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ABBREVIATION 


PVD  ‐       Peripheral Vascular Disease 


ABPI  ‐  Ankle Brachial Pressure Index 
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TGF‐β  ‐  Transforming Growth Factor‐β 
 TNF‐α   –  Tumour Necrosis Factor‐α 
 DM  –  Diabetes Mellitus 


SMK  –  Smoking 


ALC  –  Alcoholism 


WT  –  Weight 


HT  –  Height 


BMI  –  Body Mass Index 
 CHOL  –  Cholesterol 
 TGL  –  Triglyceride 


ER  –  Endoplasmic reticulum 


IL  ‐  Interleukin 


TLR  ‐  Toll Like Receptor 
 NF‐κB  ‐  Nuclear Factor κB 


IFN  ‐  Interferon 
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INTRODUCTION 


Peripheral Vascular Disease (PVD), or Peripheral Arterial disease, is one of the 
 major causes of morbidity and mortality in the Indian population, the prevalence 
 increasing in elderly and diabetic people. Chronic lower extremity ischemia is the most 
 common cause of loss of walking ability attended by a vascular surgeon and is associated 
 with a constellation of disorders affecting the entire system1. Atherosclerotic PVD is a 
 prototype of chronic systemic atherosclerosis and is characterized by arterial stenoses and 
 occlusions in the peripheral arterial bed of lower limbs. The various risk factors include 
 Age, DM, Smoking, hypertension, hyperlipidemia, hyperhomocysteinemia etc. 


   Atherosclerosis is a chronic inflammatory disease. Cardiovascular atherogenicity 
 is the major cause of mortality around the world, though it can effect all the medium and 
 large sized vessels in the body.  Dyslipidemia is a major risk factor for the development 
 and progression of atherosclerosis, along with the life style and co morbid conditions like 
 Diabetes mellitus. The major lipids of human body are phospholipids, cholesterol, 
 triglycerides and cholesteryl esters. These insoluble lipids are transported through the 
 blood as lipoprotein complexes of lipids and one or more of specific proteins called 
 apolipoproteins. By actively exchanging certain lipids and apolipoproteins with each 
 other, the lipoproteins are synthesized and degraded at a constant rate. Among 
 lipoproteins, low density lipoproteins (LDL) has 75% lipid and 25% proteins. 


Modification of LDL, mainly Oxidation, plays a key role in the evolution of 
atherosclerosis. High density lipoprotein (HDL) has a protective role in atherosclerosis, 
because it is involved in reverse cholesterol transport and helps to excrete cholesterol by 



(11)the liver. Another role of HDL in protection against atherosclerosis is by inhibiting the 
 oxidative modification of LDL. 


Lipoprotein(a) is a genetically determined, cholesterol rich plasma lipoprotein 
 which is a risk factor for atherosclerosis. High Lp(a) concentration represents an indicator 
 of risk for cardiovascular disease, especially when serum LDL-cholesterol or Apo B are 
 elevated.  Lp(a) levels are found to be resistant to standard lipid lowering therapy, with 
 the exception of Niacin.  


Lp(a) consists of an LDL-like particle and the specific apolipoprotein(a) [apo(a)], 
 which is covalently bound to the apoB100 of the LDL like particle through disulphide 
 bridges. Lp(a) causes atherogenesis due to the LDL particle and leads to thrombogenesis 
 due to its structural homology with plasmoinogen, thereby promoting the development of 
 atherosclerotic plaques. Lp(a) also stimulates smooth muscle proliferation of the affected 
 blood vessels. One proposed mechanism by which it is done is by inhibiting the 
 activation of Transforming Growth Factor-β. 


Transforming Growth factor type-β (TGF-β) is a superfamily of ligands, receptors 
binding proteins and ligand traps that together plays a key role in maintaining the normal 
vessel wall structure by inhibiting smooth muscle proliferation. TGF-β is found to play a 
crucial role in the development and/or regression of malignant tumors, autoimmune 
diseases, organ fibrotic changes, kidney diseases and cardiovascular diseases. It exists in 
three known subtypes in humans TGF-β1, TGF-β2 and TGF-β3. TGF-β1 is present in 
endothelial cells, vascular smooth muscle cells (VSMCs), myofibroblasts, macrophages, 
and other hematopoietic cells. It is recognized as the most pivotal TGF-β isoform for the 
cardiovascular system 



(12) 



REVIEW OF 

LITERATURE 



(13)
REVIEW OF LITERATURE 


Peripheral Vascular disease, commonly referred to as peripheral arterial disease 
 (PAD) or peripheral artery occlusive disease (PAOD), refers to the obstruction of large 
 arteries not within the coronary, aortic arch vasculature, or brain. PVD can result from 
 atherosclerosis, inflammatory processes leading to stenosis, an embolism, or thrombus 
 formation2. Peripheral arterial disease causes limb pain with exertion, reduces functional 
 capacity and quality of life, and is frequently associated with coronary, cerebral, and 
 renal artery disease . Individuals with PAD are at increased risk for acute cardiovascular 
 events such as myocardial infarction, cerebrovascular attack, aortic aneurysm rupture, 
 and vascular death, as well as ischemic ulceration and amputation . This increased risk 
 for cardiovascular morbidity and mortality is seen even in patients without symptoms3. 
 Several population-based studies based on predominantly white European populations 
 have found the prevalence of PAD to be between 6% and 18% over the age of 55 years. 


The prevalence rises with age and has been found to be approximately 20% in people 
 over 70 years of age and up to 60% in the over 85 age group. 


There has, however, been very little research into the prevalence of PAD in non-
Caucasian populations, although previous population-based studies have shown 
variations in the prevalence of this disease amongst different ethnic groups4. Peripheral 
vascular disease affects 1 in 3 diabetics over the age of 50. 70%–80% of affected 
individuals are asymptomatic; only a minority ever requires revascularisation or 
amputation. 



(14)Classification5


 Fontaine stages of peripheral arterial disease 


  mild pain when walking (claudication), incomplete blood vessel obstruction; 


  severe pain when walking relatively short distances (intermittent claudication), 
 pain triggered by walking "after a distance of >150 m in stage IIa and after <150 
 m in stage IIb" 


  pain while resting (rest pain), mostly in the feet, increasing when the limb is 
 raised; 


  Biological tissue loss (gangrene) and difficulty walking. 


 Rutherford classification is a recent classification system and it consists of three grades 
 and six categories: 


1.  Mild claudication 
 2.  Moderate claudication 
 3.  Severe claudication 
 4.  Ischemic pain at rest 
 5.  Minor tissue loss 
 6.  Major tissue loss 


 Symptoms2


About 20% of patients with mild PAD may be asymptomatic; other symptoms include 



(15)  Claudication - pain, weakness, numbness, or cramping in muscles due to 
 decreased blood flow 


  Sores, wounds, or ulcers that heal slowly or not at all 


  Noticeable change in color (blueness or paleness) or temperature (coolness) when 
 compared to the other limb (termed unilateral dependent rubor; when both limbs 
 are affected this is termed bilateral dependent rubor) 


  Diminished hair and nail growth on affected limb and digits. 


