HO

Cholesterol

Cholesterol lﬁ Cholic acid

7-o-hydroxylase

0 Cholesterol
COO™

HO™"

Cholic acid

Synthesis of Bile Acids

Hydroxylation at Carbon 7
is the Rate-limiting Step

Cholic acid Glycine

/\(a_b/i\ha_ci&\
A —— a—. .

i

Glycocholic acid

(a bile salt)
Chenodeoxycholic acid Taurine
(a bile acid)
AL
- N-CH,CH,S0, ]
CH
CH.
HO OH

H

Taurochenodeoxycholic acid
(a bile salt)
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DUODENUM
Cholesterol
® Primary bile acids
(0.5 g/day)
Primary
bile salts

f-) Secondary
bile acids Glycine
N\ ( Taurine
> Primary and dary
bile salts BILE DUCT

. dary Glycine
bile salts Taurine,

4 Primary
Glycine bile acids
Taurine [

Secondary
PORTAL VEIN bile acids
ILEUM
—— BILE Fecal excretion of primary
(15 to 30 g bile salts/day) and secondary bile salts
s PORTAL CIRCULATION and bile acids (0.5 g/day)
(15 to 30 g bile salts and acids/day)

Lowering Cholesterol Level

e Dietary
l Cholesterol intake
+ PUSFA / SFA

T Fiber
Daily Ingestion of Plant Steroid Esters

* Inhibition of Synthesis
* | Enterohepatic Circulation of Bile Acids
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OH
H,C COo0™
CO0~ Inhibitors of HMG CoA

HMG reductase
HO CoO0-
0 OH
CH3 1
H3C/ CH2\ (::H ~ C\
CH3 : CH3
H,C

Simvastatin

Lowering Cholesterol

» Bile sequestering agents

liver

43

95 % reabsorbed

1. Bind bile acid
2. Utilize more cholesterol
to make bile acids

5909 fedeses
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Esterification of Cholesterol
in the Cells

HO

Cholesterol

Acyl CoA:cholesterol Fatty acyl CoA
acyltransferase

(ACAT) CoA

Cholesteryl ester

Esterification of Cholestero

W in the Plasma

Cholesterol

Lecithin: Lecithin (PC)
Cholesterol Acyl

Transferase Lysolecithin

Cholesteryl ester
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Serum Cholesterol and CHD

CHD Death Rate
per 1,000 Men

140 160 180 200 220 240 260 280 300 mg/dL

Serum Cholesterol

Regulation of Cholesterol Synthesis

» Regulation of Gene Expression
» Covalent Modification
 Hormonal Regulation
 Proteolytic Regulation
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Regulation of Cholesterol Synthesis

\QQX
&0 q}:
w\\%&x . Mevalonic acid + CoA

oo l
|
|

Acetyl CoA —~ acetoacetyl CoA{, ~HMG CoA iy qctas.:
acetyl CoA '

s

-~

Feedback inhibition

Regulation of Cholesterol Synthesis
« Regulation of Gene Expression

Expression of the HMG CoA Reductase Gene
Requires a Transcriptional Factor (Protein):

sre DNA
lCholestrol
\ MRNA
SREBP
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Regulation of Cholesterol Synthesis

* Regulation of Gene Expression
e Covalent Modification

Protein Kinase

HMG CoA HMG CoA
Reductase Reductase

Phosphatase

AMP

Regulation of Cholesterol Synthesis

* Regulation of Gene Expression
» Covalent Modification

« Hormonal Regulation
Glucagon: TPhosphoryIated Form

Insulin:T Dephosphorylated Form (]Phosphatase)
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Regulation of Cholesterol Synthesis

Regulation of Gene Expression
Covalent Modification
Hormonal Regulation

Proteolytic Regulation

1 Cholesterol

T1HMG CoA Reductase Proteolysis
HMG CoA Reductase

f\ SREBP)
roteolytic

P
cleavage
XOOOCCOCOCK ora
SRE = [SREBP| =

Transcription
CYTOSOL

NUCLEUS E
ANNANANN mRNA E

E Endoplasmic

- reticulum
ANNANNNN mRNA E
H,0 PZ?.?;’;,"' p iTranslation H
phosphatase =
L HMG CoA :
reductase (inactive) reductase (active) =
P Protein E
ADP k"’ge ATP Mevalonic acid 3
AMP HMG CoA V 5

e,

Cholesterol *




Transport of Cholesterol in the Blood

Chylomicrons —_, remenats ——— Liver

VLDL =— IDL —— LDL

l \ ™

Liver Liver extrahepatic tissues

HDL

Importance Vital or lethal ?

Risk factor for coronary heart disease.

