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ELA	� Elaidic acid
EC	� Endothelial cell(s)
FBS	� Fetal bovine serum
HUVEC	� Human umbilical vein endothelial cell(s)
ICAM-1	� Intercellular adhesion molecule-1
IL-6	� Interleukin-6
MβCD	� Methyl-β-cyclodextrin
OLA	� Oleic acid
PBS	� Phosphate buffered saline
TFA	� trans Fatty acid(s)
TLR4	� Toll-like receptor 4
VCAM-1	� Vascular cell adhesion molecule-1

Introduction

In the US population, the consumption of trans fatty 
acids (TFA) consist of more than 4% of the daily dietary 
fat intake [1, 2]. The over intake of TFA that contain at 
least one carbon–carbon trans double bond might lead to 
atherosclerosis, insulin resistance, obesity, hypertension 
and type 2 diabetes [3]. TFA was reported to be linked 
to systemic inflammation, endothelial dysfunction, insulin 
resistance and adiposity resistance [4]. Both randomized 
control trials and observational studies found that TFA 
promoted vascular diseases mainly through accelerat-
ing inflammation and endothelial dysfunction [3, 5, 6]. 
For example, TFA was reported to be associated with the 
plasma biomarkers of inflammation, increased expres-
sion levels of soluble intercellular adhesion molecule-1 
(ICAM-1), soluble vascular cell adhesion molecule-1 
(VCAM-1) and E-selectin [7]. Moreover, NF-κB path-
way, including p65 (RelA), could control various bio-
logical events, such as immune responses, cell growth 
and survival [8, 9]. The activation of ERK pathway was 
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implicated in a wide variety of cellular functions as 
diverse as cell proliferation, cell-cycle arrest, terminal 
differentiation and apoptosis [10]. Endothelial cells (EC) 
are critical for the development and progression of athero-
sclerosis. TFA was also reported to induce EC apoptosis 
through caspase pathway [11] and promote the release of 
endothelial inflammatory cytokines [3]. Caspase-3-medi-
ated p65 cleavage is believed to suppress NF-κB-mediated 
anti-apoptotic transactivation in cells undergoing apopto-
sis [12]. In addition, previous studies showed that NF-κB 
was implicated in inducible expressions of a variety of 
genes, including those encoding for adhesion molecules, 
such as ICAM-1 and VCAM-1 [13]. It was suggested that 
a lot of anti-inflammatory effects were through the modi-
fication of lipid rafts and secondary effects on NF-κB 
signaling [14]. The most abundant form of the protein is 
a heterodimer of p50 and p65 subunits, in which the p65 
subunit contains the transcriptional activation domain [8]. 
It was also reported that the association of NF-κB with 
lipid rafts was dependent upon phosphorylation of NF-κB 
p65 and lipid raft plays an essential role in NF-κB tran-
scriptional activity [14]. A previous study showed that 
trans-10 conjugated linolenic acid mediated dedifferentia-
tion and delipidation of newly differentiated human adipo-
cytes were associated with MEK/ERK signaling through 
the autocrine/paracrine actions of interleukin-6 and -8 
[15]. Others [16] reported that 9c11t conjugated linoleic 
acid (CLA) changed cell membrane structure and then 
interfered with intracellular transport of epidermal growth 
factor receptor and its related signaling pathway including 
ERK, both functionally associated with lipid raft proper-
ties. Hence, we hypothesize that TFA may lead the EC 
inflammation by activating the NF-κB signal pathway and 
ERK1/2 pathway. However, it is still unknown how the 
signal pathway is activated and whether there exist spe-
cific receptors at cell membranes. Lipid rafts, specialized 
membrane microdomains and enriched with cholesterol 
and sphingolipids, were reported to play an important 
role in cell signal transduction, such as inflammation, pro-
apoptotic and anti-apoptotic effects [17]. There are many 
membrane receptors located in lipid rafts which could 
promote apoptosis after activation [18]. TLR4 is respon-
sible for activating the innate immune system [19]. It has 
also been reported that lipid rafts appeared to provide a 
platform for the interaction of endosomal TLR with their 
ligands in macrophages [19, 20]. The saturated fatty acids 
acylated on lipid A of lipopolysaccharide (LPS) play 
critical roles in ligand recognition and receptor activa-
tion for TLR4, and saturated and polyunsaturated fatty 
acids reciprocally modulated the activation of TLR4 [21]. 
It has been reported that loss of TLR4 protected against 
saturated fat-induced inflammation and insulin resistance 
and against trans fat (TF) induced obesity, inflammation, 

