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Lipotoxicity, the role in the process 
of atherosclerosis

Jiayao Lia, Xiao Zhangb, Zixuan Xingc, Yixin Sund, Shengyan Cuie, 
Xintao Lvf, Shuaiwei Guog, Liqun Jiaoh, Wenjing Lii, Tao Wangj

ABSTRACT
Background: Atherosclerosis (AS) is a growing problem in the 
elderly population causing a variety of diseases with high mor-
tality and disability rates. Lipotoxicity plays an important role in 
the process of AS.
Aim: This review aims to summarize the characteristics of glu-
cose and lipid metabolism, local pathological changes of arteries 
and functional changes or death of perivascular cells in the pro-
cess of lipotoxicity.
Result: From the perspective of lipotoxicity and aging, we 
review the current understanding of the relationship between 
lipid metabolism and the development of atherosclerosis, 
and discuss the corresponding pharmacological treatment 
options.
Conclusion: Various metabolic factors can lead to lipotoxicity, 
which in turn affects the vascular wall and various cells with-
in the blood vessels, leading to the development of atheroscle-
rosis. Clarifying the role of lipotoxicity in atherosclerosis pro-
vides a new perspective for the prevention and treatment of 
atherosclerosis.
Keywords: Lipotoxicity; Atherosclerosis; Aging; Inflammation.

INTRODUCTION

Lipids play vital roles in various physiological processes. High-fat 
causes metabolic disorders, cell dysfunction and cell death, which is 
called lipotoxicity (1). Under physiological conditions, as free fatty 
acids (FFA) accumulate more than needed in tissues and organs of the 
human body, the excess fat is esterified and stored in lipid droplets as 
triglycerides and mobilized by cellular lipases when needed (2). Com-
pared with adipose tissue, which can store excess fatty acids in the cy-
toplasm, the ability of non-adipose cells to store spilled fat is relative-
ly limited. (2). Long-term uptake of excessive fat, insulin resistance, 
excess circulating natural and oxidized low-density lipoprotein (LDL) 
levels, oxidative stress and other factors can cause excessive FFA that 
can not be stored and increase FFA uptaken by various organs, leading 
to lipotoxicity. 

Atherosclerosis is a chronic inflammatory and immune dis-
ease which can cause acute coronary syndrome, ischemic stroke, 
transient ischemic attack, aneurysm and other vascular diseases 
(3,4). This review aims to summarize the current regulation and 
prevention of lipotoxicity, the role of lipotoxicity in the course of 
atherosclerosis, as well as feasible and valuable therapeutic tar-
gets (5).
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1. LIPOTOXICITY & PRODUCTION
OF FFA-INDUCED LIPOTOXICITY

1.1. Lipotoxicity

As mentioned above, cells of nonadipose tissue 
have a limited capacity to store lipids, and as the ca-
pacity is overwhelmed, cellular dysfunction, meta-
bolic disorders, and inflammatory response will oc-
cur, sometimes leading to cell death, which is called 
lipotoxicity (6). Lipotoxicity also leads to abnormal 
changes in the levels of various metabolites, which 
play a role in the development of atherosclerosis. 
One of the bases of lipotoxicity is dyslipidemia. 
When lipotoxicity occurs, cholesterol level normal-
ly shows a trend of decreasing in high-density li-
poprotein cholesterol (HDLc) level and increasing 
in low-density lipoprotein cholesterol (LDLc) level.

1.2. Production of FFA-induced 
lipotoxicity

1.2.1. Reactive oxygen species

Under physiological conditions, intracellular FFA 
regulates intracellular reactive oxygen species 
(ROS) production through various mechanisms (7). 
As FFA increases, especially the polyunsaturated 
fatty acids and palmitic acid content, the overall 
trend shows an increase in ROS production. The re-
lated mechanisms include adipose tissue paracrine 
cytokine Tumor necrosis factor α (TNF- α) directly 
activating nicotinamide adenine dinucleotide phos-
phate (NAD(P)H) oxidase to increase ROS produc-
tion in vascular smooth muscle cells (VSMCs) (8) 
and stimulating mitochondria to produce O2 

–. (9‑12). 
FFA can slow down the electron flow through com-
plexes I and III through the interaction within the 
complex subunit structure. The isolated mitochon-
drial oxidative complex I-related substrates respond 
to FFA by increasing the production of O2 

