sterol Metabolism

Lippincott’s lllustrated Review
Chapter 18

Steroid Nucleus
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Hydrocarbon "tail"
7 e

Steroid
nucleus

21

Cholesterol was
isolated from gall
bladder stones
in 1774
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o

CH3- (CH2)14-C-

Sources and Elimination of Cholesterol

Synthesis: = 1000 mg
Liver, Small Intestine, Adrenal Cortex ...

Dietary: = 300 mg
( Low Cholesterol Diet)

Elimination: Via the Bile
Cholesterol, Bile Salts
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HO

Plant Sterols are Poorly Absorbed by Human

Major sources of liver cholesterol

R

Cholesterol
synthesized
in extrahepatic
tissues

Chylomicron ¢
remnants HDL

Dietary
cholesterol

De novo

synthesis
in the liver

Liver
Cholesterol
Pool

Free cholesterol
secreted in the bile

Secretion of
VLDL

Major routes by which
cholesterol leaves the liver

Conversion
to bile
acids/salts

-
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Cholesterol Synthesis Requires

« Carbon Source: Acetyl CoA
 Energy: ATP
* Reducing Power: NADPH

. O, Hiig, A oo rH

Stages in Cholesterol Synthesis
Acetyl CoA (C2)

Mevalonate (C6)
\/( Isoprene Units (C5)
Squalene (C30)

Lanosterol (C30)

Cholesterol (C27)
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1
2 CH3C- CoA
2 Acetyl CoA

Thiolase
CoA

v .
CH3;C -CH, - C- CoA
Acetoacetyl CoA

i
CH3;C - CoA
HMG CoA Acetyl CoA
synthase
CoA
3 S
RO=C —CHZ-CIZ- CH,- C-CoA
CHj;
HMG CoA

Co scon
2

HO—(:3—CH3 + 2NADPH + 2H+

CHa
COO-
HMG CoA
CH20H
H2
— ~HO-C-CH3' CoA+2NADP+
H2
(o]0
Mevalonate
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oM, OH oM, Of
O_C\cﬁf\oﬁfHZOH ap ADP - ADP O_C\C/Hj\Cﬁszo ®-® co, atp ADP ® %I-(I;C ﬁ(Z:Hzo ®-@
HyC
Mevalonic acid Kinases 5-Pyrophosphomevalonic acid ~ Decarboxylase Isopentenyl
(6C) [11 (6C) [2] pyrophosphate (IPP)
(5C)

[3] Isomerase

CHs /CH20‘®"®

Oy 0ty CC / CH, CH0-®-6) -
CH, GCH,C=C_ CH, CH, GH,C=C CH, CH,0-(P)~
"o/ ch, ®-@wr o, H ®-®w o
CH, H CH, H CH, \H
Transferase Transferase
Farnesyl pyrophosphate (FPP) [5] Geranyl pyrophosphate (GPP) [4] 3,3-Dimethylallyl
(15C) (10C) pyrophosphate (DPP)

(5C)

P-O-P-OH

0_ |
Farnesyl pyrophosphate o O~
+
O O
HO- t)
. \/\(\/\(\/\I/
Farnesyl pyrophosphate
— NADPH, H+

2PPj + NADP+~"

N N N

Squalene




Squalene 2,3-epoxide

} cyclase

Lanosterol
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02
02
R NNAADDPHH R NADPH R
AN N N W
AR N
(\ " CHa HCOOH f\/\|
HO < HO
H3C CH3 CH3 CH3 CH3 COOH
NAD*
Lanosterol co2 ,>
v
{ 02
R NADPH

HONU

7-Dehydrocholesterol

Cholesterol
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Acetyl COA —— HMG CoA —— Mevalonate (C6)

Dimethylallyl Pyrophosphate ~—— isopentenyl Pyrophosphate (C5)

l

Geranyl Pyrophosphate (cio)

FarnesylPyrophosphate (C15)
Squalene (C30)
Lanosterol

Cholesterol

Synthesis of Bile Acids

L Cholesterol Hydroxylation at Carbon 7
N Is the Rate-limiting Step

Cholesterol g Cholic acid
7-o-hydroxylase o Cholastarol

COO™

HO*" " OH

Cholic acid

12/23/2013
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Cholic acid

Glycocholic acid
(a bile salt)

Glycine

(a bile acid)

CH

CH

HO OH
H

(a bile salt)

Chenodeoxycholic acid Taurine

Taurochenodeoxycholic acid

Cholesterol

Primary bile acids

f—) Secondary
bile acids Glycine
Taurine

(0.5 g/day)

