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Lipoprotein Metabolism



Lipids in the Blood

 Fatty Acids
* Bound to albumin

* Cholesterol, Triglycerides and Phospholipids
* Transported by lipoproteins

 Cholesterol can be free or esterified



Fatty Acids

Saturated Monounsaturated
HO HO
HO 0 HO 0
o 0
N
\Y
Palmitic Acid  Stearic Acid Oleic Acid Elaidic Acid
16:0 180 18:1 Ag (CiS) 18:1 Ag (trans)
Polyunsaturated
Omega-6 Omega-3
HO
= Eicosapentaenoic Acid
20:5 A5 g 11,14,17 {CIS)
\S Docosahexaenoic Acid
22:6 Ay 710,13,16,19 (CIS)
Lincleic Acid Linolenic Acid

18:2 Ag!-]g(CiS) 18:3 A9_12]15(Ci5)

Cholesterol

HO

Triglyceride = Triacylglycerol = Depot Fat

Glycerol backbone

0 0] 0]

i I | <= Ester
C=0% C=0 C=0

I I I

R R: R::



Lipids in the Blood

* Phospholipids
* Phosphatidylcholine = Lecithin

X
0
0=P-0
7
CH, - CH - CH, ®
PR



Definition

* Lipoproteins are large macromolecular complexes that transport
hydrophobic lipids (primarily triglycerides, cholesterol, and fat-
soluble vitamins) through body fluids (plasma, interstitial fluid, and

lymph)



Lipoproteins contain:

* 1) A core of hydrophobic lipids (triglycerides and cholesteryl esters)
surrounded by:

 2) Hydrophilic lipids (phospholipids, unesterified cholesterol) and:

 3) Proteins that interact with body fluids



Structure of a Lipoprotein

Peripheral apoprotein
(eg, apo C) Fig. 25-1

Free Phospholipid
cholesterol

Cholesteryl
ester

Triacylglycerol

Core of mainly
nonpolar lipids

Integral
apoprotein Monolayer of mainly
(eq, apo B) amphipathic lipids

Copyright @2006 by The McGraw-Hill Cormpanies, Inc
All rights reserved.



Major lipoprotein classes

The plasma lipoproteins are divided into five major classes (based on
their relative density)

* Chylomicrons,

* Very low density lipoproteins (VLDLs),

* Intermediate-density lipoproteins (IDLs),
* Low-density lipoproteins (LDLs),

* High-density lipoproteins (HDLs).
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LP CLASS ORIGIN | APOLIPOPROTEINS | LIPID

CHYLOMICRONS  INTESTINE C-Il, TG (85), CHOL (10%)
VLDL LIVER B-100, C-II, E TG (55), CHOL (20%)
IDL VLDL CATABOLISM  B-100, E TG (25), CHOL (35%)
LDL IDL CATABOLISM  B-100 TG (5), CHOL (60%)

HDL LIVER,INTESTINE Al E TG (5), CHOL (20%)



Liver
Dietary TG
CE
cholesterol
FFA-FABP —TG
micelle
chylomicron
ER/golgi
enterocyte

Plasma




Plasma

FFA e
——Oxidation
muscle

chylomicron

/

FFA \
Chylomicron remnant :
G3P liver
Triglyceride

adipose
storage




Dietary lipids

ATATATAVATATAVATATAYATA
Intestinal
Remnant
cell
& J receptors
El I (LDLR/LRP)
hylomicron
remnant
E Al l B-48 © Tﬂ B-48

l! Capillaries !'

B Lipoprotein lipase
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Plasma

Dietary Carbohydrate
LIVER

glucose—— pyruvate —— Acetyl CoA

v

LDL receptor Acetyl CoA
l mitochondria
TG
CMr \ Cholesterol
cholesterol \ (endogenous)
(exogenous)
FFA . FFA —— TG — VLDL

VLDL
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Acetyl-Cof ——#= 3.hydroxy-3-methylglutaryl-CoA

. {(HMG-CoA)
Thiclase HMG-CoA
synthase HMG-CoA reductase
STATINS
Acetoacety-CoA Mevalonic acid
ATP
Mevalonale kinase
Mevalonate-5-phosphate

Phosphornevalonale kinase

Mevalonate-5-pyrophosphate
Mevaionale-5-pyrophosphate

Isopentenyl-PP :
isomerase co, decarboxylase
Dimethylallyl-PP -— |sopentenyl-5-pyrophosphate (FF)
/ Farnesyl-PP synthase
Y BISPHOSPHONATES
Geranyl PP
Farnesyl-PP synthase
7 BISPHOSPHONATES
Geranylgeranyl-PP -4——— Farnesyl-PP
Geranylgeramyd- I :
PP synthase 4 Squalene synthase
Squalene
Sgualeneg
monooxygenase
2.3 oxidosqgualene
MADPH Squalene
HEME A epoxydase
PRENYLATED DOLICHOL Lanosterol

PROTEINS UBIQUINON {19 reactions

CHOLESTEROL


http://upload.wikimedia.org/wikipedia/commons/3/39/HMG-CoA_reductase_pathway.png
http://upload.wikimedia.org/wikipedia/commons/3/39/HMG-CoA_reductase_pathway.png

Role of Cholesterol

« Component of cell membranes
* Precursor of bile acids

* Precursor of steroid hormones
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HDL Formation -

