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Intermediate Density Lipoproteins, IDLs: 

    IDLs are formed as TGs are removed from VLDLs and are enriched in 

cholesterol (45% ) which they deliver to peripheral tissues or to the liver. 

The fate of IDLs is either conversion to LDLs or direct uptake by the 

liver. Conversion of IDLs to LDLs occurs as more TGs are removed. The 

liver takes up IDLs after they have interacted with the LDL receptor to 

form a complex, which is endocytosed by the cell. For LDL receptors in 

the liver to recognize IDLs requires the presence of both apoB-100 and 

apoE (the LDL receptor is also called the apoB-100/apoE receptor).  

Low Density Lipoproteins, LDLs: 

IDL is converted to LDL, largely by the liver, by removal of additional 

TGs. In addition to its formation from VLDL, some LDL is produced and 

released by the liver. LDL is a major transport form of cholesterol and 

cholesteryl esters. The relative rates of VLDL and LDL release by the 

liver depend on the availability of cholesterol. If the regulatory pathways 

signal the liver to increase its cholesterol output, then the liver increases 

its LDL production. LDL has specific cell surface receptors. The 

receptor-LDL complex is transported to lysosomes, for degradation of the 

particle, while most of the LDL receptors are recycled to the cell surface. 

The amount of LDL receptor is regulated by the cellular requirement for 

lipids, with the primary regulatory lipid being cholesterol. High levels of 

LDL cholesterol are associated with elevated risk of heart disease. LDL 

cholesterol is the “bad cholesterol” of the popular literature. 

    The cellular requirement for cholesterol as a membrane component is 

satisfied in one of two ways: either it is synthesized de novo within the 

cell, or    it is supplied from extra-cellular sources, namely, 

chylomicrons and LDLs. As indicated above, the dietary cholesterol that 

goes into chylomicrons is supplied to the liver by the interaction of 

chylomicron remnants with its receptor. In addition, cholesterol 

synthesized by the liver can be transported to extra-hepatic tissues if 

packaged in VLDLs. In the circulation VLDLs are converted to LDLs 

through the action of lipoprotein lipase. LDLs are the primary plasma 

carriers of cholesterol for delivery to all tissues.  

   The exclusive apolipoprotein of LDLs is apo-B-100. LDLs are taken up 

by cells via LDL receptor-mediated endocytosis for IDL uptake. The 

uptake of LDLs occurs predominantly in liver (75%), adrenals and 

adipose tissue. As with IDLs, the interaction of LDLs with LDL 

receptors requires the presence of apo-B-100. The endocytosed 

membrane vesicles (endosomes) fuse with lysosomes, in which the 

apoproteins are degraded and the cholesterol esters are hydrolyzed to 



yield free cholesterol. The cholesterol is then incorporated into the 

plasma membranes as necessary. Excess intracellular cholesterol is re-

esterified by acyl-CoA-cholesterol acyltransferase (ACAT), for 

intracellular storage. The activity of ACAT is enhanced by the 

presence of intracellular cholesterol. Insulin and tri-iodothyronine (T3) 

increase the binding of LDLs to liver cells, whereas glucocorticoids (e.g., 

dexamethasone) have the opposite effect. The precise mechanism for 

these effects is unclear but may be mediated through the regulation of 

apo-B degradation. The effects of insulin and T3 on hepatic LDL binding 

may explain the hypercholesterolemia and increased risk of 

atherosclerosis that have been shown to be associated with uncontrolled 

diabetes or hypothyroidism. An abnormal form of LDL, identified as 

lipoprotein-X (Lp-X), predominates in the circulation of patients 

suffering from lecithin-cholesterol acyl transferase (LCAT) deficiency or 

cholestatic liver disease. 

High Density Lipoproteins, HDLs: 

     HDLs are synthesized de novo in the liver and small intestine, as 

primarily protein-rich disc-shaped particles. These newly formed HDLs 

are nearly devoid of any cholesterol and cholesteryl esters. The primary 

apoproteins of HDLs are apo-A-I, apo-C-I, apo-C-II and apo-E. In fact, a 

major function of HDLs is to act as circulating stores of apo-C-I, apo-C-

II and apo-E.  HDLs are converted into spherical lipoprotein particles 

through the accumulation of cholesteryl esters. This accumulation 

converts nascent HDLs to HDL2 and HDL3. Any free cholesterol present 

in chylomicron remnants and VLDL remnants (IDLs) can be esterified 

through the action of the HDL-associated enzyme, lecithin: cholesterol 

acyltransferase, LCAT. LCAT is synthesized in the liver and so named 

because it transfers a fatty acid from the C-2 position of lecithin to the 

C-3-OH of cholesterol, generating a cholesteryl ester and lysolecithin. 