S, dq

f— Primary and

bile salts

PORTAL VEIN

BILE DUCT

Glycine
Taurine

Secondary
bile acids

y
bile salts

¥

DUODENUM

Primary
bile salts

Primary
bile acids

ILEUM

m BILE
(15 to 30 g bile salts/day)

= PORTAL CIRCULATION

Fecal excretion of primary
and secondary bile salts
and bile acids (0.5 g/day)

(15 to 30 g bile salts and acids/day)

12/23/2013
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Lowering Cholesterol Level

e Dietary

- | Cholesterol intake

- 1 PUSFA/ SFA

- 1 Fiber

- Dalily Ingestion of Plant Steroid Esters
 Inhibition of Synthesis

* | Enterohepatic Circulation of Bile Acids

OH
H,C coo"
coo"

HMG
HO CcoOo-
0 OH
CH 1
Ciy CHj
HsC

Simvastatin

12/23/2013
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Lipiton

10 mg arorvasTaTIN

=

30 filmcoated tablets each Soaled For
containing atorvastatin 10 mg

Lowering Cholesterol

» Bile sequestering agents

liver

Bile acids

95 % reabsorbed

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

5909 fedeses

12/23/2013
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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

12/23/2013
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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

12/23/2013
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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

12/23/2013
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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)

12/23/2013
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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 *
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Transport of Cholesterol in the Blood

Chylomicrons ——, remenats

VLDL =— IDL —— LDL

l \ ™

Liver Liver extrahepatic tissues

HDL

Importance Vital or lethal ?

Risk factor for coronary heart disease.

LDL Cholesteryl ester
Apolipoprotein B-100
Llygcemor ¢
a———> 4 a I
U PLASMA MEMBRANE COATED PIT
<

2 '\

] \:
Q@ @ Endosome /
——
Q;D GOLGI APPARATUS

SYNTHESIS OF SYNTHESIb OF Ly =0soms.
LDL RECEPTOR§ CHOLEQTEROL
>ooooooo<
Q HMG C A rod
/ Fatty acids
oA Q
mRNA
OVERSUFFLV osd
X - CELL MEMBRANE,
OF CHOLESTEROL o of STEROID HORMONES,
BILE ACIDS
Receptol
—— Ribosome ACAT Cholestarol

ENDOPLASMIC RETICULUM ) STORAGE OF
Receptor protein CHOLESTERVL

12/23/2013
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_Cholesteryl ester

_ Apoprotein B-100

Recycling
vesicle

Ll
LDL receptor 7
= : =
by @ \\ i('(mlml
X« 7 Jir pit
3 & S
X i
S
f n
|
| Axy—%YYY%
| Coated 4 ’;
| vesicle 7 \\ g

!
b

Synthesis of
LDL receptors

b

Synthesis of
cholesterol

X

HMG-CoA

Inhibits Inhibits

3 1
Oversupply of
cholesterol

Activates

Endosome

?

2 Lysosome

Cell membrane

Y ) o "7 steroid hormones,

and bile acids

Cholesterol
B
I

ACAT

Storage of
cholesteryl esters

Plasma

membrane

Amino acids

LDL receptor

SQinthede nf

Cholesteryl ester

T80} B+~ ),//‘\])()I)l’()l(‘ill B-100

Coated
vesicle

Qunthacic af

-

LDL

Recycling
vesicle
Endosome

Plasma
membrane
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|
t
f
b
f
!

Synthesis of
LDL receptors

Synthesis of
cholesterol
)

)\
HMG-CoA
reductase

Inhibits Inhibits

8 |
Oversupply of A
cholesterol

;00% m
(C‘ 000 =

9

Activates

»ome

Storage of
cholesteryl esters

Cell membrane
steroid hormones,
and bile acids

Amino acic

holesteryl ester

b1 Apoprotein B-100

K Coated
2 pit

Coated -
| vesicle

|
Synthesis of
LDL receptors

Synthesis of
cholesterol

HMG-CoA

Inhibits  Inhibits
3 1

Oversupply of
cholesterol

By

9 Cholesterol
B

ACAT

Activates

Recycling

vesicle

Endosome

?

Lysosome

Cell membrane

stel

Storage of
cholesteryl esters

hormones,
and bile acids

Plasma
membrane

Amino acids
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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

W

LDL
Vitamin E

Superoxide Mo e e Ascorbic acid High-affinity receptors
Nitric oxide B-Carotene specific for LDL become
Hydrogen peroxide Other antioxidants down-regulated when
Other oxidants O the cell has sufficient

oxLDL cholesterol.

(_5 FOAM CELL

S5

MACROPHAGE

Low-affinity, nonspecific and
nonregulated scavenger receptors

take up modifed LDL (oxLDL).

SMOOTH MUSCLE CELY

12/23/2013
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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

12/23/2013
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