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Lipoprotein Metabolism 
· Triglycerides and cholesterol are transported in the blood as lipoproteins. 
· Two major sources of lipids: dietary lipids, and lipids synthesized in liver. 
Table I-15-1. Classes of Lipoproteins 
Lipoprotein
Functions
Apoproteins
Function of the Apoprotein
Chylomicrons
Transport dietary 
triglyceride and 
cholesterol from intestine 
to tissues.
apoB-48

apoC-II

apoE
Secreted by epithelial cells

Activates lipoprotein lipase

Uptake by liver
VLDL
transports triglyceride
from liver to tissues
apoB-100

apoC-II

apoE
Secreted by liver

Activates lipoprotein lipase

Uptake of remnants by liver
LDL
Delivers cholesterol into
cells
apoB-100
Uptake by liver and other tissues
via LDL receptor (apoB-100
receptor)
IDL (VLDL remnants)
Picks up cholesterol from
HDL to become LDL

Picked up by liver
apoE
Uptake by liver
HDL
Picks up cholesterol
accumulating in blood
vessels

Delivers cholesterol to
liver and steroidogenic
tissues via scavenger
receptor(SR-B1)

Shuttles apoC-II and apoE
in blood
apoA-1
Activates lecithin cholesterol acyl
transferase (LCAT) to produce
cholesterol esters
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Chylomicrons and VLDL 
· Chylomicrons are assembled from dietary triglyceride and cholesterol esters by intestinal epithelial cells. 
· Chylomicrons transport dietary triglyceride to adipose tissue and muscle, whereas VLDL transport triglyceride synthesized in the liver to these same tissues. 
· Apolipoproteins play a key role in transport and targeting of lipids. 
· Both chylomicrons and VLDL have apoC-II, apoE, and apoB (apoB-48 on chylomicrons and apoB-I00 on VLDL). Chylomicrons acquire apoC-II and apoE from HDL particles. 





115720 >>> 0:05:50.2 

SLIDE 3 of 15 
Lipoprotein Lipase 
· Lipoprotein (LPLase) is required for the metabolism of both chylomicrons and VLDL. 
· This enzyme is induced by insulin and transported to the luminal surface of capillary endothelium where it is in direct contact with the blood. 
· Lipoprotein lipase hydrolyzes the fatty acids from triglycerides carried by chylomicrons and VLDL and is activated by apoC-II. 
· The chylomicron remnant is picked up by hepatocytes through the apoE receptor, and thus, dietary cholesterol and any remaining triglyceride is released in the hepatocyte. 
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VLDL (Very Low-Density Lipoprotein) 
· The metabolism of VLDL is very similar to that of chylomicrons, the major difference being that VLDL are assembled in hepatocytes to transport triglyceride containing fatty acids newly synthesized from excess glucose, or retrieved from the chylomicron remnants, to adipose tissue and muscle. 
· ApoB-I00 is added in the hepatocytes to mediate release into the blood. 
· Like chylomicrons, VLDL acquire apoC-II and apoE from HDL in the blood, and are metabolized by lipoprotein lipase in adipose tissue and muscle. 
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VLDL Remnants (IDL, Intermediate-Density Lipoprotein) 
· After triglyceride is removed from the VLDL, the resulting particle is referred to as either a VLDL remnant or as an IDL. 
· A portion of the IDL is picked up by hepatocytes through their apoE receptor, but some of the IDL remain in the blood, where they are further metabolized. These IDL are transition particles between triglyceride and cholesterol transport. In the blood, they can acquire cholesterol transferred from HDL particles and thus become converted into LDL. 
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VLDL Remnants and HDL 
· HDL is synthesized in the liver and intestines and released as dense protein-rich particles into the blood. 
· They contain apoA-1 used for cholesterol recovery from fatty streaks in the blood vessels. 
· LCAT is an enzyme in the blood that is activated by apoA-1 on HDL. LCAT adds a fatty acid to cholesterol, producing cholesterol esters, which dissolve in the core of the HDL, allowing HDL to transport cholesterol from the periphery to the liver. 
· HDL cholesterol picked up in the periphery can be distributed to other lipoprotein particles such as VLDL remnants (IDL), converting them to LDL, and the cholesterol ester transfer protein facilitates this transfer. 
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LDL (Low-Density Lipoprotein) 
· The normal role of LDL is to deliver cholesterol to tissues for biosynthesis (eg. cell membrane, steroid hormones) 
· About 80% of LDL are picked up by hepatocytes, the remainder by peripheral tissues. 
· Besides uptake by cells, LDL is not metabolized in other ways. Thus, excess LDL tends to deposit cholesterol in endothelium, whereupon the cholesterol becomes oxidized. 
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HDL (High-Density Lipoprotein) 
· HDL is synthesized in the liver and intestines and released as dense protein-rich particles into the blood. 
· They contain apoA-1 used for cholesterol recovery from fatty streaks in the blood vessels. 
· LCAT is an enzyme in the blood that is activated by apoA-1 on HDL. LCAT adds a fatty acid to cholesterol, producing cholesterol esters, which dissolve in the core of the HDL, allowing HDL to transport cholesterol from the periphery to the liver. 
· HDL cholesterol picked up in the periphery can be distributed to other lipoprotein particles such as VLDL remnants (IDL), converting them to LDL, and the cholesterol ester transfer protein facilitates this transfer. 
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Scavenger Receptors (SR-B1) 
· HDL cholesterol picked up in the periphery can also enter cells through a scavenger receptor, SR-B1. 
· This receptor is expressed at high levels in hepatocytes and the steroidogenic tissues, including ovaries, testes, and areas of the adrenal glands. 
· This receptor does not mediate endocytosis of the HDL, but rather transfer of cholesterol into the cell by a mechanism not yet clearly defined. 
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Atherosclerosis 
· The metabolism of LDL and HDL intersect in the production and control of fatty streaks and potential plaques in blood vessels. 
· Endothelial damage and dysfunction increases adhesiveness and permeability of the endothelium for platelets and leukocytes. 
· Local inflammation recruits monocytes and macrophages with subsequent production of reactive oxygen species. LDL can become oxidized and then taken up, along with other inflammatory debris, by macrophages, which can become laden with cholesterol (foam cells). Initially the subendothelial accumulation of cholesterol-laden macrophages produces fatty streaks. 
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Atherosclerosis 
· As the fatty streak enlarges over time, necrotic tissue and free lipid accumulates, surrounded by epithelioid cells and eventually smooth muscle cells, an advanced plaque with a fibrous cap. 
· The plaque eventually begins to occlude the blood vessel, causing ischemia and infarction in the heart, brain, or extremities. 
· Eventually the fibrous cap may thin, and the plaque becomes unstable, leading to rupture and thrombosis. 
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Role of Vitamin E 
· (1.) Ungated potassium channels 
· Some studies have shown a protective role of vitamin E in this process. 
· Vitamin E is a lipid-soluble vitamin that acts as an antioxidant in the lipid phase. In addition to protecting LDL from oxidation, it may also prevent peroxidation of membrane lipids. 
· (2.) Voltage-gated (dependent) sodium channels 
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Type 1 Hypertriglyceridemia (Lipoprotein Lipase, or rarely, apo C-II, deficiency) 
· Rare genetic absence of lipoprotein lipase results in excess triglyceride in the blood and its deposition in several tissues, including liver, skin, and pancreas. 
· Fasting chylomicronemia produces a milky turbidity in the serum or plasma. 
· (3.) Voltage-gated (dependent) calcium channels 
· Dietary modification alone can help lower chylomicronemia levels. 
Table I-15-2. Primary Hyperlipidemias 
Type
Deficiency
Lipid
Elevated in
Blood
Lipoprotein
Elevated in
Blood
Comments
I
Familial lipoprotein lipase
(rare)

