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	1. • Made by_  HUZAIFA AFZAL
• TOPIC- Atherosclerosis
• Presented to Sir ALIEVE
 


	2. Atherosclerosis is thickening  or hardening of the arteries caused by a
buildup of atheromatous plaque in the inner lining of an artery.You
might hear it called arteriosclerosis or atherosclerotic cardiovascular
disease. It’s the usual cause of heart attacks, strokes, and peripheral
vascular disease -- what together are called cardiovascular disease.
Risk
Factors:
• high cholesterol and
triglyceride levels,
• high blood pressure,
• smoking,
• diabetes,
• obesity,
• physical activity,
and eating saturated
fats.
An atheroma, or atheromatous plaque,
is an abnormal and reversible
accumulation of material in the inner
layer of an arterial wall.
 


	3. RISK FACTORS
  


	4. Here is a  Question?
 



	6. Mechanism of Atherosclerosis
formation  of atherosclerotic lesions is triggered by a local inflammation in the vascular
wall that is induced by dyslipidemia, specifically high LDL-cholesterol levels, and high
remnant lipoprotein levels, as well as other various disease factors.
 


	7. The stages of  atherosclerosis happen over
many years and include:
1. Endothelial
damage and
immune response.
Atherosclerosis
begins with
endothelial
damage. ...
2. Fatty streak
formation. A “fatty
streak” is the first
visible sign of
atherosclerosis. ...
3. Plaque growth. ...
4. Plaque rupture or
erosion.
 


	8. stages of atherosclerosis
1.  Initiation and Fatty Streak Phase of Atherosclerotic
Lesions
ü Initiation of the atherosclerotic lesion. The fatty streak phase of atherosclerosis begins with dysfunctional endothelial cells and the retention of
apoB-containing lipoproteins (LDL, VLDL, and apoE remnants) in the subendothelial space. Retained lipoproteins are modified (oxidation, glycation,
enzymatic), which, along with other atherogenic factors, promotes activation of endothelial cells. Activated endothelial cells have increased
expression of monocyte interaction/adhesion molecules (selectins, VCAM-1) and chemoattractants (MCP-1) leading to attachment and
transmigration of monocytes into the intimal space. Activated endothelial cells also promote the recruitment of other immune cells including
dendritic cells, mast cells, regulatory T (T-reg) cells, and T helper 1 (Th-1) cells. The monocytes differentiate into macrophages and express
receptors that mediate the internalization of VLDL, apoE remnants, and modified LDL to become foam cells. In addition, inflammatory signaling
pathways are activated in macrophage foam cells leading to more cell recruitment and LDL modification.
 


	9. 2 .Immune Cell  Recruitment and Foam Cell
Formation
Cytoplasmic CE is cleared by two main pathways. In one pathway, removal of FC from the plasma membrane stimulates transport of FC that has been
generated by neutral cholesterol esterase away from ACAT to the plasma membrane. Alternatively, cytoplasmic CE is packaged into autophagosomes,
which are transported to fuse with lysosomes, where the CE is hydrolyzed by acid lipase and the resulting FC is then transported to the plasma
membrane. The efflux of FC to lipid-poor apolipoproteins or HDL occurs by a number of mechanisms to reduce foam cell formation. Exogenous lipid-
free apoA-I or endogenous apoE that is produced by the macrophages interacts with ABCA1 to stimulate the efflux of phospholipid and FC to form
nascent HDL particles (e.g. apoA-I or apoE containing phospholipid discs). ApoE produces the most buoyant, FC-enriched particles. ABCA1 plays a
major role in the clearance of cytoplasmic CE via autophagy. The apoA-I/apoE discs as well as mature HDL containing apoA-I and/or ApoE stimulate
FC efflux via three major mechanisms including ABCG1, SR-BI, and aqueous diffusion. ABCG1 may also play a role in the intracellular trafficking of
cholesterol.
Ø Macrophage Cholesterol Metabolism. Native LDL is recognized
by the LDL receptor (LDLR). The LDL is endocytosed and
trafficked to lysosomes, where the cholesteryl ester (CE) is
hydrolyzed to free cholesterol (FC) by the acid lipase. The FC is
transported to the endoplasmic reticulum (ER) to be esterified by
acyl CoA:cholesterol acyltransferase (ACAT). Increased FC in an
ER regulatory pool initiates a signaling cascade resulting in
down-regulation of the LDL receptor. Cholesterol regulation of
the LDLR prevents foam cell formation via this receptor in the
setting of hypercholesterolemia. ApoB containing lipoproteins
that also contain apoE (apoE remnants, VLDL) can cause
cholesterol accumulation via interaction of apoE with apoE
receptors including the LRP1 and the VLDL receptor, which are
not regulated by cellular cholesterol. Uptake of native LDL by
fluid phase pinocytosis may also contribute to foam cell formation.
Modifications of apoB containing lipoproteins induce significant
cholesterol accumulation via a number of mechanisms. Enzyme-
mediated aggregation of apoB lipoproteins enhances uptake via
phagocytosis. Oxidation and/or glycation enhances
internalization via a number of receptors that are not regulated
by cholesterol, including CD36, scavenger receptor A (SRA),
lectin-like receptors (LOX), and toll-like receptors (TLR4). The
CE generated by ACAT is stored in cytoplasmic lipid droplets,
where there is a continual cycle of hydrolysis to FC by neutral
cholesterol esterase and re-esterification by ACAT.
 


