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Abstract
Aim: Chronic inflammation of adipose tissues plays a key role in obesity-induced metabolic disorders. We examined 

effects of sera from obese patients with or without different compositions of metabolic disorders on the activation of 
Toll-like receptor 4 (TLR4)/nuclear factor-kappa B (NF-κB) signaling pathway in the human monocytic leukemia cell line 
(THP-1), which have never been reported.

Method: With or without pretreatment of TLR4 monoclonal antibody, THP-1 cells were incubated for 48h by sera 
from 45 obese patients with or without metabolic disorders and 15 controls. The level of TLR4 in THP-1 cells, intracellular 
level of phosphorylated NF-κB p65, IL-1β and TNF-α levels in cell culture supernatants were measured.

Results: Compared with controls, the expression level of TLR4, NF-κB p65, IL-1β and TNF-α were significantly 
increased (p < 0.05) after cells were incubated with sera from obese patients. The more compositions of metabolic 
disorders, the higher increase of these factors. Pretreatment with TLR4 monoclonal antibody suppressed the degree of 
increase in these factors (p < 0.05). 

Conclusion: Sera from obese patients could induce the activation of TLR4/NF-κB signaling pathway in THP-1 
monocytes by different degrees. The TLR4/NF-κB signaling pathway plays an important role in the proinflammatory 
effect of obese patient-derived sera.

Keywords: Toll-like receptor 4; Obesity; Inflammation; Metabolic
disorders

Introduction
In recent years, numerous studies [1-3] have suggested that 

for obese patients, the greatest health risk is not fat itself, but rather 
adipose inflammation. The adipose tissues of obese patients exhibit 
characteristics of chronic inflammation, and this chronic inflammation 
of the adipose tissues plays a key role in the occurrence and 
development of obesity-induced metabolic disorders (e.g., diabetes, 
and dyslipidemia). Insulin resistance is an important factor in the 
development of obesity-related diseases, and it is also the driving force 
for the continuous deterioration observed in individuals afflicted with 
obesity-related diseases. The cause of insulin resistance is very complex 
and involves a variety of factors. However, an increasing number of 
researchers believe that chronic and low grade systemic inflammation, 
now known as metabolic inflammation (i.e., inflammation initiated by 
metabolic factors), is the fundamental pathophysiological mechanism 
of insulin resistance [3]. Metabolic inflammation also plays a vital role 
in the pathogenesis of obesity-related vascular complications [4-6].

Toll-like receptors (TLRs) are the gating proteins for the 
transduction of inflammatory signaling. Binding of TLRs with the 
corresponding ligands triggers signal transduction, leading to the 
activation of signaling pathways such as the nuclear factor-kappa 
B (NF-κB), c-Jun amino-terminal kinase (JNK), and P38 mitogen-
activated protein kinase (P38 MAPK) pathways, initiation of the 
transcription of multiple genes associated with inflammatory responses, 
release of inflammatory mediators, and, eventually, activation of the 
adaptive immune system [7]. TLR4 was the first mammalian TLR to 
be identified and is the best-studied member of this family. TLR4 is 
primarily expressed in lymphoid tissues such as the spleen, peripheral 
blood leukocytes such as mononuclear phagocytes, dendritic cells, and 
T and B lymphocytes. TLR4 is also expressed in other tissues, such as the 
stomach, intestines, lungs, gums, liver, and kidney, and on the surface 
of a variety of tumor cells and adipocytes. The most basic function of 
TLR4 is transmembrane signal transduction, which plays an important 

role in innate immunity [8,9]. TLR4 directly influences adipose 
tissue macrophage polarization [10], which promotes adipose tissue 
inflammation and dysfunction. The NF-κB signaling pathway plays an 
important role in TLR4-mediated immune regulation [9]. Obesity is 
associated with the activation of the innate immune pathway, defects in 
inflammatory responses and the insulin signaling pathway, and insulin 
resistance [3,11]. TLRs might act as a bridge to link innate immunity, 
fat metabolism, and insulin resistance [4,12]. Activation of the TLR4 
signaling pathway in vivo can induce insulin resistance [13,14].