and insulin resistance [22]. Others [23] showed that the 
partially hydrogenated vegetable oil (trans diet) intake by 
the mothers during pregnancy and lactation led to hypo-
thalamic inflammation and an increase in hypothalamic 
TLR4 expression. Hence, we suspect that TFA could mod-
ulate the activation of TLR4 [22, 23]. On the other hand, 
several dietary fatty acids such as oleic acid, stearic acid, 
elaidic acid were reported to be major cell membrane 
components, and involved in immune and inflammatory 
processes [24]. Elaidic acid (ELA) was reported to cause 
EC apoptosis, which might be in relation to lipid rafts 
[25]. ELA (9t18:1 1), one of the most abundant dietary 
TFA [25], is the major trans fatty acid found in hydrogen-
ated vegetable oils and occurs in small amounts in caprine 
and bovine milk (very roughly 0.1% of the fatty acids) 
and some meats [25]. Oleic acid (OLA), a fatty acid that 
occurs naturally in various animal and vegetable fats and 
oils, was classified as a monounsaturated omega-9 fatty 
acid, abbreviated with a lipid number of 9c18:1 [26]. In 
this study, ELA was used as a representative of TFA and 
the OLA was a negative control.

However, how TFA activates the vascular cell inflamma-
tion, and whether TLR4 in lipid rafts is a specific recep-
tor for TFA to activate the pro-inflammation on the cell 
membranes are unclear. Therefore, TFA was proposed to 
have some connection with lipid rafts and TLR4 might 
be a receptor for human umbilical vein endothelial cells 
(HUVEC) inflammation. The objectives of this study were: 
(a) to determine whether TFA induce inflammation in 
HUVEC; (b) to investigate whether lipid rafts affect inflam-
matory reaction induced by TFA in HUVEC; (c) to explore 
the influence of inflammatory cell membrane receptors 
affected by lipid rafts.

Materials and Methods

Materials and Reagents

Dulbecco’s modified eagle medium (DMEM) and fetal 
bovine serum (FBS) were obtained from Gibco (USA). 
Rabbit anti-P65, rabbit anti-p42/44, rabbit anti-phospho-
p42/44 antibodies were obtained from Cell Signaling (Bos-
ton, MA). Methyl-β-cyclodextrin (MβCD) was obtained 
from Aladdin (Shanghai, China). ELA and OLA were 
purchased from Sigma (98.5% purity). Phosphate buffered 
saline (PBS) was provided by Zhongshanjinqiao (Beijing, 
China).

Cell Culture and TFA Treatment

HUVEC (Medical College of Nanchang University) 1 
were maintained in DMEM supplemented with 10% FBS 
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and 1% penicillin/streptomycin at 37  °C in a humidified 
atmosphere of 5% CO2 and 90% air [26]. In order to deter-
mine the role of lipid raft on TFA interfering with HUVEC 
physiology, cells were divided into six groups: Control 
group (treated with 0.1  M PBS), ELA group (treated 
with 100 μmol/L 9t18:1 for 24  h), OLA group (treated 
with 100 Nmol/L 9c18:1 for 24 h), MβCD group (treated 
with 10 mmol/L MβCD for 60 min) [27], MβCD + ELA 
group (incubated with 100 μmol/L 9t18:1 for 24  h 
after cell treated with 10  mmol/L MβCD for 60  min), 
MβCD + OLA group (incubated with 100 μmol/L 9c18:1 
for 24  h after cell treated with 10  mmol/L MβCD for 
60 min).

Analysis of Gene Expression by Quantitative PCR

Total RNA (2 μg) was extracted with TRIAZOL reagent 
and subjected to the reverse transcriptase reaction with ran-
dom decamers as the primers. The levels of mRNAs and 
the PCR-product were assessed by 7900HT Real-Time 
PCR System (Applied Biosystems, California) with melt-
ing point analysis. Amplification in the 7900HT was for 45 
cycles with initial incubation of 10 min at 95 °C for acti-
vation of the Taq polymerase. Cycling parameters were 
10 s at 95 °C, 10 s at 63 °C and 15 s at 72 °C. Real-Time 
PCR samples were mixed with SYBR Green Master Mix 
(Applied Biosystems, Warrington, UK) and gene-specific 
primers [28]. The following primers were used to in the 
PCR.