The incidence of symptomatic PVD increases with age, from about 0.3% per year for 
 men aged 40–55 years to about 1% per year for men aged over 75 years. The prevalence 
 of PVD varies considerably depending on how PAD is defined, and the age of the 
 population being studied. Diagnosis is critical, as people with PAD have a four to five 
 times higher risk of myocardial infarction or stroke. 


Diagnosis of PVD6


Conventionally PVD is diagnosed by measuring the Ankle Brachial Pressure Index 
 (ABPI) or Ankle Brachial Index (ABI) 


Calculation of ABI: 


Ankle systolic Pressure 
 ABI = 


Highest Brachial systolic pressure 



(16)>/= 1 : normal 


0.5 to 1 : moderate disease 


< 0.5 : severe disease 


<0.3 : critical limb ischemia 


PAOD is diagnosed when the ABI is <0.9. 


Other techniques used for diagnosis are2
 -  Doppler ultrasound imaging 
 -  Angiography 


-  Multislice computerised tomography (CT) scan. 



Causes of PVD 


ATHEROSCLEROSIS 


Atherosclerosis accounts for most peripheral arterial occlusive disease. Many of 
 the risk factors for atherosclerotic coronary artery disease (CAD) such as hyperlipidemia 
 have been identified as risk factors for peripheral arterial disease. Atherosclerosis is a 
 complex disease in which numerous diverse etiologic factors play a role. The most 
 widely accepted concept of genesis of atherosclerosis is that intimal injury incites a series 
 of reactions, which ultimately culminate in development of fibrous plaques. This is the 


"response to injury" hypothesis6. (fig 1) 



(17)
Fig 1 : Evolution of arterial wall changes and plaque formation in the  response-to-injury hypothesis 


 
  


1.   Endothelial dysfunction; 2,; 3,; 4,; 5,; 6,; 7,; 8,  
 2.  vascular smooth muscle cell (VSMC) hypertrophy 
 3.  migration and proliferation of VSMCs 


4.  matrix elaboration 


5.  expression of adhesion molecules and migration of monocytes 
 6.  uptake of low-density lipoprotein (LDL) and formation of foam cells 
 7.  thrombus formation 


8.  angiogenesis and neovascularization 



(18)Atherosclerosis is defined as an intimal disease of large and medium sized arteries 
 of external diameter more than 2 mm7. There is focal accumulation of lipid and smooth 
 muscle cell proliferation producing lesions called plaques which begin mostly in the 2nd
 or 3rd decade of life8. Every plaque has 2 major constituents namely, the lipid and the 
 extra cellular matrix proteins. Collagen produced by the smooth muscle cells is the 
 predominant protein here. The nature and composition of these plaques change as they 
 evolve.  


Atherosclerosis reflects a continuing repair process occurring in the arterial wall 
secondary to persistent arterial injury. The injurious factors could be multifactorial and 
include hyperlipidemia, shear stress, hypertension, and cigarette smoking. The common 
denominator is endothelial injury. (Fig 2) This results in accumulation of blood-borne 
monocytes, which migrate into the subendothelial space. Such monocytic accumulation is 
one of the earliest detectable precursors in the genesis of atherosclerotic lesions. Within 
the subendothelial space the monocytes convert into cholesterol-laden foam cells. This 
accumulation distorts the endothelial covering, causing microseparation of endothelial 
cells and platelet deposition. Smooth muscle cells migrate into the intima from the media, 
also converting into foam cells7.  



(19)
Fig 2 : Consequences of Endothelial Dysfunction 


 


Normal endothelium displays antiaggregant, anticoagulant, and vasodilatative properties, 
 along with inhibition of cell proliferation. After exposure to various agents causing 
 endothelial dysfunction, these functions are modified toward procoagulant and 


vasoconstrictive activities together with stimulation of cell recruitment and proliferation. 


 LDL- low-density lipoprotein 
  NO- nitric oxide 


 PAF- platelet-activating factor 


 PAI-1- plasminogen activator inhibitor-1 
  PGI2- prostacyclin 


 ROS- reactive oxygen species 
 SMC-smooth muscle cell 
 TXA2, thromboxane A2. 



(20)T lymphocytes recruited to the intima interact with macrophages and can generate a 
 chronic immune inflammatory state. The T lymphocytes found in atherosclerotic lesions 
 are polyclonal, which indicates that these cells do not develop in response to a single 
 antigen9. Activation of complement seems to play a role in both initiation of 
 atherosclerosis and acceleration of the disease. Complement activation can occur by 
 either the classical (antibody dependent) or the alternative (antibody independent) 
 pathway. Cholesterol particles have been shown to be potent complement activators. 


Proliferation plus activation of VSMCs and endothelial cells is also mediated by 
 activation of complement10. 


Platelets play an important role in stimulating the progression of atherosclerotic lesions 
 by secreting growth factors and vasoactive substances (e.g., platelet-derived growth 
 factor [PDGF], transforming growth factor-α [TGF-α], TGF-β, epidermal growth factor 
 [EGF], and insulin-like growth factor-I [IGF-I]) after their adherence to the vessel wall in 
 sites of endothelial ulceration11. Recently, platelets have been suggested as initial role 
 players in the development of atherosclerotic lesions by recruiting and binding to 
 leukocytes, endothelial cells, and circulating progenitor cells and initiating transformation 
 of monocytes into macrophages. Platelets internalize oxidized phospholipids, express 
 various scavenger receptors that are able to regulate LDL uptake, and promote foam cell 
 formation12.  


The fatty streak is the earliest identifiable lesion of atherosclerosis. It has been detected in 
children as young as 10 years of age and consists of lipid-laden macrophages overlying 



(21)lipid-laden smooth muscle cells. They occur at the same anatomic sites as subsequent 
 fibrous plaques6.  


As the lesion grows, as shown in (fig 3)  it encroaches into the lumen of the vessel which 
can occlude the vessel. The plaque can also erode into the media or rupture or fissure 
which processes can allow blood to enter and disrupt the arterial wall or precipitate 
thrombosis or local vasospasm13.  



(22)
Fig 3 : Atherosclerosis Time course 



(23)A Vulnerable atherosclerotic plaque (high-risk or unstable plaque) (fig 4) is associated 
with an increased risk of disruption, distal embolization, and vascular events. Vulnerable 
plaque is an advanced histologic lesion with a large lipid core (filled with lipid and cell 
debris), a thin fibrous cap, ulceration, intraluminal thrombosis, and intraplaque 
hemorrhage, as well as intense infiltration by macrophages and other inflammatory 
cells14,15.  