Adipose tissue is an energy storage tissue, as well as an active 
endocrine organ. Adipocytes are important locations for the production 
of pro-inflammatory cytokines, and there is a significant positive 
correlation between body mass index (BMI) and the concentration of 
plasma tumor necrosis factor-alpha (TNF-α) [15]. The serum of obese 
patients has long been a focus of both domestic and international 
studies, such as investigate whether Serum Myeloperoxidase is the 
Biomarker of Traditional Cardiac Risk Parameters in Obesity [16]; 
investigating the influence of fatty acids on theophylline binding to 
human serum albumin obtained from blood from obese patients [17]; 
the favorable effect of short-term lifestyle intervention on human 
serum paraoxonase-1 activity and adipokine levels in childhood obesity 
[18]; the increase in serum levels of fetal antigen 1 (FA1) with obesity; 
and the negative dependence of the insulin sensitivity index on FA1 
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levels [19]. However, the pro-inflammatory effects of sera from weight-
matched obese patients with different compositions of metabolic 
disorders and the main underlying pro-inflammatory pathways have 
not been reported. This study aimed to detect the pro-inflammatory 
effects of sera from obese patients with or without metabolic disorders 
on a human monocytic cell line and the effects of the TLR4/NF-κB 
signaling pathway involved in these pro-inflammatory effects.

Methods
Subjects

Forty-five obese patients with or without metabolic disorders 
and fifteen normal control individuals were recruited at the Diabetic 
Center, Metabolism and Endocrinology Institute of Second Xiangya 
Hospital of Central South University from February to October 2009 
(The human subject characteristics of each group are shown in Table 
1), all the subjects didnt use any medicine. Patients in this study were 
diagnosed according to the diagnostic criteria from the World Health 
Organization (WHO) concerning the Asian adult weight classification 
in the year 2000. Obesity: BMI ≥ 25 kg/m2, a waist circumference 
≥ 90 cm for males, and a waist circumference ≥ 80 cm for females ; 
hyperglycemia: fasting blood glucose (FBG) ≥ 6.1 mmol/L or 2-h post-
prandial blood glucose (2-h PBG) ≥ 7.8 mmol/L; dyslipidemia: blood 
triglyceride (TG) ≥ 1.7 mmol/L or total cholesterol (TC) ≥ 5.2 mmol/L, 
high-density lipoprotein-cholesterol (HDL-C) < 1.03 mmol/L (male) or 
HDL-C < 1.29 mmol/L (female), or low-density lipoprotein-cholesterol 
(LDL-C) ≥ 2.6 mmol/L; and abnormal blood pressure: systolic blood 
pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg. The 
subjects met at least one of the following inclusion criteria. Group A 
(normal control group) included healthy people that were age- and 
sex-matched to each obese group and had no abnormalities in blood 
glucose, blood lipids, or blood pressure. Group B, obese group with 
normal metabolism (ONM). Group C, obese group associated with 
hyperglycemia (OHG). Group D, obese group associated with three 
kinds of metabolic disorders (OTD): blood glucose abnormalities, 
dyslipidemia and abnormal blood pressure. The exclusion criteria 
were the following:1) acute and/or chronic inflammation; 2) acute 
stress conditions (including diabetic ketoacidosis, hyperglycemic 
and hyperosmolar conditions, trauma, surgery, etc.); 3) autoimmune 
diseases; 4)  type 1 diabetes; 5) pregnancy or lactation; 6) obvious 
heart, liver, or kidney disease and neoplastic diseases; 7) significant 
lesions in medium and large blood vessels, such as coronary heart 
disease, cerebrovascular accidents, and peripheral arteriosclerosis of 

the limbs; 8) pathological obesity caused by Cushing's disease, drugs, 
hypothalamic syndrome, or acromegaly; 9) and patients who could not 
collaborate. None of the subjects had a smoking or drinking habit. The 
study was approved by the Hospital Ethics Committee of Central South 
University, China.

Culture of the human monocytic leukemia cell line (THP-1)

The THP-1 cell line (a gift from Professor Aimin Xu, Li Ka Shing 
Faculty of Medicine, University of Hong Kong) was seeded in RPMI 
1640 medium containing 10% fetal bovine serum, 100 U/ml penicillin, 
100 g/ml streptomycin, and 1% glutamine and was placed in incubators 
at 37°C with 5% CO2. The cell intervention experiments were performed 
when the cells started to grow robustly and entered the exponential 
growth phase.