Western Blot Analysis for Inflammation‑Related 
Proteins

HUVEC were incubated with OLA and ELA (100 μg/
mL) for 48  h in 6-well culture plates at the density of 
5 ×  105   cells/well, respectively. Immediately following 
the incubation, the cells were washed five times with ice-
cold PBS and the total protein was extracted by 50 μL 
cell lysis buffer (1 mL RIPA + 10 NL PMSF). After incu-
bation for 1  h at −4  °C, the sample was centrifuged at 
12,000 r/min for 15  min and the supernatant was sepa-
rated and stored at −80 °C. Proteins (about 80 μg) were 
separated by 10% SDS-PAGE, and then the separated 
proteins were transferred to 1 Immobilon-P transfer 
membranes. Membranes were blocked with 5% inacti-
vated FBS for 6 h at room temperature (25 °C) and then 
incubated with the primary antibodies overnight at 4 °C. 
After washed 3 times (5  min each) with Tris buffer and 
Tween-20 (TBST), the membranes were incubated with 
horseradish peroxidase-labeled secondary antibodies for 
1  h at room temperature (25  °C). Finally, protein bands 
were visualized by enhanced chemi-luminescence (ECL) 
detection system [28].

Statistical Analysis

Results were expressed as means ±  SD. Data were ana-
lyzed using one way analysis of variance (ANOVA), fol-
lowed by Tukey’s post hoc comparisons. All statistical 
analyses were performed with the statistical program SPSS 
17.0. *p  <  0.05, **p  <  0.01 was indicative of significant 
difference.

Results

Effects of MβCD on Lipid Rafts in HUVEC

According to our previous study, HUVEC were treated 
with MβCD (10 mmol/L) for 60 min to interrupt the func-
tion of lipid rafts [26]. In this study, the expression of cave-
olin-1 in the cells was decreased after treated with MβCD 
(decreased from 1.00 ±  0.09 to 0.46 ±  0.06, p  <  0.05, 
Fig. 1). This result showed that the structure of lipid rafts 
was interrupted by MβCD, and the damage of lipid rafts 
could result from decreased expression of caveolin-1. 
These results indicated that treatment with 10 mmol/L of 

Fig. 1   Western blot analysis of caveolin-1 before and after the pre-
treatment of 10  mmol/L MβCD for 60  min (a). The protein levels 
were quantified by densitometry, and normalized to β-actin levels (b). 
Data are expressed as means ±  SD from three independent experi-
ments. Statistical analysis was carried out using ANOVA. *p < 0.05, 
when compared to the PBS-treated control group
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MβCD within 60 min could interrupt the lipid rafts on cell 
membrane.

Effects of TFA on the Expression Levels 
of Inflammation Factors in HUVEC Treated or 
Non‑Treated with MβCD

The expression levels of ICAM-1, VCAM-1 and IL-6 
were increased in both OLA and ELA treated cells [(the 
relative expression levels of ICAM-1 were 1.19  ±  0.32 
(treated by OLA) and 2.13 ± 0.41 (ELA), VCAM-1 were 
1 1.48 ±  0.36 (OLA) and 2.32 ±  0.43 (ELA), IL-6 were 
1.51  ±  0.24 (OLA) and 3.19  ±  0.46 (ELA), Fig.  2)]. 
And the gene sequence of inflammatory cytokines was 
detected (Table  1). However, the increases were more 

significant when the cells were treated with ELA than 
OLA (the expression levels of these adhesion proteins 
in ELA-treated group were around twice higher than 
OLA-treated group, Fig.  2). Furthermore, the expres-
sion levels of ICAM-1, VCAM-1 and IL-6 were obvi-
ously reduced in MβCD +  ELA treated group compared 
with ELA group (the relative expression level of ICAM-1 
was decreased from 2.13 ± 0.41 to 1.22 ± 0.36, VCAM-1 
from 2.32 ± 0.43 to 1.12 ± 0.27, IL-6 from 3.19 ± 0.46 to 
1.39 ± 0.32, p < 0.01, Fig. 2). 

According to the results, in ELA and ELA +  MβCD 
groups, when lipid rafts were destroyed, the expressions 
of these inflammation factors in non-lipid rafts cells would 
be down-regulated compared with those in normal cells. 
Therefore, the effect of TFA on inflammation of HUVEC 
could be inhibited in HUVEC with non-lipid rafts.