apoC-II (rare)

Autosomal recessive
Triglyceride
Chylomicrons
Red-orange eruptive xanthomas

Fatty liver

Acute pancreatitis

Abdominal pain after fatty meal
IIa
Familial hypercholesterolemia

Autosomal dominant

(Aa 1/500, AA 1/106)
Cholesterol
LDL
High risk of atherosclerosis and 
coronary artery disease. 
Homozygous condition usually 
death < 20 years old

Xanthomas of the Achilles tendon

Tuberous xanthomas on elbows

Xanthelasma

Corneal arcus
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(4.) Voltage-gated postassium channels 
· This is a autosomal dominant genetic disease affecting 1/500 (heterozygous) individuals in the United States. 
· It is characterized by elevated LDL cholesterol and increased risk for atherosclerosis and coronary artery disease. 
· Homozygous individuals (1/106) often have myocardial infarctions before 20 years of age. 
· Pharmacologic intervention, especially cholesterol-lowering drugs, is required. 
Table I-15-2. Primary Hyperlipidemias 
Type
Deficiency
Lipid
Elevated in
Blood
Lipoprotein
Elevated in
Blood
Comments
I
Familial lipoprotein lipase
(rare)

apoC-II (rare)

Autosomal recessive
Triglyceride
Chylomicrons
Red-orange eruptive xanthomas

Fatty liver

Acute pancreatitis

Abdominal pain after fatty meal
IIa
Familial hypercholesterolemia

Autosomal dominant

(Aa 1/500, AA 1/106)
Cholesterol
LDL
High risk of atherosclerosis and 
coronary artery disease. 
Homozygous condition usually 
death < 20 years old

Xanthomas of the Achilles tendon

Tuberous xanthomas on elbows

Xanthelasma

Corneal arcus
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Cholesterol Metabolism 
· Cholesterol is required for membrane synthesis, for steroid synthesis, and in the liver, for synthesis of bile acids. 
· Most cells derive their cholesterol from LDL or HDL, but some cholesterol may be synthesized de novo. Most de novo synthesis occurs in the liver, where cholesterol is synthesized from acetyl CoA in the cytoplasm. 
· 3-Hydroxy-3-methylglutaryl (HMG)-CoA reductase on the smooth endoplasmic reticulum (SER) is the rate-limiting enzyme. Mevalonate is the product, and the statin drugs are structural analogs of HMG-CoA that competitively inhibit the enzyme. 
· Bile-sequestering resins bind bile salts produced by the liver from cholesterol and prevent enterohepatic recirculation. 