The activity of LCAT requires interaction with apo-A-I, which is found 

on the surface of HDLs (see below).  

   Cholesterol-rich HDLs return to the liver, where they are endocytosed. 

Hepatic uptake of HDLs, or reverse cholesterol transport, may be 

mediated through an HDL-specific apo-A-I receptor or through lipid-lipid 

interactions. Macrophages also take up HDLs through apo-A-I receptor 

interaction. HDLs can then acquire cholesterol and apo-E from the 

macrophages; cholesterol-enriched HDLs are then secreted from the 

macrophages. The added apo-E in these HDLs leads to an increase in 

their uptake and catabolism by the liver.  



   The cholesterol esters of HDLs can also be transferred to VLDLs and 

LDLs through the action of the HDL-associated enzyme, cholesterol ester 

transfer protein (CETP). This has the added effect of allowing the excess 

cellular cholesterol to be returned to the liver through the LDL-receptor 

pathway as well as the HDL-receptor pathway.  

 

 High levels of HDL are associated with reduced risk of heart disease, 

possibly due to increased cholesterol scavenging by HDL, and therefore 

lower LDL and total plasma cholesterol levels. (HDL cholesterol is the 

“good cholesterol”). Exercise can increase HDL levels. Females have 

higher HDL until menopause; this is strongly correlated with lower risk 

of heart disease, and an increase in risk as HDL levels fall after 

menopause.  

 
 

Figure: Functions and fate of HDL. 

Nascent HDL is synthesized in liver and intestinal cells. It exchanges proteins 

with chylomicrons and VLDL. HDL picks up cholesterol (C) from cell 

membranes. This cholesterol is converted to cholesterol ester (CE) by the LCAT 

reaction. HDL transfers CE to VLDL in exchange for triacylglycerol (TG). The 

cholesterol ester transfer protein (CETP) mediates this exchange. PL = 

phospholipids. 

 

LDL Receptors: 

     LDLs are the principal plasma carriers of cholesterol delivering 

cholesterol from the liver (via hepatic synthesis of VLDLs) to peripheral 

tissues, primarily the adrenals and adipose tissue. LDLs also return 

cholesterol to the liver. The cellular uptake of cholesterol from LDLs 

occurs following the interaction of LDLs with the LDL receptor (also 



called the apo-B-100 / apo-E receptor). The sole apoprotein present in 

LDLs is apo-B-100, which is required for interaction with the LDL 

receptor.  Once LDL binds the receptor, the complexes are rapidly 

internalized (endocytosed). ATP-dependent proton pumps lower the pH 

in the endosomes, which results in dissociation of the LDL from the 

receptor. The portion of the endosomal membranes harboring the receptor 

is then recycled to the plasma membrane and the LDL-containing 

endosomes fuse with lysosomes. Acid hydrolases of the lysosomes 

degrade the apoproteins and release free fatty acids and cholesterol. As 

indicated above, the free cholesterol is either incorporated into plasma 

membranes or esterified (by ACAT) and stored within the cell.  

The excess intracellular cholesterol will result in: 

1- cholesterol-induced suppression of LDL receptor synthesis and  

2- cholesterol-induced inhibition of cholesterol synthesis.  

3- activating ACAT, thereby allowing the storage of excess cholesterol 

within cells.  

The effect of cholesterol-induced suppression of LDL receptor 

synthesis is associated with decrease in the rate at which LDLs and IDLs 

are removed from the serum. This can lead to excess circulating levels of 

cholesterol and cholesteryl esters when the dietary intake of fat and 

cholesterol exceeds the needs of the body. The excess cholesterol tends to 

be deposited  and oxidized (ox-LDL)in the skin, tendons and (more 

gravely) within the arteries, leading to atherosclerosis.  

 