Effects of TFA on NF‑kB Activation in HUVEC Treated 
or Non‑Treated with MβCD

In normal cells, both OLA and ELA increased the nuclear 
translocation level of NF-κB p65 in comparison with the 
control group [(the relative level of NF-κB p65 increased 
from 1.00 ± 0.12 to 1.83 ± 0.24 (OLA), from 1.00 ± 0.12 
to 3.58  ±  0.22 (ELA), respectively, and the significant 
increases were found in the ELA group (Fig. 3)]. However, 
the relative level of NF-κB p65 in ELA +  MβCD group 
decreased from 3.58  ±  0.22 to 1.81  ±  0.22 (p  <  0.01, 

Fig. 2   Effects of ELA on 
inflammatory cytokines in 
HUVEC treated or non-treated 
with MβCD. HUVEC were 
treated with 100 µmol/L oleic 
acid (9c18:1) and elaidic acid 
(9t18:1) for 24 h. The lipid rafts 
were destroyed by 10 mmol/L 
MβCD for 60 min before ELA 
supplementation. The fold 
increases of ICAM-1, VCAM-1 
and IL-6 mRNA expressions 
over the control (PBS alone) 
condition were calculated. Data 
are expressed as means ± SD 
from three independent experi-
ments. Statistical analysis was 
carried out using ANOVA. 
*p < 0.05, **p < 0.01 when 
compared to the control group

Table 1   The gene sequence of inflammatory cytokines

Gene Sequence

GADPH forward 5′-CCACCCATGGCAAATTCCATGGCA-3′
GADPH reverse 5′-TCTAGACGGCAGGTCAGGTCCACC-3′
ICAM-1 forward 5′-TTCCTCACCGTGTACTGGACT-3′
ICAM-1 reverse 5′-GGCAGCGTAGGGTAAGGTTC-3′
VCAM-1 forward 5′-GGCAGGCTGTAAAAGAATGC-3′
VCAM-1 reverse 5′-TCATGGTCACAGAGCCACCT-3′
IL-6 forward 5′-GGTACATCCTCGACGGCATC-3′

IL-6 reverse 5′-GTGCCTCTTTGCTGCTTTCAC-3′
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Fig.  3), and there was no significant difference between 
OLA and OLA  +  MβCD groups (from 1.83  ±  0.24 to 
1.67 ±  0.23, Fig.  3). Thus, the interruption of lipid rafts 
decreased the nuclear translocation of NF-κB p65 in 
HUVEC treated with TFA.

Effects of TFA on ERK1/2 Activation in HUVEC 
Treated or Non‑Treated with MβCD

To determine the effects of ELA and OLA on activa-
tion of 1 ERK1/2, HUVEC were incubated in 100 
Nmol/L ELA or OLA for 24 h, and the levels of phos-
phorylated ERK1/2 (p-ERK1/2) were measured. In 
both OLA and ELA groups, the levels of p-ERK1/2 
were increased as compared with the control group 

(the relative level of p-ERK1/2 was increased from 
1.00  ±  0.12 to 1.45  ±  0.24, p  <  0.01, Fig.  4). How-
ever, in MβCD  +  ELA treated group, the level of 
p-ERK1/2 was significantly decreased as compared with 
the ELA treated group [1.45  ±  0.24 (MβCD  +  ELA 
group), 0.95  ±  0.14 (ELA group), p  <  0.01, Fig.  4]. 
MβCD  +  OLA treated group showed no obvious 
changes compared with OLA group [1.11 ± 0.21 (OLA 
group), 0.91  ±  0.15 (MβCD  +  OLA group), Fig.  4]. 
Our results showed that both OLA and ELA activated 
NF-kB and ERK1/2 signal pathways to promote the 
expressions of inflammation factors. However, when 
lipid rafts were interrupted by MβCD, this activation 

Fig. 3   Effects of TFA on NF-kB responses in HUVEC treated or 
non-treated with MβCD. Western blot analysis using nuclear extracts 
prepared from HUVEC to detect the p65 in nuclear. HUVEC were 
treated with 100 µmol/L oleic acid (9c18:1) and elaidic acid (9t18:1) 
for 24  h. The lipid rafts were destroyed by 10  mmol/L MβCD for 
60  min before ELA supplementation (a). The protein levels were 
quantified by densitometry, and normalize to β-actin levels (b). 
Data are expressed as means ±  SD from three independent experi-
ments. Statistical analysis was carried out using ANOVA. *p < 0.05, 
**p < 0.01 when compared to the control group

Fig. 4   Effects of TFA on ERK1/2 activation in HUVEC treated or 
non-treated with MβCD. Human endothelial cells were treated with 
100 µmol/L oleic acid (9c18:1) and elaidic acid (9t18:1) for 24 h. The 
lipid rafts were destroyed by 10  mmol/L MβCD for 60  min before 
ELA supplementation. Total ERK1/2 and phosphorylated ERK1/2 
(p-ERK1/2) were detected by western blot using specific antibodies 
(a). The protein levels were quantified by densitometry, and normal-
ize to β-actin levels (b). Data are expressed as means ±  SD from 
three independent experiments. Statistical analysis was carried out 
using ANOVA. *p < 0.05, **p < 0.01 when compared to the control 
group
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was restrained. These results indicated that lipid rafts 
might decrease endothelial ERK1/2 activation after TFA 
supplementation.