Serum treatment and intervention

Venous blood (10 ml) was collected in the early morning after a 
12-hour fasting period. The blood samples were centrifuged (2000 r/
min) within 2 h to isolate the serum. After a 56°C water bath for 30 
min to inactivate the complements, the serum was added to RPMI 1640 
medium containing 100 U/ml penicillin, 100g/ml streptomycin, and 
1% glutamine for a final concentration of 15%, which was subsequently 
filtered with 0.22 m microporous filter paper for use. Three duplicated 
wells were established for each subject as a test group, and 1 × 106 THP-
1 cells were seeded into 6-well plates. A TLR4 monoclonal antibody 
(Biolegend, USA) pretreatment group was set up for each test group. 
The TLR4 monoclonal antibody was added at a concentration of 5 µg/
ml to each well for a 30-min pre-incubation prior to the addition of 2 
ml of RPMI 1640 medium containing 15% of the intervention serum. 
After 48 h of incubation, the cells in each test group were collected for 
the extraction of protein and mRNA, and the cell culture supernatants 
were collected by centrifugation and stored in a -70°C refrigerator for 
subsequent detection of TNF-α and interleukin-1 beta (IL-1).

Western blot analysis of TLR4 protein levels and 
phosphorylated NF-κB p65 protein levels in THP-1 cells

THP-1 cells incubated with serum for 48 h were collected, 
washed with pre-cooled phosphate-buffered saline, and centrifuged 
to remove the saline. Radioimmunoprecipitation assay (RIPA) lysis 
buffer was then mixed with phenylmethylsulfonyl fluoride (PMSF) 
at a ratio of 98: 2 to lyse cells and extract the proteins. The protein 
concentration of each group was adjusted to the same level based 
on analysis with a bicinchoninic acid (BCA) protein assay kit. A 30-

Controls ONM OHG OTD
Male: female 8:07 10:05 8:07 6:09
Age (years) 47 ± 8 45 ± 6 51 ± 7 51 ± 9
BMI (kg/m2) 22.0 ± 1.3 27.3 ± 1.6* 28.7 ± 2.3* 28.7 ± 2.6*

Waistline (cm) 79.2 ± 6.6 90.3 ± 5.8* 92.8 ± 6.8* 93.1 ± 8.7*

Fasting glucose (mmol/l) 5.14 ± 0.38 5.11 ± 0.33 7.76 ± 1.32*# 8.07 ± 3.59*#

2 h postprandial glucose (mmol/l) 5.28 ± 0.99 5.79 ± 1.11 12.25 ± 3.63*# 12.63 ± 6.08*#

Triglyceride (mmol/l) 1.18 ± 0.43 1.02 ± 0.28 1.31 ± 0.30 1.76 ± 0.82*#D

Total cholesterol (mmol/l) 4.58 ± 0.83 4.35 ± 0.60 4.53 ± 0.45 5.40 ± 1.45*#D

LDL-cholesterol (mmol/l) 2.76 ± 0.48 2.78 ± 0.50 2.62 ± 0.65 3.08 ± 0.99*

HDL-cholesterol (mmol/l) 1.52 ± 0.31 1.40 ± 0.25 1.41 ± 0.27 1.71 ± 0.16
Systolic BP (mm Hg) 112 ± 15 117 ± 13 114 ± 13 151 ± 15*#D

