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Lipopolysaccharide-induced cytokine expression pattern in
peripheral blood mononuclear cells in childhood obesity

YU WU, BIN YUE and JIALIU

Department of Pediatrics, Cangzhou Central Hospital, Cangzhou, Hebei 061001, P.R. China

Received July 17, 2015; Accepted August 1, 2016

DOI: 10.3892/mmr.2016.5866

Abstract. Obesity is characterized by the abnormal or exces-
sive fat accumulation that may impair health and extensive
increase in body mass index (BMI). Childhood obesity may
occur due to disturbances in metabolic regulation, which lead
to metabolic syndrome and other diseases. Peripheral blood
suspended immune cells are responsible for immune surveil-
lance. The aim of the present study was to map the inflammatory
cytokine expression pattern of isolated peripheral blood mono-
nuclear cells (PBMCs) following lipopolysaccharide (LPS)
stress in vitro and clinical chemistry parameters in the plasma
of subjects. PBMCs were isolated through density gradient
ultracentrifugation of the blood from obese infants that would
reflect the cytokine response. Isolated PBMCs were cultured
in vitro in RPMI-1640 medium and stressed with 1 yg LPS in
order to investigate the expression pattern of cytokines, such as
interleukin (IL)-2, interferon (IFN)-y, IFN-a, tumor necrosis
factor-a and IL-6 using enzyme-linked immunosorbent assays
and reverse transcription-quantitative polymerase chain
reaction. Levels of NO, lipid levels, total protein, albumin,
marker enzymes aspartate transaminase and alanine trans-
aminase, malondialdehyde (MDA), and reduced glutathione
in the plasma were detected. Reduction in the expression of
the inflammatory cytokines in PBMCs, reduced protein and
globulins, and altered MDA and GSH levels in the plasma were
observed. Altered or compromised pro-inflammatory signals
from PBMC:s in vitro and the clinical chemistry parameters
of the plasma suggested that there were compromised immu-
nological responses in obese children compared with matched
controls.
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Introduction

Obesity (OB) is a risk factor for various metabolic disorders
and diseases, such as type II diabetes, hypertension, cardio-
vascular disease and pulmonary diseases (1,2). Development
of metabolic syndrome is highly associated with childhood
OB (3). Metabolic syndrome is a collection of risk factors
associated with the development of type II diabetes and
cardiovascular diseases (4). Dyslipidemia can lead to cardio-
vascular diseases (5) and studies have documented that obese
children tend to become obese adults (6). OB also elevates
the risk of viral infections and influenza (7), and defects in
host defense in response to mycobacterial, amoeba and fungal
infections (8,9). A decreased inflammatory state observed in
obese children with decreased cytokine production may lead
to various complications associated with OB (10).

Peripheral blood mononuclear cells (PBMCs) are the
sentinels of the innate immune system (11) and include mono-
cytes, natural killer (NK) cells, and T and B lymphocytes (12).
Lipopolysaccharide (LPS) derived from gram negative bacteria
is a danger signal recognized by PBMCs. Detection of LPS
results in transcriptional responses involving the expression
of immunological and inflammation-related genes that serve
to clear the infection (13). A previous study demonstrated
that stimulated PBMCs that are macrophage precursors may
contribute to the secretion of cytokines leading to systemic
inflammation (14). Peripheral blood-related immunological
cells serve as a surveillance body to identify invading
microbes (11). Patients with asthma suffer more persistent and
severe lower respiratory tract symptoms with decreased gene
expression and/or synthesis of interferon (IFN)-a, IFN-f and
IFN-M in epithelial cells and alveolar macrophages (15,16).
PBMCs isolated from asthmatic children were reported to
secrete less IFN-a following in vitro single stranded viral
exposure (17), due to reduced function of toll-like receptor
(TLR)-7 (18). Interleukin (IL)-1p, IL-8 and nuclear factor
(NF)-xB are interrelated genes that are highly associated
during expression in LPS intoxication (13). In OB, increased
levels of pro-inflammatory cytokines, namely tumor necrosis
factor-a (TNF-a) and IL-6, were observed, which can lead to
metabolic syndrome (19) and insulin resistance (20). In addi-
tion, higher expression of TLRs and inflammatory cytokines
were observed in overweight subjects who were susceptible
to metabolic syndrome (21). A positive correlation was
observed between levels of IL-6 and TLR-4 in the serum and
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monocytes (21). Activation of the TLR signaling cascade in
PBMCs may lead to the secretion of a number of cytokines
resulting in systemic inflammation (14).