Apo C-ll

— Apo E
SMALL (from HDL)
INTESTINE

.00 B-48

TISSUES
Apo C-ll and apo E are h
transferred from HDL to g example, ADIPOSE
the nascent CM. Chylomicron (CM) CAPILLARIES
\ 3 Extracellular
Nascent lipoprotein
w lipase, activated
by apo C-II,
Intestinal mucosal cells secrete nascent degrades
TG-rich chylomicrons produced TG in CM.
primarily from dietary lipids.
 LIVER ] J
Lipoprotein
lipase
Free fatty
acids

W,

\ g - Apo C-II ﬁ
(to HDL)
d y A\

CM remnants bind to Apo C-ll is returned| ;
specific receptors on
3 P Chylomicron to HDL. AR

2N

Glycerol

the liver where they ¢
are endocytosed. femnan
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Apo C-ll A
B- Apo E o
LIVER  p92°700 (fromHDL) &
Nascent L
VLDL
=1
gﬂ Apo C-ll and apo E TISSUES.
i are transferred 4
from HDL to for example, ADIPOSE
nascent VLDL. VLDL CAPILLARIES
Liver secretes nascent 3 Extracellular
TG-rich very-low-density Il'poprotelr!
lipoprotein particles. lipase, activated
by apo C-ll,
degrades
TG in VLDL.
LDL binds to specific
receptors on extrahepatic
tissues and on the liver, . .
where they are endocytosed. Llpl%zrgéem
Free fatty
acids
Apo C-ll
and apo E
8100 (to HDL)
<— M
(IDL) Glycerol
Apo C-ll and apo E @
ot [ are returned to HDL.'
To LIVER

LDL Cholesteryl ester
Apolipoprotein B-100
LDL receptor
a———> 4 a I

\\)/ PLASMA MEMBRANE COATED PIT

T
()
==

Q;D GOLGI APPARATUS
SYNTHESIS OF SYNTHESIS OF Lysosome
LDL RECEPTORS CHOLESTEROL \
e \

DNA HMG CoA reductase Amino acids
‘Z,, o
2, & Fatty acids
%, &
> &
NAAYAYE XA SO
mRNA “, &

OVERSUPPLY ¢ QN  CELL MEMBRANE
OF CHOLESTEROL STEROID HORMONES,

| BILE ACIDS
I soay  Cholesterol
ENDOPLASMIC RETICULUM STORAGE OF
Receptor protein CHOLESTERYL
ESTERS

Receptor
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Macrophage Scavenger Receptor
Non specific
modified (damaged) LDL

No down regulation

LDL
Macrophage \'\i. foam cells

Accumulation of foam cells in the subendothelial
space

\ Early evidence of atherosclerotic plague

ik

LDL

Vitamin E
Superoxide > @)@ <ommnn Ascorbic acid High-affinity receptors
Nitric oxide B-Carotene \ specific for LDL become

down-regulated when
the cell has sufficient
cholesterol.

Hydrogen peroxide Other antioxidants

A
Other oxidants O M\

oxLDL

(%} v ;
.
/ o (—5 FOAM CELL
MACROPHAGE | Lowe-affinity, nonspecific and
nonregulated scavenger receptors
—— | take up modifed LDL (oxLDL).
D N = SMOOTH MUSCLE CELL
sl

-

n 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. [

V

; EXTRACELLULAR
MATRIX

FOAM
CELL

ENDOTHELIAL

/ELL

=<

| 8 Foam cells accumulate, releasing
growth factors and cytokines that
stimulate the migration of smooth

muscle cells from the media to the

g Macrophages consume excess
modified (oxidized) lipoprotein, intima. There, they proliferate, \
becoming foam cells. produce collagen, and take up >
MONCYTES lipid, potentially becoming
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Modifiable and non-modifiable CAD risk factors

Males > 45 years

Cigarette smoking Females > 55 years
Obesity Males

Hypertension (blood pressure >=  Family history of coronary
140/ 90 mmHg) artery disease

Physical inactivity
Kidney disease
Diabetes mellitus
Alcohol consumption
Stress

Elevated LDL
Reduced HDL

Familial Hypercholesterolemia

Homozygotes 680 mg/dl
Heterozygotes 300 mg/dI

Absence of LDL receptor / Abnormal Receptor
Homozygotes No Receptors
Hetero Y2 Normal Number

Accumulation of IDL more IDL LDL

Cholesterol deposition in tissues

Atherosclerosis Death in childhood

4/24/2014
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HDL
Origin

- Liver and Intestine: Nascent Discoid Shape

e T e

o ® ApoAl

. Budding from other Lipoproteins Particles

e - ~.\ \
« From Free Apo A

,”‘"\\.‘ )

v — ° v

Maturation of HDL

/ Cholesterol

Cholesterol
| Esterification
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Reverse Transport of Cholesterol
From Cells to Liver
Foam Cells in Vascular Tissues

1)Directional Movment; Role of ABC1
R At

/JL,\ Memberane o

2) Esterification of Cholesterol

LCAT

Ch Ch-FA

cholesterol is trapped within the core of HDL

HDL Metabolism and
Reverse Cholesterol Transport

Bile
A-1
T — A-1
P &
' SR-BI NascéntABCl h
HDL Macrophage

Liver Mature
HDL

ABC1 = ATP-binding cassette protein 1; A-1 = apolipoprotein A-1; CE =
cholesteryl ester; FC = free cholesterol; LCAT = lecithin:cholesterol
acyltransferase; SR-Bl = scavenger receptor class Bl
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Fate of HDL cholesterol
* Uptake by liver
Binding to Specific Receptor on Hepatocytes

* Transfer of cholestrol into cells scavenger
receptor SR_B1

- On many cell types
- Can be upergulated if ch. Is needed
- Not down regulated

* HDL interaction with other particles exchange of
compnents.

=}
SMALL 2
INTESTINE

woo el
- O

Discoidal nascent HDL

4

/ PERIPHERAL
TISSUES
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