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Mechanism	of	plaque	formation	in	atherosclerosis

One	One	of	the	best	practical	definitions	of	oxidative	stress	was	given	by	Lushchak,	who	defined	the	oxidative	stress	as	a	situation	of	disturbed	cellular	metabolism	or	unregulated	cellular	function	with	damaged	cellular	constituents	due	to	transient	or	chronic	enhancement	of	ROS	concentration	[44].	On	the	other	hand,	epigenome-wide	association
studies	(EWAS)	identified	a	set	of	84	genes	highlighting	the	relevance	of	obesity,	inflammation,	lipid	and	carbohydrate	metabolism	in	atherosclerotic	CHD	[68].	DNA	methylation	has	been	linked	to	oxidative	stress	and	inflammatory	processes	underlying	pathogenesis	of	atherosclerosis.	Atherosclerosis	has	been	identified	as	a	threat	to	mankind	since
3000	B.C	to	400	A.D	following	extensive	investigation	of	mummies	of	the	old	world	[4].	The	first	evidence	about	role	of	genes	contributing	to	atherosclerosis	was	provided	by	genome-wide	association	studies	(GWAS)	[16].	A	recent	ongoing	effort	using	bioinformatics-based	approaches	resulted	in	98	new	candidate	genes	for	CHD	[67].	It	is	a	disease	of
multiple	causes	which	regarded	as	the	primary	underlying	cause	of	heart	diseases	and	cerebrovascular	accidents.	Phosphatidylcholine	found	in	egg	yolk	and	in	red	meat	carnitine	is	processed	by	intestinal	bacteria	to	trimethylamine	(TMA)	this	in	turn	oxidized	in	the	liver	to	trimethylamine	N-oxide	(TMAO)	which	has	been	described	in	animal	models
and	clinical	trials	as	metabolite	causing	atherosclerosis	and	elevating	risk	of	CHD	[61,62].	Arteries	commonly	affected	include	aorta,	carotid	arteries,	coronary	arteries	and	arteries	of	the	lower	extremities	[4].	Genetics	and	epigenetics	have	a	significant	influence	on	development	and	progression	of	atherosclerosis.	From	pathological	perspectives,
atherosclerosis	has	been	defined	as	a	chronic	arterial	inflammation	secondary	to	prolonged	exposure	to	oxidative	stressors	and	involves	multiple	cell	types	and	cellular	mediators	[3].	ABSTRACTAtherosclerosis	is	a	esadixoreoloim	,soR	.esorelcsoreta	ad	o£ÃssergorP	e	otnemivlovnesed	on	etnatropmi	lepap	mu	rahnepmesed	arap	adartnocne	iof	amoneg
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together	are	responsible	for	LDL	peroxidation	process	[22,24,28].	One	proposed	mechanism	for	that	is	the	binding	of	lipoproteins	to	proteoglycans	which	are	secreted	by	macrophages	this	will	further	amplify	and	retain	Ox-LDL,	making	lesion¢Ã​Â​Âs	inflammation	as	a	continuous	process	[23,27].	A	complex	multiple	processes	of	inflammation	and
oxidation	are	implicated	in	the	development	of	fatty	streaks	in	which	LDL-c	metabolism	specifically	appeared	as	a	key	factor	[25].	Oxidized	LDL	induces	ROS	production	through	which	it	contributes	to	further	foam	cells	formation	at	atherosclerotic	plaques	[27].	Enzymes	which	influence	DNA	methylation	such	as	DNA	methyltransferases	(DNMTs)	are
crucial	in	maintaining	endothelial	cell	integrity,	promoting	SMC	proliferation	which	are	implicated	in	pathogenesis	of	atherosclerosis	[71].	Genetics	have	a	significant	influence	on	susceptibility	to	atherosclerotic	vascular	diseases.	This	approach	was	introduced	after	discovery	of	the	role	of	metabolic	factors	other	than	dietary	cholesterol	[60].	DNA