The present study conducted ex vivo stimulation of PBMCs
with LPS to demonstrate the expression pattern of inflamma-
tory cytokines in subjects with childhood OB.

Materials and methods

Study design. Children with OB symptoms who admitted to
the Cangzhou Central Hospital between January 2014 and
April 2015 were screened for this study. Based on body mass
index (BMI) calculated using the formula: Weight (kg)/height
(m)?, lipid profile (LP) status, plasma marker enzymes [aspar-
tate transaminase (AST) and alanine transaminase (ALT)] and
total white blood cell count in the range 6,000-8,000 cells/ul,
subjects were selected in the age group between 7 and 9 years
in the OB and non-obesity (NOB) groups. This study included
23 children (12 boys and 11 girls) in the OB group with an
age and gender matched NOB group containing 21 children
(11 boys and 10 girls). Their respective BMI was calculated
and those exceeding 95th percentile for children and teens of
the same age and sex based on World Health Organization
were categorized as obese. Informed consent was obtained
from all the subjects and their families for participation in
the study and ethical approval was obtained from the ethical
Committee of Cangzhou Central Hospital, (Cangzhou, China).

Levels of clinical chemistry parameters in subjects. Clinical
chemistry parameters total cholesterol (TC), triglycerides
(TG), high-density lipoprotein (HDL), total protein (TP) and
albumin were analyzed in a fasting (at least 10 h after dinner)
plasma sample of the subjects, prepared from 4 ml of 10 ml
venous blood, with heparin used as an anticoagulant. This
was calculated using biochemistry autoanalyzer kits from
Biosystems S.A. (Barcelona, Spain). according to the manu-
facturer's protocol using standard solutions provided with
the kits. Levels of very low-density lipoprotein (VLDL) were
calculated using the formula 0.2xTG. Levels of low-density
lipoprotein (LDL) were calculated using Friedewald's
formula (22) as follows: LDL=TC-HDL-(0.2xTG).

Assay of reduced glutathione and malondialdehyde (MDA)
in subjects. Plasma reduced glutathione levels were analyzed
according to the method of Ellman (23) and were expressed as
mg/dl. MDA was determined in plasma by the thiobarbituric
acid reaction as described by Ohkawa et al (24).

Assay of marker enzymes in subjects. Marker enzymes for
tissue damage, namely AST and ALT, were assayed in the
plasma of the subjects using enzymatic method kits (MAKO55
and MAKO052, Sigma-Aldrich; Merck Millipore, Darmstadt,
Germany) according to the manufacturer's protocols.
Absorbance was determined using a UV-VIS spectrophotom-
eter.

Isolation and culture of PBMCs. Part of the collected whole
blood was used immediately for the isolation of live and active
PBMC:s. Density gradient ultracentrifugation techniques (20)
were used for the isolation of PBMCs after treatment with
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red blood cell lysis buffer (Sigma-Aldrich; Merck Millipore).
Collected samples were centrifuged at room temperature on
Ficoll gradient for 30 min at 300 x g. The separated mono-
nuclear cell layer was twice washed with phosphate-buffered
saline (PBS) and PBMCs were cultured in RPMI-1640
medium with 10% fetal bovine serum (Equitech Bio, Inc.,
Guangdong, China), 100 U/ml penicillin and 100 pg/ml
streptomycin in a humidified carbon-dioxide incubator with
5% CO, at 37°C.

PBMC stimulation and RNA extraction. Isolated PBMCs
were seeded in a 24-well cell culture plate at a concentra-
tion of 10° cells per ml. After 18 h of seeding, 1 ug/ml LPS
(Sigma-Aldrich; Merck Millipore) was added and cells were
incubated for 24 h. After incubation, 50% of the cells were
harvested, and supernatants were collected and stored at -20°C
for cytokine analysis. Cytokine levels were determined by
enzyme-linked immunosorbent assay (ELISA), according to
the manufacturer's instructions. Other cells were treated with
TRIzol reagent (Invitrogen, Thermo Fisher Scientific Inc.,
Waltham, MA, USA) for the preparation and isolation of total
RNA for reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) amplification of cytokine gene expres-
sion. All the experiments were conducted in triplicate and
pooled samples were used for RT-qPCR analyses.

Assay of cytokines by ELISA. IL-2 (cat. no. 290063; Eton
Bioscience Inc., San Diego, CA, USA), IFN-vy (cat. no. 290051;
Eton Bioscience Inc.) and TNF-a (cat. no. 430205; BioLegend,
Inc., San Diego, CA., USA) levels were assayed using ELISA
kits that were purchased from Dakewe Biotech Company Ltd.
(Beijing, China). Manufacturer's instructions were followed
for all assays and final concentrations were calculated using
a standard plot.