–., and at 
the same time, when electrons are transferred di-
rectly from succinate (in the presence of rotenone) 
to complex III, FFA strongly promotes the forma-
tion of complex III-related O2 

–. (7,13-15). The in-
terference of FFA on the electron transport of the 
respiratory chain may be achieved by disrupting the 
balance of the respiratory supercomplex. In addition 
to the direct inhibition of FFA on the electron trans-
port chain, FFA can also stimulate the production 
of ROS by depleting cytochrome c in mitochon-
dria (16-19), thus blocking the electron flow from 

complex III to complex IV. In addition, it is worth 
noting that the dissipation of palmitate dependence 
of Δ ψ m is parallel to the increase of mitochondrial 
ROS production. The components of FFA strongly 
promote the production of ROS (Figure 1).

1.2.2. Oxidized phospholipids

When lipotoxicity increases intracellular oxygen 
free radicals and inflammation of perivascular 
cells, phospholipids form oxidized phospholipids 
(OxPls) through non-enzymatic and enzymatic ox-
idation. Via various signal pathways, OxPls affects 
cell inflammatory response and cell phenotypes to 
participate in the occurrence and development of 
atherosclerosis. (13-17)

In plasma, most of OxPls comes from lipoprotein 
(a) (LP (A)), while a small part of OxPls comes from 
apoptotic cell membrane and oxidized low-density 
lipoprotein (oxLDL) particles (18). In cells, phos-
pholipids in the lipoproteins and membrane are 
readily induced by free radicals, while free radi-
cal-induced lipid peroxidation (LPO) occurs at the 
sn2 site (19). There are more than 30 bioactive types 
of oxidized phospholipids in atherosclerotic species. 
We only take 1-palmitoyl-2-arachidonoyl-sn-3-glyc-
ero-phosphorylcholine (PAPC) as an example to 
explain the occurrence of phospholipase-catalyzed 
and non-enzymatic oxidation. The polyunsaturated 
fatty acid (PUFA) at the sn2 site of this type of oxi-
dized phospholipid is arachidonic acid (AA).

Enzymatic oxidation means that PAPC produc-
es free AA under the catalysis of phospholipase A2, 
and then eicosanes are formed under the catalysis 
of lipoxygenase (LOX), cyclooxygenase (COX) 
and cytochrome P450. The compounds obtained 
from this process regulate inflammatory response 
through various signal pathways. 

Non-enzymatic oxidation refers to the process 
in which ROS acts on phospholipids to produce 
oxidized phospholipids. ROS from non-enzymatic 
sources (smoking, air pollution and other environ-
mental factors) and enzyme sources (such as NA-
DPH oxidase) mainly act on phospholipids contain-
ing polyunsaturated fatty acids. (Fig. 1) 

1.2.3. NO

NO plays an important role in the development 
of atherosclerosis (3). FFA has a negative impact 
on the generation and function of NO. Long-term 
and persistent elevated FFA damages essential NO 
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production and insulin-mediated NO production 
in endothelial cells in a dose and time-dependent 
manner, which has been confirmed in both human 
and in vitro experiments (20). By incubating bovine 
aortic endothelial cells (BAECs) with saturated fat-
ty acid palmitate / oleic acid, the transcription fac-
tor nuclear factor kappa-B (NF-κB) signal pathway 
is activated in human and bovine endothelial cells 
through serine kinase inhibitor of kappa B kinase 
(IKK) under palmitate treatment and subsequent 
insulin stimulation. This regulator of the inflam-
matory pathway may disrupt insulin signaling by 
inhibiting the phosphorylation of insulin receptor 
substrate-1 (IRS-1), protein kinase B (Akt) and en-
dothelial nitric oxide synthases (eNOS), resulting 
in a reduction in NO production (21-23).

2. ROLE OF FATTY ACIDS IN THE 
PROCESS OF ATHEROSCLEROSIS

In the pathological process of lipotoxic AS, ab-
normally elevated FFA in circulation, especially 

saturated fatty acids (SFA), can lead to lipotoxicity 
in various types of vascular cells. This would cause 
phenotypic transformation, calcification, loss of ni-
tric oxide (NO) secretion, enhanced inflammatory 
response, endothelium-dependent vasodilation, in-
sulin resistance, time-dependent apoptosis and so 
on (24,25). At the same time, elevated lipid levels, 
along with increased ROS and insulin resistance, 
form a feedback loop that participates in the disease 
progression of AS.

