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Abstract. - OBJECTIVE: To investigate the
role of Toll-like receptor-4 (TLR4) in the free fatty
acids (FFAs) induced human umbilical vein en-
dothelial cells (HUVECSs) inflammation and to ex-
plore the underlying mechanisms.

MATERIALS AND METHODS: HUVECs and
HEK293 cell lines were obtained from Shang-
hai Type Culture Collection. Cell counting Kkit-
8 (CCKS8) and flow cytometry (FCM) were per-
formed to examine the cell viability and apopto-
sis rate of HUVECs induced by FFAs treatments
with or without infection of toll-like receptor-4
interference (TLR4i) adenovirus. Enzyme-linked
immunosorbent assay (ELISA) was performed
to evaluate the inflammatory cytokines release.
Quantitative polymerase chain reaction (qPCR)
and Western Blot (WB) were used to test the mo-
lecular mechanisms of inflammation.

RESULTS: FFAs induced inflammatory re-
sponses in HUVECs via modulating the TLR4
receptor complex. TLR4i adenovirus interfer-
ence increased cell viability and decreased cell
apoptosis rate. FFAs treatments significantly
increased the expressions of inflammatory cy-
tokines interleukin-6 (IL-6), interleukin-8 (IL-8),
C-C motif chemokine ligand 5 (CCL5) and CXC
chemokine ligand 10 (CXCL10), while TLR4i ade-
novirus interference significantly reduced these
cytokines levels. TLR4-mediated myeloid differ-
ential protein-88 (MyD88) expression activating
the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB) and inhabiting kap-
pa B kinase-beta (IKK-B). TLR4i adenovirus in-
terference decreased the expressions of these
genes at both mRNA level and protein level.

CONCLUSIONS: TLR4 mediates FFAs induced
inflammatory responses in HUVECs. TLR4 inter-
ference in HUVECSs significantly reduces the in-
flammatory cytokines expression, decreases the
cell apoptosis rate and increases cell viability.
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Introduction

Obesity is becoming a global health issue,
especially in most industrialized countries. The
epidemic of obesity is closely related with the
increased occurrence of cardiovascular and met-
abolic diseases'. Moreover, the accumulated ad-
ipose tissue is also a main source of inflamma-
tion*3. This explains the endurance of sub-health
status in obesity. Studies*’” have shown that obe-
sity is associated with the prevalence of bone and
joint diseases, especially arthritis. Other than
the increased mechanical stress and pressure on
joints caused by obesity, inflammation mediated
by obesity is also one of the most important caus-
ative factors®. Studies have shown that rheumatic
diseases can be regulated by cytokines secreted
from adipocytes®. The level of free fatty acids
(FFA) released from adipose tissue is a great
marker of obesity in individuals. The elevated
level of FFAs in the serum has been shown to
be detrimental to various target organs, such as
pancreatic islets, liver, and skeletal muscle’!'.
The plasma FFAs levels are elevated in most
obese people due to an increased release of FFAs
from the enlarged and stressed adipose tissues
and decreased FFAs clearance'”'*. FFAs promote
macrophage infiltration and stimulate infiltrated
macrophages to release high levels of pro-inflam-
matory cytokines, such as monocyte chemotactic
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protein 1 (MCP-1), tumor necrosis factor-o (TN-
Fa) and interleukin-1§ (IL-1B)"*'". Meanwhile,
these cytokines enhance macrophage infiltration
and pro-inflammatory cytokines secretion, and
induce adipocyte insulin resistance in a paracrine
fashion'®. Endothelial progenitor cells (EPC)
and endothelial cells can also be affected in obe-
sity?*?2. The role of endothelial cells is mainly
associated with vasculogenesis, the formation of
blood vessel wall and the maintenance of blood
vessel integrity and permeability. The circulating
endothelial cells (CECs) are biomarkers of poten-
tial injuries or vascular dysfunction. CECs can be
created by various factors including mechanical
stress, lack of endothelial cells-membrane inter-
action, adhesion dysfunction and inflammation.
This represents the basic pathological process
of the diseases, such as cardiovascular diseases.
Besides, FFAs can also cause the apoptosis of
endothelial cells, human umbilical vein endothe-
lial cells (HUVECs), human retinal endothelial
cells (HRECs), human aortic endothelial cells
(HAECs) and EPCs*. Toll-like receptors (TLRs)
are a group of proteins that play crucial roles in
the innate immune system?. TLRs are usually
expressed on immune cells such as dendritic cells
(DCs) and macrophages, which are responsible
for recognizing various kinds of pathogens and
activating immunological responses. The TLRs
can be divided into 13 subtypes, from TLRI to
TLR13. Among these subtypes, TLR4 is well
known for its recognition of lipopolysaccharide
(LPS), which is a symbol of gram-negative bac-
teria. TLR4 is expressed in most of the cells in
human. TLR4 receptor complex is composed
of CD-14, an accessory protein and MD-2. In
the presence of LPS, the TLR4 receptor com-
plex recruits myeloid differentiation factor-88
(MyD88). The MyD88 activates NF-kB and
IKK-B, which in turn activate interleukin-1 re-
ceptor-associated kinase (IRAK) that ultimately
induces the expression of various inflammatory
cytokines. Studies?* have shown that FFAs can
also interact with TLR4, leading to its activation
or inhibition, which is crucial in some rheumatic
diseases, such as rheumatoid arthritis (RA). We
investigated the effects of FFAs/TLR4 interac-
tion in HUVECs. FFAs can induce endothelial
cell apoptosis; however, no study has been per-
formed on the link between FFAs and inflamma-
tion. We suggested that TLR4 could increase the
inflammation responses in the presence of FFAs,
which might be responsible for the vascular
damage caused by obesity.
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Materials and Methods