Assay of IFN-a and IL-6 by RT-gPCR. Total RNA was
extracted using an RNA extraction kit (Roche Diagnostics,
Basel, Switzerland) from isolated PBMCs and the quality
was measured spectrometrically and the ratio was found to
be between 1.8 and 2.0 at 260/280 nm. After quantification,
200 ng isolated total RNA was used to construct cDNA by
reverse transcription (RT) using an RT kit (Roche Diagnostics).
DNAse (Roche Diagnostics) was added for the removal of
DNA traces. Using synthesized cDNA as a template, rela-
tive quantification (AACq) (25) of target genes was done in a
RT-qPCR using SYBR premix reagents (Applied Biosystems,
Thermo Fisher Scientific, Inc.). All the protocols were followed
according to the manufacturer's instructions. glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as a control
gene. Thermocycling conditions were as follows: 94°C for 5
sec of denaturation; 55°C for 5 sec for annealing and 60°C
for 30 sec for extension at 40 cycles. Primers for IFN-a,
IL-6 and GAPDH were purchased from Shanghai Sangon
Biotechnology Co., Ltd. (Shanghai, China).

Assay of NO.NO in the biological samples was measured indi-
rectly by measuring the nitrite level in a spectrophotometer at
540 nm based on the Griess reaction, according to a previous
method (26). A standard curve was plotted using various
concentrations of potassium nitrite.
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Figure 1. BMI in NOB and OB groups of children. Results are presented as
the mean * standard deviation. "P<0.05, compared with the NOB group. BMI,
body mass index; NOB, non-obesity; OB, obesity.

Statistical analysis. Statistical analysis was conducted using
one-way analysis of variance followed by lest-significant
difference post-hoc test using SPSS version 14.0 (SPSS, Inc.,
Chicago, IL, USA). Data are presented as the mean + standard
deviation. P<0.05 was considered to indicate a statistically
significant difference.

Results

BMI. BMI is an index to calculate the severity of obesity.
Subjects are considered obese if BMI>30. A 52.5% increase in
BMI was observed in the OB group (Fig. 1) compared with the
matched controls in the present study.

Plasma levels of clinical chemistry parameters. Significantly
elevated levels of TC, TG, LDL and VLDL were observed
(Table I) and accounted for 33.0, 58.5, 59.8 and 25.7%, respec-
tively. Conversely, a 12.95% decrease in the level of HDL was
observed in the OB group compared with the NOB group
(TableI). Similarly, a 10.15% decrease in TP and a 9.94% increase
in albumin levels were observed in the OB group compared with
the NOB group that showed a significant decrease in globulin
level in the OB subjects (Table IT). Levels of plasma lipid peroxi-
dation (LPO) and reduced glutathione (GSH) are presented in
Table III. Levels of plasma LPO and reduced GSH from LPS
exposed cells was quantified via method described previ-
ously (27). An 18.97% increase in LPO and 23.09% decrease in
GSH levels were observed in the OB group compared with the
NOB group. No significant difference was identified in the levels
of ALT and AST in these groups (Fig. 2).

Protein expression of cytokines. Ex vivo stimulation of PBMCs
led to secretion of cytokines into the culture medium. In the
OB group, the levels of secretion of the cytokines TNF-a, IL-2
and IFN-y were significantly altered compared with that of the
NOB group (Figs. 3-5). A 27.15 and 12.28% decrease in the
levels for TNF-a and IFN-v, respectively; and an increase of
16.75% was observed in the IL-2 level. Furthermore, a signifi-
cant decrease in the NO level (13.51%) was observed in the OB
group compared with the NOB group (Fig. 6).

Cytokine levels detected by RT-qPCR. RT-qPCR was
conducted to determine the mRNA expression of IFN-a and
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Table I. Levels of lipid profile parameters in NOB and OB
groups.

Parameter (mg/dl) NOB OB
Total cholesterol 131.4+15.3 174.8+13.9*
Triglycerides 80.319.4 127.3£15.4*
VLDL 159+19 25.4+3.1*
LDL 82.6+74 103.8+10.6
HDL 52.5+4.3 45.7+4.1*

Results are presented as the mean =+ standard deviation. *P<0.05, com-
pared with NOB. NOB, non-obesity; OB, obesity; VLDL, very-low
density lipoprotein; LDL, low density lipoprotein; HDL, high density
lipoprotein.