Diastolic BP (mm Hg) 69 ± 10 75 ± 10 70 ± 11 87 ± 17*#D

Free fat acid (mmol/l) 0.76 ± 0.53 1.00 ± 0.64 0.70 ± 0.19 0.72 ± 0.15

Table 1: Subject characteristics. The data are expressed as mean (standard deviation (S.D.). ONM: Obesity with Normal Metabolism; OHG: Obesity with Hyperglycemia; 
OTD: Obesity with Three Kinds of Metabolic Disorders. *p < 0.05 as compared with controls; #p < 0.05 as compared with ONM; (p < 0.05 as compared with OHG.
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µg protein sample from each group was added to sodium dodecyl 
sulfate (SDS) gel-loading buffer at a ratio of 20%, and the gel samples 
were boiled at 100°C for 5 min before use. The β-actin in the samples 
was used as an internal reference. Proteins were separated by SDS-
PAGE, transferred to a membrane, and then blocked with 10% fat-
free dried milk in TBST (Tris-buffered saline and Tween-20) for 2 h. 
Based on the different molecular weights of TLR4, NF-κB p65, and 
β-actin, the membrane was cut into three parts containing TLR4, 
NF-κB p65, and β-actin, respectively; the membrane portions were 
incubated with the corresponding primary antibodies overnight at 
4°C and with the secondary antibodies for 2 h at room temperature. 
This process was followed by enhanced chemiluminescence (ECL) 
and film exposure, developing, fixing, and scanning for preservation. 
The membrane containing NF-κB p65 was immersed by membrane 
washing solution, then washed on a shaker for 50 min, followed with 
three 10-min washes by TBST. The membrane was then incubated with 
rabbit anti-human phospho-NF-κB p65 antibody (ser536) (ABCAM, 
UK) overnight at 4°C, followed by incubation with the secondary 
antibody at room temperature for 2 h. TBST was used to wash the 
membrane three times for 15 min each. The washing was followed by 
the ECL chemiluminescent chromogenic reaction and film exposure, 
developing, fixing, and scanning for preservation. The grayscale values 
of the protein bands were determined using ImageJ software. The ratios 
of the grayscale value of TLR4 to the β-actin internal control and that of 
phosphorylated NF-κB p65 to the β-actin internal control were used to 
quantify the expression of TLR4 and NF-κB p65, respectively.

Detection of TLR4 mRNA

TRIzol was used to extract the total RNA of THP-1 cells after 48 h of 
serum intervention. The concentration and purity of RNA was detected 
by an ultraviolet protein and nucleic acid analyzer. The internal reference 
was 18s. The design of the primers (provided by Professor Aimin Xu, 
Li Ka Shing Faculty of Medicine, University of Hong Kong) was as 
follows: the human TLR4 primer sequence for the sense strand was 
5'-AAGCCGAAAGGTGATTGTTG-3' and that of the antisense strand 
was 5'-CTGAGCAGGGTCTTCTCCAC-3'; the 18s primer sequence 
of the sense strand was 5'-AGTCCCTGCCCTTTGTACACA-3' and 
that of the antisense strand was 5'-CGATCCGAG GGCCTCACTA-3'. 
The one Step SYBR® PrimeScriptTM RT-PCR Kit II (Takara, Japan) 
was used for the PCR reaction, which included two steps, reaction 
system preparation and the real-time quantitative PCR reaction: 1) 
the PCR reaction solution was prepared on ice and had the following 
composition (20 µl reaction mixture): 10 µl of 2xOne Step RT-PCR 
buffer III, 0.8 µl of PrimeScript 1 Step Enzyme Mix II, 0.8 µl of the PCR 
forward primer (10 µM), 0.8 µl of the PCR reverse primer (10 µM), 2 µl 
of sample RNA, and 5.8 µl of distilled water (RNase-free); and 2) one-
step PCR amplification on the LightCycler® Real Time PCR amplifier 
with the following program: the first reverse transcription reaction step 
with one cycle of 42°C for 5 min and 95°C for 10 s, the second PCR 
reaction step with 40 cycles of 95°C for 15 s and 60°C for 60 s, and the 
third melting curve analysis step of 95°C for 0 s, 65°C for 15 s, and 95°C 
0 s. After the completion of the reaction, the amplification and melting 
curves were analyzed to obtain the Ct values. The difference in the Ct 
values between the TLR4 gene and 18s, △Ct was calculated, and 2-△△Ct 
was used to represent the relative content of TLR4 mRNA.

Determination of IL-1 and TNF- concentration

Both IL-1 and TNF- in culture supernatants were measured with 
an enzyme-linked immunosorbent assay kit (BD Bioscience, USA) 
according to the manufacturer’s protocol. The minimum detectable 

doses for IL-1 and TNF- were 0.8 and 2 pg/ml, respectively. The intra- 
and inter-assay coefficients of variation for IL-1 were 2.8% and 4.7%, 
respectively. The intra- and inter-assay coefficients of variation for 
TNF- were 3.7% and 5.1%, respectively.