Reagents and Cell Lines

Dulbecco’s Modified Eagle Media (DMEM)
and fetal bovine serum (FBS) were purchased
from Gibco (Rockville, MD, USA). Penicil-
lin-streptomycin solution was purchased from
HyClone (Shanghai, China). HUVECs and
HEK?293 cell lines were obtained from Shang-
hai Type Culture Collection (Shanghai, Chi-
na). FFAs replaced by palmitic acid for FFAs
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Antibodies against MyD88, NF-«xB,
IKK-B and B-actin were purchased from Santa
Cruz (Santa Cruz, CA, USA). Cells were all cul-
tured with Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin
and incubated at 5% CO, and 95% humidity if
not specified in the text.

Adenovirus Vector Generation
and Infection

HUVECs were infected with constructed ad-
enovirus (Gene Chem Life Technologies, Shang-
hai, China) to inhibit TLR4 expression. Adenovi-
rus vector was transfected into HUVECs using
the Lipofectamine 2000 transfection reagent (In-
vitrogen, Carlsbad, CA, USA). Virus expressing
only green fluorescent protein (GFP) was used
as the blank control group. Infected cells were
selected in medium containing 1 mg/mL puromy-
cin after three rounds of infection (6 hours each)
in the presence of polybrene (Sigma-Aldrich, St.
Louis, MO, USA).

CCK-8 Cell Proliferation and Viability Assay

HUVECs were seeded (2 x 10° per well) into
96-well plates and cultured overnight. Culture
medium was removed the next day and replaced
with fresh medium containing different dosages
of FFAs. Cell proliferation and viability were
evaluated on day 1 and day 2 using cell counting
kit-8 (CCKS8, Dojindo Laboratories, Shanghai,
China). The cells were treated with CCK-8 solu-
tion for 4 h, washed twice with phosphate-buff-
ered saline (PBS) (PH7.2), and incubated at 37°C
for 1 to 4 h. OD values were measured at 450 nm
using a 96-well plate reader (Bio-Rad, Hercules,
CA, USA).

Flow Cytometry Cell Apoptosis Assay
FFAs induced HUVEC apoptosis was detected
by flow cytometry cell apoptosis assay. The sam-
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ples were quantified on a Becton Dickinson flow
cytometer (BD Biosciences, Franklin Lakes, NJ,
USA) using 488 nm excitation and a 600 nm band
pass filter. Ten thousand cells in each sample
were analyzed. The percentage of apoptotic cells
accumulating in the sub-Gl peak was calculated
by Cell Quest software.

Enzyme-linked Immunosorbent
Assay (ELISA)

Levels of murine 1L-6, 1L-8, CCL5 and CX-
CLI10 in the culture supernatants were measured
by ELISA Kit (Abcam, Shanghai, China). The
culture supernatants were collected and added
to the 96-well plates that were pre-coated with
IL-6, IL-8, CCLS5 or CXCLI10 polyclonal anti-
body. The samples were immunosorbented by
biotinylated polyclonal anti-human IL-6, IL-§,
CCL5 or CXCLI10 antibody at room temperature
for 2 hours. The color development was catalyzed
by horseradish peroxidase (HRP) and terminated
with 2.5 mol/L sulfuric acid. The absorption was
measured at 450 nm. The protein concentration
was determined by comparing the relative absor-
bance of the samples with the standards.

qPCR

Total RNA was isolated using TRIzol reagent
(Life Technologies, South Logan, UT, USA).
Reverse transcriptase and oligo(dT) primer
were used to prepare cDNA from 1 pg of RNA
according to the manufacturer’s instructions
(TaKaRa, Dalian, Liaoning, China). 2 ul of
each cDNA were used for PCR amplification
using primers for MyD88, NF-xB, IKK-f, IL-
6, IL-8, CCL5 and CXCL10. The mean cycle
threshold (Ct) value for each individual assay
was calculated from triplicate measurements
and mean Ct values calculated for MyDSS,
NF-xB, IKK-B, IL-6, IL-8, CCL5 and CXCL10

Table I. Primer sequences for qPCR.

were normalized by subtraction from the Ct
values obtained for the housekeeping reference
B-actin (Table I).