methylation	is	an	important	mechanism	that	regulates	gene	expression	associated	with	inflammation	and	atherosclerosis.	During	the	past	three	decades,	extensive	researches	have	been	conducted	in	order	to	explore	possible	mechanisms	by	which	Ox-LDL	plays	its	role	in	fatty	streak	progression.	Despite	variation	in	the	underlying	risk	factors
between	countries,	the	first	leading	cause	of	death	worldwide	comes	CHD.	Once	monocytes	reside	in	subendothelial	space	they	acquire	the	macrophage	characteristics	under	the	effect	of	macrophage-colony	stimulating	factor	[23],	and	express	SR	[A,	B1,	CD36,	CD68,	lectin-like	oxidized	low-density	lipoprotein	receptor-1	(LOX-1)]	that	will	bind
modified	lipoproteins	such	as	Ox-LDL,	native	lipoproteins	and	anionic	phospholipids	[21,35].Once	oxidation	of	LDL	started,	it	amplifies	itself	and	will	be	accompanied	by	htiw	snoitcaretni	gnivlovni	sserts	evitadixo	dna	noitammalfni	era	smsinahcem	cinegohtap	cisab	stI	.srohtua	eht	yb	detroper	saw	tseretni	fo	tcilfnoc	laitnetop	oN.tnemtaert	ro	/	dna
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Evitalumucca	OT	eud	.noitcudorp	egahporcam	rehtruf	Dna	TNEMTIURCER	genetic,	epigenic	and	environmental	factors.	Rusty	lipids	derived	from	low	density	lipoprotein	contribute	to	multiple	stages	of	development	of	atherosclerotic	plates	and	progression	through	the	production	of	inflammatory	cytokines.	According	to	31	and	18,	the	oxidative
modification	of	the	arrested	LDL	occurs	mainly	in	two	stages:	oxidation	of	LDL	lipids	contents,	with	little	change	in	the	B100	protein	of	the	APO,	this	occurs	before	recruitment	Monocty	mobile	phone	to	the	arterial	wall.	LDL	and	APP	B100	modification	occurs	after	the	recruitment	of	the	monocytes	for	the	conversion	conversion	of	monocytes	to
macrómagos,	this	process	is	followed	by	the	absorption	of	native	LDL	as	well	as	ox-	LDL	by	Macrómagos	through	Cleaner	Receptors	(SR).	Internalization	through	other	suggested	routes,	such	as	sorterine	protein	receptors	and	fluid	phase	pinocytosis.	The	change	of	recognition	of	the	macropagos	receptor	towards	LDL	due	to	its	oxidative	modification
causes	the	captuation	of	LDL	by	macropagos	derived	from	monocytes	via	mr	which	are	not	Regulated	by	the	cholesterol	content	of	CÃ	©	Lula	and	these	receptors	can	connect	a	variety	of	binders,	such	as	OX-LDL	and	native	lipoproteins	[29.32].	Diet	and	eating	habits	are	the	main	driving	forces	for	the	development	and	modification	of	atherosclerotic
diseases.	Despite	the	role	based	on	genetic	and	epigenious	evidence	in	the	pathogen	of	atherosclerosis,	future	molecular	studies	in	these	fields	are	recommended	to	interrelate	candidate	genes,	genetic	polymorphisms	and	loci	susceptibility	to	better	mechanistic	understanding	pathogenesis	of	atherosclerosis.	The	ROS	is	defined	as	oxygen	molemplate
(O2)	that	accepts	a	single	Elénico	Elém	where	it	turned	into	highly	reactive	radicals	that	damage	cellular	lipids,	proteins	and	DNA	[30].	This	review	will	discuss	the	integration	of	inflammation	and	oxidative	stress	in	the	edadisned	edadisned	axiab	ed	an​Ãetorpopil	ad	lepap	on	esafnªÃ	siam	moc	,esorelcsoreta	ad	oa	odiveD.oir³Ãtamalfni	ossecorp	o	e
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crossed	by	a	process	and	by	non-receptor-mediated	endocytosis,	LDL-c	will	be	trapped	within	the	fibers	and	fibrils	in	the	vascular	wall	[27].	The	increasing	burden	of	CVDs	worldwide	is	attributed	to	the	increasing	incidence	of	atherosclerotic	diseases	[13].	SMCs	proliferation	and	migration	from	tunica	media	to	tunica	intima	play	an	important	role	in