Statistical analysis

Statistical analysis was performed using the statistical package 
SPSS Version 13.0. The results were expressed as the mean deviation 
(S.D.). The statistical analysis involved a one-way analysis of variance 
(ANOVA) followed by multiple comparisons test. A p-value 0.05 was 
accepted as significant difference.

Results
Subject characteristics

Compared with the normal control group, all obese groups exhibited 
a significantly increased BMI and waist circumference (p < 0.05, Table 
1). Compared with ONM, OHG exhibited significantly increased FBG 
and 2-h PBG (p < 0.05, Table 1). OTD exhibited significantly higher 
FBG, 2-h PBG, TG, TC, LDL-C, and systolic and diastolic blood 
pressures (p < 0.05, Table 1). So it supports that compared with normal 
people, obese patients are easier to exist metabolic disorders.

Effects of obese patient-derived sera on TLR4 levels and NF-
κB p65 phosphorylation levels in THP-1 cells

Figure 1 and Table 2 showed the effects of obese patient-derived 
sera on TLR4 levels and NF-κB p65 phosphorylation levels in THP-
1 cells, Table 2 also showed the secretion of inflammatory cytokines 
(TNF-α and IL-1β) in THP-1 cells. Figure 1 represented one typical 
patient of each group, while Table 2 was the whole data of each group.

 Figure 1 and Table 2 showed that compared with serum from 
the normal control group, incubation with serum from ONM led 
to increased TLR4 mRNA and protein expression in THP-1 cells, 
increased intracellular NF-κB p65 phosphorylation, and increased 
concentrations of inflammatory cytokines (TNF- and IL-1β) in the 
culture supernatant (p < 0.05).

Compared with serum from ONM, incubation with serum from 
OHG and OTD led to enhanced or increased TLR4 mRNA and protein 
expression, intracellular NF-κB p65 phosphorylation, and secretion of 
inflammatory cytokines (TNF-α and IL-1β) in THP-1 cells (p < 0.05). 

Compared with serum from OTD, incubation with serum from 
OHG yielded weakened or suppressed TLR4 mRNA and protein 
expression levels, intracellular NF-κB p65 phosphorylation, and 
secretion of inflammatory cytokines (TNF-α and IL-1β) in THP-1 
cells (p < 0.05). Compared with serum from the normal (non-obese) 
group, the sera from each obese group with or without metabolic 
disorders activated the TLR4/NF-κB signaling pathway in THP-1 cells 
after incubation for 48h, and the sera from OTD caused the highest 
TLR4 expression level and the highest NF-κB p65 phosphorylation 
level in THP-1 cells .An intragroup comparison of the obese groups 
with or without metabolic disorders revealed that an increased serum 
incubation after 48h resulted in enhanced or increased TLR4 mRNA 
and protein expression, intracellular NF-κB p65 phosphorylation, and 
secretion of inflammatory cytokines (TNF-α and IL-1β) in the THP-1 
cells incubated with sera from OHG and OTD (p < 0.05). 

The expression level of TLR4, NF-B p65, IL-1β and TNF-α 
after pretreatment with the TLR4 monoclonal antibody

After pretreatment with the TLR4 monoclonal antibody, with 
the exception of the normal control group, TLR4 protein expression, 
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intracellular NF-κB p65 phosphorylation levels, and the secretion 
of inflammatory cytokines (TNF-α and IL-1) were all weakened or 
suppressed in the other three group.

Discussion
Obesity is a chronic inflammatory disease [20,21]. Macrophage 

infiltration is increased in the white adipose tissue of obese patients, 
and TLR4 expression is increased in adipocytes [22] and muscle tissue 
[23]. A previous study [24] has suggested direct effects of saturated 
fatty acids (SFAs) on inflammasome activation via TLR4. FFAs can 
activate the TLR4 receptors of adipocytes and macrophages, and the 
inflammatory effect of FFAs is blocked in TLR4-deficient cells [25]. In 
addition, lipopolysaccharide (LPS) inhibits beta-cell gene expression 
in a TLR4-dependent manner and via NF-κB signaling in pancreatic 
islets [26]. Inhibition of TLR4 reduces hypothalamic inflammation, 
accompanied by a reduction in hypothalamic resistance to leptin and 
improved insulin signal transduction in the liver [27]. These findings 
suggest that the TLR4 signaling pathway is activated in patients with 
obesity and that the activation of the TLR4/NF-κB signaling pathway 
might damage the function of pancreatic islet beta cells, while the 
inhibition of the TLR4 signaling pathway might improve insulin 
signal transduction. Our findings suggest that obese patient-derived 
serum can induce pro-inflammatory effects by activating TLR4/NF-
κB signaling in THP-1 cells, and the effect is strongly associated with 
the degree of metabolic disorders. To explore the role of the TLR4/
NF-κB signaling pathway in the proinflammatory effect produced by 
sera from obese patients, we utilized a TLR4 monoclonal antibody to 
block the TLR4/NF-κB signaling pathway in the THP-1 monocytic 
cell line before the 48-h incubation with the obese patient-derived 

