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[ABSTRACT]

tion and even lipid plaque fom ation m the vascular intm a

A therosclerosis

are the halln arks of early atherogenesis

Oxidized Low Density L poprote iy

Foan Cell Fom ation

Lectin-lke Oxidized Low Density L poproten

A therosclerosis is amultifactorial chronic vascular nflanm atory disease characterized by lipid depost
M acrophage cholesterol accumulation and foam cell fom ation

However the underlyingm echanism s of foan cell fom ation are not fully elucida-

ted Herein we hypothesize that the signaling model can posed of the oxidized low density lipoprotemn ( ox-LDL), the lec-

tin-lke oxidized low density lipoprotein receptor-1( LOX-1) and the reactive oxygen species (ROS) plays an mportant role

n foan cell fom ation

In thismode] ox-LDL is the activating factor LOX-1, themain ox-LDL receptor expressed n en-

dothelial cells acts as a signal transducerwhile the ROS a direct product of ox-LDL. bind ing w ith LOX-1, is regarded as

a calalyst and an inducer

1 Introduction

Since w itztum proposed the hypothesis of oxidized low-den-
sity lipoprotein ( ox-LDL) as the major cause of atherosclero-
sid!, the potential role of ox-LDL i atherogenesis was exten-
sively studied A ccumulated evidence strongly suggested the
pvotal role of ox-LDI, the m kiure of heterogeneously m od ified
particles of low-density lipoprotein ( LDL), m endothelial actr
vation mjury and dysfunction i the first step of atherosclero-
sid”. Although the behavior and m etabolism of ox-LDL in vi
vo is poorly understood the mechanisn by which LDL is oxr
dized is not clear and the modified structures of ox-LDL are not
yet fully elucidated ox-LDL is confimed as a wellknown risk

. . 3
matker for cardiovascular diseased .

A trem endous number of
studies revealed that ox-LDL could induce num erous atherogen ic
effects which were canprehensively summarized and upda-
ted 1.

for ox-LDL such as class A scavenger receptor (SR-A), class B

In the past few decades several cellsurface receptors

scavenger receplors such as CD36 and SR-BI type D scavenger
receptor ( lectin-lke oxidized LDL receptor-l, LOX-1) and
FEEL-1/FEEL-2 have been identified and their stucture lig-
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and specificity regulation and function have been thoroughly
investigated .

Though quite a few of endothelial scavenger receptors for
ox-LDL have been discovered LOX-1 has been identified as the
main ox-LDL receptor that is present prinarily in endothelial
celld” and as the principal receptor that mediates the action of
ox-LDL in the vascularwalld®. LOX-1 was first discovered by
using a canplem entary DNA expression lbrary derived fram bo-
vine aortic endothelial cells (BAEC)™'. 1t is a 50-kDa type
menbrane proten that structurally belongs to the C-type lectin

") Swdies about the expression pattem of LOX-1 in hu-

fam ily!
man tissues revealed that LOX-1 is highly expressed n vivo
blood-vesselrabundant places such as placenta ling marrow
and spinal cord moderately expressed in hippocanpij testiclg
large arteries and slightly expressed in heart skeleton muscle

L11]

ovary etc Furthemore its expression could be regulated

by many factors ncluding chemicaly mflanm atory cytok ines

oxidized stress pathological conditions and physical action' 1l
LOX-1 exhbits multiple binding activities to quite a few of lig-
ands mclhiding ox-LDL

(AGEs) "™

advanced glycation end products
G ram -positive and G ram-negative bacteria ™,

aged red blood cells and apoptotic celld "', Since endothelial
activation and dysfunction mduced by ox-LDL is one of the key
steps in the initiation of atherosclerosis as themain receptor for
ox-LDL in endothelial cells the potential role of LOX-1 in ath-

. Therefore LOX-1

. . 410 17-21]
erosclerosis w as gradually recogn ized

was speculated as a pran ising therapeutic target for atherosclero-
. [122]

SIS

The standard m ethod of preparing ox-LDL in vitro by co-in-
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cubation of LDL w ith copper sulfate has been consistently ques-
tioned and fev mechanisns about the ox-LDL fom ation n vivo
In view of the state of heightened oxidative

stress in atherosclerosis **',  the speculation that part of LDL in

the plasma could be directly oxidized by ROS is reasonable and
tenable Recent study also demonstrated that LDL could be oxr
datively modified by stmulated platelets-derved ROS by colla-
gen via GP91( phox) B2l

23
were proposed .

