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Abstract. Obesity is associated with chronic low‑grade 
inflammation, which is characterized by increased infiltration 
of macrophages into adipose tissue. Acylation stimulating 
protein (ASP) is an adipokine derived from the immune 
complement system, which constitutes a link between adipo-
cytes and macrophages, and is involved in energy homeostasis 
and inflammation. The purpose of the present study was 
to preliminarily investigate in  vitro, whether functional 
α7nAChR in adipocytes may suppress ASP‑induced inflam-
mation and determine the possible signaling mechanism. 
Studies have reported associations between the expression of 
α7 nicotinic acetylcholine receptor (α7nAChR) and obesity, 
insulin resistance and diabetes. Additionally, α7nAChRs are 
important peripheral mediators of chronic inflammation, 
which is a key contributor to health problems in obesity. The 
primary aim of the present study was to evaluate the impact 
of exogenous ASP and α7nAChR on macrophage infiltration 
in adipose tissue and to examine the potential underlying 
molecular mechanism. Western blot analysis revealed that 
recombinant ASP increased the expression levels of monocyte 
chemoattractant protein‑1 (MCP‑1) and keratinocyte‑derived 
chemokine (KC) by 3T3‑L1 adipocytes. However, nicotine 
significantly inhibited the production of ASP‑induced cyto-
kines via the stimulation of α7nAChR. It was also found that 

α7nAChR inhibited the ASP‑induced activation of p38 kinase 
and nuclear factor‑κB (NF‑κB), and the production of MCP‑1 
and KC. These data indicated that α7nAChR caused the inhi-
bition of ASP‑induced activation of p38 kinase and NF‑κB to 
inhibit the production of MCP‑1 and KC.

Introduction

Obesity is considered to be a systemic, chronic low‑grade 
inflammation, characterized by increased serum levels of 
pro‑inflammatory proteins and accumulation of macro-
phages within white adipose tissue  (1). Adipose tissues 
secrete a variety of proinflammatory mediators, including 
tumor necrosis factor‑α (TNF‑α), monocyte chemoattractant 
protein‑1 (MCP‑1) and keratinocyte‑derived chemokine (KC). 
MCP‑1 and KC are involved in driving macrophage accu-
mulation and activation, which are important steps towards 
establishing inflammation in adipose tissues (2). Acylation 
stimulating protein (ASP) is an adipokine, which is produced 
by adipocytes and interacts with C5aR‑like receptor  2, a 
seven transmembrane G protein‑coupled receptor. In humans, 
circulating levels of ASP are increased in obesity, and in 
insulin resistance, diabetes, cardiovascular diseases and meta-
bolic syndrome, even in the absence of obesity. By contrast, 
the levels of ASP decrease with weight loss or exercise (3). 
These previous findings suggest the possibility that ASP 
is involved in the regulation of adipose tissue inflamma-
tion. Nicotine, a selective cholinergic agonist, is involved in 
cholinergic anti‑inflammatory activities in vitro and in vivo, 
by acting through the α7 nicotinic acetylcholine receptor 
(α7nAChR). The anti‑inflammatory activity of α7nAChR 
has been demonstrated in various disease models, including 
arthritis, septic shock and endotoxemia (4‑6). Previous studies 
have reported that an α7nAChR‑selective agonist, TC‑7020, 
reduces food intake and weight gain, levels of circulating 
glucose and triglycerides, and expression levels of proinflam-
matory cytokines. These effects are reversed by the α7nAChR 
antagonist, methyllycaconitine, supporting the involvement 
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of α7nAChR (7). In addition, the expression of α7nAChR is 
downregulated in obese adults, compared with adults of a 
healthy weight, and weight loss has been found to partially 
restore the expression of α7nAChR (8). These studies indicate 
the possibility that α7nAChR affects the inflammation of 
adipose tissues and may be a promising target for therapies 
aimed at obesity‑associated inflammatory diseases.

