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Lipid MetabolismLipid Metabolism
 OMAR M ALNOZHAAssistant Prof. of Medicine
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IntroductionIntroduction• When we speak about lipids,
 what do we exactly mean ? >> cholesterol ??
 In order to understand cholesterol metabolism and transport we need to understand >>> lipoproteins ?? Why??
 • Why do we need cholesterol ?• What is the source of cholesterol?
 Endogenous Vs exogenous !
 • What is the structure of different lipoproteins?• What are their role? • Some Steps of lipid transport and metabolism !• Finally some disorders of metabolism or transport!
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Circulating LipidsCirculating Lipids
 1.FFA2.TAG ( 3 FFA + Glycerol) (storage form )3.Phospholipids4.Cholesterol ( free and esterified)
 • Lipoproteins ( classified by density)• Lipids + proteins
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Why do we need cholesterol?Why do we need cholesterol?
 • Vital roles:• Cell membrane structure and function• Hormone synthesis• Bile acid production• vitamin D synthesis
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Source ?Source ?Endogenous production: Endogenous production:
 •Made in Liver, gut & most of body cells•Rate limiting enzyme: HMG-CoA reductase•Cholesterol can negatively feed back on this pathway•Esterification by LCAT “ lecithin;cholesterol acyl-transferase”
 Or by ACAT ”intracellularly” acyl-CoA CAT
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Dietary Source ?Dietary Source ?
 • Animal products• Niemann-Pick C1-Like1 (NPC1L1) is a sterol transporter
 at the brush border of the small intestine • Ezetimibe®• It is one of the mechanisms responsible for cholesterol
 absorption • Allot of it gets Kicked out of the cell by ABCG5/G8• Influx to cells afterward mainly through LDL/VLDL “see
 later on Endocytosis”
 • Storage intracellular > > C.Ester
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Endogenous production of Endogenous production of LipoproteinsLipoproteins
 • MTP is responsible for Lipoprotein production intracellularly ( combines apoproteins with TAG and Cholesterol, once defected>>Abetalipoproteneia !
 • ie. No VLDL, because it is the first step of production of Lipoproteins• Apo E is the responsible for clearing of all particles before being IDL, LDL
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Structure of LipoproteinsStructure of Lipoproteins• Components :
 • Core:– Esterified cholesterol
 (cholesteryl ester) – Triacylglycerol
 • Outer layer:– Non-esterified cholesterol– Phospholipids
 • Wrapping:– Apo-proteins
 structure Animation (lipoproteins-1 second section)?
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•Once the chylomicrone is in circulation it acquires Apo-proteins and phospholipids, once acquire C-II it can interact with LPL and start loosing Cholesterol•The more the molecule looses TAG and Apo-proteins it becomes denser •VLDL >> IDL >> LDL •Hydrolysis of VLDL and chylomicrones in blood vessels ( LPL) •Apo E is responsible for the removal of the chylomicrone remnant
 Eg. chylomicronesEg. chylomicrones
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Content of different LipoproteinsContent of different Lipoproteins
 liporoteins
 LDL HDL Chylomicrones VLDL
 Apo-lipoproteins
 B-100Structural & functional
 A-I most important for recognition &cholesterol
 transport,A-IIC-I,C-II, C-IIID, E
 B-48(structrual only non-functional)E (important for removal)A-I, A-II, A-IVC-I,C-II, C-III
 Most of the ones in chylomicroneAgain E is important for remova
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Role of lipoproteins?Role of lipoproteins?
 • Mainly transport of lipo-phobic lipids!
 • Chylomicrones Chylomicrones : from intestine to liver
 • VLDL & LDL VLDL & LDL : from Liver to muscle and rest of the body
 • HDL HDL : from the body and peripheral tissues back to the liver
 animation of HDL transport
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Role of Apo proteinsRole of Apo proteins
 • Solubilizers
 • Regulatory role :– LDL uptake– Chylomicrone uptake by liver– Co-factors, C-II is Co-factor for LPL
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LDL receptors and endocytosisLDL receptors and endocytosis
 • Cells take up LDL through :1. Receptor mediated Endocytosis (LDL-R):
 – Apo-Lipoprotein-B is the ligand for LDL-R– Once (L-R) is coupled >> endocytosis in a coated vesicle– Fusion e Endosome to detach LDL-Rs for recycling “ PH mediated”
 – Fusion e Lysosome >>– CE >>>> Cholesterol – Proteins >>>> AA for utilization by cell
 2. Non-receptor mediated:– Eg. Diffusion
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LDL receptors and endocytosisLDL receptors and endocytosis
 Defects in the LDL-R leads to High cholesterol levels (FH) .or if problem e Apo B and less comonly if have problem with brake down of LDL-R once in lysosome
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HDL receptor and HDL receptor and Cholesterol TransportCholesterol Transport
 • 7 different membrane proteins are involved• ABCA1 transporter” Flippase “ & Apo A-I + LCAT are
 important in this process• Cholesterol is converted to C.E. before efflux to HDL
 at the cell membrane. (LCAT)• Flippase gene defects lead to Tangier disease
 – Autosomal Co Dominant , Homozygous Vs Heterozygous ?– foam cells throughout the body ,hepatosplenomegaly, PN, and premature coronary disease
 • PPAR alfa and LXR system in Macrophages which activates ABCG-1& SRB-1 Transporters for HDL in addition to ABCA-1
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HDL receptor and HDL receptor and trans-membrane Transporttrans-membrane Transport
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Reverse Cholesterol TransportReverse Cholesterol Transport
 • Transport of cholesterol is not only from Lipoproteins to cells
 • Cholesterol is shuttled between different types of lipoproteins too !
 • This is through : CETP “ cholesterol ester transfer protein”
 • This explains part of the reverse transport!
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• Small nascent HDL particles takes CE through ABCA1 transporter
 •Also HDL Donates (CE) through CETP to LDL / IDL &VLDL•CETP promotes removal of cholesterol by liver•Also SRB-1 is involved in this removal by the liver•Currently CETP inhibitors are under development!
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