Table II. Levels of total protein, albumin in NOB and OB
groups of children.

Parameter (g/dl) NOB OB
Total protein 7.98+0.64 7.17+£0.52°
Albumin 3.62+0.26 3.98+0.22°

Results are presented as the mean + standard deviation. *P<0.05,
compared with the NOB group. NOB, non-obesity; OB, obesity.

Table III. Levels of plasma LPO and glutathione in NOB and
OB groups of children.

Parameter NOB OB
LPO (nM TBARS/I) 332+2.7 39.5+3.4
GSH (mg/dl) 459+6 .4 35.3+2.8%

Results are presented as the mean + standard deviation. *P<0.05, com-
pared with the NOB group. NOB, non-obesity; OB, obesity; TBARS,
thiobarbituric acid reactive substances; LPO, lipid peroxidation;
GSH, glutathione.

IL-6 (Fig. 7A-C) in NOB and OB groups. A 72 and 64%
decrease in the expression levels of IFN-a and IL-6 was
observed in the OB group compared with the NOB group.

Discussion

Oxidative stress was shown to induce the expression of
pro-inflammatory cytokines, such as TNF-a (27). In host
tissues, overproduction of superoxide radicals is associated
with diseases, such as cancer and chronic degenerative
diseases (28). Conversely, production of reactive oxygen
species (ROS) in a minimal levels could lead to the acti-
vation of physiological modulations than inducing toxic
effects (29). In the present study, a compromise in the
reducing capacity of the plasma of the subjects, evidenced
by decreased glutathione levels and elevated MDA levels,
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Figure 2. Activities of plasma marker enzymes in NOB and OB groups.
Results are presented as the mean + standard deviation. NOB, non-obesity;
OB, obesity; ALT, alanine transaminase; AST, aspartate transaminase.
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Figure 3. Levels of TNF-a in NOB and OB groups. Results are presented
as the mean + standard deviation. "P<0.05, compared with the NOB group.
TNF-a, tumor necrosis factor-a; NOB, non-obesity; OB, obesity.
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Figure 4. Levels of IL-2 in NOB and OB groups of children. Results are
presented as the mean =+ standard deviation. Statistical significance: "P<0.05,
compared with the NOB group. NOB, non-obesity; OB, obesity; IL-2, inter-
leukin-2.
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depicts the reduced ability of obese subjects to combat
infections.

LPS is a potent stimulant that elicits an innate immune
response (30). LPS-induced immunological responses mimic
the generalized immune response during sepsis (31). The
LPS-induced immune response during sepsis profoundly
reduces the synthesis of muscle protein in adult animals (32).
Septicemia or acute bacterial intoxication may downregulate
gene expression involved in protein synthesis (33). A decreased
level of total protein in the obese children may underlie the
increased risk of infection, and infection may result in an even
greater decrease in muscle. Furthermore, increased albumin
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Figure 5. Levels of IFN-y in NOB and OB groups. Results are presented
as the mean = standard deviation. "‘P<0.05, compared with the NOB group.
IFN-v, interferon-y; NOB, non-obesity; OB, obesity.
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Figure 6. Levels of NO in NOB and OB groups. Results are presented as the
mean = standard deviation. "P<0.05, compared with the NOB group. NO,
nitric oxide; NOB, non-obesity; OB, obesity.
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in the plasma may be interpreted as a decrease in globulins
that are directly involved in immune responses. Due to the
decrease in globulins, such as immunoglobulins, the defense
activities of children with OB could be compromised.

An altered lipid profile with increased total cholesterol
level was observed in the OB group. Increased cholesterol and
decreased HDL-cholesterol (HDL-C) levels could possibly
decrease the level of serum Zn (34). TGs in the serum are posi-
tively correlated with the levels of TNF-a. in monocytes (21). In
a previous study, an abnormally low level of Zn was observed
in the subjects of non-survivors of pediatric septic shock (35)
and an extensive downregulation of genes with Zn-related
genes (13). In addition, downregulation of ~23 Zn-related
genes were found in THP-1 cells subjected to LPS stress (13),
which mimics bacterial infection. Moreover, decreased serum
Se and Fe, and increased serum Cu were observed in obese
children (34). From these studies, it is evident that pediatric
OB may modulate Zn-related annotation bearing genes and
possibly favor the chances of infection compared with that in
matched controls.