Reactive oxygen species (ROS), referred to free radicals
sanetmes is a variety of snallmolecules w ith one unpaired e-
lectron derived fran the metabolisn of molecular oxygen It in-
cludes a series of very small and highly reactive molecules such
"), hydro-
Under physt

as hydroxyl radical (* OH), superoxide anion (0
gen peroxide (H,0,), and singlet oxygen etd ™.
obgical conditions the deleterious effects of ROS are m nm ized
by antioxidant defense mechanismg which prevent its fom ation
in excess and act as scavengers or repair the danage However
uncontrolled ROS production results n a deleterious state called
oxidative stress which has been mplicated in the pathogenesis

.27, 28
of atherosclerosis 1,

The direct consequence of LOX-1 actr
vation by ox-LDL is the quick production of a large am ount of m-
tracellular ROS'™™ ' The close relationship anong ox-LDL,
LOX-L and ROS make us to speculate an “ ox-LDL-LOX-1-

ROS” model nvolvem ent m foan cell fom ation

2 Hypothesis

As known to all foan cell fomation resulted fran uncon-
trolled intracellular lipid droplets accumulation in macrophages
and /or vascu lar sn ooth muscle cells is the halln ark of early ath-
erosclerosis The mechanisns underlymg foan cell fom ation
have been extensively studied formore than a decade and several
theories have been proposed Curtiss et al suggested that plate-
lets contributed to foan cell fomation by inducing macrophage

cholesteryl estet ). While Daub et al enphasized the role of

[32]

adherent platelets n foan cell fom ation' ™' and SiegelA xel et al

concluded that platelet lipoprotein interplay triggered fom ation
of foam celld™. Aviram proposed that LDL-platelet mteraction
under oxidative stress induced foan cell fomation'*!. Bobry-
shev summ arized the role ofmonocyte recruiment and foan cell

[ 35]

fomation in atherosclerosid . Bothan et al explained the foan

[ 36]

cell fom ation fran chylam icron rennants point of view Fur

themore there is also evidence supporting the role of oxidative

71 However none of these hy-

stress I foan cell fom ation
potheses could mterpret the cam plicated process of foan cell for-
mation n detail In thismanuscript we proposed that “ ox-LDL-
LOX-1 -ROS” signaling pathw ay plays an mportant role in foan
cells fom ation and atherogenesis In this model ox-LDL is an
activating factor LOX-1 acts as a signal transducer while ROS

is regarded as a catalyst and an inducer (Fig 1 ).
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Figure 1. “ ox-LDL-LOX-1-ROS” signaling pathway pro-
motes foan cells foorm ation through several pathways

The binding of ox-LDL to LOX-1 mduced quick fomation of ntracek
lular ROS mediated by NADPH oxidase and/or COX, which activates
NF-KB through p-38MAPK/ ERK1/2/PI3BK pathways resulting in en-
hanced expression of ICAM -1, VCAM -1, MCP-1, P-selectin etg assis
ting monocyte adhesion to endothelial cells and mfiltration nto subendo-
thelial space @ Ox-LDL induced LOX-1 expression both i endothelial
cells and m acrophages facilitating ox-LDL endocytosis (%) LOX-1 m ight
also serve as ox-LLDL transporter to ship ox-LDL fran vascular men to
subendothelial space ROS mediates oxidative modification LDL i
vascular men and subendothelial space LDL, low density lipoprotein
LDL-R, low density lipoprotein receptor Ox-LDIL, oxidized low density
lipoprotein LOX-1, lectin-like oxidized LDL receptorl; COX, cycloxy-
genase ROS reactive oxygen species NF-KB, nuclear factor kappa B;
ICAM -1, mtercellular cell adhesion molecule I, VCAM -1, vascular cell
adhesion molecule , MCP-1, monocyte chamoattractant protein 1, SR,

scavenger receplor

3 Potential evidence for hypothesis

This model is dissected mto several mterrelated parts and
discussed as below.
3 1 ox-LDL increased LOX-1 expression

The plasma ox-LDI, together with same other cytok mes
such as TNF-a, IL-1a, etc induced endothelial cells LOX -1 ex-
pression m vascu lar wall®***! which was mediated by ROS
fom ation resulting in the activation of nuclear factor kappa B
(NF-KB), m itogen-activated protein kinase (MAPK)"®**',
The increased LOX-1 expression could be activated by ox-LDL
againn which m ight contrbute to further up-regulation of LOX-1
expression This seems to be a vicious cycle Beside the actr
vation of LOX-1 by ox-LDL also mediated the elevated expres-
sion of vascular cell adhesion molecule 1 (VCAM -1), itercek

lular cell adhesion molecule 1 ( ICAM -1), monocyte chemoat
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tractant protein 1 (MCP-1), and P and E-selectin leading to

monocyle attachment and activation'* **), which facilitated the
adhesion and m igration of monocyte to cross the endothelr
um
3 2 LOX-1mediated endocytosis of ox-LDL