(24)
Fig 4 : Determinants of plaque vulnerability 


 



(25)Categories of Risk Factors for Atherosclerosis and Cardiovascular Diseases16-20


CONVENTIONAL 


    smoking 


  Diabetes mellitus  


  Hyperlipidemia  
 PREDISPOSING  


   •     Advanced age 
    •     Overweight/obesity 
    •     Physical inactivity 


   •     Gender: male sex, postmenopausal women 
    •     Insulin resistance  


   •     Family history/genetics 


   


•     Behavioral/socioeconomic factors—race 


CONDITIONAL  
    •     Homocysteine 


   •     C-reactive protein (high-sensitivity CRP) 
    •     Fibrinogen 


   •     Lipoprotein (a) 



(26)   •     Hypertriglyceridemia  
 EMERGING (NOVEL)  


   


•     Inflammatory markers  


   •     Serum amyloid A (SAA) 
    •     White blood cell count (WBC) 


   


•     Cytokines  (  IL-1β, IL-6, IL-10, IL-18, monocyte chemotactic protein-1 
 [MCP-1]  


   •     Cell adhesion molecules (ICAM-1, VCAM-1, P-selectin, etc.) 
    •     Soluble CD40 ligand (sCD40L) 


   •     Protease-activated receptors (PARs) 
    •     Erythrocyte sedimentation rate (ESR) 


   


•     Lipoprotein-associated phospholipase A2 (LP-PLA2) 


   


•     Infectious agents  


   •    Chlamydia pneumoniae, 
    •     Cytomegalovirus (CMV) 


   •     Herpes simplex virus (HSV) 1 and 2 
    •    Helicobacter pylori 


   •     Hepatitis A virus 
    •     Vascular calcification markers  


   •     Osteopontin (OPN) 



(27)   •     Osteoprotegerin (OPG) 
    •     Setuin 


   


•     Hemostatic factors and hypercoagulable states  
    •     Lupus anticoagulant 


   •     D-dimers 


   •     Markers of platelet activation 
    •     Tissue plasminogen activator (tPA) 
    •     Plasminogen activator inhibitor-1 (PAI-1) 
    •     Prothrombin 1 and 2 


   •     Protein Z 


   •     Matrix metalloproteinases 
    •     Adipokines: leptin, adiponectin 
    •     Endothelial progenitor cells 
    •     Creatinine 


   •     Urate 


   •     Microalbuminuria 


   •     Small dense low-density lipoprotein (LDL) (sdLDL) 


   


•     Oxidative stress  


   •     Oxidized LDL (ox-LDL) 


   •     Lectin-like oxidized LDL receptor-1 (LOX-1) 
    •     Myeloperoxidase 


   •     Oxidant capacity 


   •     Reactive oxygen species (ROS) 
   •     Miscellaneous  



(28)   •     Alcohol 


   •     Pregnancy-associated plasma protein-A (PAPP-A) 
    •     Asymmetric dimethylarginine (ADMA) 


   


•     Heat shock proteins (HSPs) 


The commoner and more prevalent risk factors are discussed briefly as follows: 



Age: 


Athereosclerotic lesions increase with age21



Sex: 


Atherosclerotic diseases have increased prevalence in men than in women. The favorable 
 factors for women include higher high density lipoprotein level throughout their life, 
 lower triglyceride level, less central obesity, protection due to estrogen and lower iron 
 storage levels22. Diabetes Mellitus is a strong risk factor among women, nearly 
 eliminating the normal protection offered by estrogen. With menopause, Low Density 
 Lipoprotein level begins to rise, whereas HDL levels stop climbing or decrease slightly. 


This leads to worsening of LDL:HDL ratio. Estrogen may have direct atheroprotective 
 effects on the vessel wall through estrogen receptors23. 



Family History: 


Atherosclerosis and CHD are found to run in families. It may be due to the influence of 
genetic factors as hyperlipidemia and hyperfibrinogenemia are said to be genetically 



(29)determined. It has also been attributed to the shared family environment, particularly 
 dietary and social habits21. 



Sedentary life style: 


Physical inactivity increases the risk of atherosclerosis. Regular Physical exercise is 
 found to have a protective effect against atherosclerosis by increasing HDL, lowering 
 blood pressure, reducing obesity, reducing blood clotting, promoting collateral vessel 
 development and improving insulin sensitivity24. 



Diet: 


Diet deficient in poly unsaturated fatty acids are associated with increased risk of 
 atherosclerosis. Low levels of vitamin C, vit E and other antioxidants may enhance the 
 production of oxidized LDL involved in the pathogenesis of atherosclerosis21. 



Smoking: 


Tobacco smoking continues to have a devastating impact on public health and is a critical 
 modifiable risk factor for atherosclerosis, including peripheral arterial disease (PAD). 


Cigarette smoking mediates its adverse cardiovascular effects through deleterious effects 
on the artery wall, particularly the endothelium, along with effects on sympathetic tone, 
metabolism, and the coagulation and fibrinolytic systems. The central components that 
lead to these adverse effects are carbon monoxide and nicotine25-29



(30)Mechanisms of Adverse Cardiovascular Effects of Cigarette Smoking 


VASCULAR INJURY  


   •     Endothelial cell damage 


   •     Increased platelet and leukocyte adhesion to endothelial cells 


   •     Impaired nitric oxide bioavailability causing abnormal vasomotor tone 
    •     Increased endothelin-1, a potent vasoconstrictor 


METABOLIC ABNORMALITIES  
    •     Increased total and LDL cholesterol 
    •     Increased triglycerides 


   •     Decreased HDL cholesterol 
    •     Insulin resistance 


HEMATORHEOLOGIC  


   •     Increased platelet aggregation 
    •     Increased fibrinogen and factor VII 
    •     Increased tissue factor expression 


   •     Impaired release of t-PA- tissue plasminogen activator 


•     INFLAMMATION  


   •     Source of oxidative stress 



(31)   •     Increased inflammatory markers (C-reactive protein, WBC count) 
    •     Increased activity of MMPs- matrix metalloproteinase 


INCREASED SYMPATHETIC TONE  
    •     Increased heart rate 


   •     Increased blood pressure 


   •     Increased myocardial oxygen demand 


•     Peripheral vasoconstriction 


Smoking cessation rapidly and markedly reduces the risk for coronary 
 atherosclerosis indicating that the responsible processes are reversible to some 
 extent30.smoking has been shown to be twice as likely to cause PAD as coronary 
 artery disease31. The estimated fraction of PAD attributable to smoking is as high 
 as 76%32



Alcohol: 


It is another prominent risk factor for atherosclerosis in that it affects the lipid 
profile. Though moderate alcohol intake is found to be associated with higher 
concentrations of HDL, increased apo A1 and decreased fibrinogen33, chronic 
heavy alcoholism is associated with increased triglycerides and increased risk for 
atherosclerotic complications. 



(32)
 Obesity: 


The central distribution of body fat is an independent risk factor for atherosclerosis in 
 spite of the frequent association with other adverse effects such as hypertension, diabetes, 
 and physical inactivity. Obesity has been found to promote insulin resistance, 
 hyperinsulinemia, hypertension, hypertriglyceridemia, and increased LDL cholesterol 
 involved in the pathology of atherosclerosis9,24. 


DIABETES MELLITUS 


DM is a strong independent risk factor for atherosclerosis increasing risk by atleast 2 
 times in both sexes. The proatherogenic changes associated with diabetes may predate its 
 diagnosis and include derangements in the regulation of blood flow, abnormalities in the 
 components of blood vessels, and alterations in coagulation and rheology. In addition to 
 increasing the burden of disease, these derangements result in the activation of 
 inflammatory pathways, which increases the activity of the disease. These changes are 
 associated with an increased risk for accelerated atherogenesis, as well as poor 
 outcomes34. 


Endothelial cell dysfunction is key to the pathophysiology of atherosclerosis in DM. 


Several mechanisms contribute to the endothelial dysfunction, including hyperglycemia, 
free fatty acid (FFA) production, and most importantly, insulin resistance35. 
Hyperglycemia blocks the function of endothelial nitric oxide synthase (eNOS) and 
boosts the production of reactive oxygen species, which impairs the vasodilator 
homeostasis fostered by the endothelium. This oxidative stress is amplified because in 



(33)endothelial cells, glucose transport is independent of insulin and not downregulated by 
 hyperglycemia36. 