2.1. Effect of lipotoxicity 
on blood vessels

When lipids and fatty acids accumulate in vascu-
lar endothelium, as mentioned above, in addition to 
the decrease of endothelial NO production and dys-
function directly caused by lipotoxicity, increased 
ROS production and insulin resistance produce the 
same pathophysiological effects. Due to the com-
bined effects, NO-dependent vasodilation, local an-
ti-inflammatory responses, inhibition of endothelial 

Figure 1. This figure illustrates the pattern by which lipotoxicity leads to increase in 
intracellular superoxide levels. After oxidation, phospholipids can be divided into full-length 
and truncated phosphoric acid. Through various cell receptors and signal pathways, 
OxPls affect the gene expression of vascular parietal cells to promote the occurrence, 
development or inhibition of inflammation in the pathogenesis of atherosclerosis. TLR4: 
Toll-like receptor 4; IRAK4: Interleukin-1 receptor-associated kinase 4; NOX4: NADPH 
oxidase 4; CPT1A: Carnitine palmitoyltransferase 1A; PLA2: Phospholipase A2.
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and smooth muscle cell proliferation, as well as an-
tioxidant and antiplatelet activities, are all reduced, 
thereby further accelerating the progression of ath-
erosclerosis (26).

2.2. Lipotoxicity contributes to AS by 
affecting multiple cell types

2.2.1. Effects of lipotoxicity on VSMCs

The abnormal proliferation of VSMCs promotes 
atherosclerotic plaque formation, while in the pro-
gressive stage, it increases plaque stability. Corre-
spondingly, increasing macrophages and foam cells 
in the plaque will reduce the plaque stability. How-
ever, recent genetic pedigree tracking studies have 
shown that VSMCs may be the source of macro-
phage-like and foam cells. They can also aggravate 
plaque calcification when VSMCs change the phe-
notype (27). 

With oxidized phospholipid activation, the ex-
pression of Krüppel-like factor 4 (KLF4) increases. 
KLF4 binds to the G/C suppressor element of most 
smooth muscle cell (SMC) marker gene promoters 
such as actin alpha 2 (Acta2), transgelin (Tagln), 
and myosin heavy chain 11 (MYH11) (28-31), re-
sulting in a decrease in the expression of KLF4-de-
pendent SMC markers and an increase in the 

expression of macrophage-like cells. In addition, 
cholesterol load increases with the enhancement of 
KLF4-dependent phagocytosis (31). In the mouse 
model, inhibitors like tamoxifen are used to simu-
late partial inhibition of KLF4. Although it could 
not prevent the phenotypic transition of VSMCs, 
it could reduce the lesion area of AS by about 
30%, increase plaque stability, reduce intra-plaque 
bleeding and reduce cell proliferation and apopto-
sis (27,31).

Palmitic acid (PA) can also activate the trans-
formation of osteogenic genes to osteogenic phe-
notypes by activating Acyl-CoA synthetase long 
chain family member 3 (ACSL3). Real-time flu-
orescence polymerase chain reaction (Real-time 
PCR) showed that the mRNA levels of embryonic 
bone differentiation factor bone morphogenetic pro-
tein-2 (BMP-2), osteogenic transcription factor msh 
homeobox 2 (MSX2) and bone matrix protein oste-
opontin increased significantly after PA treatment. 
As further proof, through the use of acyl-CoA 
synthase (ACS) inhibitors or siRNA to completely 
block the induction of osteogenic genes BMP-2 and 
MSX2 by PA, adenovirus-mediated ACSL3 over-
expression enhanced the expression of BMP-2 and 
MSX2 induced by PA, indicating that the activation 
of osteogenic genes by PA depends on its activation 
of ACSL3 (2) (Fig. 2).