Western Blot

The proteins were extracted from the cultured
cells using radioimmunoprecipitation assay (RI-
PA) lysis buffer (1% NP40, 0.1% SDS, 100 pg/
ml phenylmethylsulfonyl fluoride, 0.5% sodium
deoxycholate, in PBS) on ice. The supernatants
were collected after centrifugation at 12000
x g for 20 min at 4°C. Protein concentration
was determined by using a BCA protein assay
kit (Bio-Rad, Hercules, CA, USA). The ly-
sates were mixed with 4 x SDS loading buffer
(125 mmol/l Tris-HCI, 4% SDS, 20% glycer-
ol, 100 mmol/L DTT, and 0.2% bromophenol
blue) at a ratio of 1:3. Samples were heated at
100°C for 5 min, and then separated on sodium
dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE). The separated proteins
were transferred to a polyvinylidene difluoride
(PVDF) membrane. The membrane blots were
incubated with primary antibodies, including
anti- MyD88 (1:1000), anti- NF-kB (1:1000),
anti-IKK-f (1:1000) or anti-B-actin (1:1000).
B-actin was used as a protein loading control.
The membranes were washed and incubated
with horseradish peroxidase(HRP)-conjugated
anti-rabbit secondary antibodies (Jackson Im-
munoResearch Labs, West Grove, PA, USA).
The autoradiograms were prepared using the
enhanced chemiluminescent system to visualize
the protein bands. The signals were recorded us-
ing X-ray film. Images shown in the figures were
the representative from 5 repeats. Densitometry
of Western blots was quantified with NIH ImagelJ
software (Bethesda, MA, USA). The protein lev-
els were first normalized to loading controls, and
then normalized to experimental controls.

Primers Forward Reverse Tm (°C)
IL-6 5’-GCTTACCAGGCAACAT-3’ 5’-CTGGCACCAGAAACGA-3’ 59
IL-8 5’-ACCCGAAGCGGACATT-3’ 5’-GGCATCTCCCTGAACG-3’ 61
CCLS 5’-AGATGGAGATTTCTGATGGTCCTC-3’ 5>-CTTGCTTAGTTTCTTGTCTGGTGG-3’ 60
CXCLI10 5’ TACCCACCTCAGACAACAGCACC-3’ 5’-ATCCCCAATCAGAAAACCAGCAC-3’ 60
MyDS88 5’-AGATGG ACCTCGGGAG-3’ 5’-ATCAAT CACGCACGATTT-3’ 58
NF-kB 5’-CTTGCTTAGT TGGTCCTC-3’ 5’-ACCCGAAG AGAAACGA-3’ 60
IKKp 5’-AGCAAAGAAGACAGGGAG-3’ 5’-CAGCGTCAAACAAAGG-3’ 61
B-actin 5> TCCCTGTATGCCTCTG-3’ 5’-ATGTCACGCACGATTT-3’ 61

MyD88: Myeloid differentiation factor-88; NF-kB: NF-kappaB; IKK-f: IKK-beta.
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Statistical Analysis

All data were analyzed by SPSS 13.0 (SPSS
Inc., Chicago, IL, USA) software and the results
were showed as mean + SD. A one-way ANOVA
or Student’s 7-test was used to assess statistical
significance, with p < 0.05 being regarded as
significant.

Results

FFAs Treatment Decreased Cell Viability
and Increased Cell Apoptosis Rate

HUVECs were treated with different dos-
ages of FFAs for 24 h or 48 h, respectively.
Cell viability was evaluated by CCK-8 at the
two time points. The results showed that the
cell viability of HUVECs treated with 300 pM
FA As was decreased at 24 h (p < 0.05). At 48
h, HUVECs treated with all different dosag-
es of FAAs (100 uM, 200 pM and 300 pM)
showed significant decrease in cell viability (p
< 0.05) (Figure 1A, 1B). FCM was performed
to test the effects of FFAs on the apoptosis of
HUVECs (Figure 1C, 1D). Cells were cultured
for 24 h with or without FFAs (100 uM). The
results showed that both the early (24 h) cell
apoptosis rate and the late (48 h) cell apoptosis
rate were increased by FFAs treatment (p <
0.05) (Figure 1E, 1F).

TLR4 Interference Reversed the
Negative Effects of FFAs on HUVECs

To investigate the role of TLR4 in the in-
flammatory response of HUVECs, adenovirus
carrying the inhibitory sequence to TLR4 was
constructed. Cells were first infected with the
constructed adenovirus and then divided into
three groups: 100 pM FAAs treatment group,
200 uM FAAs treatment group and 300 puM
FA As treatment group. The infected cells were
then cultured for 24 h or 48 h for cell viability
test. The CCK-8 results showed that HUVECs
infected with TLR4i adenovirus did not have
significant alterations in the cell viability at
both 24 h and 48 compare to the control group
(Figure 2A, 2B). We also performed FCM to test
the cell apoptosis rate of HUVECs infected with
TLR4i adenovirus (Figure 2C, 2D). Consistent
with the results of cell viability test, TLR4i ade-
novirus decreased both early and late cell apop-
tosis rate induced by FFAs (100 M) treatments
(Figure 2E, 2F).
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FFAs Treatment Enhanced
Pro-Inflammatory Cytokines Expression