 In addition to hyperglycemia, insulin resistance plays a role in the loss of normal NO 
 homeostasis. NO is a potent stimulus for vasodilatation and limits inflammation via its 
 modulation of leukocyte–vascular wall interaction. Furthermore, NO inhibits vascular 
 smooth muscle cell (VSMC) migration and proliferation and limits platelet activation. 


Therefore, the loss of normal NO homeostasis can result in risk for a cascade of events in 
 the vasculature that lead to atherosclerosis and its consequent complications37. 


The common precipitating factors of atherosclerosis in DM are increased LDL, decreased 
 HDL, high triglycerides that in turn increases triglyceride rich lipoprotein remnant 
 particles. Increased small dense LDL, elevated lipoprotein(a), enhanced lipoprotein 
 oxidation, glycation of LDL, increased fibrinogen, increased platelet aggregability, 
 impaired fibrinolysis, plasminogen activator inhibitor-1 (PAI-1)38. 



DYSLIPIDEMIA 


The essential role of atherogenic lipoproteins in the pathogenesis of atherosclerotic 
 vascular disease has been well established, as well as the benefits of lipid management 
 for the primary prevention and amelioration of existing atherosclerotic vascular disease. 


Although much of the evidence on the management of lipid disorders has resulted from 
studies on atherosclerotic cardiovascular disease and, to a lesser extent, cerebrovascular 
disease, this experience is applicable to the prevention and treatment of peripheral artery 



(34)disease (PAD) because of the common pathophysiology of atherosclerosis in any 
 vascular bed1. 


The major lipids in the body are triglycerides, free cholesterol, cholesterol esters and 
 phospholipids. 


Triglycerides are the storage form of fat; they serve as a source of energy and are stored 
 in the adipose tissue. Cholesterol serves as a component of cell membranes and as a 
 precursor for steroid hormones and bile acids. Phospholipids are the major components of 
 cell membranes and lipid transporting lipoproteins. They are amphipathic 
 lipids.Cholesterol and triglycerides are hydrophobic compounds and cannot dissolve in 
 plasma directly, so they are carried in circulation as a complex with the amphipathic 
 phospholipids and water soluble lipoproteins39. 



LIPOPROTEINS 


Lipids are chemically insoluble in the aqueous medium of blood and must be carried by 
spherical particles in which the hydrophobic lipid components are surrounded by an 
envelope of hydrophilic phospholipids and proteins known as apolipoproteins. These 
lipoprotein particles have the principal function of transporting lipids from the intestine 
and liver through the bloodstream to the various cells of the body where they can be 
stored, used for important synthetic processes, and metabolized to yield energy. The 
various apolipoproteins, such as apoB, apo A, apo E, and apo C, serve important 
functions in metabolism of the contained lipid and also are specific to the binding of 
lipoproteins to specific receptors on the surface of cells throughout the body. All 



(35)lipoproteins are organized into a hydrophobic core of neutral lipids (triglycerides and 
cholesteryl esters) and a hydrophilic surface coat of polar lipids (free cholesterol and 
phospholipids) and apolipoprotein (fig 5 ) 



(36) 



Fig 5 : GENERAL STRUCTURE OF LIPOPROTEIN 

      



(37)Although lipoprotein particles, differing in their relative lipid and lipoprotein 
 composition, size, density and function, they actually form a heterogenous continuum, a 
 traditional classification based on the density at which lipoproteins float during ultra 
 centrifugation, divides them into the following classes40: 


  Chylomicrons  


  Very Low Density Lipoproteins 


  Intermediate Density Lipoproteins 


  Low Density Lipoproteins 


  High Density Lipoproteins 


Additionally, lipoproteins can be classified on the basis of electrophoretic mobility. In 
 addition to the five lipoprotein classes, a heterogenous class of low density lipoprotein 
 like lipoprotein particles termed Lipoprotein(a), containing apolipoprotein(a) and 
 apolipoprotein B100 as protein moiety has been characterized. Within the classical 
 lipoprotein fractions high density lipoprotein fraction has been shown to be comprised of 
 several distinct subclasses, differing in their density, particle size or apolipoprotein 
 composition41.  


The major characteristics of the lipoproteins have been described in the table I. 



(38)
Table I: Characteristics of the major plasma Lipoproteins 


   Composition    


Lipoprotein  Source  Diamete


r (nm)  Densit
 y 
 (g/mL)


Protei
 n (%)  Lipi


d 
 (%) 


Main Lipid 


Components  Apolipoprotei
 ns 


Chylomicron


s  Intestine  90–1000 < 0.95  1–2  98–


99  Triacylglycero


l  A-I, A-II, A-


IV,1 B-48, C-I, 
 C-II, C-III, E 
   


Chylomicron 
 remnants 


Chylomicron
 s 


45–150  < 


1.006 


6–8  92–


94 


Triacylglycero
 l, 


phospholipids, 
 cholesterol 


B-48, E 


VLDL  Liver 


(intestine)  30–90  0.95–


1.006  7–10  90–


93  Triacylglycero


l  B-100, C-I, C-


II, C-III 


IDL  VLDL  25–35  1.006–


1.019 


11  89  Triacylglycero
 l, cholesterol 


B-100, E 


LDL  VLDL  20–25  1.019–


1.063 


21  79  Cholesterol  B-100 
 HDL  Liver, intes-


tine, VLDL, 
 chylomicron
 s 


   Phospholipids, 


cholesterol  A-I, A-II, A-
 IV, C-I, C-II, 
 C-III, D,2 E 
   


HDL1
   


   20–25  1.019–


1.063 


32  68    


HDL3
   


   10–20  1.063–


1.125 


33  67    


HDL3


      5–10  1.125–


1.210  57  43    


Pre -


HDL3
   


   < 5  > 


1.210 


   A-I 


Albumin/fre
 e fatty acids 


Adipose 
 tissue 


   > 


1.281 


99  1  Free fatty 
 acids 


  



(39)Importance of Non–High-Density Lipoprotein Cholesterol* 


•     Known predictor of CHD in epidemiology 


•     Equivalent to total apo B-100 and TC/HDL 


•     Represents the sum of LDL, Lp(a), IDL, and VLDL: all atherogenic apo B–


containing lipoproteins 


• Lipid equivalent of hemoglobin A1c


CHD, coronary heart disease; HDL, high-density lipoprotein; IDL, intermediate-
 density lipoprotein; Lp(a), lipoprotein (a); TC, total cholesterol; VLDL, very-low-
 density lipoprotein. 


* Non–HDL cholesterol = TC − HDL cholesterol. 



Apolipoproteins : 


Apolipoproteins are specific protein components of lipoproteins. They carry out several 
 roles and their distribution characterizes the lipoprotein. Measurement of these 
 apolipoproteins is representative of the lipid content of the body. They maintain the 
 structural integrity of the lipoprotein complex. They are responsible for the activation of 
 enzymes known to be important in lipid metabolism. They facilitate uptake of 
 lipoproteins by cell specific surface receptors. 


Classification and properties of major plasma lipoproteins are given in the table II. 