	10. ApoE in Atherosclerosis
•  In addition to apoA-I and HDL, the endogenous
production of apoE by macrophages is critical in
preventing atherosclerotic lesion formation. The
majority of apoE in plasma is produced by the
liver, but macrophages are responsible for
producing 5 -10% of apoE in plasma.ApoE
serves as the ligand for clearance of all of the
apoB containing lipoproteins from the blood by
the liver except for LDL
 


	11. 3 .Progression to  Advanced
Atherosclerotic Lesions
ü Progression of the atherosclerotic plaque. Macrophage foam cell and endothelial cell inflammatory signaling continues to
promote the recruitment of more monocytes and immune cells into the subendothelial space. Transition from a fatty streak
to a fibrous fatty lesion occurs with the infiltration and proliferation of tunica media smooth muscle cells. Macrophage foam
cells and other inflammatory cells produce a number of chemoattractant and proliferation factors, including transforming
growth factor-β (TGF-β), platelet-derived growth factor (PDGF) isoforms, matrix metalloproteinases, fibroblast growth
factors (FGF), and heparin-binding epidermal growth factor (HB-EGF). Smooth muscle cells are recruited to the luminal
side of the lesion to proliferate and generate an extracellular matrix network to form a barrier between lesional
prothrombotic factors and blood platelets and procoagulant factors. A subset of smooth muscle cells express macrophage
receptors and internalize lipoproteins to become foam cells. Fibrous fatty lesions are less likely to regress than fatty streaks.
 


	12. ü Features of  the stable fibrous plaque. As the cell volume
of the intima increases, there is vascular remodeling so
that the lumen is only partially occluded, substantially
lessening clinical events resulting from occlusion. The
stable plaque contains a generous fibrous cap composed
of layers of smooth muscle cells ensconced in a
substantial extracellular matrix network of collagen,
proteoglycans, and elastin. The thick fibrous cap of the
stable plaque provides an effective barrier preventing
plaque rupture and exposure of lesion prothrombotic
factors to blood, thereby limiting thrombus formation and
clinical events. Maintenance of a thick fibrous cap is
enabled by regulation of the inflammatory status of the
foam cell core of the lesion. Regulatory T (T-reg) cells
produce transforming growth factor-β (TGF-β) and IL-10.
In addition, T-reg cells inhibit antigen-specific activation of
T helper 1 (Th-1) cell to produce interferon gamma (IFNg).
Increased TGF-β and IL-10 and decreased IFNg reduce
the proinflammatory macrophage phenotype leading to
reduced cell death, effective efferocytosis (phagocytosis of
dead cells), and anti-inflammatory cytokine production (i.e.
TGF-β, IL-10). Thus, stable plaques have small necrotic
cores containing macrophage debris and extracellular lipid
resulting from secondary necrosis of noninternalized
apoptotic macrophage foam cells. The production of TGF-
β by T-reg cells and macrophages maintains fibrous cap
quality by being a potent stimulator of collagen production
in smooth muscle cells.
 


