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TABLE 421-2 Major Apolipoproteins

0.95
VLDL

Density, g/mL

1.006

Chylomicron
remnants

LDL

Chylomicron
1.06

Lipoprotein
Association
HDL,
chylomicrons

ApoA-II

Liver

ApoA-IV
ApoA-V

Intestine,
liver
Liver

HDL,
chylomicrons
HDL,
chylomicrons
VLDL,
chylomicrons

Apo(a)
ApoB-48

Liver
Intestine

ApoB-100

Liver

ApoC-I

Liver

ApoC-II

Liver

ApoC-III

Liver,
intestine

ApoE

Liver
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Figure 421-1 The density and size distribution of the major
classes of lipoprotein particles. Lipoproteins are classified by density
and size, which are inversely related. HDL, high-density lipoprotein;
IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein;
VLDL, very-low-density lipoprotein.
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Primary
Source
Intestine,
liver

IDL

1.02

1.10

Apolipoprotein
ApoA-I
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(plasma, interstitial fluid, and lymph) to and from tissues. Lipoproteins
play an essential role in the absorption of dietary cholesterol, longchain fatty acids, and fat-soluble vitamins; the transport of triglycerides,
cholesterol, and fat-soluble vitamins from the liver to peripheral tissues; and the transport of cholesterol from peripheral tissues to the
liver and intestine.
Lipoproteins contain a core of hydrophobic lipids (triglycerides
and cholesteryl esters) surrounded by a shell of hydrophilic lipids
(phospholipids, unesterified cholesterol) and proteins (called apolipoproteins) that interact with body fluids. The plasma lipoproteins
are divided into five major classes based on their relative density
(Fig. 421-1 and Table 421-1): chylomicrons, very-low-density lipoproteins (VLDLs), intermediate-density lipoproteins (IDLs), lowdensity lipoproteins (LDLs), and high-density lipoproteins (HDLs).
Each lipoprotein class comprises a family of particles that vary in
density, size, and protein composition. Because lipid is less dense than
water, the density of a lipoprotein particle is primarily determined by
the amount of lipid per particle. Chylomicrons are the most lipid-rich
and therefore least dense lipoprotein particles, whereas HDLs have
the least lipid and are therefore the most dense lipoproteins. In addition to their density, lipoprotein particles can be classified according
to their size, determined either by nondenaturing gel electrophoresis

Lp(a)
Chylomicrons,
chylomicron
remnants
VLDL, IDL, LDL,
Lp(a)

Chylomicrons,
VLDL, HDL
Chylomicrons,
VLDL, HDL
Chylomicrons,
VLDL, HDL
Chylomicron
remnants, IDL,
HDL

Function
Structural protein for
HDL
Activates LCAT
Structural protein for
HDL
Unknown
Promotes LPLmediated triglyceride
lipolysis
Unknown
Structural protein for
chylomicrons
Structural protein for
VLDL, LDL, IDL, Lp(a)
Ligand for binding to
LDL receptor
Unknown
Cofactor for LPL
Inhibits LPL activity
and lipoprotein binding to receptors
Ligand for binding
to LDL receptor and
other receptors

Abbreviations: HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LCAT,
lecithin-cholesterol acyltransferase; LDL, low-density lipoprotein; Lp(a), lipoprotein A; LPL,
lipoprotein lipase; VLDL, very-low-density lipoprotein.

or by nuclear magnetic resonance profiling. There is a strong inverse
relationship between density and size, with the largest particles being
the most buoyant (chylomicrons) and the smallest particles being the
most dense (HDL).
The proteins associated with lipoproteins, called apolipoproteins
(Table 421-2), are required for the assembly, structure, function,
and metabolism of lipoproteins. Apolipoproteins activate enzymes
important in lipoprotein metabolism and act as ligands for cell surface receptors. ApoB is a very large protein and is the major structural protein of chylomicrons, VLDLs, IDLs, and LDLs; one molecule

TABLE 421-1 Major Lipoprotein Classes
Apolipoproteins

Lipoprotein
Chylomicrons

Density, g/mL
0.930

Size, nm
75–1200

Electrophoretic
Mobilityc
Origin

Chylomicron
remnants
VLDL

0.930–1.006

30–80

Slow pre-β

ApoB-48

0.930–1.006

30–80

Pre-β

ApoB-100

IDL
LDL
HDL

1.006–1.019
1.019–1.063
1.063–1.210

25–35
18–25
5–12

Slow pre-β
β
α

ApoB-100
ApoB-100
ApoA-I

Lp(a)

1.050–1.120

25

Pre-β

ApoB-100

a

b

Major
ApoB-48

Other
A-I, A-V, C-I, C-II,
C-III, E
A-I, A-V, C-I, C-II,
C-III, E
A-I, A-II, A-V, C-I, C-II,
C-III, E
C-I, C-II, C-III, E
A-II, A-IV, A-V, C-III, E
Apo(a)

Other Constituents
Retinyl esters
Retinyl esters
Vitamin E
Vitamin E
Vitamin E
LCAT, CETP,
paroxonase
Oxidized
phospholipids

The density of the particle is determined by ultracentrifugation. bThe size of the particle is measured using gel electrophoresis. cThe electrophoretic mobility of the particle on agarose
gel electrophores reflects the size and surface charge of the particle, with β being the position of LDL and α being the position of HDL.

a

Note: All of the lipoprotein classes contain phospholipids, esterified and unesterified cholesterol, and triglycerides to varying degrees.
Abbreviations: CETP, cholesteryl ester transfer protein; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LCAT, lecithin-cholesterol acyltransferase; LDL, low-density
lipoprotein; Lp(a), lipoprotein A; VLDL, very-low-density lipoprotein.
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