(40)
Table II : Classification and Properties of major plasma  Apolipoproteins 


Apoliporotein Molecular weight  Chromosomal 
 location 


Function   Lipoprotein 
 carrier 


Apo A-I  29016  11  Activates LCAT  HDL 


Apo A-II  17414  1  Inhibits LPL  Chylomicron 


HDL 


Apo B-100  512713  2  Secretion of 


triglyceride from 
 liver binding protein 
 to LDL receptor 


VLDL, IDL, LDL


Apo B-48  240800  2  Secretion of 


triglyceride from 
 intestine 


Chylomicron  


Apo C-I  6630  19  Activates LCAT  Chylomicron, 


VLDL, HDL 


Apo C-II  8900  19  Cofactor LPL  Chylomicron, 


VLDL, HDL 


Apo C-III  8800  11  Inhibits apo C-II 


Activation of LPL 


Chylomicron, 
 VLDL, HDL 


Apo E  31435  19  Facilitates uptake of 


chylomicron 
 remnant and IDL 


Chylomicron, 
 VLDL, HDL 


Apo (a)  187000- 662000  6  Thrombogenicity   Lp(a) 



(41)The general characteristics of the apolipoproteins central to the pathogenesis of 
 atherosclerosis are discussed here: 


Apolipoprotein A-I 


  Major protein component of HDL particles (Good Cholesterol) 


  Chylomicrons secreted from the intestinal enterocyte also contain ApoA1 but it is 
 quickly transferred to HDL in the bloodstream. 


  The protein promotes cholesterol efflux from tissues to the liver for excretion 


  ApoA-I was also isolated as a prostacyclin (PGI2) stabilizing factor, and thus may 
 have an anticlotting effect42


  It is a cofactor for Lecithin Cholesterol Acyl Transferase (LCAT) enzyme 


  ApoA-1 Milano is a naturally occurring mutant of ApoA-I. Paradoxically, 
 carriers of this mutation have very low HDL cholesterol levels, but no increase in 
 the risk of heart disease43. 


  ApoA-I binds to lipopolysaccharide or endotoxin, and has a major role in the anti-
 endotoxin function of HDL44


  Defects in the gene encoding it are associated with HDL deficiencies, including 
 Tangier disease, and with systemic non-neuropathic amyloidosis. 


Apolipoprotein B-100 : 


It is a monomeric glycoprotein of molecular weight 550 kDa. It is the most abundant 
plasma apolipoprotein and the only protein of LDL (Bad cholesterol)45



(42)The apo B protein occurs in the plasma in 2 main isoforms, APOB48 and APOB100. The 
 first is synthesized exclusively by the small intestine, the second by the liver. Both 
 isoforms are coded by APOB and by a single mRNA transcript larger than 16 kb. 


APOB48 is generated when a stop codon (UAA) at residue 2153 is created by RNA 
 editing. There appears to be a trans-acting tissue-specific splicing gene that determines 
 which isoform is ultimately produced. Alternatively, there is some evidence that a cis-
 acting element several thousand bp upstream determines which isoform is produced.As a 
 result of the RNA editing, APOB48 and APOB100 share a common N-terminal 
 sequence, but APOB48 lacks APOB100's C-terminal LDL receptor binding region. Apo 
 B48 is the chief apoprotein of chylomicrons. 


It consists of 4536 amino acid residues and is organized into several domains viz46. 


-  Lipid binding domain 
 -  Receptor binding domain 


-  Domains involved in lipoprotein(a) assembly 
 -  Lipoprotein lipase binding domain 


-  Hepatic lipase binding domain 


-  Microsomal triglycerides transfer protein- binding domain 


At the early stage of production of the apo B molecule, targeting of secretory proteins to 
the endoplasmic reticulum (ER) is achieved by the translation of the signal sequence and 
building of this to a signal recognition particle which recognizes a “docking Protein” on 
the ER. The signal peptide is then cleaved by a protease. So this part of this peptide 
doesnot appear in the mature circulating protein but may have an important effect on its 



(43)rate of transport. Thus the translocation rate of the protein across to the ER is highly 
 likely to be affected by the polymorphism of the gene encoding it. 


Apo B-100 I essential for the assembly and secretion of VLDL, maintenance of structural 
integrity of LDL and for the uptake of LDL by the hepatic receptors47. Structure of LDL 
with apo B100 is given in fig 6. 



(44)
Fig 6 : STRUCTURE OF LDL 



(45)The structure of apo B has been analyzed in terms of lipid binding, lipoprotein assembly, 
 and LDL receptor pathway mediated LDL clearance. In apo B 100 few of the predicted 
 alpha helices are truly amphipathic, so are the beta strands that contain alternate 
 hydrophobic and hydrophilic amino acids. Lipid binding structures in the form of 
 amphipathic alpha helices and beta strands and hydrophobic domains are distributed 
 throughout the length of apo B-100 giving the molecule its characteristics of insolubility 
 in aqueous media and non-exchangeability.  


The apo B-100 remains tightly attached to its core lipid throughout the molecule 
 transition that leads to the formation of LDL, during which triglyceride and phospholipid 
 are distributed to muscle and adipose tissue and all other VLDL apoproteins like apo E & 


C are lost to different lipoprotein fractions. 


Several features have been identified that may have importance in lipoprotein assembly. 


Cysteine residues determine the protein tertiary structure. Six out of seven cysteines in 
 apo B-100 are involved in intramolecular disulphide linkage. The cysteine rich domain of 
 apo B-100 may confer specific globular structure that is necessary for nascent lipoprotein 
 assembly and transport form the ER to the Golgi apparatus. 


Apolipoprotein(a) : 


Apolipoprotein[a] is the highly glycosylated, hydrophilic apoprotein of lipoprotein[a] 


(Lp[a]). It is covalently bound to the apoB of the LDL like particle.(fig 7)  Lp(a) plasma 
concentrations are highly heritable and mainly controlled by the apolipoprotein(a) gene 
[LPA] located on chromosome 6q26-27. Apo(a) proteins vary in size due to a size 



(46)polymorphism [KIV-2 VNTR], which is caused by a variable number of so called kringle 
IV repeats in the LPA gene. This size variation at the gene level is expressed on the 
protein level as well, resulting in apo(a) proteins with 10 to > 50 kringle IV repeats (each 
of the variable kringle IV consists of 114 amino acids)48.  



(47)
Fig 7 : STRUCTURE OF Apo(a) IN LIPOPROTEIN (a) 



       



(48)It is generally considered to be a multimeric homologue of plasminogen (kringle domain 
 and a serine protease domain), and to exhibit atherogenic/thrombogenic properties. The 
 kringle domain encompasses 11 distinct types of repeating units, 9 of which contain 114 
 residues. These units, called kringles, are similar but not identical to each other or to 
 PGK4. Apo[a] kringles are linked by serine/threonine- and proline-rich stretches similar 
 to regions in immunoglobulins, adhesion molecules, glycoprotein Ib-alpha subunit, and 
 kininogen49. 


The pathogenic consequences of this structural peculiarity of apo(a) are described in 
 detail under Lipoprotein(a). 


Lipoprotein metabolism  


This can be divided into an exogenous and an endogenous phase50 . FIG 8. 