	13. 4 .Vulnerable Plaque  Formation and Rupture
ü Formation of the vulnerable plaque.
The vulnerable plaque results from a
heightened, unresolved
inflammatory status of the lesion
foam cell core. Antigen-specific
activation of T helper 1 (Th-1) cells
produces interferon gamma (IFNg)
resulting in a proinflammatory
macrophage phenotype. The
proinflammatory macrophage foam
cells exhibit enhanced inflammatory
cytokine secretion and apoptosis
susceptibility. There is less secretion
of the anti-inflammatory cytokines,
TGF-β and IL-10.
In addition, proinflammatory macrophages have impaired atheroprotective functions
including cholesterol efflux and efferocytosis. The defective efferocytosis of inflammatory
apoptotic macrophages results in secondary necrosis leading to an enlarged necrotic core
composed of leaked oxidative and inflammatory components. This unresolved inflammation
causes thinning of the fibrous cap resulting from increased smooth muscle cell death,
enhanced extracellular matrix degradation and decreased extracellular matrix production.
Areas of thin fibrous cap are prone to rupture exposing prothrombotic components to
platelets and procoagulation factors leading to thrombus formation and clinical events.
 


	14. THE ROLE OF  CHOLESTEROL AND LIPOPROTEINS IN
ATHEROGENESIS
ü Metabolism of ApoB100
containing lipoproteins.
ApoB100 is critical for the
production and secretion
of very low-density
lipoprotein (VLDL) by the
liver. Plasma VLDL is
metabolized to cholesteryl
ester-enriched
intermediate low-density
lipoprotein (IDL) and LDL
particles via hydrolysis of
triglycerides by lipoprotein
lipase (LPL) and hepatic
lipase (HL). In addition,
cholesteryl ester transfer
protein (CETP) transfers
CE from HDL to VLDL in
exchange for triglyceride
(TG) to HDL. ApoCII and
apoCIII are transferred
from HDL to VLDL and act
as an activator or inhibitor
of LPL activity, respectively.
ApoB100 is the ligand for hepatic LDL receptor-mediated clearance of LDL. VLDL acquires apoE
from HDL, and apoE mediates the clearance of triglyceride-enriched remnants and IDL. In addition,
HDL can directly transfer cholesterol to liver via interaction with SR-BI. VLDL and IDL remnants can
induce foam cell formation by internalization via apoE receptors on macrophages. LDL, IDL, and
VLDL can be modified (oxidation, glycation) and internalized by a number of macrophage receptors
including scavenger receptors and lectin-like receptors. HDL and lipid-poor apoA-I reduce foam cell
formation by stimulating cholesterol efflux.
 


	15. causes
  



	17. SIGN/
SYMPTOMS
  


	18. Diagnosis
Blood tests:
Blood tests  check the levels of cholesterol, triglyceride, blood sugar, lipoproteins, or proteins that are
signs of inflammation, such as C-reactive protein.
Electrocardiogram:
An EKG can show how fast your heart is beating, whether the rhythm of your heartbeats is steady or irregular, and the
strength and timing of the electrical impulses passing through each part of your heart. You may have an EKG as part of
a routine exam to screen for heart disease.
Heart imaging tests:
• Angiography
• Cardiac MRI (magnetic resonance imaging)
• Cardiac positron emission tomography (PET) scanning
• Coronary computed tomographic (CT) angiography
Coronary calcium scan
Stress tests
Ankle-brachial index (ABI) test:
Ankle-brachial index (ABI) tests are used to diagnose peripheral artery disease. This painless
test compares the blood pressures in your ankle and your arm using a blood pressure cuff and
ultrasounds device.
 


	19. The illustration shows  the ankle-brachial index test. The test compares
blood pressure in the ankle with blood pressure in the arm. As the blood
pressure cuff deflates, the blood pressure in the arteries is recorded.
 


	20. ATHEROSCLEROSIS
Treatment
• Heart-healthy lifestyle  changes:
Steps for a healthy lifestyle include
1. Choose heart-healthy foods,( includes fruits, vegetables, and whole grains and limits
saturated fats, sodium (salt), and added sugars.)
2. Be physically active
3. Limit how much alcohol you drink
4. Manage stress
5. Quit smoking and avoid secondhand smoke
6. Get enough good-quality sleep
• Medicines:
ACE inhibitors and beta blockers
Anti-platelet or anti-clotting medicines
Calcium channel blockers
Medicines to control blood sugar
Metformin
Nitrates
Ranolazine
Statins
Other cholesterol-lowering medicines, such as ezetimibe, PCSK9 inhibitor, bempedoic acid,
and omega-3 fatty acids
Thrombolytic medicines, sometimes called clot busters
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