Figure 2. In VSMC, OxPl and PA affect the transformation of VSMCs.
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2.2.2. Effects of lipotoxicity
on macrophages

Macrophages are sensitive to lipotoxicity. As lipids 
are increased, macrophages influenced by lipotoxici-
ty contribute to the pathogenesis of several metabol-
ic derangements (32-34). When the level of palmitic 
acid in macrophages increases abnormally, it will 
cause endoplasmic reticulum stress. The expression 
of unfolded protein response (URP) markers can be 
detected in macrophages in both human and mouse 
atherosclerotic lesions (35,36). The endoplasmic 
reticulum stress induced by PA in macrophages de-
pends at least partly on the spliced XBP-1 (sXBP-1) 
and C/EBP homologous protein (CHOP) (37), which 
are two elements involved in the transcriptional pro-
cess induced by UPR. In vitro experiments, after 
PA-induced macrophages, endoplasmic reticulum 
stress was confirmed by detecting the level of pro-
tein kinase-like ER kinase (PERK) and eukaryotic 
initiation factor 2 (eIF-2) phosphorylation. Adapter 
protein 2 (AP2) protein is up-regulated rapidly and 
significantly during endoplasmic reticulum stress, 
and the immunostaining of AP2 can be substantial-
ly inhibited after co-treatment with 4-phenyl butyric 
acid (PBA) (37,38). AP2 participates in lipid-induced 
endoplasmic reticulum stress and is inhibited by 
PBA. Further experiments in vitro showed that PA 
could not induce endoplasmic reticulum stress in 
AP2 deficient (AP2-/-) macrophages. More specifical-
ly, it could not induce the expression of URP target 
genes recombinant RNA damage-inducible transcript 
3 (Ddit3) and sXBP-1. Although tunicamycin could 
induce endoplasmic reticulum stress in this kind of 
macrophages, AP2 deficient macrophages still had 
the ability to endoplasmic reticulum stress (37). How-
ever, the regulatory effect of AP2 on lipid-induced en-
doplasmic reticulum stress depends on its lipid bind-
ing activity. For AP2 deficient cells with recombinant 
lipid binding receptors, even if AP2 is recombined 
with it, it still shows strong resistance to endoplasmic 
reticulum stress. Correspondingly, AP2-/- macro-
phages also significantly prevented PA-induced apop-
tosis, considering the inhibition of caspase-3 activity 
and poly ADP-ribose polymerase (PARP) cleavage. 

At the same time, under the condition of free 
cholesterol load, although the cholesterol influx 
of wildtype (WT) and AP2-/- cells was not sig-
nificantly different, even the cholesterol influx of 
AP2‑/- was higher than that of WT macrophages, 
free cholesterol (FC)-induced endoplasmic reticu-
lum stress only appeared in WT macrophages.

2.2.3. Effects of lipotoxicity
on endothelial cells

OxPl activates cAMP/PKA, which leads to increas-
ing expression of P-selection and finally enhances 
the rolling of leukocytes and initiates recruitment 
(39). Some types of OxPl play an essential role in 
the process of inflammation. 1-palmitoyl-2-glu-
taroylsnglycero-phosphocholine (PG-PC) will in-
crease the level of E-selection and vasopressin-acti-
vated Ca2+-mobilizing (VACM-1), which enhances 
the interaction of monocyte-endothelial and neutro-
phil-endothelial. On the contrary, 1-palmitoyl-2-ox-
ovalaroyl-snglycero-phosphocholine (POV-PC) 
inhibits the expression of E-selection and interac-
tion of neutrophil-endothelial and enhances mono-
cyte-endothelial interaction, consequently leading 
to chronic inflammation (40). After POV-PC and 
1-palmitoyl-2-(5,6-epoxyisoprostane E2)-sn-glyce-
ro-3-phosphocholine (PEI-PC) bind cellular surface 
receptors, increasing the level of cyclic Adenosine 
Monophosphate (cAMP), cAMP induces activation 
of ras-related protein (R-RAS). This will directly 
promote the expression of α5β1integrin induced by 
phosphoinositide 3-kinase (PI3K), which further 
leads to the deposition of connecting segment 1 
(CS-1) fibronectin on the cell surface (41). (Fig. 3).

FFA can cause lipotoxicity and endothelial 
dysfunction of endothelial cells through various 
mechanisms, including decreased secretion of NO 
stimulated by insulin, aggravation of inflammatory 
response in endothelial cells and injury of endothe-
lial-dependent vasodilation. 

In the mouse carotid artery ligation model, 
emulsified ethyl palmitate was rapidly decomposed 
into palmitate after intraperitoneal injection, which 
strongly aggravated the formation of neointima, 
and the neointimal lesion was mainly composed of 
phenotypic regulated SMCs (42). 