To further explore the change in HUVECs
inflammatory responses, ELISA was performed
to test the release levels of 1L-6, 1L-8, CCL5
and CXCLI10. The results showed that FFAs
treatments (100 uM, 200 puM and 300 puM)
significantly increased the release of CCLS5 in
HUVECs (p < 0.05) (Figure 3A). The release
level of CXCLI10 altered significantly only after
300 uM of FFAs treatment (p < 0.05) (Figure
3B). The release levels of IL-6 and IL-8 were
significantly increased by FFAs treatments at all
concentrations (100 uM, 200 uM and 300 pM)
(p < 0.05) (Figure 3C, 3D). We also performed
gqPCR to test the mRNA expression levels of
these genes. The relative mRNA expression lev-
els of 1L-6, IL-8, CCL5 and CXCL10 were all
increased by FFAs treatments (Figure 3E-3H);
however, FFAs treatments at 100 uM did not sig-
nificantly change the mRNA expression levels
of CXCLI10 and IL-8 (Figure 3F, 3H).

TLR4 Interference Inhibited
Pro-Inflammatory Cytokine
Expressions Induced by FFAs

To investigate the role of TLR4 in the release
levels and mRNA expression levels of IL-6,
IL-8, CCL5 and CXCL10, HUVECs were in-
fected withTLR4i adenovirus. The infected cells
were divided into three groups: 100 uM FAAs
treatment group, 200 uM FA As treatment group
and 300 uM FAAs treatment group. ELISA was
performed to test the release levels of 1L-6, 1L-8,
CCL5 and CXCLI10. The results showed that TL-
R4i adenovirus infection significantly decreased
the levels of IL-6, IL-8, CCL5 and CXCL10 with
different dosages of FFAs treatments (p < 0.05)
(Figure 4A-4D). qPCR results indicated that the
relative mRNA expression levels of these four
genes were all down-regulated by the TLR41 ade-
novirus infection (Figure 4E-4H), which suggest-
ed that TLR4 receptor complex played a crucial
role in the inflammatory response of HUVECs.

TLR4 Interference Inhibited MyD88,
NF-kB and IKK-f Over-Expression
Induced by FFAs

To investigate the underlying molecular mech-
anisms, we measured the level of TLR4 down-
stream signaling molecules. The WB results
showed that MyD88 expression was increased by
FFAs treatment at concentrations of 100 uM and
200 puM. The increase of MyD88 was reversed
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Figure 1. FFAs treatment decreased cell viability and increased cell apoptosis rate in HUVECs. {AJHUVEC:s cell viability after
FFAs treatment (100 uM, 200 uM and 300 uM) for 24 h. /B) HUVECs cell viability after FFAs treatment (100 uM, 200 uM and
300 uM) for 48 h. (C) FCM analysis of HUVECs apoptosis at 24 h post FFAs treatment. /D) FCM analysis of HUVECs apoptosis
at 48 h post FFAs treatment. (E) Quantitative analysis of early HUVECs apoptosis rate (24 h). (F] Quantitative analysis of late
HUVECs apoptosis rate (48 h). Data in the figures represent mean + SD (n = 3). *p < 0.05.

by TLR4i adenovirus infection. The changes in
NF-kB and IKK-f protein levels were similar to
MyD88 (Figure 5A). Quantitative analysis showed
that MyD88, NF-kB and IKK-f expressions were
significantly increased compared to the control
group, while the adenovirus infection signifi-
cantly decreased the level of these proteins (p <
0.05) (Figure 5B-5D). The mRNA expressions
of MyD88, NF-kB and IKK-B were significantly

increased (Figure SE-5G), which were consistent
with the WB results, indicating the interaction of
FFAs and TLR4 in the inflammation responses.

Discussion

We demonstrated that FFAs treatments induced
HUVECs apoptosis and increased TLR4-mediat-
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Figure 2. TLR4 interference
reversed the negative effects
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Figure 3. FFAs treatment enhanced pro-inflammatory cytokine expressions. fA) ELISA assay of CCL5 release level in
HUVECs treated with FFAs. (B) ELISA assay of CXCLIO release level in HUVECs treated with FFAs. (C) ELISA assay of
IL-6 release level in HUVECs treated with FFAs. (D) ELISA assay of IL-8 release level in HUVECs treated with FFAs. (E)
Relative mRNA expression level of CCLS. (F) Relative mRNA expression level of CXCL10. (G] Relative mRNA expression
level of IL-6. (H) Relative mRNA expression level of IL-8. Data in the figures represent mean + SD (n = 3). *p < 0.05.
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ed inflammatory responses, and TLR4 interfer-
ence significantly reversed these effects. Obesity
has become a worldwide health concern because
of the negative consequences caused by the early
onset of obesity in young children®. The in-
creased body mass index (BMI) is closely related
to the increased risk of cardiovascular diseases
and diabetes. The prevalence of coronary heart
disease (CHD) and ischemic stroke is also in-
creased in people with obesity*>?”. Obesity can
also increase the overall mortality rate; therefore,
detailed pathogenesis of obesity-induced diseases
is worth studying. FFAs, also called uncombined
fatty acids or FFAs, are the products of triglycer-
ide breakdown. FFAs are insoluble in water and
they are bound to plasma protein albumin for
transportation. The FFAs levels in plasma are
elevated in most obese people because of the
increased release of FFAs from the enlarged
and stressed adipose tissues and decreased FFAs
clearance®?". Once the FFAs levels are elevated
in the circulation system, FFAs will inhibit in-
sulin’s antilipolytic action and the level of FFAs
will be further increased®. In this work, we
focused on the effects of FFAs treatment on the
inflammatory responses in HUVECs. Previous
researches have reported that non-esterified fatty
acids could modify the inflammatory response
and eicosanoid biosynthesis in bovine endothe-
lial cells®. The increase of FFAs level is related

