Original content
Important

Extra info, Dr's notes

Biochemistry teamwork 438 - Cardiovascular block

editing file



https://docs.google.com/document/d/1xf9q2kbgnFHaROFUHmDtVrFyrn6gowxBc9C4jyu3wJ8/edit?usp=sharing

Slide No. 10 @ Correlate the imbalance in lipoprotein metabolism with the development of atherosclerosis.
siides 47.8) (V) Understand the functions and metabolism of LDL and HDL cholesterol.

Slides (4, 5) @ Describe the receptor-mediated endocytosis of LDL and its regulation.

Slide No. 9 @ Recognize how LDL is considered a bad cholesterol whereas HDL a good cholesterol.
Slides (10,11) @ Understand the biochemistry of atherosclerosis and its laboratory investigations.

siceNo.11 () Discuss the role of lipoprotein(a) in the development of heart disease.




< Overview:

* Receptor-mediated endocytosis of LDL and its regulation. * High density lipoprotein (HDL) and its functions.
9 LDL is bad cholesterol. Y Metabolism of HDL.
* HDL is good cholesterol. * Lipoprotein(a).

* Atherosclerosis.

*Cholesterol homeostasis is a balance between cholesterol transport: *Imbalance leads to:

%  From the liver to peripheral tissues by LDL *

Cholesterol deposition in blood vessels
* From peripheral tissues to the liver by HDL

%  Thickening and narrowing of the lumen of arteries
%*  Atherosclerosis
%*  Heart disease




Receptor-Mediated Endocytosis Of LDL Particles

+ Major steps:
\lg

0 Endocytosis

as endocytosis begins clathrin will pinch on itself to creates a coated vesicle

Binding of Apo B-100 to LDL receptor glycoprotein
Apo B-100 on the LDL surface will bind to LDL receptor that exists on the cell surface which
linked to Clathrin protein

Endosome formation (LDL vesicle fuses with other vesicles)
The vesicle containing LDL loses its clathrin coat and fuses with other similar vesicles,
forming larger vesicles called endosomes.

Separation of LDL from its receptor
The pH of the endosome falls (due to the proton-pumping activity of endosomal ATPase), which
allows separation of the LDL from its receptor.

g

Receptor is recycled
The receptors migrate to one side of the endosome, whereas the LDL stay free within the lumen
of the vesicle.

‘ LDL degraded by lysosomes releasing:
Free cholesterol, fatty acids, amino acids, phospholipids

Similar mechanism is used for the uptake and degradation of chylomicron remnants and IDL by the liver.
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Effects of endocytosed cholesterol on
cellular cholesterol homeostasis

Expression of the gene for HMG CoA
reductase is inhibited

de novo cholesterol synthesis decreases
as a result

degradation of the reductase is
accelerated

LDL receptor synthesis reduced.
thus limiting further entry of LDL-C into cells

Use for cell requirements.

if the cholesterol is not required immediately for some
structural or synthetic purpose, it is esterified by acyl
CoA:cholesterol acyltransferase (ACAT). ACAT transfers a FA
from a fatty acyl CoA to cholesterol, producing a

cholesteryl ester that can be stored in the cell




Regulation Of LDL Endocytosis

| de novo synthesis
of cholesterol

Degradation of
LDL receptors

Down regulation:

1 intracellular
cholesterol level

| uptake of LDL Inhibition of

by cells
at gene level

| cell surface receptors

De novo = Endogenous, Self-growth

receptor synthesis

Recycling of

1 de novo synthesis
LDL receptors

of cholesterol

Up regulation:

| intracellular
cholesterol level

1 receptor
synthesis at gene
level

1 uptake of LDL
by cells

1 cell surface receptors




High Density Lipoprotein (HDL)
52 Nascent (immature) HDL: > ﬁHDL3 > ﬁ HDL2 >

Disk-shaped Nascent HDL + cholesteryl esters HDL3 + more cholesteryl esters

Contains apo A-I, C-IT and E lipoproteins spherical

Mainly contains phospholipids transfers cholesterol to the liver

Functions Of HDL

Reservoir of apoproteins Transports cholesterol Suitable for Cholesterol
To liver from: uptake due to
° Apo C-IT Peripheral tissues High content of phospholipids
* ApoE Other lipoproteins Phospholipids solubilize cholesterol and provide

fatty acids for cholesterol esterification.
Cell membranes

% apo C-II: the apolipoprotein that is transferred to VLDL and chylomicrons and is an activator of LPL
¥ apo E: the apolipoprotein required for the receptor-mediated endocytosis of IDL and chylomicron remnants




HDL Metabolism

Nascent HDL synthesized in the liver and intestines, then
it's transported to the circulation then

ABCA1 enzyme will release the cholesterol from the tissue
o the circulation

Nascent HDL will take up cholesterol from nonhepatic
(peripheral) tissues

Apo A-1 activate LACT enzymes that esterficate the
cholesterol, turning it into a Cholesteryl ester and therefor
transforming nascent HDL to HDL3

Esterification maintains the cholesterol concentration
gradient, allowing continued efflux of cholesterol to HDL3
so it will convert it to HDL2

Unloading of the cholesterol to the liver from HDL2

Direct InDirect

Mediated by CETP

transfers some of the cholesteryl esters from
HDL to VLDL in exchange for TAG

Because VLDL are catabolized to LDL, the cholesteryl esters
transferred by CETP are ultimately taken up by the liver

via SR-B1 receptor
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Discoidal nascent HDL

PERIPHERAL
TISSUES

Y Hepatic lipase: degrades TAG and phospholipids, participates in the conversion of HDL2 to HDL3

Y LCAT: Lecithin cholesterol acyltransferase
Y Lecithin: phosphatidylcholine



https://youtu.be/q0YiPqmsXRg
https://youtu.be/q0YiPqmsXRg

LDL Is A Bad Cholesterol

(Why?)