In the experiment of Steinbergetal et al., Intr-
alipid 2h injection attenuated the vasodilation in-
duced by acetylcholine. This effect of FFA did not 
depend on chain length or prostaglandin synthesis 
(43). The same effect was also seen in the decreased 
response to 5-Hydroxytryptamine (5-HT) in pa-
tients with high triglyceride (44). 

PA can also cause endoplasmic reticulum stress 
in endothelial cells, and endoplasmic reticulum 
stress can lead to the transformation of endothe-
lial cells into mesenchymal cells (45). After en-
dothelial cells were treated with tunicamycin or 
thapsigargin, the endothelial cell marker platelet 
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endothelial cell adhesion molecule-1 (CD31) was 
significantly deleted, while the fibroblast markers 
α-SMA, Vimentin and collagen 1 were increased 
considerably. Endothelial cell-mesenchymal cell 
transformation induced by endoplasmic reticulum 
stress depends on the Src pathway. After using Src 
kinase inhibitor and treated with tunicamycin in 
vitro, the expression of CD31 and vascular endo-
thelial growth factor receptor 2 (VEGFR-2) was 
significantly up-regulated, while the expression 
of α-SMA and Vimentin was down-regulated. At 
the same time, the use of Smad blockers could not 
achieve the same effect (45).

3. LIPID METABOLISM

3.1 Cholesterol

One of the bases of lipotoxicity is dyslipidemia. 
When lipotoxicity occurs, cholesterol level normal-
ly shows a trend of a decrease in high-density li-
poprotein cholesterol (HDLc) level and an increase 
in low-density lipoprotein cholesterol (LDLc) lev-
el. Cholesterol is an absolute need to maintain the 
function of human cells. However, high intracellu-
lar cholesterol levels can lead to lipotoxicity. Since 
most peripheral cells can not break down cholester-
ol, cholesterol efflux is significant for lipid balance, 

and efflux defects can lead to lipotoxicity and ath-
erosclerotic plaques (46). Therefore, regulating in-
tracellular free cholesterol is essential to reduce or 
avoid lipotoxicity. 

There are four main mechanisms of cholesterol 
clearance in cells: water diffusion, scavenger re-
ceptor class B, type I (SR-BI)-mediated diffusion, 
ATP-binding cassette transporter A1 (ABCA1)-me-
diated efflux and ATP-binding cassette transport-
er G1 (ABCG1)-mediated efflux (47-49). It should 
be noted that the importance of each mechanism 
in cholesterol assignment is different between the 
physiological state and fat load state. Take macro-
phages for example, passive diffusion contributes 
80% of the lipid efflux of macrophages at the phys-
iological state, meaning simple diffusion is a ma-
jor contributor to cellular cholesterol outflow to the 
serum (46,49,50). Yet, under the condition of lipid 
load, ABCA1-mediated efflux contributes 40-50% 
of cholesterol outflow, and the proportion of pas-
sive diffusion decreases to 30% (46,47,50). In both 
cases, different degrees of mechanism contribution 
provide possible therapeutic targets.

3.2. Free fatty acids

When lipolysis occurs, free fatty acids are re-
leased from adipose tissue and several cell types 

Figure 3. In endothelial cells, OxPl play an essential role in inflammation.
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(51). Saturated fatty acids with 13-21 carbons are 
defined as long-chain saturated fatty acids (LCS-
FA) (52). With the condition of obesity, increase 
of LCSFA uptake, overload of fat storage capacity 
or loss of fat tissue expansion, the level of circu-
lating FFA will increase (53). In addition, central 
obesity, diabetes, and insulin resistance increase 
circulating FFA levels as well. With the chronic 
increase of circulating FFA, insulin resistance in 
muscle and liver will further aggravate, leading to 
a vicious circle (54). 

As the circulating FFA level increases, the body 
can counteract lipid overload through a series of 
compensatory responses: 1. storing of triglycerides 
in the form of lipid droplets; 2. oxidation procedure 
of activating mitochondria and peroxisome; 3. re-
modeling of membrane lipid in the cell membrane, 
including sphingolipid formation and functional 
membrane microdomain (or “lipid raft”) remodel-
ing (55). As FFA plays one of the most crucial roles 
in lipotoxicity, the following part mainly takes FFA 
as an example to explain the role of lipotoxicity 
(LP) in AS.