Cholesterol
to other
2. Cholesterol| lipoproteins
for steroid
Liver synthe3|s 3. Cholesterol-ester

transfer protein
(CETP)

1. Cholestero
to liver

»

ApoA :

Lecithin-cholesterol acyl
transferase (LCAT)

Cholesterol from
Pre-p-HDL : : : >
Liver and intestinal Pre-B3-HDL

Cells via ABCA1l
Discoidal/lipid poor Unesterified cholesterol-rich




CETP exchanges cholesterol esters in HDLs for triglycerides in B100 LPs

CE
CEA CETP
LPL TG
Liver —_ TG
—
(LDL receptor)
- CETP

HDL

b

CE

LPL
A TG
CETP
Liver v
vV CE

(LDL receptor) — ‘
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Differential Diagnosis Of Major Lipid
Abnormality



Lipid Primary Disorders Secondary Disorders
Abnormality

Hypercholesterol
emia

Hypertriglyceride
mia

Combined
Hyperlipidemia

Polygenic

Familial H.

Familial defective Apo
B 100

LPL Deficiency

Apo C-1l Deficiency
Familial
Hypertriglyceridemia

Familial combined
hyperlipidemia
Tvoe 3

Hypothyroidism

Thiazide Diuretics
Nephrotic syndrome
Obstructive Liver Disease

Hypothyroidism
Thiazide Diuretics
Uncontrolled DM
Obesity

High carbohydrate diet
Alcohol use

Oral Estrogen

B blockers
Glucocorticoids
Bile acids resins
Antipsychotics
Protease inhibitors

Hypothyroidism
Nephrotic syndrome
Uncontrolled DM



ol sl )

L4

Led e sd b gleya Jly el JL o by

Gl ey ) (BU e 3 S e saa 10 15 Jiall Sl DL ialS 1a ;0 10 a o
5l (oa SIS

)1 ol 4w Sy ¢ HDL UialS a8 e 5 8 ¢ alg&inal ji aalllas ulal o e
LS



Treatment of blood cholesterol to reduce
ASCVD in adults

Prevention type Treatment group

Secondary Indeviduals <=75 yr who have ASCVD

Primary Adults >= 21 yr with LDL-C of >= 190

primary Adults 40-75 yr with DM and LDL-C 70-189 without ASCVD

primary Adults 40-75 yr LDL-C 70-189 without DM or clinical ASCVD and with an

estimated 10-year ASCVD risk >=7.5 %



NUTRITIONAL INTAKE

NUTRIENT RECOMMENDED

TOTAL FAT 25-35 % OF TOTAL CALORIES
SATURATED <7%
POLYUNSATURATED <10 %
MONOUNSATURATED <20%
CARBOHYDRATE 50-60 % OF TOTAL CALORIES
PROTEIN 15 % OF TOTAL CALORIES
CHOLESTEROL < 200 mg/day

FIBER 20— 30 gr/day



DRUG COMMOMLY USE

DRUG CLASS LDL CHANGE % HDL CHANGE % | TG CHANGE %

HMG-COA vV 20-60 A 5-10 vV'10-30
INHIBITOR

CHOL ABSOR, v 17 NO EFFECT v 7-8
INHIB

BILE ACID SEQ. v 15-30 SLIGHT A NO EFFECT
FIBRIC ACID v 5-20 N 5-20 vV 35-50
NICOTINIC v 10-25 A 15-35 v 25-30

OMEGA 3 N 4-49 A 59 vV 23-45



Prevention type
Treatment Steps

Secondary First line: high —intensity statin
(goal: at least 50% LDL reduction) Second line : Ezetimibe
Third line : BAS
Forth Line : PCSK9 inhibitors ( evolocumab)
Primary First line: high —intensity statin
(goal: at least 50% LDL reduction) Second line : addition of non statin but:

In familial H. PCSK9 inhibitor (evolocumab)
Third line : In familial H.: mipomersen or lomitapid
Forth Line : In familial H: LDL apheresis

Primary Moderate to High —Intensity statin
(goal: at least 30-50% LDL reduction) Second line : Ezetimibe
Third line : BAS

PCSK9 inhibitors ( evolocumab) not indicated

Primary Maximally tolerated Intensity of statin
(goal: at least30% LDL reduction) Second line :high —intensity statin
Ezetimibe or BAS may be considered



Statin Therapy Drug name and dose

High intensity (at least 50% LDL reduction) Atorvastatin 40-80 mg
Rosuvastatin 20-40 mg
Moderate intensity (at least 30-50% LDL reduction) Atorvastatin 10-20 mg

Rosuvastatin 5-10 mg
Simvastatin20-40 mg
Lovastatin 40 mg

Low intensity (at least 30% LDL reduction Simvastatin10 mg
Lovastatin 20 mg



Special considerations

»Symptomatic Heart failure :

» Statins if life expectancy is at least 3-5 Yr
» PCSK9 inhibitors not indicated

»Hemodialysis:

» Statins or non statins (individualized)
» PCSK9 inhibitors not indicated

»Pregnancy :
» Discontinue drugs except BAS at least 1-3 months before conception
» Progressive rise in both LDL and TG during pregnancy is physiologic.
» May be need to manage with BAS and or gemfibrozil ? or omega 3°?

» LDL apheresis in :
» Ho FH
» Severe He FH and LDL > 300
» ASCVD if LDL is >=190