Effects of TFA on TLR4 Expression in HUVEC Treated 
or Non‑Treated with MβCD

The expression levels of TLR-4 in non-lipid rafts cells and 
normal cells were examined. Both in ELA and OLA treated 
groups, the expression levels of inflammatory receptor 
TLR4 were increased as compared to the control group [the 
expression level of TLR4 increased from 1.00 ±  0.13 to 
1.27 ± 0.21 (OLA group), from 1.00 ± 0.15 to 1.27 ± 0.21 
(ELA group), Fig.  5]. But after the removal of lipid rafts 
by MβCD, the expression of inflammatory receptor TLR4 
was significantly decreased in the ELA  +  MβCD group 
(from 1.27 ± 0.21 to 0.43 ± 0.11, p < 0.01, Fig. 5), with no 
obvious change in OLA + MβCD group (from 1.27 ± 0.21 
to 1.24 ± 0.16, Fig. 5). Both OLA and ELA increased the 

expression of TLR4 protein. However, the expression was 
decreased in the cells with non-lipid rafts pretreated by 
ELA compared with the normal cells. When the cells were 
pretreated with OLA, the damage of lipid rafts showed no 
obvious effect on the expression of TLR4.

Discussion

Lipid rafts appeared to be in many biological events such 
as synthetic traffic, cell skeletal reconstruction and signal 
transduction [28]. In this study, MβCD was used to estab-
lish a non-lipid rafts cell model because it interfered with 
lipid rafts [28]. After being treated with 10  mmol/L of 
MβCD for 60  min, cells showed no significant changes 
in both morphology and physiology [29]. The content of 
cholesterol and expression level of caveolin-1 in cell mem-
brane decreased significantly (p < 0.05, Fig. 1). Thus cave-
olin-1 may be required for the formation of large platforms 
that control lipid raft-dependent cell uptake or caveolin-1 
expression [30]. However, MβCD can inhibit the formation 
of lipid rafts by eliminating cholesterol [29], which may 
destroy the caveolae-like membrane, and then down-regu-
late the expression of caveolin-1. Our results indicated that 
treatment with 10 mmol/L of MβCD for 60 min interrupted 
the lipid rafts on cell membrane.

On the other hand, it has been found that caveolin-1 
stimulated the expressions of proatherogenic molecules 
such as CD36 and VCAM-1 [31]. Therefore, the expres-
sion levels of VCAM-1, ICAM-1 and IL-6 were measured 
in both cells with non-lipid rafts and normal cells treated 
with ELA and OLA, respectively. In this study, com-
pared with OLA group, the expression levels of ICAM-
1, VCAM-1 and IL-6 did not change significantly in 
MβCD +  OLA treated cells (Fig.  2). The levels of these 
adhesion proteins including ICAM-1, VCAM-1 and IL-6 
were significantly increased after treated with ELA or 
OLA. But the expression levels of these adhesion proteins 
were decreased in MβCD + ELA treated cells (p < 0.01, 
Fig.  2). It was reported that free fatty acid may activate 
NF-κB pathway via increasing the expression levels of 
adhesion molecules such as ICAM-1 and VCAM-1, and 
the releases of pro-inflammatory cytokines such as IL-6 
and TNF-α [32]. There was no significant difference 
between OLA group and OLA + MβCD group. However, 
in ELA and ELA +  MβCD groups, when lipid rafts was 
destroyed, these inflammation factors in non-lipid rafts 
cells were down-regulated as compared with those in nor-
mal cells. Therefore, lipid rafts may control the expres-
sions of inflammation factors such as ICAM-1, VCAM-1 
and IL-6 in TFA-treated cells. In brief, the effects of TFA 
on the inflammation of HUVEC may be inhibited in non-
lipid rafts HUVEC. In this study, both OLA and ELA were 