with the insulin resistance and inflammation in
HUVECs. The results showed that FFAs could
induce endothelial cell apoptosis. The functional
relationship between inflammation and apoptosis
is complex and is related to different stimuli and
cell line types. Pro-inflammatory cytokines play
important roles in cellular apoptosis in inflamma-
tory diseases. A study** showed that ectopically
expressed NLR family CARD domain-contain-
ing protein 4 (NLRC4) and apoptosis speck-like
protein (ASC) in HEK293T cells induce apopto-
sis, in which NLRC4 and ASC form a complex to
recruit endogenous caspase-8 and induce apopto-
sis. Caspase-8 is associated with inflammasome
responses. In addition to its role in mediating in-
flammasome-associated apoptosis, caspase-8 also
mediates transcriptional upregulation of pro-IL1J3
in response to TLR4 engagement, hence serving
as a checkpoint for efficient inflammasome-in-
duced cytokine responses®. The interaction of
pro-inflammatory cytokine activation and cell
death was further elucidated by research showing
that the extrinsic apoptotic caspase, caspase-8 or
caspase-1, directly processed pro-inflammatory
cytokines, activated the NLRP3 inflammasome,
or bound to inflammasome complexes to in-
duce apoptotic cell death**. Meanwhile, apoptosis
promotes inflammatory cytokine expressions by
the interaction of multiple genes and signaling
pathways. Apoptosis-inducing signaling com-
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Figure 5. TLR4 interference inhibited MyD88, NF-xB and IKK-f over-expressions induced by FFAs. (A) Representative
WB images of MyD88, NF-kB, IKK-f and actin. (B} Quantitative analysis of MyD88 expression against actin. (C)
Quantitative analysis of NF-kB expression against actin. /D) Quantitative analysis of IKK-f expression against actin. (E}
Relative mRNA expression level of MyD8S. (F) Relative mRNA expression level of NF-kB. (G) Relative mRNA expression
level of IKK-f. Data in the figures represent mean + SD (n = 3). *p < 0.05 compare to control group, *p < 0.05 compare to

FFAs treated groups.

plexes activate the apoptotic initiators caspases-8
and caspases-10°°. Caspase-9-activating apopto-
some promotes oligomerization of inactive pro-
caspase-1 zymogens in inflammasomes, which
results in the proximity-induced autoactivation
of the protease®. Caspase-1 matures and releases
the pleiotropic inflammatory cytokines interleu-
kin (IL)-1PB and IL-18, thereby playing important
roles in inflammatory and immune responses®’.
Furthermore, inflammasome-induced cell death
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is increasingly recognized to the extend well
beyond caspase-1-induced pyroptosis, and en-
compasses apoptosis and pyronecrosis. Circu-
lating endothelial progenitor cells (EPCs), stem
cell-derived endothelial cells, exhibit potentials
in the treatment of cardiovascular diseases’™*.
Evidence showed that EPCs could increase the
proliferation and enhance the endothelium re-
generation in vein grafts, while the vascular
endothelial cells could repair the damaged en-
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dothelium**#*. IL-6 and IL-8 are major pro-in-
flammatory cytokines**. CCL5 and CXCLI0
are major interferon inducing factors that react
to fat metabolism*®*’. Therefore, we have chosen
IL-6, IL-8, CCL5 and CXCLI0 as detection indi-
cators after FFAs treatments in this study. TLRs
have become increasingly recognized as a link
between immune system and inflammation. En-
dothelial cells express TLRs and their activation
in the endothelial cells can trigger numerous sig-
naling pathways associated with cell activation,
pro-inflammatory cytokine release and endo-
thelial cell dysfunction***. Closely related with
innate immunological responses, TLRs are well
known to be activated by endogenous ligands
generated in tissues underwent inflammation.
TLR4, a common receptor of LPS, can be acti-
vated by FFAs, extracellular matrix components,
heat shock proteins (HSPs) and fibrinogen®*'. It
has been reported™ that TLR4 expression was
elevated in atherosclerotic plaques in human.
TLR4 activation leads to the activation of down
stream NF-xB via MyD88. This pathway is also
related with the endothelial cell injury®’. On the
contrary, deficiency of TLR4 expression in the
apo E-deficient mice reduced atherosclerosis
and plaque formation®*. Inspired by the rela-
tionship between TLR4 and endothelial cells,
we further investigated the role of TLR4 in the
FFAs induced endothelial cells inflammation.
Our results indicated that TLR4 mediates FFAs
induced chronic inflammation.

