increased in early 
DN, indicating a role in the pathogenesis of early 
hypertrophy and extracellular matrix accumulation 
(58). Increased P38 MAPK activity could enhance the 
expression of TGF-β1, a potent inducer of ECM synthesis; 
enhanced TGF-β1 expression has been observed in 
kidneys from patients and experimental animals with 

 

Figure 9. Western blot was used to detect the changes in the expression levels of (A) TGF-β; (B) NF-κB p-p65; and (C) p-P38 MAPK in HMCs after 
high glucose, α-LA, and chemerin treatment. α-LA (200 µmol/l) was used to pretreat the cells for 24 hr, followed by addition of chemerin (0.05 µg/
ml) and incubation for another 24 hr. Data are presented as mean ± SD. A one-way analysis of variance (ANOVA) was used for statistical analysis. 
*P<0.05, **P<0.01 vs control group. #P<0.05, ##P<0.01 vs the high glucose group. ^^P<0.01 vs chemerin group. The experiments were performed 
in triplicate
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progressive glomerular fibrosis (59, 60). P38 MAPK 
activation moderates RAGE-induced NF-κB–dependent 
secretion of proinflammatory cytokines in pancreatic-β 
cells resulting in accelerated inflammation indicating 
its significance in the pathophysiological mechanism in 
diabetes (61). The present study demonstrated elevated 
expression of p-P38 MAPK, NF-κB p-p65, TGF-β, and 
ECM proteins such as type IV collagen and LN after 
chemerin treatment or transfection with chemerin 
plasmid. When the P38 MAPK inhibitor was added, 
expression of p-P38 MAPK, IL-6, and TNF-α showed 
a significant decrease compared with the chemerin 
group. This suggests that chemerin may stimulate the 
formation of inflammatory cytokines by activating the 
P38 MAPK signaling pathway, thereby aggravating the 
occurrence and development of DN.

There is growing evidence linking chemerin to 
several diseases. The stimulatory effects of chemerin on 
fibroblast-like synoviocytes are mediated by activation 
of P38 MAPK and Akt, while inhibition of P38 MAPK 
and Akt signaling pathways suppressed chemerin-IL-6 
production significantly (62). In human skeletal muscle 
cells, chemerin release was associated with insulin 
resistance at the level of lipogenesis and insulin-induced 
antilipolysis in adipocytes owing to activation of p38 
MAPK, NF-κB, and extracellular signal-regulated kinase 
(ERK)-1/2 by chemerin (63). In human endothelial cells, 
chemerin activated PI3K/Akt and MAPKs pathways and 
induced angiogenesis (64). Akin to the previous studies, 
in the present study, chemerin could promote the 
expression of p-P38 MAPK and activate the P38 MAPK 
signaling pathway, leading to increased levels of NF-κB 
p-p65 and TGF-β. Thus, chemerin might cause renal 
injury probably by activating the P38 MAPK signaling 
pathway and releasing inflammatory cytokines

Oxidative stress contributes to the pathogenesis of 
DN (65). Previous studies show that α-LA can protect 
renal function in diabetic rodents through its anti-
oxidant activity (66) and by regulating glucose oxidation 
in DN (67); deficiency of lipoic acid synthase increases 
oxidative stress and accelerates the development 
of DN (65). Diabetic rats administered with α-LA 
treatment showed decreased protein levels of plasma 
malondialdehyde, renal cortical TGF-β1, and fibronectin, 
and urinary protein excretion was positively correlated 
with renal cortical TGF-β1 as well as fibronectin protein 
levels. These results suggested that α-LA improves 
proteinuria by reducing the expression of TGF-β1 and 
fibronectin, which in turn were associated with curbing 
the phosphorylating activation of the P38 MAPK pathway 
in the renal cortex of the diabetic rats (68). Thus, α-LA 
protects against DN in various ways. The present study 
showed that α-LA effectively restored the injury due 
to diabetes since the expression of p-P38 MAPK, NF-
κB p-p65, and TGF-β decreased after supplementing 
with α-LA compared with the chemerin group. Hence, 
it is likely that α-LA protects against DN by inhibiting 
P38MAPK signaling pathway activation.

Chemerin could, at least in part, mediate a relationship 
between inflammation and cell proliferation. Chemerin 
is involved in acute and chronic tissue inflammation (6). 
It participates in the inflammation of the adipose tissue, 
which is a feature of obesity, and participates in a vicious 
circle that leads to a progression in the inflammatory 

state (6). A systemic inflammatory state promotes cell 
proliferation through a large number of pathways that 
are too numerous to detail here and are out of the scope 
of the present study (69-71). Among those mechanisms, 
the MAPK pathway is involved in cell proliferation in 
response to inflammation (72, 73). Chemerin, which is 
elevated in inflammatory states, can activate the MAPK 
pathway, leading to cell proliferation (20). Nevertheless, 
the exact molecular steps and interactions among 
pathways still need to be refined. This will be done in 
future studies.

Conclusion
In summary, this study provides that chemerin could 

activate the P38 MAPK signaling pathway inducing 
inflammatory reactions and NF-κB and TGF-β in HMCs 
and hence, might be an important pathogenic factor in 
the development of DN. α-LA, with its ability to improve 
the injury caused due to diabetes, could prove to be a 
potential treatment modality for patients with DN. 
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