Fig. 5   Effects of TFA on HUVEC TLR4 expression in HUVEC 
treated or non-treated with MβCD. Human endothelial cells were 
treated with 100 µmol/L oleic acid (9c18:1) and elaidic acid (9t18:1) 
for 24  h. The lipid rafts were destroyed by 10  mmol/L  MβCD for 
60  min before TFA supplementation. The expression of TLR4 was 
analyzed by western blot (a). The protein levels were quantified by 
densitometry, and normalize to β-actin levels (b). Data are expressed 
as means ± SD from three independent experiments. Statistical anal-
ysis was carried out using ANOVA. *p < 0.05, **p < 0.01 when com-
pared to the PBS-induced group
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found to up-regulate the nuclear translocation of NF-κB 
p65 in HUVEC (Fig. 3). These results indicated that lipid 
rafts might increase the endothelial NF-κB activation in 
HUVEC treated with TFA. When lipid rafts were destroyed 
in HUVEC pretreated with TFA, the nuclear translocation 
of NF-κB p65 was also reduced. Therefore, there might be 
some special receptors in the lipid rafts which may acti-
vate the NF-κB activation induced by TFA. Based on these 
results, we inferred that lipid rafts might play a crucial role 
in NF-kB activation in HUVEC treated with TFA, and the 
interruption of lipid rafts may down-regulate the nuclear 
translocation of NF-κB p65 in HUVEC treated by TFA.

It has been reported that free fatty acids can induce 
inflammation by the ERK1/2 pathway [33]. Lipid raft cho-
lesterol was found to regulate the apoptotic cell death in 
prostate cancer cells through EGFR-mediated Akt and ERK 
pathways [34]. It was also reported that caveolin-1 func-
tioned as a negative regulator of mitogen-stimulated prolif-
eration and the Ras-p42/44 ERK pathway in a variety of cell 
types [35]. The overexpression of caveolin-1 inhibited the 
signaling from ERK1/2 to the nucleus in vivo [35]. In this 
study, the damage of lipid raft was found to down-regulate 
the expression of caveolin-1 (Fig.  1). Different signaling 
pathways mediated both overlapping and distinct effects 
in the activation of both ERK1/2 and MAPK cascades 
[34], contributing to the stimulation of NF-κB depend-
ent transcription in endothelial cells. Hence, we inferred 
that both ERK1/2 and NF-κB may play important roles in 
maintaining vascular integrity during a chronic inflam-
matory response. A previous study showed that chemical 
disruption of lipid rafts inhibited ERK signaling [34]. Our 
results showed that both OLA and ELA activated NF-kB 
and ERK1/2 signal pathways to promote the expressions of 
inflammation factors. However, when lipid rafts were inter-
rupted by MβCD, this activation was restrained. Hence, lipid 
rafts may up-regulate the ERK1/2 activation in HUVEC 
treated by TFA. The interruption of lipid rafts may decrease 
the level of phosphorylated ERK1/2 in order to reduce the 
inflammation of HUVEC. However, whether there was a 
special receptor in lipid rafts which can activate the pro-
inflammation in HUVEC induced by TFA was unknown. 
Research has shown that the pro-inflammatory mediators 
trigger the multiple signal transduction pathways through 
Toll-like receptors (TLR), a family of pattern-recognition 
receptors expressed in macrophages and other cells [36]. 
TLR, residing in lipid rafts [18], could recognize pathogen-
associated molecular patterns that induce the expression of 
pro-inflammatory cytokines and initiate pathogen-specific 
immune responses [36]. Nowadays, multiple lines of evi-
dence suggest that TLR4 may play a crucial role in the onset 
and maintenance of inflammatory response through bind-
ing exogenous and endogenous inflammatory factors and 
triggering downstream signal transduction pathways [37]. 

Moreover, the integrity of lipid rafts was important for pal-
mitate-induced TLR4 mediated NF-κB activation [19, 20, 
38]. Accordingly, the inflammatory receptor TLR4 may play 
a crucial role in inflammation induced by TFA. TLR4 can 
activate the downstream inflammatory signal pathways like 
NF-kB. The nuclear translocation of NF-κB p65 and phos-
phorylation of ERK1/2 may increase the expression levels 
of inflammatory cytokines, and then promote the inflamma-
tion. In a nutshell, the results showed that lipid rafts might 
up-regulate TLR4 expression in HUVEC treated with TFA. 
And the damage of lipid rafts would decrease the TLR4 
expression to reduce the inflammation of HUVEC. It is pos-
sible that TFA may directly activate TLR4 or indirectly alter 
the function of lipid rafts and provide a platform for interac-
tion between TLR4 and TFA. Therefore, the interruption of 
lipid rafts can decrease the expression of TLR4 in the TFA 
treated cells.