growth	and	expansion	of	atherosclerotic	plaque	[24,42].	Because	of	the	abundant	researches	in	the	field	of	atherosclerosis	in	recent	years,	understanding	of	pathophysiology	of	atherosclerosis	made	more	and	more	accessible	at	lipoprotein	metabolic	level	as	well	as	at	inflammatory	molecular	level	[21].Recent	understanding	of	pathogenesis	of
atherosclerosis	(Figure	2)	explained	it	as	imbalanced	lipid	metabolism	integrated	with	misconducted	immune	response	leading	to	chronic	inflammatory	process	in	the	blood	vessel	wall	[22].The	earliest	histopathological	lesion	of	atherosclerosis	is	the	development	of	fatty	streaks	in	the	vascular	wall	at	predilection	points	such	as	arterial	branching
sites	where	the	laminar	blood	flow	is	disturbed	[23,24].	It	is	a	disease	of	multiple	causes	which	regarded	as	the	primary	underlying	cause	of	heart	diseases	and	cerebrovascular	accidents	[5,6].	Interleukin-6	is	a	key	cytokine	in	pathogenesis	of	atherosclerotic	plaque	development	and	progression	[36,37].	Epigenetic	means	chemical	tags	that	modify
DNA	expression	independent	of	the	DNA	sequence.	Once	LDL-c	trapped	within	the	vascular	wall,	it	undergoes	lipid	peroxidation	due	to	locally	secreted	reactive	oxygen	species	(ROS)	commonly	called	free	radicals	[28,29].	Thorough	macroscopic	and	microscopic	examination	of	vascular	system	of	mummies	found	in	Egypt	belong	to	antiquity	showed
evidence	of	atherosclerosis	affected	aorta,	coronary	arteries,	carotid	arteries	as	well	as	femoral	arteries	[7,8].	Precursors	of	TMAO,	choline	or	L-carnitine	elicit	alterations	in	cholesterol	and	sterol	metabolic	pathways	in	the	sair©Ãtcab	moc	sezef	ed	etnalpsnart	aiv	o£Ã§Ãazinolocer	e	socit³Ãibitna	moc	sacinªÃgotap	sair©Ãtcab	ed	o£Ã§Ãacidarre	ad
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sotnematart	e	socits³Ãngaid	sovon	revlovnesed	arap	adazilitu	res	edop	megadroba	atsE	.esorelcsoreta	ad	esenªÃgotap	an	sadacilpmi	o£Ãtse	)amoiborcim(	sianitsetni	sair©Ãtcab	e	ateiD	.]65,55[	ovitadixo	essertse	on	LDL	ad	lepap	od	latnemirepxe	aicnªÃdive	ariemirp	a	maratneserpa	loretseloc	me	acir	ateid	moc	sodatnemila	siamina	soledoM	.]66[
acit³Ãrelcsoreta	CCD	a	sodaicossa	etnematsubor	sovon	icol	ed	eir©Ãs	amu	maracifitnedi	siaicrapmi	SAWG	,etnemasoiruC	.]95[	esorelcsoreta	an	etnadnuba	otnemanoicnuf	ed	ovitadixo	sserts	ed	omsinacem	o	omoc	odaredisnoc	iof	esadixo-HPDAN	ad	omsinacem	O	.]62[	lairetra	o£Ã§Ãacrufib	ed	siacol	son	mumoc	©Ã	euq	,soen​Ãugnas	sosav	sod	nemºÃl
od	etneulfnoc	acits¡Ãle	adamac	ad	adrep		Ã	e	zirtam	ad	sonacilgoetorp	ed	o£Ã§Ãisopxe		Ã	odived	es-mevlovnesed	sasorudrog	sartsil	sa	,lailetodne	o£Ã§Ãnufsid	a	adizudni	zev	amU	.]22[	o£Ãsel	ad	siacol	son	enumi	ralulec	o£Ã§Ãartlifni	a	e	oir³Ãtamalfni	ossecorp	o	¡Ãranoislupmi	,zev	aus	rop	,euq	o	,o£Ãseda	ed	saluc©Ãlom	rasserpxe	a	e	soir³Ãtamalfni
serodaidem	rizudorp	a	siailetodne	salul©Ãc	sa	zudni	adadixo	LDL	A.]33,13,52[	sarudrog	ed	aicnªÃuqes	ad	acram	a	sadaredisnoc	e	amupse	ed	salul©Ãc	sadanimoned	marof	salul©Ãc	sasse	,missa	;salul©Ãc	satse	arap	asomupse	aicnªÃrapa	ad	megami	odnad	sogaf³Ãrcam	ed	amsalpotic	od	ortned	soid​Ãpil	ed	a§Ãicam	o£Ã§Ãalumuca	¡Ãrevah	RS	ed
