of apoB, either apoB-48 (chylomicron) or apoB-100 (VLDL, IDL,
or LDL), is present on each lipoprotein particle. The human liver
synthesizes apoB-100, and the intestine makes apoB-48, which is
derived from the same gene by mRNA editing. HDLs have different
apolipoproteins that define this lipoprotein class, most importantly
apoA-I, which is synthesized in the liver and intestine and is found
on virtually all HDL particles. ApoA-II is the second most abundant
HDL apolipoprotein and is on approximately two-thirds of the HDL
particles. ApoC-I, apoC-II, and apoC-III participate in the metabolism of triglyceride-rich lipoproteins. ApoE also plays a critical role
in the metabolism and clearance of triglyceride-rich particles. Most
apolipoproteins, other than apoB, exchange actively among lipoprotein particles in the blood. Apolipoprotein(a) [apo(a)] is a distinctive
apolipoprotein and is discussed more below.
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Transport of Hepatically Derived Lipids by VLDL and LDL
Another key role of lipoproteins is the transport of hepatic lipids
from the liver to the periphery (Fig. 421-2). VLDL particles resemble
chylomicrons in protein composition but contain apoB-100 rather
than apoB-48 and have a higher ratio of cholesterol to triglyceride
(~1 mg of cholesterol for every 5 mg of triglyceride). The triglycerides of VLDL are derived predominantly from the esterification
of long-chain fatty acids in the liver. The packaging of hepatic triglycerides with the other major components of the nascent VLDL
particle (apoB-100, cholesteryl esters, phospholipids, and vitamin E)
requires the action of the enzyme microsomal triglyceride transfer protein (MTP). After secretion into the plasma,
VLDL acquires multiple copies of apoE and apolipoproteins of the C series by transfer from HDL. As with
chylomicrons, the triglycerides of VLDL are hydrolyzed by LPL, especially in muscle, heart, and adipose
tissue. After the VLDL remnants dissociate from LPL,
they are referred to as IDLs, which contain roughly
similar amounts of cholesterol and triglyceride. The
liver removes approximately 40–60% of IDL by LDL
receptor–mediated endocytosis via binding to apoE. The
remainder of IDL is remodeled by hepatic lipase (HL)
Peripheral
to form LDL. During this process, phospholipids and
tissues
triglyceride in the particle are hydrolyzed, and all apolipoproteins except apoB-100 are transferred to other
lipoproteins. Approximately 70% of LDL is removed
from the circulation by the liver in a similar manner as
IDL; however, in this case, apoB, rather than apoE, binds
the LDL receptor.
Lp(a) is a lipoprotein similar to LDL in lipid and protein composition, but it contains an additional protein
called apolipoprotein(a) [apo(a)]. Apo(a) is synthesized
IDL
in the liver and attached to apoB-100 by a disulfide linkage. The major site of clearance of Lp(a) is the liver, but
the uptake pathway is not known.
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Figure 421-2 The exogenous and endogenous lipoprotein metabolic pathways. The exogenous pathway transports dietary lipids to the periphery and the
liver. The endogenous pathway transports hepatic lipids to the periphery. FFA, free
fatty acid; HL, hepatic lipase; IDL, intermediate-density lipoprotein; LDL, low-density
lipoprotein; LDLR, low-density lipoprotein receptor; LPL, lipoprotein lipase; VLDL,
very-low-density lipoprotein.
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CHAPTER 421 Disorders of Lipoprotein Metabolism

Transport of Intestinally Derived Dietary Lipids by Chylomicrons
One critical role of lipoproteins is the efficient transport of dietary
lipids from the intestine to tissues that require fatty acids for energy
or store and metabolize lipids (Fig. 421-2). Dietary triglycerides are
hydrolyzed by lipases within the intestinal lumen and emulsified
with bile acids to form micelles. Dietary cholesterol, fatty acids, and
fat-soluble vitamins are absorbed in the proximal small intestine.
Cholesterol and retinol are esterified (by the addition of a fatty acid)
in the enterocyte to form cholesteryl esters and retinyl esters, respectively. Longer-chain fatty acids (>12 carbons) are incorporated into
triglycerides and packaged with apoB-48, cholesteryl esters, retinyl
esters, phospholipids, and cholesterol to form chylomicrons. Nascent
chylomicrons are secreted into the intestinal lymph and delivered via
the thoracic duct directly to the systemic circulation, where they are
extensively processed by peripheral tissues before reaching the liver.
The particles encounter lipoprotein lipase (LPL), which is anchored

to a glycosylphosphatidylinositol-anchored protein, GPIHBP1, that 2437
is attached to the endothelial surfaces of capillaries in adipose tissue,
heart, and skeletal muscle (Fig. 421-2). The triglycerides of chylomicrons are hydrolyzed by LPL, and free fatty acids are released. ApoC-II,
which is transferred to circulating chylomicrons from HDL, acts as a
required cofactor for LPL in this reaction. The released free fatty acids
are taken up by adjacent myocytes or adipocytes and either oxidized
to generate energy or reesterified and stored as triglyceride. Some of
the released free fatty acids bind albumin before entering cells and
are transported to other tissues, especially the liver. The chylomicron
particle progressively shrinks in size as the hydrophobic core is hydrolyzed and the hydrophilic lipids (cholesterol and phospholipids) and
apolipoproteins on the particle surface are transferred to HDL, creating chylomicron remnants.
Chylomicron remnants are rapidly removed from the circulation by
the liver through a process that requires apoE as a ligand for receptors
in the liver. Consequently, few, if any, chylomicrons or chylomicron
remnants are generally present in the blood after a 12-h fast, except in
patients with certain disorders of lipoprotein metabolism.

HDL Metabolism and Reverse Cholesterol Transport
All nucleated cells synthesize cholesterol, but only hepatocytes and enterocytes can effectively excrete cholesterol from the body, into either the bile or the gut lumen.
In the liver, cholesterol is secreted into the bile, either
directly or after conversion to bile acids. Cholesterol in
peripheral cells is transported from the plasma membranes of peripheral cells to the liver and intestine by
a process termed “reverse cholesterol transport” that is
facilitated by HDL (Fig. 421-3).
Nascent HDL particles are synthesized by the intestine
and the liver. Newly secreted apoA-I rapidly acquires
phospholipids and unesterified cholesterol from its site
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