Nuclear factor‑κB (NF‑κB) is a ubiquitous, rapid response 
transcription factor, which is involved in inflammatory 
reactions, and exerts its actions by translating several cyto-
kines, chemokines and cell adhesion molecules. Several 
reviews have provided evidence that NF‑κB inflammatory 
pathways promote metabolic diseases, including insulin 
resistance and atherosclerosis (9‑11), and several studies have 
shown that p38 kinase is a key member of the mitogen‑acti-
vated protein kinase (MAPK) family, which is in adipocyte 
differentiation and adipogenesis, and in regulating cell 
proliferation, inflammation and immune responses (12‑17). 
The anti‑inflammatory actions of α7nAChR are mediated 
by the inhibition of NF‑κB and p38 kinase in several types 
of cells, including monocytes, macrophages and endothelial 
cells (17‑20). However, the specific role of p38 kinase and 
NF‑κB in ASP signaling nd the possible molecular mecha-
nism underlying the intracellular signal transduction from 
α7nAChR leading to the anti‑inflammatory action in adipo-
cytes remain to be fully elucidated.

In the present study, the involvement of α7nAChR on 
ASP‑induced cytokine production, and its mechanisms of 
action, were investigated. It was found that the activation of 
α7nAChR in 3T3‑L1 adipocyte cells inhibited the ASP‑induced 
production of MCP‑1 and KC by inhibiting the ASP‑induced 
activation of p38 kinase and NF‑κB.

Materials and methods

Materials and reagents. Media and anti‑KC polyclonal 
antibody (cat. no. PA1‑32924) were purchased from Thermo 
Fisher Scientific, Inc. (Waltham, MA, USA). Monocyte 
chemoattractant protein‑1 (MCP‑1; cat. no. sc‑28879), inhib-
itor of NF‑κB (IκB)α (cat. no. sc‑847), NF‑κB (cat. no. sc‑109) 
and poly (ADP‑ribose) polymerase (PARP; cat. no. sc‑8007) 
antibodies were purchased from Santa Cruz Biotechnology, 
Inc (Santa Cruz, CA, USA). Antibodies against phosphory-
lated‑p38 kinase (cat. no. 9211) and p38 kinase (cat. no. 9212; 
Cell Signaling Technology, Inc., Beverly, MA, USA) were 
used to detect the phosphorylated form of p38 kinase 
and total p38 kinase, respectively. Anti‑β‑actin antibody 
(cat. no. SAB5500001), horseradish peroxidase‑labeled goat 
anti‑mouse IgG and the NF‑κB inhibitor, BAY‑11‑7082, 
were purchased from Sigma‑Aldrich (St. Louis, MO, USA). 
The 3T3‑L1 preadipocytes were purchased from American 
Type Culture Collection (Manassas, VA, USA), and the 
ProteoExtract™ subcellular proteome extraction kit was 
purchased from Calbiochem; EMD Millipore (Billerica, 
MA, USA). Other reagents and laboratory supplies were 
obtained from Sigma‑Aldrich (St. Louis, MO, USA).

Cell culture. The mouse 3T3‑L1 preadipocytes were seeded 
at a density of 1.0x105 cells/well in 5‑well plates and routinely 
cultured at 37˚C in a humidified atmosphere of 5% CO2 in air. 

The cells were maintained in Dulbecco's modified Eagle's 
medium and Ham's F‑12 nutrient mixture (DMEM/F‑12) 
with 1% penicillin‑streptomycin (100 U/ml; 100 µg/ml) and 
10% fetal bovine serum (FBS). At confluence, adipocyte 
differentiation was induced by adding 1 µM dexametha-
sone, 0.5 mM isobutylmethylxanthine and 1 mg/l insulin 
for 2 days, followed by 2 days in differentiating medium, 
containing 10% FBS in DMEM/F12 with 1 mg/l insulin 
supplementation, and replaced every 2 days. After 8‑9 days, 
the cells exhibited a differentiated morphology (>80% of the 
cells) with lipid accumulation. Two days post‑differentiation, 
cells were treated with ASP or PBS control for indicated time 
at 37˚C. Alternatively, cells were pretreated with nicotine 
(10 µM), α7nAChR antagonist α‑BTX (2 µM), p38 kinase 
inhibitor SB203580 (20 μM), NF‑κB inhibitor BAY‑11‑7082 
(5 µΜ) for 30 min, followed by stimulation with or without 
ASP (100 nM) for an additional 24 h.