Y Transports cholesterol
Liver — peripheral tissues.

1 LDL levels
1 risk for atherosclerosis / heart disease

Deficiency or defects in LDL receptors:
| uptake of cholesterol by cells
1 accumulation of cholesterol in blood vessels

Patients are unable to clear LDL from blood
Premature atherosclerosis and heart disease

<4<

Familial Hypercholesterolemia (LDL Receptor deficiency) :

Y Normal cholesterol transport: liver — peripheral Tissues
+rReverse cholesterol transport: peripheral tissues — liver

HDL Is A Good Cholesterol

(Why?)

Transports cholesterol
Peripheral tissues — liver (for degradation)

1 HDL levels
| risk for atherosclerosis

| cholesterol level in tissues and circulation
(reverse cholesterol transport)

Reverse cholesterol transport includes:
Cholesterol efflux from peripheral tissues to HDL.
Cholesterol esterification.

Release of lipid-depleted HDL3.

<€

Binding & transfer of cholesteryl ester-rich HDL2 to the liver.




High-affinity receptors specific
for LDL are downregulated

e when the cell has sufficient

. . Vitamin E cholesterol.
{}> LDL uptake by cells is receptor mediated. Suporoxide Mglg < Ao 0 Ll
Hydrogen peroxide Other antioxidants
@ from the diet

< Chemically-modified LDL contains oxidized lipid and

Apo-B. /

{}> Macrophages take up chemically-modified LDL by
Endocytosis "through scavenger receptors (SR-A)".

J FOAM CELL

Low-affinity, nonspecific, and
nonregulated scavenger

tors tak difed
receptors take up modife:
/4— —= — 1 (oxidized) LDL (oxLDL). smoo*rrquscx.e CELL

In response to endothelial injury
(caused at least in part by oxidized LDL)
y adhere to ial cells,
move to the subendothelium (intima),
and are converted into macrophages.

MACROPHAGE

{}> Unlike LDL-receptors, the SR-A is not down-regulating in
response to high intracellular cholesterol.

Cholesteryl esters accumulate in macrophages converting
them to foam cells. AT

B Foam cells accumulate, releasing
growth factors and cytokines that
i the migration of h
muscle cells (SMC) from the media
to the intima. There, the SMC
proliferate; produce collagen; and
take up lipid, potentially becoming
foam cells.

Foam cells contribute to plaque formation and
atherosclerosis.

Macrophages consume excess
modified (oxidized) lipoprotein,
becoming foam cells.

MONOCYTES

INTERIOR OF ARTERY




j Lab Investigations Lipoprotein (a)

¢ Fasting serum level profile: Lp(a) is identical in structure to LDL particle.
contains apo(a) “small not capital a* + apo B-100.
Level of IR * LbL T;:Tlal — High plasma level associated with increase risk of coronary
* HDL cholestero heart disease.
* chylomicron “LDL : .
(mainly)
“VLDL Level “HDL +
p
“ cholesterol ( ] € )
trans FAs
77 Other tests: —(. )

Serum lipoprotein electrophoresis

measures lipoprotein fractions to determine abnormal distribution and concentration
of lipoproteins in the serum

(helpful in measuring TDL) The apo(a) protein is similar structure to plasminogen.

Compete with plasminogen

Slow the breakdown of blood clot
Triggering heart attack

A risk factor of CAD

Serum apoprotein levels (eg. apo-B )




Imbalance in the LDL and HDL metabolism causes increased
accumulation of lipids in the body.

LDL is bad cholesterol whereas HDL is good cholesterol.

The pathogenesis of atherosclerosis includes the uptake of
oxidized LDL by macrophages through scavenger receptor class A
(SR-A) producing foam cells and atherosclerotic plague.

Individuals with high level of plasma Lp (a) are at higher risk for
coronary heart disease.




Quiz

MCQs

Q1: LDL binds to cell surface receptors through which of the following?

a) Apo B-48 b) Apo C-IT c)Apo E d) Apo B-100

Q2: Which of the following statements is incorrect about HDL?
a) Produced in the liver and intestine
c) Take up cholesterol from the liver to peripheral tissue

b) Contains Apo A-1
d) All are incorrect

Q3: In terms of size, which lipoprotein is the smallest?

a) HDL b) Chylomicron c)LDL d) VvLDL

Q4: Familial hypercholesterolemia is caused by a defect in which of the following?
a) HDL receptor b) LDL receptor c) Apo B-100 d) Apo E

Q5: HDL act as a reservoir of which of the following?
a) Cholesterol b) Lipids c) Apoproteins

Q6: Lipoprotein (a) differs from LDL in which of the following?

a) Apo B-48 b) Apo B-100 c) Apo A d) Apo C-II

d) Phospholipids

SAQs

Q1: What do LDL particles mainly contain?
Q2: Where nascent HDL is present?

Q3: Deficiency or defects in LDL receptors
results in what?

Q4: A patient presented to the ER with
atherosclerosis symptoms, how can you investigate
that he has Atherosclerosis?

*  MCQs Answer key:

—_—

J——
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