(49)
FIG 8 :  LIPOPROTEIN METABOLISM- EXOGENOUS AND  ENDOGENOUS PHASES 


HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LCAT, lecithin-
cholesterol acyltransferase, LDL, low-density lipoprotein; VLDL, very-low-density 
lipoprotein 



(50)Chylomicrons : 


During the exogenous phase, dietary lipids and lipids that are recirculated in bile are 
 absorbed into enterocytes and packaged as very large lipoproteins called chylomicrons. 


 Although dietary cholesterol and triglycerides are absorbed by different mechanisms 
 within the gastrointestinal (GI) tract, they are combined in this single chylomicron 
 particle for transport from the GI tract to the rest of the body, with triglycerides 
 constituting approximately 90% of the chylomicron's lipid content. These large 
 lipoproteins are transported from the gut through the thoracic duct and into the 
 bloodstream. Because of their very large size, when in significant concentration, 
 chylomicrons account for the turbidity or “milkiness” of plasma, known as postprandial 
 lipemia, seen in some individuals with a variety of metabolic and inherited disorders. 


 Chylomicrons are distinguished by the presence of one apo B-48 molecule in each 
particle. In the bloodstream, the enzyme lipoprotein lipase (LPL) hydrolyzes the 
triglyceride contained within the chylomicron into free fatty acids, which are then stored 
in adipocytes and muscle cells to be metabolized for future energy production. The 
remaining triglyceride-poor chylomicron remnant contains only the absorbed dietary 
cholesterol, which is then transported to the liver for storage. Recent studies of 
atherosclerotic lesions have found apo B-48 within plaque, thus implicating these 
chylomicron remnants as atherogenic particles. 



(51)Very-Low-Density Lipoproteins  


The endogenous phase of lipoprotein metabolism involves the formation in the liver of 
 very-low-density lipoproteins (VLDLs) containing both cholesterol and triglycerides 
 derived from stores of these two lipids within the liver and adipocytes (Table 28-1). Each 
 VLDL particle contains apolipoproteins from the C and E family and one molecule of 
 apo B-100 per particle. As with chylomicrons, the predominant lipid component of 
 VLDL is triglyceride, which accounts for approximately 70% of its lipid content. Though 
 not as large as chylomicrons, VLDL is large enough to cause lipemia when present in 
 very high concentration. VLDL is released from the liver into the bloodstream, where 
 LPL again facilitates removal of the triglyceride component of VLDL and presents it to 
 the muscle cell as fuel for energy production. Through this mechanism, stored 
 triglycerides are provided to the muscle and other cells during fasting or starvation as a 
 more energy-rich alternative to glucose. As the triglyceride is removed, two additional 
 atherogenic lipoprotein particles are formed, VLDL remnants and intermediate-density 
 lipoproteins (IDLs). These triglyceride-rich lipoprotein particles are atherogenic and play 
 an important role in the accelerated atherosclerosis observed in metabolic syndrome and 
 type 2 diabetes mellitus.  


Low-Density Lipoprotein 


In addition to LPL, another lipase known as hepatic lipase participates in the conversion 
of VLDL to LDL, the most atherogenic of all lipoprotein particles. Although a number of 
other apolipoproteins were attached to the original VLDL particle, only one apo B-100 is 
present in each LDL particle. 



(52) LDL binds to specific LDL receptors on the surface of each cell, and such binding 
 facilitates transfer of the remaining cholesterol to these cells, where it can be stored for 
 future use to make such chemical products as cell membranes, steroid hormones, and bile 
 acids. The circulating LDL concentration in plasma is determined by the number of LDL 
 receptors on the various cells of the body, with the liver accounting for more than 70% of 
 this total receptor number. In turn, the number of LDL receptors is regulated by the 
 intracellular concentration of cholesterol within each cell. When the intracellular 
 cholesterol content of the cells is low, LDL receptor synthesis is upregulated, receptor 
 numbers increase, and the LDL concentration of circulating plasma diminishes. On the 
 other hand, when intracellular cholesterol is increased, LDL receptor synthesis is 
 downregulated, receptor numbers diminish, and LDL within the circulation rises. When 
 plasma LDL is present in excess, atherosclerosis results in proportion to the degree of 
 circulating LDL. Humans are born with a maximum number of LDL receptors and a very 
 low circulating LDL level of 25 to 30 mg/dL (0.65 to 0.78 mmol/L). Over our lifetime, 
 the current lifestyle of excessive calorie, cholesterol, and saturated fat intake and 
 inactivity results in an increasing intracellular cholesterol level, downregulation of LDL 
 receptors, and attainment of the currently observed excess LDL cholesterol levels that has 
 resulted in the epidemic of atherosclerosis seen throughout the world.  


High-Density Lipoproteins  


HDL is synthesized by the liver and intestine as apo A-I, which is then released into the 
bloodstream as a lipid-poor discoid particle. As it circulates, stored cholesterol is released 
from peripheral cells through the action of a specific transporter known as ABCA1 



(53)cassette transporter. As cholesterol is absorbed by the discoid apo A-I and converted to 
cholesterol ester under the influence of lecithin-cholesterol acyltransferase (LCAT), HDL 
becomes a spherical particle. Additional cellular cholesterol is then added by another 
cassette transporter, ABCG1, and through the action of the receptor SR-B1. The HDL 
particle can then return to the liver, where it binds to hepatic SR-B1 and releases its 
cholesterol, or it can exchange a portion of its cholesterol content for triglyceride from 
VLDL through the chemical action of the cholesterol ester transfer protein (CETP). The 
exchanged cholesterol can then be transported back to the liver by LDL. This process is 
known as “reverse cholesterol transport” and plays an important role in the 
antiatherogenic properties of the HDL particle51. FIG 9. 



(54)
FIG 9 : REVERSE CHOLESTEROL TRANSPORT OF HDL        


ABCA1, adenosine-binding cassette transporter 1; CETP, cholesterol ester transfer 
 protein; HDL, high-density lipoprotein; LCAT, lecithin-cholesterol acyltransferase; LDL, 
 low-density lipoprotein; LDLR, LDL receptor; SR-B1, scavenger receptor type B1; 


VLDL, very-low-density lipoprotein 



(55)
Table III : ATP III Guidelines for the Evaluation of Fasting Lipid  Profile 


   Conventional Units(mg/dL) SI units (mmol/L) 
 Low-Density Lipoprotein Cholesterol 


Optimal <100 <2.59 


Near optimal  100-129  2.59-3.34 


Borderline high  130-159  3.37-4.12 


High 160-189 4.14-4.90 


Very high  >190  >4.92 


High-Density Lipoprotein Cholesterol 


Low <40 <1.04 


High >60 >1.55 


Triglycerides  


Normal <150 <1.70 


Borderline 150-199 1.70-2.25 


High 200-499 2.26-5.64 


Very high  >500  >5.65 



(56)Hence the endogenous lipid transport system can be divided into two subsystems: 


  Apo A-I lipoprotein system (high density lipoprotein) 


  Apo B-100 lipoprotein system (VLDL, IDL, LDL) 
 Apo A-I lipoprotein system: 


HDL particles are the main mediators of the reverse cholesterol transport system whereby 
 cholesterol synthesized or deposited in peripheral cells is returned to liver52. 


