Cholesterol metabolism

e Function

e Biosynthesis

e Transport in the organism
e Hypercholesterolemia



Cholesterol

- component of all cell membranes
- precursor of bile acids
steroid hormones
vitamin D

Sources: dietary cholesterol (~ 25% of a daily turnover)

synthesis in tissues (~ 75 %)

v

liver

- 0,3g/day Famy
- 1 g/day fol

(reproductive tissues -adrenal cortex, ovaries,

testes, placenta)

enzymes of biosynthesis present in virtually all tissues

Transport:
as a component/
of lipoproteins,

most as
cholesteryl esters

chylomicrons:

VLDL:
LDL:
HDL:

(extrahepatic tissues)

intestine ———liver
liver ——plasma
plasma —— extrahepatic tissues
plasma — . liver




Overview of cholesterol metabolism in liver
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Cholesterol excretion

\ Steroid ring can not be cleaved in humans

1. cholesterol == bile acids/salts — bile — intestine — feces

_ _ _ cholestanol
2. cholesterol — bile — intestine — koprostanol_’ feces

Cholesterol availability in diets widely varies ‘ regulatory mechanisms

balance the rate:  cholesterol synthesis «——— cholesterol excretion

Imbalance:

elevation of circulating cholesterol — coronary artery disease

excessive cholesterol excretion into bile — precipitation in the gallblader
and bile duct — gallstones




Cholesterol biosynthesis

Initial substrate: acetyl-CoA
Tissue localization: predominantly liver

mitochondria
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Cholesterol biosynthesis: acetyl-CoA—— mevalonate
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Cholesterol biosynthesis: mevalonate —— cholesterol

| The phosphorylation of mevalonate and presence of pyrophosphate in
| subsequent structures help keep these water-insoluble compounds in solution.

Pyrophosphate is released in each of these four
condensation steps, making the reactions irreversible.

- | Beginning with squalene, the intermediates in
| cholesterol biosynthesis are nonphosphorylated
' and are so hydrophobic that they require an
intracellular sterol carrier protein to keep them
soluble.




Control of cholesterol synthesis

Regulation of HMG CoA reductase, rate-limiting enzyme of cholesterol synthesis

SRE = sterol regulatory element
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1. Regulation of transcription (HMG CoA reductase — short biological half-time ~ 2 h):
feed-back repression of HMG-CoA synthesis: cholesterol

LDL-CH - liver, periferal cells
CHR-CH - liver

2. Hormonal regulation: insulin - enzyme dephosphorylation = activation, enzyme expressior
glukagon - enzyme phosphorylation - inactivation



Control of cholesterol synthesis

3. Competitive inhibition of HMG CoA reductase:

Portions of the statins (shown in
blue) clearly resemble HMG-CoA. |

| However, the bulky hydrophobic |
groups of the inhibitors differ from |
the CoA moiety of the substrate. |

statins — fungal compounds or chemically synthesized
therapeutic agents of similar structure-

OH
lovastatin _ -Haccc“’_ |
mevastatin treatment of hypercholesterolemia _ MG°°°

H
simvastatin

Simvastatin

binding to the active site of HMG CoA reductase




Metabolism of VLDL- and LDL-cholesterol
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» Synthesized cholesterol packed into VLDL, VLDL converted in plasma to IDL and LDL

> LDL deliver cholesterol to periferal tissues via LDL receptors
> IDL and ~75 % of LDL return back to liver, are degraded in lysosomes
> Released cholesterol incorporated into VLDL or converted to bile acids



Secretion of VLDL from the liver

Endoplasmic reticulum

@ Synthesis of apoproteins,
phusphatidylcholine,
triacylghveerol, choles:
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lipids and perhaps also
cholesteral and choles-
terol esters added

Secretory vesicle

o Formuation of secretory vesicle
containing lipoprotein \
particles

VI1.DIL
Liver cell

B The VLDL is released
into the circulation

Extracellular space




Transport of exogenous cholesterol
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Transport of endogenous cholesterol
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LDL-receptor

- provides cholesterol delivery

into tissues

- membrane glycoprotein

- requires apoB,

apoE as

ligands for interaction with
a lipoprotein particle
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Metabolism of HDL

VLDL

Cholesteryl ester CETPChoIesteryE ester
transfer protein transfer protein

PERIPHERAL
TISSUES

PCAT = phosphatidylcholine:cholesterol acyltransferase
(LCAT = lecithin:cholesterol acyltransferase)

reverse cholesterol transport

» HDL pick up cholesterol from periferal tissue and other lipoproteins

» cholesterol is esterified by LCAT, particles fill with cholesteryl esters—> HDL;

» HDL; transfers cholesteryl esters to VLDL in exchange for TAG - transfer is mediated by CETP
> particles accept apoCII from VLDL, apo E from IDL — HDL,

» HDL, are taken up by liver via specific receptors, endocytoced and digested in lysosomes

> cholesterol released into liver cell is incorporated into VLDL or converted to bile acids




Hypercholesterolemia

= elevated level of cholesterol in the blood

— primary (genetic) — defective LDL-receptor

- secondary — diet high in fat and cholesterol, obesity,
alcoholism, diabetes mellitus.....
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Low-affinity, nonspecific and '
nonregulated scavenger receptors |
take up modifed LDL (oxLDL). |
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In response to endothelial injury—
caused at least in part by oxidized LDL—
monocytes adhere to endothelial cells,
move to the subendothelium (intima),
and are transformed into macrophages.

1 HDL protective
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Foam cells accumulate, releasing
growth factors and cytokines that |
stimulate the migration of smooth §
muscle cells from the media to the
intima. There, they proliferate,
produce collagen, and take up
lipid, potentially becoming

foam cells.

| g acrophages consume excess
modified (oxidized) lipoprotein,
becoming foam cells.
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