Conclusions

We demonstrated that FFAs increased apopto-
sis rate and inflammatory responses in HUVECs.
Silencing TLR4 significantly reversed the harm-
ful effects of FFAs indicating that TLR4 might
be a potential target in the treatment of FFAs
induced inflammation and damage.

Acknowledgements

This work was supported by the National Natural Sci-
ence Foundation of China (81471078, 81770860 and
81641030), State Drug Administration of TCM Clinical Re-
search Base Construction Business Research Projects No.
JDZX2012007. Shandong Province Key Research and De-
velopment Programs No. 2017CXGC1214.

Conflict of Interest
The Authors declare that they have no conflict of interests.

10)

11)

12)

13)

14)

References

CasaLLEro B. The global epidemic of obesity: an
overview. Epidemiol Rev 2007; 29: 1-5.

Jiao P, Ma J, FEng B, ZHANG H, DieHL, JA, CHIN YE,
Yan W, Xu H. FFA-induced adipocyte inflammation
and insulin resistance: involvement of ER stress
and IKKbeta pathways. Obesity (Silver Spring)
2011; 19: 483-491.

Vorre CM, Nocueira-MacHapo JA. The dual role
of free fatty acid signaling in inflammation and
therapeutics. Recent Pat Endocr Metab Immune
Drug Discov 2013; 7: 189-197.

De AnceLis G, CHen Y. Obesity among women may
increase the risk of arthritis: observations from
the Canadian community health survey, 2007-
2008. Rheumatol Int 2013; 33: 2249-2253.

HumpHREYs JH, VERSTAPPEN SM, MirRiAFARI H, Bunn, D,
Lunt M, Bruce IN, Symmons DP. Association of morbid
obesity with disability in early inflammatory polyar-
thritis: results from the norfolk arthritis register. Ar-
thritis Care Res (Hoboken) 2013; 65: 122-126.

bl Minno MN, Petuso R, IErvouiNno S, Lupoll R, Rus-
soLillo A, ScarrA R, b Minno G. Obesity and the
prediction of minimal disease activity: a prospec-
tive study in psoriatic arthritis. Arthritis Care Res
(Hoboken) 2013; 65: 141-147.

HA YJ, KanG EJ, Song JS, Park YB, Lee SK, CHoi ST.
Plasma chemerin levels in rheumatoid arthritis
are correlated with disease activity rather than
obesity. Joint Bone Spine 2014; 81: 189-190.

NEUMANN E, FROMMER KW/, VAsiLE M, MULLER-LADNER
U. Adipocytokines as driving forces in rheuma-
toid arthritis and related inflammatory diseases?
Arthritis Rheum 2011; 63: 1159-1169.

ReerIN K, StEiL GM, MitTELMAN SD, BErRGMAN RN.
Causal linkage between insulin suppression of li-
polysis and suppression of liver glucose output in
dogs. J Clin Invest 1996; 98: 741-749.

ZHou YP, GriLL VE. Long-term exposure of rat pan-
creatic islets to fatty acids inhibits glucose-in-
duced insulin secretion and biosynthesis through
a glucose fatty acid cycle. J Clin Invest 1994; 93:
870-876.

TAcHIBANA N, YAMASHITA Y, NAGATA M, WANEzAKkI S,
AsHiDA H, Horio F, KoHno M. Soy beta-conglyci-
nin improves glucose uptake in skeletal muscle
and ameliorates hepatic insulin resistance in Go-
to-Kakizaki rats. Nutr Res 2014; 34: 160-167.

Bopen G. Obesity and free fatty acids. Endocrinol
Metab Clin North Am 2008; 37: 635-646.

Bopen G, SHE P, Mozzou M, CHEuNG P, GUMIREDDY,
K, Rebpy P, XianG X, Luo Z, Rubervman N. Free fatty
acids produce insulin resistance and activate the
proinflammatory nuclear factor-kappaB pathway
in rat liver. Diabetes 2005; 54: 3458-3465.

Itant SI, RupbervAN NB, ScHmieper F, Bopen G. Lip-
id-induced insulin resistance in human muscle is
associated with changes in diacylglycerol, protein
kinase C, and lkappaB-alpha. Diabetes 2002; 51:
2005-2011.

2429



L. Chen, C.-X. Yu, B. Song, W. Cai, C. Liu, Q.-B. Guan

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Miranski M, DeGasperl G, Coore A, MoraARI J, DEenis R,
CINTRA DE, Tsukumo DM, ANHE G, AMARAL ME, TAKA-
HAsHI HK, Curl R, Ouveira HC, CARVALHEIRA JB, Bor-
DIN' S, SAAD MJ, VELoso LA. Saturated fatty acids
produce an inflammatory response predominant-
ly through the activation of TLR4 signaling in hy-
pothalamus: implications for the pathogenesis of
obesity. J Neurosci 2009; 29: 359-370.

SHI H, Kokoeva MV, Inouye K, Tzamewl I, YiN H, FLER
JS. TLR4 links innate immunity and fatty acid-in-
duced insulin resistance. J Clin Invest 2006; 116:
3015-3025.

Kim JK. Fat uses a TOLL-road to connect inflam-
mation and diabetes. Cell Metab 2006; 4: 417-
419.