Recombinant ASP. Recombinant human ASP was produced 
and purified, as described previously (21). To avoid the inac-
tivation of ASP, no denaturing agents were used at any step in 
the purification process. The purity was assessed using mass 
spectrometry, and the ASP was confirmed as endotoxin‑free.

Preparation of cytoplasmic and nuclear protein fractions 
and immunoblotting. The 3T3‑L1 adipocytes were processed 
using a ProteoExtract subcellular proteome extraction kit 
(Calbiochem; EMD Millipore), according to the manufac-
turer's protocol, to produce cytoplasmic and nuclear protein 
fractions, which were then analyzed by immunoblotting 
using the indicated antibodies. PARP and β‑actin were used 
as loading controls of the nuclear and cytoplasmic fractions, 
respectively (22).

Immunoblotting. The 3T3‑L1 adipocytes were lysed in SDS 
sample buffer, sonicated and centrifuged at 12,000 x g for 
15 min at 4˚C. The resulting supernatants were boiled for 
5 min in the presence of 50 mmol/l dithiothreitol. To measure 
the levels of secreted proteins (MCP‑1 and KC), the cultured 
medium of the cells was also boiled for 5 min in SDS sample 
buffer  (23). The fractions were sonicated and clarified by 
centrifugation 12,000 x g for 15 min at 4˚C, and their protein 
concentrations were assessed using a BCA Protein Assay kit 
(Pierce; Thermo Fisher Scientific, Inc.). Equivalent quantities 
of protein were separated using 7.5~15% (depending on their 
molecular weight) SDS‑polyacrylamide gel electrophoresis 
and transferred onto nitrocellulose membranes, blocked for 
1 h in phosphate‑buffered saline containing 5% nonfat dry 
milk and 0.1% Tween 20, and subsequently incubated with 
primary antibodies at 4˚C overnight. The antibodies were 
as follows: MCP‑1 (1:200), KC (1:500), β‑actin (1:1,000), 
NF‑κB p65 (1:500), IκBα (1:500), p38 kinase (1:1,000), 
phosphorylated p38 kinase (1:500) and PARP (1:500). 
Following incubation with secondary antibodies (1:5,000) 
at room temperature with agitation for 1 h, the membranes 
were washed three times with 100 ml of Tris‑buffered saline 
containing 1% (v/v) Tween 20. The proteins were detected 
using enhanced chemiluminescence (24,25). The PARP and 
β‑actin signals were used for blotting to verify equivalent gel 
loading. Band densities were determined using Quantity One 
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software version 4.62 (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA).

Statistical analysis. The results are presented as the 
percentage of control values, as the mean ± standard error 
of the mean. Differences between mean values of normally 
distributed data were assessed by Student's t‑test for single 
comparisons between treatment and control. For data with 
multiple comparisons, one‑way analysis of variance followed 
by Dunnett’s test were used. P<0.05 was considered to 
indicate a statistically significant difference. The data were 
analyzed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

ASP increases the expression levels of MCP‑1 and KC. To 
determine the effect of ASP on the expression of cytokines by 
differentiated adipocyte cultures, the present study examined 
the levels of MCP‑1 and KC using immunoblotting. As shown 
in Fig. 1A, the 3T3‑L1 adipocytes were treated with increasing 
concentrations of ASP (0, 50, 100 and 200 nM), and the levels of 
MCP‑1 and KC appeared to increase gradually with increasing 
concentrations of ASP, compared with the media control at 12 h, 
which suggested that ASP increased the expression of cytokines 
in a concentration‑dependent manner. The effect of ASP on the 
expression of cytokines was also time‑dependent (Fig. 1B). A 
fixed concentration of ASP (100 nM) increased the expression 
levels of MCP‑1 and KC between 6 and 4 h, reaching a maximum 
at 24 h. These results indicated that ASP promoted adipocyte 
inflammation by enhancing the expression of MCP‑1 and KC.