This process begins with the removal of free cholesterol from the cel membranes to 
nascent HDL particles secreted by the liver and intestine, and esterification of free 
cholesterol by lecithin cholesterol acyl transferase after which the cholesteryl ester I 
stransferred to the hydrophobic core of the HDL particle53. In this process nascent HDL 
is converted to spherical lipid- rich HDL. Part of the HDL core cholesteryl ester is then 
transferred to apolipoprotein B-48 or apolipoprotein B-100 containing lipoproteins in 
exchange for triglycerides by the cholesteryl ester transfer protein (CETP). The 
cholesteryl esters remaining in the HDL particles are taken up by the hepatocytes either 
via receptor- mediated endocytosis of apolipoprotein E containing HDL particles by the 
remnant receptor or through selective removal of HDL cholesteryl ester by the hepatic 
HDL receptor. At the same time triglycerides transferred from the other lipoproteins to 
HDL are hydrolyzed by hepatic lipase, leading to the conversion of triglycerides – rich 
HDL2 to triglycerides poor HDL3 particles, and the release of free apolipoprotein A-1 and 
lipid poor HDL to be reused in the reverse cholesterol transport cycle. Besides the 
exchange of cholesteryl ester for triglycerides, the complex interplay of HDL with other 
lipoproteins during reverse cholesterol transport involves exchange of other components 
as well, such as apolipoproteins and phospholipids54. 



(57)Apo B-100 lipoprotein system: 


The apolipoprotein B-100 system begins with the hepatic assembly and secretion of apo 
 B-100 containing VLDL particles. Therafter VLDL- triglycerides are hydrolyzed in 
 peripheral tissues by lipoprotein lipase (LPL) and the particles are converted to smaller 
 triglyceride depleted intermediate density lipoprotein (IDL)55. The liver via the LDL 
 receptor conceivably removes some of the IDL particles. The rest are converted to LDL 
 particles. 


The liver through the LDL  receptor clears most of the LDL particles. Other receptors and 
 non-receptor mediated uptake through still poorly defined pathways play a smaller role in 
 LDL clearance56. Concentration of LDL considerably varies within population. 


Lipoprotein(a): 


Lipoprotein Lp(a) is a major and independent genetic risk factor for atherosclerosis and 
 cardiovascular disease. The essential difference between Lp(a) and low density 
 lipoproteins (LDL) is apolipoprotein apo(a), a glycoprotein structurally similar to 
 plasminogen, the precursor of plasmin, the fibrinolytic enzyme57. Lp(a), is an LDL-like 
 particle discovered by Berg in 1963.  


Lp(a) is a complex particle composed of a lipid core and two disulfide-linked subunits: 


apolipoprotein B-100 and apolipoprotein apo(a). The lipid core and apo B-100 of Lp(a) 
are shared with LDL; in contrast, the apo(a) glycoprotein confers its characteristic 
properties on Lp(a). Apo(a) shows a high degree of homology with plasminogen, the 
precursor of the fibrinolytic enzyme plasmin. FIG 10. 



(58)FIG 10 :  STRUCTURE OF LIPOPROTEIN(a) 


       


    



(59)The fact that Lp(a) has both LDL and plasminogen-like moieties suggests that Lp(a) may 
 constitute a link between the processes of atherosclerosis and thrombosis. Lp(a) and 
 fibrin have been identified in atherosclerotic plaques58.  


Plasminogen and apolipoprotein(a) are homologous proteins with opposite effects. FIG 
11. 



(60)FIG 11 :  STRUCTURAL HOMOLOGY OF APO(a) WITH PLASMINOGEN 



(61)Plasminogen is a single-chain glycoprotein of Mr 93,000 secreted by the liver and found 
 in plasma at a concentration of 1.5 to 2 μmol/l. It consists of 791 amino acid residues 
 arranged in two types of domains with functional autonomy: the kringle modules and the 
 serine-proteinase region. Kringles are sequences of 80-90 amino acids arranged in a 
 triple-loop tertiary structure rigidly stabilized by three disulfide bridges. The kringle 
 structure was first described in prothrombin and is found in several copies in proteins that 
 evolved from a common ancestral gene, i.e., plasminogen, apo(a) and hepatocyte growth 
 factors59.  The kringle domains of plasminogen, designated 1 to 5, differ from each other 
 and are connected to the proteinase domain by a sequence adjacent to the activation 
 cleavage site Arg561-Val562. The serine-proteinase domain contains the active catalytic 
 center (Ser741, His603, Asp646) and is located in the carboxy-terminal region (Val562-
 Asn791), whereas the amino-terminal region (Glu1-Arg561) bears the five kringle 
 domains and an amino-terminal peptide of 77 residues (Glu1-Lys77) that may be released 
 by plasmin. Thus, native plasminogen possesses a glutamic acid as the amino-terminal 
 residue (Glu-plasminogen), while the corresponding residue in the plasmin-cleaved form 
 is lysine (Lys-plasminogen). Lys-plasminogen is not normally found in human plasma.  


Kringles 1 and 4 of plasminogen contain a functional subsite supported primarily by 
amino acid residues of the inner loop. Since this subsite binds to lysine residues of fibrin 
and cell membrane proteins it has been termed lysine-binding site or LBS. The structure 
of this subsite, an ionic dipole with the anionic and cationic sites positioned at opposite 
ends of a hydrophobic trough, has been well defined. In both kringle 1 and kringle 4, the 
anionic center is constituted by Asp55 and Asp57 while the cationic center is mainly 
represented by Arg34 and Arg71 in kringle 1, and by Lys35 and Arg71 in kringle 460. 



(62)The specific interactions between lysine residues in fibrin or cell membrane proteins and 
 the lysine-binding subsites in kringles 1 and 4 of plasminogen allow plasminogen binding 
 and activation. 


Apo(a) contains a variable number of kringle domains that share 61-75% homology with 
 kringle 4 of plasminogen. The kringle 4-like repeats of apo(a) are followed by a single 
 copy of plasminogen kringle 5 and a protease domain that shares 94% homology with the 
 corresponding domain of plasminogen61. Kringle 4 copies of plasminogen in apo(a) are 
 similar but not identical and have been classified into 10 different types. Kringle 4 type 2 
 presents the lowest degree of homology with plasminogen kringle 4 and has no functional 
 LBS; the number of this type of kringle in apo(a) is variable and gives rise to a series of 
 apo(a) isoforms that contribute to the heterogeneity of Lp(a): a total of 34 apo(a) alleles 
 and glycoproteins with molecular masses ranging  from ~300 to ~800 kDa have been 
 identified by protein (13) and cDNA (14) analysis. The other nine kringle types are 
 present as single copies in all isoforms; kringle 4 type 9 possesses an additional cysteine 
 residue that ensures the covalent binding between apo(a) and apo B-100 and thereby the 
 formation of the Lp(a) particle62. 


Sequence comparison and molecular modeling have shown that a lysine-binding pocket 
similar to that of plasminogen kringle 4 is present in kringle 4 type 10 of apo(a) and that 
slightly modified LBS are present in kringle 4 types 5 to 8  these kringle copies may 
confer binding capabilities similar to those of plasminogen on apo(a)63. However, the 
Arg-Val residues of the activation cleavage site in plasminogen have been replaced by 
Ser-Ile in apo(a), a substitution that impairs recognition of apo(a) by plasminogen 
activators. 