Dasu MR, Devaras S, Park S, JiaLAL I. Increased toll-
like receptor (TLR) activation and TLR ligands in
recently diagnosed type 2 diabetic subjects. Dia-
betes Care 2010; 33: 861-868.

Dasu MR, JiataL I. Free fatty acids in the presence
of high glucose amplify monocyte inflammation
via Toll-like receptors. Am J Physiol Endocrinol
Metab 2011; 300: E145-154.

Kim F, PHAM M, LuUTTRELL |, BANNERMAN DD, TuPPER J,
THALER J, HAWN TR, RaIiNEs EW/, ScHwarTz MW/. Toll-
like receptor-4 mediates vascular inflammation
and insulin resistance in diet-induced obesity.
Circ Res 2007; 100: 1589-1596.

MenGHINI R, CAmPIA U, Tesauro M, MARINO A, RovEL-
LA V, RobiA G, ScHINzARI F, ToLusso B, pi DANIELE N,
Feperici M, Zou A, Ferracciour G, Carbitto C. Toll-
like receptor 4 mediates endothelial cell activation
through NF-kappaB but is not associated with en-
dothelial dysfunction in patients with rheumatoid
arthritis. PLoS One 2014; 9: €99053.

ZHU P, CHEN G, You T, Yao J, JianG Q, LiIN X, SHEN X,
Qiao Y, Lin L. High FFA-induced proliferation and
apoptosis in human umbilical vein endothelial cell
partly through Wnt/beta-catenin signal pathway.
Mol Cell Biochem 2010; 338: 123-131.

ARTWOHL M, LINDENMAIR A, SEXL V, MAIER C, RAINER
G, FrReuDENTHALER A, Huttary N, WolLztr M, Nowort-
NY P, LuGer A, BAUMGARTNER-PArRzER SM. Different
mechanisms of saturated versus polyunsaturat-
ed FFA-induced apoptosis in human endothelial
cells. J Lipid Res 2008; 49: 2627-2640.

McCormack WJ, Parker AE, O'NEiLL LA. Toll-like re-
ceptors and NOD-like receptors in rheumatic dis-
eases. Arthritis Res Ther 2009; 11: 243-250.

BastieN M, Poirier P, Lemieux |, Despres JP. Over-
view of epidemiology and contribution of obesity
to cardiovascular disease. Prog Cardiovasc Dis
2014; 56: 369-381.

Witkins K, CAmPBELL NR, JorFres MR, MCcALISTER FA,
NicHoL M, QuacH S, JoHANSEN HL, TremBLAY MS.
Blood pressure in Canadian adults. Health Rep
2010; 21: 37-46.

Porier P, GiLes TD, Brar GA, HonG Y, Stern JS, Pi-
Sunver FX, Ecker RH. Obesity and cardiovascular
disease: pathophysiology, evaluation, and effect
of weight loss: an update of the 1997 American

2430

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

Heart Association Scientific Statement on Obesi-
ty and Heart Disease from the Obesity Commit-
tee of the Council on Nutrition, Physical Activity,
and Metabolism. Circulation 2006; 113: 898-918.

BiornTORP P, BERGMAN H, VArRNAuskas E. Plasma
free fatty acid turnover rate in obesity. Acta Med
Scand 1969; 185: 351-356.

GonG Y, Dou LJ, LianG J. Link between obesi-
ty and cancer: role of triglyceride/free fatty ac-
id cycling. Eur Rev Med Pharmacol Sci 2017; 18:
2808-2820.

Liu CG, Ma YP, Zrnang XJ. Effects of mulberry leaf
polysaccharide on oxidative stress in pancreatic
B-cells of type 2 diabetic rats. Eur Rev Med Phar-
macol Sci 2017; 21: 2482-2488.

CoNTRERAS GA, RAPHAEL W/, MATTMILLER SA, GANDY J,
SoroiLto LM. Nonesterified fatty acids modify in-
flammatory response and eicosanoid biosynthe-
sis in bovine endothelial cells. J Dairy Sci 2012;
95: 5011-5023.

Masumoto J, Dowbs TA, ScHANER P, CHEN FF, OGURA
Y, Ll M, Zru L, Katsuvyama T, SAGARA J, TANIGUCHI S,
Gumucio DL, Nunez G, InoHARA N. ASC is an acti-
vating adaptor for NF-kappa B and caspase-8-de-
pendent apoptosis. BiochemBiophys Res Com-
mun 2003; 303: 69-73.

GURUNG P, ANAND PK, MALIREDDI RK, VANDEWALLE L,
VAN OppENBOSCH N, Ditton CP, WEINLICH R, GReeN DR,
LamkanFi M, Kannecanti TD. FADD and caspase-8
mediate priming and activation of the canonical
and noncanonical NIrp3 inflammasomes. J Immu-
nol 2014; 192: 1835-1846.

MArTINON F, Burns K, TscHorp J. The inflammasome:
a molecular platform triggering activation of in-
flammatory caspases and processing of prolL-be-
ta. Mol Cell 2002; 10: 417-426.