α7nAChR inhibits the ASP‑induced expression of KC and 
MCP‑1. To determine the involvement of α7nAChR in the 
production of proinflammatory mediators, the 3T3‑L1 adipo-
cytes were treated with vehicle, nicotine or α‑bungarotoxin 
(α‑BTX), prior to stimulation with ASP. Treatment of the 
3T3‑L1 adipocytes with ASP (100 nM; 24 h) alone significantly 
induced the expression of KC and MCP‑1, compared with the 
control (Fig. 2). However, the production of KC and MCP‑1 
induced by ASP was inhibited significantly by preincubation 
with nicotine (10 µM; 30 min). In addition, the suppression 
of cytokine production by nicotine was prevented by the 
addition of α‑BTX (2 µM; 30 min), which is an antagonist of 
α7nAChR. These results indicated that nicotine eliminated 
the ASP‑induced production of inflammatory factors from 
adipocytes via the stimulation of α7nAChR.

Inhibition of ASP‑stimulated p38 kinase phosphorylation 
by α7nAChR inhibits the expression of KC and MCP‑1. The 
pathways involving p38 kinase are crucial in the regulation of 
pro‑inflammatory molecules in cellular responses. The present 
study hypothesized that nicotine inhibits the ASP‑induced 
production of inflammatory cytokines by interfering with 
the p38 kinase signaling pathway, therefore, the effect of 
ASP on the activation of p38 kinase was investigated. As 
shown in Fig. 3A, ASP (100 nM; 24 h) resulted in a signifi-
cant increase in the phosphorylation of p38 kinase, without 
affecting the overall level of total p38. Subsequently, whether 
nicotine inhibited the ASP‑induced production of cytokines 
by modulating ASP‑induced p38 kinase activation was exam-
ined. As expected, the results of the immunoblot analysis 

Figure 1. ASP promotes the expression of inflammatory cytokines. ASP increased the expression levels of KC and MCP‑1 in a (A) concentration‑ and 
(B) time‑dependent manner. The levels of KC and MCP‑1 were determined using immunoblot and densitometric analyses. Data are presented as the 
mean ± standard error of the mean (n=3). *P<0.05, vs. untreated control. ASP, acylation stimulating protein; KC, keratinocyte‑derived chemokine; MCP‑1, 
monocyte chemoattractant protein‑1.
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showed that pretreatment with 10 µM nicotine suppressed the 
ASP‑induced phosphorylation of p38 kinase. In addition, this 
was completely reversed by α‑BTX (2 µM; 30 min). These 
data indicated that nicotine, through its actions on α7nAChR, 
inhibited the expression of ASP‑induced cytokines via the 
suppression of p38 kinase signal transduction. The signifi-
cance of inhibiting the ASP‑induced p38 kinase activation by 
nicotine in the production of cytokines was further confirmed 
with by p38 kinase inhibitor, SB203580 (20 µM; 30 min). As 
shown in Fig. 3B and C, pretreatment with SB203580 markedly 
inhibited the ASP‑induced production of MCP‑1 and KC, and 
phosphorylation of p38 kinase. These data demonstrated that 
nicotine suppressed the ASP‑induced production of cytokines 
through downregulation of p38 kinase activity in the 3T3‑L1 
cells.