o£Ã§Ãnuf		Ã	odived	​Ã	.]53,12[	lanoicida	ovitadixo	essertse	o	agaporp	e	ralucsav	amitni	an	amupse	ed	salul©Ãc	ed	o£Ã§Ãamrof	a	arap	¡Ãriubirtnoc	ele	,RS	aiv	sogaf³Ãrcam	rop	odaflogne	LDL-xO	o	euq	zev	amU	.siatneibma	e	socit©Ãneg	serotaf	solpitlºÃm	ed	seµÃ§Ãaretni	evlovne	euq	lairotafitlum	lairetra	a§Ãneod	amu	©Ã	It	is	a	secondary	cháconial
arterial	inflammation	to	the	extended	exposure	to	oxidative	stressors	and	involves	involves	,)dica	ciopil	dna	enoihtatulg	,sdionetorac	,sloneirtocot	dna	slorehpocot	,dica	cibrocsa	.g.e(	stnadixoitna	devired-tneirtun	,).cte	,esatcuder	dna	)TAC(	esalatac	,)xPG(	esadixorep	enoihtatulg	,)DOS(	esatumsid	edixorepus	.g.e(	semyzne	tnadixoitna	sedulcni	metsys
tnadixoitna	eh	eh	ehT	.]2T	.]223	f	euqalp	cytorelcsorehta	ni	devlovni	sllec	fo	yteirav	fo	srotaluger	tnetop	era	hcihw	)Â±Ã​-FNT(	Â±Ã​	-rotcaf	sisorcen	romut	dna	)6-LI(	nikuelretni	,)Â²​	​	​	​1-LI(	Â2Ãannatropmi	tsom	eht	era	noitisopsiderp	citeneg	dna	noitadixo	,noitammalfni	hcihw	fo	srotcaf	elpitlum	yb	denimreted	era	)1	erugiF(	sisorelcsorehta	fo
sisorelcsorehta	fo	ygoloisyhpohtap	ni	scitenegipe	dna	sciteneg	,teid	fo	elor	cinegohtap	eht	ylfeirb	thgilhgih	lliw	weiver	ht	,eromrehtruF	.]43,92[	)1-PCM(	1-nietorp	tnatcarttaomehc	etyconom	dna	8-nikuelretni	sa	hcus	senikomehc	dna	,rotcaf	gnitavitca-steletalp	,sdipil	sa	hcus	stnatcartta-omehc	dna	snitceles	,)1-MACI(	1-elucelom	noisehda	ralullecretni
,)1-MACV(	1-elucelom	noisehda	llec	ralucsav	fo	noitalucsav	pu	:stceffe	cinegohtap	gniwollof	eht	ni	detacilpmi	si	LDL	dezidixO	.seiretra	dezis-muidem	dna	-egral	fo	llaw	renni	eht	fo	esaesid	yrotammalfni	cinorhc	a	si	sisorelcsorehtA.snoitpo	cituepareht	erutuf	rof	gnimia	elor	ytilasuac	fo	lasver	ro	lasuac	sti	enimreted	ot	dna	sisorelcsorehta	ot	noitalyhtem
AND	etaler	taht	smsinaht	ralucelom	eht	dnatsrednu	ot	deriuqer	era	syassa	lanoitcnuf	,revoeroM	.sisorelcsorehta	tsniaga	detcetorp	eb	yam	yeht	,ecneh	;enimalyhtemirt	ecudorp	nac	taht	airetcab	lanitsetni	gnikcal	snagev	sa	hcus	elpoeP	.]02[	ssecorp	gniga	fo	tluser	a	sa	esaesid	evitareneged	a	eb	ot	sisorelcsorehta	no	thguoht	ylsuoiverp	tahw	fo	etipo
eht	hcihw	,notidnoc	yrotammalfni	cinorhc	a	si	sisorelcsorehta	taht	dewohs	sehcraeser	,sedaced	owt	tsal	eht	nI	.srotaidem	ralullec	dna	sepyt	llec	proteNa	(e.g.	ferritin,	lactoferrin,	albumin	and	ceruloplasmin)	and	numerous	other	antioxidant	phytonutrients	present	in	a	wide	variety	of	plant	foods	[47,48].	The	local	arterial	wall	or	systemic	oxidative
stress	is	one	of	the	proposed	mechanisms	for	the	development	and	progress	of	atherosclerosis	[18,49].There	is	evidence	from	in	vitro	and	experimental	studies	as	well	as	from	human	studies	that	the	oxidized	lipids	derived	from	LDL	contribute	to	the	development	and	progress	of	the	atherosclerosis³	³plaque	through	the	production	of	inflammatory
cytokines	(e.g.	TNFIIÂ	),	the	regulation	of	oxidases	(NADPH)	and	the	increase	of	the	renin	system​	​	​	​	³	​	​	³	³	​	​	​Â	NλÂ·)	and	the	peroxynitrite	(ONOOÂ·Ã″ÂλÂ19).	Recently,	an	abundance	of	candidate	genes,	genomic	polymorphisms	and	susceptibility	loci	associated	with	atherosulcer³related	diseases	have	been	identified	[65].	It	can	therefore	be	concluded
that,	although	the	terminology	of	atherosclerosis	is	recent,	the	disease	itself	is	old	[9].	Whenever	the	balance	between	the	production	of	ROS	and	the	antioxidant	defense	is	lost,	the	stress	Ã​Â​oxidative	Ã​	​	µÂÂÂ
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