sera (Figure1, Table 2), followed by measurement of the levels of the 
inflammatory cytokines TNF-α and IL-1β in the culture supernatant. 
Both TNF-α and IL-1β levels were decreased (Table 2), suggesting that 
the TLR4/NF-κB signaling pathway plays a relatively important role 
in the pro-inflammatory effect on THP-1 cells produced by sera from 
obese patients with or without metabolic disorders.

TLR4 is type 1 transmembrane protein; the basic function is 
transmembrane conductance of the signal. TLR4 can widely specifically 
recognize Pathogen-associated molecular patterns and related 
endogenous ligand (in the case of stress, injury and non-apoptotic cell 
death, the body produces some endogenous molecules), coupled signal 
transduction pathways, active innate immune cells and inflammatory 
cells, eventually lead to a series of immune and inflammatory 
response, which can cause the synthesis and release of cytokines and 
inflammatory mediators, prompting the immune cell maturation, 
differentiation and function, involved in the body's resistance to 
infection, anti-tumor and immune and inflammatory injury. TLRs has 
many endogenous ligands [28,29]. High glucose levels can activate the 
TLR4/NF-B signaling pathway on the surface of the THP-1 monocytic 
cell line, leading to increased levels of inflammatory cytokines in the cell 
culture supernatant. Triglycerides in the serum can activate the TLR4/
NF-κB signaling pathway and increase the expression of inflammatory 
cytokines. Palmitic acid can activate TLR4 expression on the surface 
of 3T3-L1 adipocytes, resulting in increased chemokine expression. 
However, this effect can be blocked by polyunsaturated fatty acids 
[30,31]. TLR4 mediates the proinflammatory effect of angiotensin II 
(Ang II) [32]. FFAs exacerbate high glucose-induced TLR expression 
and activity in monocytic cells with excess superoxide release, enhanced 
NF-κB activity, and induced pro-inflammatory factor release [33]. The 

Figure 1: TLR4 and NF-κB phosphorylation levels induced by the serum from obese in THP-1 cells preincubated with or without TLR4 monoclonal antibody. A: normal 
control group without TLR4 monoclonal antibody; B: ONM without TLR4 monoclonal antibody; C: OHG without TLR4 monoclonal antibody; D: OTD without TLR4 monoclonal 
antibody; AI: normal control group with TLR4 monoclonal antibody; BI: ONM with TLR4 monoclonal antibody; CI: OHG with TLR4 monoclonal antibody; DI: OTD with TLR4 
monoclonal antibody. ONM: Obesity with Normal Metabolism; OHG: Obesity with Hyperglycemia; OTD: Obesity with Three Kinds of Metabolic Disorders.

 Control ONM OHG OTD
TLR4 antibody

without with without with without with without with
pretreatment
TLR4 mRNA/18s 1.03 ± 0.14 1.07 ± 0.13 1.43 ± 0.19a 1.26 ± 0.14a* 2.20 ± 0.25ab 2.62 ± 0.20ab* 2.15 ± 0.23 abc 1.44 ± 0.19 abc*
TLR4 Protein /β-actin 0.16 ± 0.05 0.15 ± 0.03 0.28 ± 0.06a 0.17 ± 0.05a* 0.40 ± 0.12ab 0.38 ± 0.12ab* 0.85 ± 0.08abc 0.19 ± 0.05 abc*
NF-κB p65 protein/β-
actin 0.16 ± 0.02 0.13 ± 0.03 0.26 ± 0.06 a 0.14 ± 0.03 a* 0.44 ± 0.05ab 0.19 ± 0.04ab* 0.86 ± 0.07abc 0.21 ± 0.08abc*