Inhibition of ASP‑stimulated NF‑κB activation by α7nAChR 
inhibits the expression of KC and MCP‑1. NF‑κB is a tran-
scription factor, which modulates the expression of a variety of 
genes involved in inflammatory responses. In an unstimulated 
cell, NF‑κB resides in the cytoplasm as an inactive NF‑κB‑IκB 

complex. When the cell is stimulated, IκB becomes phos-
phorylated and is subsequently degraded, allowing NF‑κB to 
translocate into the nucleus (19,20). As the degradation of IκB 
is an essential step in NF‑κB activation by various stimuli, 
the present study used immunoblot analysis to examine the 
levels of total IκBα in the 3T3‑L1 adipocytes of the different 
treatment groups. As shown in Fig. 4A, the level of IκBα 
was markedly decreased in the ASP (100 nM; 24 h) groups, 
compared with the untreated control. Pretreatment with nico-
tine prevented ASP‑induced IκBα degradation. In addition, the 
suppression of IκBα degradation by nicotine was prevented 
by the addition of α‑BTX. These results demonstrated that 
α7nAChR inhibited the ASP‑induced production of cytokines, 
partially by preventing the degradation of IκBα. As the activa-
tion and nuclear translocation of NF‑κB is an essential step 
in the regulation of cytokine production, the present study 
performed immunoblot analysis of the nuclear and cytosolic 
extracts to assess whether nicotine altered the nuclear trans-
location of NF‑κB p65 induced by ASP. As shown in Fig. 4B 
and C, the nuclear translocation of NF‑κB p65 was induced 
upon treatment with ASP. However, pretreatment with nico-
tine significantly attenuated the ASP‑induced translocation of 
NF‑κB p65. In addition, the nicotinic‑induced suppression of 
translocation was prevented by the addition of α‑BTX. These 
results demonstrated that α7nAChR inhibited the production 
of MCP‑1 and KC in the ASP‑stimulated adipocytes by inhib-
iting the translocation of NF‑κB p65. The present study further 
confirmed the inhibition of ASP‑induced NF‑κB activation 
by nicotine in the production of cytokines using the NF‑κB 
inhibitor, BAY‑11‑7082 (5 µΜ; 30 min). As shown in Fig. 4D 
and E, pretreatment with BAY‑11‑7082 markedly inhibited the 
ASP‑induced production of MCP‑1 and KC, and inhibited the 
degradation of IκBα. These data demonstrated that nicotine 
suppressed the ASP‑induced production of cytokines through 
downregulation of NF‑κB activity in 3T3‑L1 cells.

Discussion

Obesity is accompanied by low‑level inflammation, and this 
has been regarded to be the mechanistic link between obesity 
and associated cardiovascular and diabetic complications (26). 
MCP‑1 and KC are important in the accumulation and activa-
tion of macrophages in inflamed adipose tissue. In the present 
study, ASP increased the expression levels of MCP‑1 and KC 
in a concentration‑ and time‑dependent manner, as revealed by 
immunoblot assays. Consistent with these results, Tom et al (3), 
reported that ASP treatment at 200 nM increased the secre-
tion of KC and MCP‑1, as measured using ELISA kits. These 
findings suggest that ASP contributes to obesity‑mediated 
inflammation and adipose tissue macrophage invasion. A 
previous histological study showed that ASP increases the 
numbers of M1 macrophages in the adipose tissue, liver and 
skeletal muscle of mice (27). In addition, ASP exerts a direct 
concentration‑dependent effect, which increase migration and 
M1 activation of cultured macrophages (27).

There are at least three families of MAPKs, including 
extracellular signal‑regulated kinase, c‑Jun‑N‑terminal 
kinase and p38 kinase, existing in mammalian cells. As 
described previously, p38 kinase is considered to be involved 
in the regulation of inflammatory responses  (13). In the 