Neonatal pigs and human infants are similar in
physiology and metabolism (36). Neonatal pigs exhibit a
unique response against acute inflammation when compared
with adults (37). Inflammatory responses can be mediated
by the secretion of pro-inflammatory cytokines during
acute inflammation (38). Administration of LPS or bacte-
rial peptides or related molecules could upregulate the gene
annotations and its networks associated with inflammation
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Figure 7. Expression pattern of IFN-a and IL-6 in isolated peripheral blood mononuclear cells induced with LPS in a real time quantitative PCR. (A) Relative
expression of IFN-a gene in NOB and OB group, with GAPDH as reference gene. (B) Relative expression of IL-6 gene in NOB and OB group, with GAPDH
as reference gene. (C) Melting curves for the control and reference genes. IFN-a and IL-6 LPS, lipopolysaccharide.

and chemokine-related biology (13) and is an important
inducer of cytokine secretion (39). Cytokines are important
in the immune response (38). In young populations, mono-
cytes are the source of circulating cytokines, such as TNF-a,
that are elevated in obese subjects compared with controls
and contribute to co-morbidities (21). TGs in the serum
have been positively correlated with the levels of TNF-a in
monocytes (21). The binding of LPS to its receptor complex
resulted in the activation and nuclear translocation of inter-
feron regulatory factor-3 and NF-«xB, eventually leading to
the expression of TNF-a (40). In the present study, subjects
in the NOB group secreted higher levels of TNF-a compared
with subjects in the OB group in ex vivo experiments. This
suggests compromised sensitivity and signaling of inflam-
matory responses in the OB group.

Upregulation of IL-12 and TNF-a can result in
bone-marrow dendritic cell (BMDC) proliferation, initia-
tion of a CD4* T cell response and stability of a CD4* T cell
response and a regulation in secretory peptides between DCs
and CD4* T cells. This in turn increases the secretion of IL-12
or TNF-a by BMDCs and IFN-y by CD4* T cells leading to
immune responses (41).

IFN-a is a soluble cytokine known for its antiviral and
immunotherapeutic properties by regulating a diverse set of
cytokines (42) and linking innate cell-mediated responses to
the adaptive immune response (43). LPS is a natural ligand for
the stimulated secretion of IFN-a. The immunomodulatory
effect of IFN-a against viral infection has been documented
in a previous study (41). Interferons are important in directing
antiviral effects and regulating innate and adaptive autoimmune
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systems (44). Alone or in combination with other cytokines,
IFN-a can regulate BMDCs through direct or indirect path-
ways. It can also trigger other cells, such as macrophages and
NK cells to secrete more cytokines, including IFN-a, forming
a positive feedback loop (41). IFN-a is an important inducer
of the A3 protein family, cellular DNA cytidine deaminases
that function as inhibitors of viral replication (45). IFN-vy is
produced by NK cells and at later stages by differentiated T
cells (46). In the present study, decreased expression levels of
IFN-a in the OB group compared with the NOB group demon-
strated the compromised efficiency to combat viral infections
in obese patients.

IL-2 is a pleiotropic cytokine that acts on T-cells (47),
B-cells (48) and NK cells (49). IL-2 is an important cytokine
that promotes IFN-y production (50) and affects Th-1, Th-2,
T-reg and Th-17 cell differentiation to control responsiveness
to a range of cytokines after antigen exposure (51). A signifi-
cant increase in IL-2 was identified in the OB group compared
with the NOB group, with the NOB group that confirmed the
role of IL-2 in modulating the related cytokines.

NO is an important physiological messenger molecule
of immunological cells (52). NO mediates malarial toler-
ance in endemic populations demonstrated by increased NO
production in children with asymptomatic-malaria compared
with children with severe malaria (53). Exogenous NO
supplementation downregulates the production of TNF-a by
polymorphonuclear leukocytes (PMNs) from patients with
type II diabetes following LPS stimulation and modulation
of PMNs response to infection may be dependent upon NO
bioavailability (54). IFN-y could also modulate NO production
in certain tumors and decreased production of nitrite could
direct the cells to be more prone to apoptosis (55). IFN-vy is
a highly potent inducer of NO in older patients (56). As more
evidence has been published in previous studies (55,56), it
could be concluded that IFN-vy could induce NO production in
the population. In the present study, a decreased level of NO
production could be partially due to the significantly decreased
IFN-vy level in the OB group, which could be correlated from
a decreased response of PBMCs in LPS stimulation (Fig. 5).
These results support that obesity in children could influence
the immunological responses during infection that could lead
to life threatening fatal effects.

In conclusion, the present study has indicated the clear
linkage between status of immune system with obesity and
proper action plan is vital to prevent any mishaps in near
future.
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