Conclusion

In conclusion, a possible molecular mechanism involved 
in 9t18:1-induced inflammation in HUVEC was proposed. 
Both OLA and ELA may stimulate HUVEC inflamma-
tion, but ELA may stimulate this inflammation through 
lipid rafts. Lipid rafts could play an important role in 
9t18:1-induced inflammation. TLR4 may act as a special 
protein receptor in lipid rafts and then started the inflam-
mation program after 9t18:1 stimulated HUVEC. Then 
NF-κB p65 and pERK1/2 were activated when the sig-
nals from the inflammation receptor were received. The 
high expression of p65 and pERK1/2 could increase the 
expression levels of adhesion proteins including ICAM-
1, VCAM-1 and IL-6. When lipid rafts were interrupted 
by MβCD, the expression levels of adhesion proteins 
in the TFA treated cells were reduced. ELA can stimu-
late the inflammatory receptor TLR4, which can acti-
vate the inflammatory signal pathways. When lipid rafts 
were interrupted by MβCD, the TLR4 expression was 
decreased significantly, which may block the inflamma-
tory signal pathway and down-regulate the expressions of 
inflammatory cytokines. The study has provided mecha-
nistic insights into the role of lipid rafts in mediating 
endothelial inflammation by TFA. The damage of lipid 
rafts may inhibit the inflammation of HUVEC after TFA 
supplementation. In other words, lipid rafts may provide a 
platform for a specific receptor protein (TLR4) for TFA to 
activate the pro-inflammation in cell membranes.
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S, Wojewódzka M, Gasińska A, Degen C, Jahreis G, Szumiel 
I (2013) cis-9, trans-11-Conjugated linoleic acid affects lipid 
raft composition and sensitizes human colorectal adenocar-
cinoma HT-29 cells to Xradiation. Biochim Biophys Acta 
1830:2233–2242

	17.	 Kimberly SG, Wu SY (2012) Lipid raft: A floating island of 
death or survival. Toxicol Appl Pharmacol 259:311–319

	18.	 Lemaire-Ewing S, Lagrost L, Néel D (2012) Lipid rafts: a sign-
aling platform linking lipoprotein metabolism to atherogenesis. 
Atherosclerosis 221:303–310

	19.	 Beutler B, Rehli M (2002) Evolution of the TIR, tolls and TLRs: 
functional inferences from computational biology. Curr Top 
Microbiol 270:1–21

	20.	 Nakahira K, Kim HP, GengXH Nakao A, Wang X, Murase N, 
Drain PF, Wang X, Sasidhar M, Nabel EG et al (2006) Carbon 
monoxide differentially inhibits TLR signaling pathways by 
regulating ROS-induced trafficking of TLRs to lipid rafts. J Exp 
Med 203:2377–2389

	21.	 Scott WW, Myung-Ja K, Augustine MKC, Hong-Pyo K, Naka-
hira K, Daniel HH (2009) Fatty acids modulate toll-like recep-
tor 4 activation through regulation of receptor dimerization and 
recruitment into lipid rafts in a reactive oxygen species-depend-
ent manner. JBC 284:27384–27392

	22.	 Gustavo DP et  al (2012) Intake of trans fatty acids during 
1 gestation and lactation leads to hypothalamic inflamma-
tion via TLR4/NFκBp65 signaling in adult off spring. J N B 
23:265–271

	23.	 Matam VK, Jesse DA, Frederic AC, Thomas RZ, Andrew TG, 
Vijay G (2011) Loss of function mutation in toll-like receptor-4 
does not offer protection against obesity and insulin resistance 
induced by a diet high in trans fat in mice. J Inflamm 8:2

	24.	 Julie BH, Xavier D, Andrey K, Jocelyne D, Emilie B, Fatiha Z, 
Yves M, Michel H, Florence T, Ferhat M (2014) Lipid emulsions 
differentially affect LPS-induced acute monocytes inflamma-
tion: in vitro effects on membrane remodeling and cell viability. 
Lipids 49:1091–1099

	25.	 Park KH, Kim JM, Cho KH (2014) Elaidic acid (EA) generates 
dysfunctional high-density lipoproteins and consumption of EA 
exacerbates hyperlipidemia and fatty liver change in zebrafish. 
Mol Nutr Food Res 58(7):1537–1545