Figure 2. α7nAChR inhibits the ASP‑induced expression of KC and MCP‑1. 
Adipocytes were pretreated with nicotine 10 µM in the absence or pres-
ence of α‑BTX (2 µM; 30 min prior to nicotine treatment) for 30 min and 
then challenged with ASP (100 nM) for 24 h. The expression levels of KC 
and MCP‑1 were determined using immunoblot and densitometric anal-
yses. Data are presented as the mean ± standard error of the mean (n=3). 
*P<0.05, vs. untreated control; **P<0.05, vs. ASP; #P<0.05, vs. nicotine+ASP. 
α7nAChR, α7 nicotinic acetylcholine receptor; ASP, acylation stimulating 
protein; α‑BTX, α‑bungarotoxin; KC, keratinocyte‑derived chemokine; 
MCP‑1, monocyte chemoattractant protein‑1.
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present study, the increased production of the ASP‑stimulated 
cytokines, MCP‑1 and KC, in the 3T3‑L1 cells was partly 
mediated by the p38 kinase phosphorylation pathways. The 
inhibition of p38 kinase following the administration of 
SB203580, a selective p38 kinase inhibitor, suppressed the 
ASP‑induced phosphorylation of p38 kinase and production 
of cytokines. The results of the present study are concordant 
with those from a study on adipocytes stimulated with TNF‑α, 
which selectively increased the expression of MCP‑1 via the 
activation of p38 kinase (28).

α7nAChR is involved in mediating cholinergic 
anti‑inflammatory activities in  vitro and in  vivo. In the 
present study, nicotine pretreatment significantly inhibited 
the ASP‑induced expression of KC and MCP‑1, and this was 
prevented by the α7nAChR antagonist, α‑BTX. The fact that 

nicotine significantly reduced the phosphorylation of p38 
kinase demonstrated that the effects of α7nAChR on the 
ASP‑induced production of KC and MCP‑1 were mediated by 
inhibition of the p38 kinase pathway. The results of the present 
study are consistent with previous reports that α7nAChR 
inhibits the lipopolysaccharide‑induced release of TNF‑α in 
microglial cells, and is associated with the suppression of p38 
kinase activity (29,30). By contrast, Aicher et al (31) showed 
that, in dendritic cells, nicotine induced α7nAChR‑mediated 
T‑cell proliferation and cytokine secretion by partly activating 
p38 kinase. The most likely explanation for the discrepant 
results is that, in these systems, regulation is cell type‑ and 
stimulus‑dependent.

NF‑κB is composed of two subunits, p50 and p65, and is 
retained in the cytoplasm of unstimulated cells by a non‑covalent 

Figure 3. Inhibition of ASP‑stimulated p38 kinase phosphorylation by α7nAChR inhibits the expression of KC and MCP‑1. (A) Adipocytes were pretreated 
with nicotine (10 µM) in the absence or presence of α‑BTX (2 µM) for 30 min and then challenged with ASP (100 nM) for 24 h. Following treatment, levels 
of p38 kinase and p‑p38 kinase were determined using immunoblot and densitometric analysis. Data are presented as the mean ± standard error of the mean 
(n=3) *P<0.05, vs. untreated control; **P<0.05, vs. ASP; #P<0.05, vs. nicotine+ASP. Adipocytes were incubated with ASP (100 nM) for 24 h and/or the p38 
kinase inhibitor, SB203580 (20 µM; 30 min). The levels of (B) KC and MCP‑1, and (C) p38 kinase and p‑p38 kinase were determined using western blot 
and densitometric analysis. Data are presented as the mean ± standard error of the mean (n=3). *P<0.05, vs. untreated control; #P<0.05, vs. ASP. α7nAChR, 
α7 nicotinic acetylcholine receptor; ASP, acylation stimulating protein; KC, keratinocyte‑derived chemokine; MCP‑1, monocyte chemoattractant protein‑1; 
p‑, phosphorylated.
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Figure 4. Inhibition of ASP‑stimulated NF‑κB activation by α7nAChR inhibits the expression of KC and MCP‑1. Adipocytes were pretreated with nicotine 
10 µM in the absence or presence of α‑BTX (2 µM) for 30 min and then challenged with ASP (100 nM) for 24 h. The expression levels of (A) IκBα and the 
(B) p65 subunit of NF‑κB in the cytosol extracts and (C) nuclear extracts were determined using immunoblot and densitometric analysis. Data are presented 
as the mean ± standard error of the mean (n=3). *P<0.05, vs. untreated control; **P<0.05, vs. ASP; #P<0.05, vs. nicotine+ASP. Adipocytes were incubated with 
ASP (100 nM) for 24 h or the NF‑κB inhibitor, BAY‑11‑7082 (10 nM), and the expression levels of (D) KC and MCP‑1, and (E) IκBα were determined using 
immunoblot and densitometric analysis. Data are presented as the mean ± standard error of the mean (n=3), *P<0.05, vs. untreated control; #P<0.05, vs. ASP. 
α7nAChR, α7 nicotinic acetylcholine receptor; ASP, acylation stimulating protein; α‑BTX, α‑bungarotoxin; NF‑κB, nuclear factor‑κB; IκBα, inhibitor of 
NF‑κB; KC, keratinocyte‑derived chemokine; MCP‑1, monocyte chemoattractant protein‑1; PARP, poly (ADP‑ribose) polymerase.