Under physiological conditions, fatty acids en-
ter cells via passive diffusion and transporters on 
the cell membrane, including palmitoylated Platelet 
glycoprotein 4 (CD36), fatty acid transport proteins 
(FATP) and fatty acid-binding protein (FABP), 
which are caveolae sunken structures in the cell 
membrane (56). CD36 can also bind modified lip-
ids and internalized particles to promote oxidized 
low-density lipoprotein (ox-LDL) uptake, which 
plays a crucial role in macrophage cholesterol ac-
cumulation. (57,58) 

In the pathological process of lipotoxicity, after 
CD36-mediated phagocytosis of ox-LDL, the ex-
pression of CD36 will increase (59), and ox-LDL 
uptake will further increase. There is no negative 
feedback regulation in this cycle; cell foaming will 
be accelerated, and peroxisome proliferators-acti-
vated receptor γ (PPAR γ) and Nuclear factor eryth-
roid2-related factor 2 (Nrf2) will be activated to 
promote the activation of CD36 further, resulting 
in the formation of AS (60,61). Among them, the 
activation of PPAR γ is related to the appearance 
of intracellular short-chain fatty acids and their de-
rivatives and a lipid signal network is established 
between the nucleus and the cell surface (1). PPAR 
γ can enhance CD36, while Nrf2 increases recruit-
ment to the Sterol-regulatory element binding pro-
teins1 (SRBEP-1) promoter after lipotoxicity-in-
duced oxidative stress (62).

4. PROSPECTS OF PHARMACOLOGICAL 
DRUGS TARGETING LIPOTOXICITY

4.1. Classical treatment

Statins that have been put into clinical use can pro-
tect patients from atherosclerosis and lipotoxicity 
by increasing the level of circulating HDLc. At 
the same time, some non-statins, such as bile acid 
isolators, niacin and fibrates, can reduce circulat-
ing LDLc, but nicotinic acid and fibrates can not 
be combined with statins (63). In a kind of free tri-
glycerides in circulation, this can be achieved by 
inactivating angiogenin-like 3, an inhibitor of lipo-
protein lipase (LPL), by genetic or drug means (64). 
In addition, lipotoxicity is often accompanied by 
metabolic syndrome or insulin resistance, so in 
addition to the direct treatment related to lipid me-
tabolism, the treatment of glucose metabolism and 
insulin resistance, as well as dietary guidance to pa-
tients, play an important role in treatment.

4.2. PPAR Agonists

Statins are able to interact with PPARs, which 
partly explains their beneficial effects. Based on 
this fundamental truth (65), PPAR therapies in the 
context of obesity and diabetes have rapidly devel-
oped. For example, Thiazolidinediones (TZDs) and 
fibrates (PPAR-a agonists) are potentially favorable 
candidates for treating diabetic nephropathy (66). 
On the other hand, adverse effects associated with 
TZD treatment, such as fluid retention, cardiovas-
cular complications, and bone loss, among others, 
have limited their clinical use (67). 

4.3. Adiponectin Receptor Agonists

As adiponectin decreases in the context of metabol-
ic syndrome, it leads to fatty acid accumulation (68). 
Respectively, to exert the activity of adiponectin, 
it binds with its receptors, AdipoR1 and AdipoR2. 
Adiponectin is an essential target against lipotox-
icity-mediated harmful effects (69). For example, 
AdipoRon, an orally active synthetic adiponectin 
agonist, can reduce lipotoxicity and improve insu-
lin resistance and obesity-related disease (70-73).

4.4 VEGF-B Signaling inhibition Vascular en-
dothelial growth factor B (VEGF-B), a foremost 
responsible for lipid control in endothelial cells 
(74,75), via its union with receptors located on the 
cell surface as Neuropilin-1 and VEGFR1 induces 
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the expression of the fatty acid transport proteins 
FATP3 and FATP4, favoring lipid accumulation 
(76). Thus, modulation of VEGF-B signaling like 
VEGF-B prevents dyslipidemia and insulin resis-
tance, reducing lipid accumulation (77).

5. CONCLUSION

High-fat diet, metabolic syndrome, insulin resis-
tance and other factors can lead to lipotoxicity. Li-
potoxicity can affect the functional and phenotypic 
transformation of vascular smooth muscle cells, 
endothelial cells and macrophages by affecting the 
production of various intracellular products and 
gene activation. Clarifying lipotoxicity’s mecha-
nism and signal pathway on vascular cells provides 
a new starting point for treating and preventing 
atherosclerosis.
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