TNF-α(pg/ml) 225.79 ± 
24.29 226.82 ± 26.72 253.30 ± 31.57a 224.43 ± 26.71a* 336.34 ± 26.55ab 316.97 ± 35.75ab* 456.79 ± 19.68abc 412.87 ± 30.24abc*

IL-1β(pg/ml) 135.96 ± 
12.73 133.19 ± 16.15 253.30 ± 31.57a 132.78 ± 23.67a* 197.94 ± 16.13 183.51 ± 19.30ab* 268.74 ± 14.50abc 243.05 ± 19.72abc*

ap < 0.05 as compared with controls under the same pretreatment ; bp < 0.05 as compared with ONM under the same pretreatment; cp < 0.05 as compared with OHG under 
the same pretreatment; *p < 0.05 as compared with the same group after 48 h treatment.

Table 2: TLR4, NF-κB phosphorylation levels, TNF-α and IL-1β levels induced by the serum from obese in THP-1 cells preincubated with or without TLR4 monoclonal 
antibody. ONM: Obesity with Normal Metabolism; OHG: Obesity with Hyperglycemia; OTD: Obesity with Three Kinds of Metabolic Disorders.
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above information supports the results of this study, which indicate 
that the sera from obese patients with more compositions of metabolic 
disorders had a stronger effect in activating the TLR4/NF-κB signaling 
pathway in THP-1 cells.

We also observed that the TLR4 monoclonal antibody could 
not completely prevent the increase in the levels of released IL-1 
and TNF-α in the cell culture supernatant, suggesting that the obese 
patient-derived sera might activate other inflammatory pathways in 
addition to the TLR4 signaling pathway to increase the expression of 
inflammatory cytokines. The activation of several serine/threonine 
kinases such as JNK, protein kinase c (PKC), IκB kinase (IKK), and 
suppressors of cytokine signaling (SOCS) is observed in the adipose 
tissue of obese patients, resulting in an increase in downstream 
inflammatory cytokines [34].

In recent years, adipose tissue, particularly visceral adipose tissue, 
has been recognized as a very important endocrine organ, it can secrete 
many adipokines and cytokines. Compared to people of normal weight, 
obese patients exhibit differences in metabolites related to branched-
chain amino acids, body composition, adipokines, hormone levels, 
growth hormone axis, inflammatory cytokines, and fatty acid profile 
[35]. Significantly reduced adiponectin levels in obese patients in vivo 
can block the FFA-mediated activation of the TLR4 signaling pathway 
in monocytes. Although our study excluded the effect of infections and 
severe stress responses and matched serum FFA levels, the serum from 
the obese group with normal metabolism more strongly activated the 
TLR4/NF-κB inflammatory pathway in THP-1 cells compared with 
the non-obese group with normal metabolism (Figure 1 and Table 
2). In addition to the traditional metabolites from glucose and lipid 
metabolism, there may be other influencing factors in the sera of obese 
patients, such as hormone levels, cytokines, amino acids, and fatty 
acids, that can activate the TLR4/NF-κB inflammatory pathways in 
THP-1 cells. This hypothesis needs to be confirmed by further in-depth 
studies.

Activation of the TLR4/NF-κB signaling pathway can directly 
affect the progress of insulin-mediated signaling transduction, 
induces and aggravate insulin resistance, and cause obesity-related 
diseases (diabetes, hypertension, and dyslipidemia). It can also act 
on endothelial cells, causing endothelial cell damage and stimulating 
the proliferation of vascular smooth muscle cells and thus promoting 
the occurrence and development of atherosclerosis and vascular 
events. Therefore, inhibition of the TLR4/NF-κB signaling pathway-
dependent inflammatory reaction can reverse the development of 
insulin resistance and atherosclerosis [12,25].

In summary, our results suggest that for the prevention and 
treatment of obesity-related diseases and vascular lesions in obese 
patients, it is necessary to suppress or eliminate factors that activate the 
TLR4/NF-κB signaling pathway. Weight loss should be emphasized for 
obese patients with a normal metabolism, while for obese patients with 
metabolic disorders; existing metabolic disorders should be treated 
[36] in addition to weight loss [28].
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