	26.	 Li XP, Luo T, Li J, Fan YW, Liu R, Hu JN, Liu XR, Deng ZY 
(2013) Linolelaidic acid induces a stronger proliferative effect on 
human umbilical vein smooth muscle cells compared to elaidic 
acid. Lipids 48:395–403

	27.	 Richard CMS (2011) Culture of human endothelial cells from 
umbilical veins. Hum Cell Cult Protoc 806:265–274

	28.	 Rao H, Ma LX, Xu TT, Li J, Deng ZY, Fan YW, Li HY (2014) 
Lipid rafts and Fas/FasL pathway may involve in elaidic acid-
induced apoptosis of human umbilical vein endothelial cells. 
JAFC 62:798–807

	29.	 Sanchez SA et  al (2011) Methyl-β-cyclodextrins preferentially 
remove cholesterol from the liquid disordered phase in giant uni-
lamellar vesicles. J Membrane Biol 241:1–10

	30.	 Linda JP, Han XL, Chung KN, Richard WG (2002) Lipid rafts 
are enriched in arachidonic acid and plasmenylethanolamine 
and their composition is independent of caveolin-1 expression: a 
quantitative electrospray ionization/mass spectrometric analysis. 
Biochemistry 41:2075–2088

	31.	 Jaime M, Lindsay H, Matthew G, Derek T, Peter C, Anne JR 
(2006) Lymphocyte transcellular migration occurs through 
recruitment of endothelial ICAM-1 to caveolae and F-actin-rich 
domains. Nat Cell Biol 8:113–123

	32.	 Daniel FL, Olivier M, Marie-Agnès D, Jürg T, Claude B (2003) 
Recruitment of TNF receptor 1 to lipid rafts is essential for 
TNFα-mediated NF-κB activation. Immunity 18(5):655–664

	33.	 Bi LP, Chiang JYL, Ding WX, Winston D, Benjamin R, Li TG 
(2013) Saturated fatty acids activate ERK signaling to downreg-
ulate hepatic sortilin 1 in obese and diabetic mice. J Lipid Res 
54:2754–2762

	34.	 Oh HY, Lee EJ, Yoon S, Chung BH, Cho KS, Hong SJ (2007) 
Cholesterol level of lipid raft microdomains regulates apoptotic 
cell death in prostate cancer cells through EGFR-mediated Akt 
and ERK signal transduction. Prostate 67(10):1061–1067



35Lipids (2017) 52:27–35	

1 3

	35.	 Atsushi N, Takaharu T, Akiko K, Kazuko S, Hiromi T, Takahito 
S, Koji T, Mine H, Reiko K, Akihiko Y (2005) The sprouty-
related protein, spred-1, localizes in a lipid raft/caveola and 
inhibits ERK activation in collaboration with caveolin-1. Genes 
Cells 10(9):887–895

	36.	 Kim F, Pham M, Luttrell I, Bannerman DD, Tupper J et al (2007) 
Toll-like receptor-4 mediates vascular inflammation and insulin 
resistance in diet induced obesity. Circ Res 100:1589–1596

	37.	 Lin Q, Li M, Fang D, Fang J, Su SB (2011) The essential roles 
of Toll-like receptor signaling pathways in sterile inflammatory 
diseases. Int Immunopharmacol 11:1422–1432

	38.	 Kaori LH, Stefania LF, Nirupa RM, Wu DY, Alice HL (2015) 
EPA and DHA exposure alters the inflammatory response but 
not the surface expression of toll-like receptor 4 in macrophages. 
Lipids 50:121–129


	Lipid Rafts Promote trans Fatty Acid-Induced Inflammation in Human Umbilical Vein Endothelial Cells
	Abstract 
	Introduction
	Materials and Methods
	Materials and Reagents
	Cell Culture and TFA Treatment
	Analysis of Gene Expression by Quantitative PCR
	Western Blot Analysis for Inflammation-Related Proteins
	Statistical Analysis

	Results
	Effects of MβCD on Lipid Rafts in HUVEC
	Effects of TFA on the Expression Levels of Inflammation Factors in HUVEC Treated or Non-Treated with MβCD
	Effects of TFA on NF-kB Activation in HUVEC Treated or Non-Treated with MβCD
	Effects of TFA on ERK12 Activation in HUVEC Treated or Non-Treated with MβCD
	Effects of TFA on TLR4 Expression in HUVEC Treated or Non-Treated with MβCD

	Discussion
	Conclusion
	Acknowledgements 
	References