Liv JD, SonG LJ, YaN DJ, FeEnG YY, ZAanG YG, YANG
Y. Caffeine inhibits the growth of glioblastomas
through activating the caspase-3 signaling path-
way in vitro. Eur Rev Med Pharmacol Sci 2017;
21: 1495-1501.

WanG GB, Liu JH, Hu J, Xue K. Mechanism of
As203 induces apoptosis of glioma U87 cells.
Eur Rev Med Pharmacol Sci 2017; 21: 4875-4881.

Dinaretto CA. Immunological and inflammatory
functions of the interleukin-1 family. Annu Rev Im-
munol 2009; 27: 519-550.

ReynoLps JA, RoBertsoN AC, Bruce IN, ALEXANDER MY.
Improving cardiovascular outcomes in rheumatic
diseases: therapeutic potential of circulating en-
dothelial progenitor cells. Pharmacol Ther 2014;
142: 231-243.

Reep DM, Folpes G, HArDING SE, MitcHELL JA. Stem
cell-derived endothelial cells for cardiovascular
disease: a therapeutic perspective. Br J Clin
Pharmacol 2013; 75: 897-906.

WERNER N, Junk S, LAurs U, Link A, WALENTA K, BoHm
M, Nickenig G. Intravenous transfusion of endo-
thelial progenitor cells reduces neointima forma-
tion after vascular injury. Circ Res 2003; 93: e17-
24,



FFAs induced inflammation through TLR4

41)

42)

43)

44)

45)

46)

47

48)

SonGg CL, LI Q, ZHAnG JC, WAaNG JP, Xue X, WANG
G, SHi YF, Dinro HY, Liu B. Study of a novel coating
strategy for coronary stents: evaluation of stain-
less metallic steel coated with VEGF and an-
ti-CD34 antibody in vitro. Eur Rev Med Pharma-
col Sci 2016; 20: 311-316.

DEe PaLMA M, VENNERI MA, Roca C, NaLbini L. Target-
ing exogenous genes to tumor angiogenesis by
transplantation of genetically modified hemato-
poietic stem cells. Nat Med 2003; 9: 789-795.

Hunter CA, Jones SA. IL-6 as a keystone cytokine
in health and disease. Nat Immunol 2015; 16:
448-457.

TanaAkAa T, Narazaki M, KisHimoto T. IL-6 in inflam-
mation, immunity, and disease. Cold Spring Harb
Perspect Biol 2014; 6: 1-16.

CANDEL-MARTI ME, FricHY-FERNANDEZ AJ, ALEGRE-Do-
MINGO T, ATA-Au J, PENARROCHA-DiAGo, MA. Inter-
leukins IL-6, IL-8, IL-10, IL-12 and periimplant dis-
ease. An update. Med Oral Patol Oral Cir Bucal
2011; 16: €518-521.

MaAraues RE, GuaBiRABA R, Russo RC, Teixeira MM.
Targeting CCL5 in inflammation. Expert Opin
Ther Targets 2013; 17: 1439-1460.

Lee EY, Lee ZH, SonG YW. The interaction between
CXCL10 and cytokines in chronic inflammatory
arthritis. Autoimmun Rev 2013; 12: 554-557.

DaurHINEE SM, KarsaN A. Lipopolysaccharide signal-
ing in endothelial cells. Lab Invest 2006; 86: 9-22.

49)

50)

51)

52)

53)

54)

O'Ne. LA. Primer: toll-like receptor signaling
pathways--what do rheumatologists need to
know? Nat Clin Pract Rheumatol 2008; 4: 319-
327.

SHI H, Kokoeva MV, Inouve K, Tzamerl I, YiN H AND
FLier JS: TLR4 links innate immunity and fatty ac-
id-induced insulin resistance. J Clin Invest 2006;
116: 3015-3025.

Yao H, Cai ZY, SHenG ZX. NAC attenuates adriamy-
cin-induced nephrotic syndrome in rats through
regulating TLR4 signaling pathway. Eur Rev Med
Pharmacol Sci 2017; 21: 1938-1943.

Xu XH, SHAH PK, FAure E, EauiLs O, THomaAs L, FisHBE-
IN MC, LUTHRINGER D, Xu XP, RaJavasHIsTH TB. Toll-like
receptor-4 is expressed by macrophages in mu-
rine and human lipid-rich atherosclerotic plaques
and upregulated by oxidized LDL. Circulation
2001; 104: 3103-3108.

SUNR, ZHu Z, Su Q, LI T, Song Q. Toll-like receptor
4 is involved in bacterial endotoxin-induced endo-
thelial cell injury and SOC-mediated calcium reg-
ulation. Cell Biol Int 2012; 36: 475-481.

MicHeLseN KS, WonG MH, SHAH PK, ZHANG W/, YANO
J, DoHerty TM, AKIRA S, RAJAVASHISTH TB, ArpiTi M.
Lack of toll-like receptor 4 or myeloid differenti-
ation factor 88 reduces atherosclerosis and al-
ters plaque phenotype in mice deficient in apoli-
poprotein E. Proc Natl Acad Sci U S A 2004; 101:
10679-10684.

2431