  A

  B

  C

  D

  E



MOLECULAR MEDICINE REPORTS  14:  2959-2966,  2016 2965

interaction with the inhibitory molecule, IκB. Following acti-
vation by a number of physiological and non‑physiological 
stimuli, IκB dissociates from NF‑κB within minutes, and 
undergoes ubiquitination and degradation  (19,20). Upon 
release, NF‑κB is translocated to the nucleus, where it regu-
lates the transcription of inflammatory genes (32). The data in 
the present study showed that treatment of the adipocytes with 
ASP promoted the degradation of IκBα and translocation of 
NF‑κB. Pretreatment with the NF‑κB inhibitor, BAY‑11‑7082, 
inhibited the ASP‑induced production of MCP‑1 and KC, 
and degradation of IκBα. These findings are consistent with 
those of a previous study, which reported that ASP increased 
the phosphorylation of Ser(468) and Ser(536) of p65 NF‑κB, 
which is required for the transactivation of gene expression, in 
a time‑ and concentration‑dependent manner (3). Pretreatment 
of the cells with nicotine in the present study inhibited the 
ASP‑induced activation of NF‑κB, and production of MCP‑1 
and KC. Consistent with these results, previous studies have 
reported that, in different cells, including monocytes, mast 
cells and endothelial cells, α7nAChR may prevent inflamma-
tion by inhibiting NF‑κB transcriptional activity (17,19,33). By 
contrast, other studies have shown that α7nAChR signaling 
proceeds through intracellular pathways, leading to the 
upregulated expression and transactivation of NF‑κB (34,35). 
These findings suggest that a different stimulus, or stimulus 
intensity, targeted to the same receptor may either inhibit or 
activate the same signaling system. The mechanism used by 
nicotine to modulate the response of NF‑κB to ASP remains 
to be elucidated. The present study hypothesized that nico-
tine may also activate intracellular anti‑inflammatory signal 
transduction pathways, including the Janus kinase 2‑signal 
transducer and activator of transcription  3‑suppressor of 
cytokine signaling 3 pathway (14,36), the cyclic adenosine 
3',5'‑monophosphate (cAMP) response element binding 
protein or the cAMP‑dependent protein kinase (19), which can 
inhibit the ASP‑induced activation and nuclear translocation 
of NF‑κB.

The majority of reports state that p38 kinase can positively 
regulate NF‑κB activity, albeit through various mecha-
nisms (14,16,37). By contrast, in certain studies, the inhibition 
of p38 kinase significantly increased NF‑κB activity (15,28). 
Although examining the association between NF‑κB and p38 
kinase is beyond the scope of the present study, it is important 
to determine whether there is reciprocal cross‑talk between 
NF‑κB and p38 kinase in the system, and further investigation 
of their interaction is required. The present study may provide 
novel insights into obesity treatment and various approaches 
toward the development of novel anti‑obesity therapeutic 
agents.

In conclusion, the results of the present study suggested a 
novel anti‑inflammatory function of α7nAChR in the regula-
tion of chemokine production by adipocytes in response to 
ASP. Of note, α7nAChR appeared to exert its effects through 
modulation of the p38 kinase pathway and the canonical 
NF‑κB pathway.
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