It is interesting to note that ox-LDL could be acted as both
the ligand and inducer for LOX-1 As described above there
are quiet a few ligands for LOX-1, but ox-LDL is themost favor
ite ligand for LOX-1 with high affinity and ox-LDL uptaken is
mediated by LOX-1 i endothelial celld®* *'. However the
fate of ox-LDL after endocytosis is not clear especially n activa-
ted or mjured endothelial cells Could LOX-1 be acted as an ox-
LDL transporter which transfer ox-LDL fram the vascular imen
to the subendothelial space?
33 Ox-LDL binding to LOX-1 resulted in intracellular
ROS production

The first event confimed at present after the bind ing of ox-
LDL to LOX-1 is the quick mtracellular ROS production, which
could be observed at 30s after ox-LLDL. treament n endothelial
cells in vitd ™. Secondl; ROS resulted in the activation of
NF-XB and eventually affected the expression of LOX-1, ICAM -
L. VCAM -1 and so on Thirdlkx sane kinds of ROS could cross
the endothelial menbrane and reach the vessel men and the
subendothelial space where the oxidative modification of LDL
m isht be happened Therefore LOX-1 mediated ROS fom ation
could take part m LDL modification both m the vascular men
and n the subendothelial space In addition the production of
ROS also reduced the bioavailability of nitric oxide (NO) by for
mation of peroxynitritg which would dram atically mhibit endo-
thelium - dependent relaxation of vascular wall There are sane
enzymes involved n ROS production in endothelial cells such as
cycloxygenase ( COX), lipoxidase (LOX),
(X0), and NADPH oxidase Our previous study confimed that
NADPH oxidase LOX, and COX m ight be involved in this

[ 49]
process .

xanthine oxidase

3 4 Expression of LOX-1 in vascular smooth muscle cells
and m acrophages

Generally speaking vascular snooth muscle cells (VM C)
and m acrophages are the womajor sources of foan cell Expres-
sion of LOX-1 m VM C was observed both m vitro and mn vr
va ' and could be regulated by lovastatin’™!,  transfor
m ing grow th factorbeta 1(TGF- B1) ™', cytokines such as IL-
la, IL-1B and TNF-a'*, Heparin-binding EGF-lke grow th
factor (HB-EGF) Lol angiotensin 17, ete Sin ilarly  regu-
lated expression of LOX-1 in macrophages was also docum en-
ted ¥ The exact wle of enhanced expression of LOX-1 in
atherogenesis was not clear but be possbly mvolved mn ox-LLDL
accumulation in VM C'™ . Quite a few of scavenger receptors

for ox-LDL have been identified in macrophages and involved in

lipd accumulation n macmphagesw“ % LOX-1 mediated ox-
LDL uptake m ight not play a crucial ole n the progression of
m acrophages 1o foam celld ', However recent findings also put
msight nto the ole of LOX-1 i the mitial of foan cell fom a-
tion LOX-1 augments ox-LLDL uptake by lysoPC-stimulated mu-

4]

rine m acrophaged ™ and canbines Nox1 regulating TLR9mm ed -

ated foam cell fom ation' *'.

These steps m ight happen n order during foan cells fom a-
tion However in most cases they could be happened at the
sane tme Of course the detailed m echanism s still need further

study to elucidate

4 Scientific inplication

The potential ole of oxidative stress in the fom ation of ath-
erosclerosis and foan cell fom ation has been extensively mvestr
gated ™ and the beneficial effect of antroxidant in atheroscle-
rosis therapy was also confimed by clinical observations '® ™.
However the mechanim of oxidative stress fomation and its
role m the mitial of foan cell fom ation and atherogenesis were
not fully understood In this study we proposed a signaling
model canposed of ox-L.DI, LOX-1 and ROS mvolved n the de-
velopm ent of atherosclerosis The “ ox-LDL-LOX-1-ROS” signa-
ling pathw ay m ight pram ote foan cell fom ation by increasing ad-
hesion molecular expression leading to facilitate m onocyte m igra-
tion to subendothelial space by oxidizing native LDL both in the
vessel bm en and subendothelial space to fom ox-LDL, and by
activating and injuring endothelial cells to initiate the first step of
atherogenesis A ccording to thismode] mterference of ox-LLDL-
LOX-1 interactions by pham acological inhibitors or other m eth-
ods m ight provide new therapeutic potentials for clinical practice

mn atherosclerosis prevention and treaim ent
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