(63)Thus, binding of apo(a) instead of plasminogen to fibrin and cell surfaces may result in a 
 diametrically opposed effect, i.e.,inhibition of the generation of plasmin. 


Inhibition of the generation of plasmin is the major mechanism of action of Lp(a). FIG 
12 



(64)FIG 12 : LIPOPROTEIN(a) INHIBITS FIBRINOLYSIS 



(65)Initial limited degradation of the surface of fibrin by plasmin unveils carboxy-terminal 
 lysine residues and increases the local concentration of plasminogen, a process that 
 amplifies and accelerates the degradation of fibrin. In a plasma milieu, the progression of 
 such a process is markedly influenced by a2-antiplasmin, the specific plasmin inhibitor, 
 which limits the number of carboxy-terminal lysine residues and thereby the amount of 
 bound plasminogen64. Since the kringle domains behave as autonomous functional 
 structures, the presence in apo(a) of kringle modules structurally related to those of 
 plasminogen may result in analogous interactions with lysine residues of fibrin and cell 
 membranes.  


Thus, Lp(a) interferes with the evolution of fibrinolysis on the surface of fibrin, 
 endothelial cells, monocytes and platelets through binding of apo(a), an eternal zymogen 
 that decreases the local concentration of plasminogen and cannot be transformed into an 
 active enzyme65.  


Effects of Lp(a) such as persistence of fibrin deposits, accumulation of cholesterol and 
proliferation of smooth muscle cells in the intima are related to a decrease in plasmin 
activity. Hypofibrinolysis and cholesterol accumulation are a direct consequence of the 
presence of Lp(a) on the surface of fibrin and cell membranes: apo(a) inhibits plasmin 
formation and the LDL components favor cholesterol accumulation. FIG 13. 



(66)FIG 13 : ATHEROTHROMBOGENESIS BY LIPOPROTEIN(a) 


      



(67)Growth and proliferation of vascular smooth muscle cells are inhibited by active TGF-ß, 
a growth factor secreted in latent form and activated by plasmin 66. It has been recently 
shown that Lp(a) inhibits the generation of TGF-ß 67 and that the generation of plasmin 
and thereby the activation of TGF-ß are decreased in transgenic mice expressing human 
apo(a) 68. Insufficient activation of TGF-ß may result in migration and proliferation of 
smooth muscle cells into the intima, an important mechanism in atheroma plaque 
formation. FIG 14 



(68)FIG 14 :  ATHEROMA FORMATION BY LIPOPROTEIN(a) 


       



(69)Modification of protein synthesis:  Lp(a) may stimulate the expression of PAI-1 and 
 inhibit the synthesis of t-PA by endothelial cells in culture 69. Thus, inhibition of t-PA by 
 PAI-1 and low t-PA antigen levels may enhance Lp(a)-dependent hypofibrinolysis by 
 decreasing the amount of t-PA available for the activation of plasminogen. 


Binding of Lp(a) to extracellular matrix components:  Lp(a) and recombinant apo(a) 
 display high affinity for fibronectin and that Lp(a) may form complexes with 
 proteoglycans or glycosaminoglycans of the extracellular matrix 70. These interactions are 
 not related to the lysine-binding function of kringle 4 and may contribute to the 
 accumulation of Lp(a) in the vascular wall. 


Oxidation of Lp(a):  The Lp(a) and LDL particles are sensitive to oxidative processes. 


Phagocytosis of oxidized Lp(a) and LDL particles results in the formation of foam cells 


71. 


Genetic polymorphism and functional heterogeneity of Lp(a): The circulating 
concentration of Lp(a) is mainly regulated by the apo(a) gene 72. FIG 15.  The size of 
each allele varies as a function of the number of repetitive sequences encoding kringle 4 
type 2. In general, the smaller this hypervariable region and therefore the size of the 
apo(a) isoform, the higher the plasma concentration of Lp(a).  



(70)FIG 15 :  GENETIC DETERMINATION OF LIPOPROTEIN(a) FUNCTION 


         



(71)HYPERTENSION AND ATHEROSCLEROSIS 


The pathologic influence of hypertension on the development of atherosclerosis is 
 complex, the genetic makeup of the individual, behavioral tendencies (e.g., smoking), 
 and environmental influences all shape the risk for development of atherosclerotic 
 plaque. mouse models of hypertension exhibit increased atherosclerotic lesion size, 
 although there are some exceptions.73 In addition, there are several reports of reduction in 
 blood pressure resulting in reduced atherosclerosis. 


Hypertension and hypercholesterolemia interact strongly in promotion of atherosclerosis. 


The principal components of blood pressure consist of a steady component (mean arterial 
 pressure) and a pulsatile component (pulse pressure). As large artery stiffness increases in 
 middle aged and elderly subjects, systolic pressure rises and diastolic pressure falls 
 (isolated systolic hypertension) with a resulting increase in pulse pressure74. 


One of the strongest correlations between blood pressure and atherosclerosis is 
 perturbations in the renin-angiotensin system. This hormonal system is responsible for 
 homeostatic control of arterial pressure, tissue perfusion, and extracellular volume. The 
 juxtaglomerular cells located in each nephron produce renin, which converts 
 angiotensinogen (produced mainly in the liver) to angiotensin I. Angiotensin-converting 
 enzyme (ACE) converts angiotensin I to angiotensin II, which is a potent vasoconstrictor 
 and mediator of aldosterone secretion.  


Studies of hyperlipidemic mice in which angiotensin II was chronically infused showed 
 promotion of atherosclerosis independent of changes in arterial blood pressure75.  


Endothelial dysfunction occurs early in the atherosclerotic process, and hypertension is 
associated with endothelial dysfunction in the coronary, renal, and peripheral 



(72)circulations. Studies in animals and humans using an agonist-induced vasodilator 
 response show that this response is blunted in the setting of hypertension.76 


 One key molecule that is partially responsible for the vasodilator response and is 
 involved in maintaining normal endothelial function is nitric oxide (NO). A reduction in 
 endothelial-derived NO may result in not only a reduced vasodilator response but also a 
 proinflammatory, prothrombotic, and procoagulant phenotype77.  


Renal artery stenosis is most commonly due to atherosclerotic disease and may lead to 
 renovascular hypertension. The consequence of the reduction in blood flow to the kidney 
 is activation of the renin-angiotensin-aldosterone system and possibly ischemic 
 nephropathy. One proposed hypothesis is that some of the humoral factors activated by 
 renal artery stenosis may accelerate the atherosclerotic process.78 Experimental studies of 
 pigs with hypertension secondary to renal artery stenosis showed that increased oxidative 
 stress resulted from this condition and was a stimulus for atherosclerosis independent of 
 cholesterol levels.79


HOMOCYSTEINE AND ATHEROSCLEROSIS 


It is a metabolic product of amino acid methionine and is found to have a direct effect on 
the vascular endothelium because it facilitates the formation of oxidized LDL which 
promotes atherogenesis. It is also said to be thrombotic and to increase collagen 
production in the extracellular matrix and promotion of smooth muscle cell growth80. 
 Prothrombotic effects of homocysteine  have been described such as down regulation of 
thrombomodulin on endothelial cells81 and upregulation of tissue factor on both 
endothelial cells and macrophages82. Studies have shown relation between 
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