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The sphingolipidoses (lipid storage diseases) are a

group of inherited diseases that are often manifested in
childhood.

These diseases are part of a larger group of
lysosomal disorders and exhibit several constant features:
(1) Complex lipids containing ceramide accumulate

in cells, particularly neurons, causing neurodegeneration and
shortening the life span.

(2) The rate of synthesis of the stored lipid is normal.

(3) The enzymatic defect is in the lysosomal degradation
pathway of sphingolipids.

(4) The extent to which the activity of the affected enzyme is
decreased is similar in all tissues.



“Sphingolipidoses”

Disease Enzyme Deficiency Lipid Accumulating' Clinical Symptoms

Tay-Sachs disease | Hexosaminidase A Cer—GIc—GaI{HeuA{:]—iGaINAc Mental retardation, blindness, muscular weakness.
Gy Ganglioside

Fabry's disease | a-Galactosidase Cer—Glc—Gal=Gal Skin rash, kidney failure (full symptoms only in
Globotriaosylceramide males; X-linked recessive).

Metachromatic | Arylsulfatase A Cer—Gal-=050, Mental retardation and psychologic disturbances in

leukodystrophy 3-Sulfogalactosylceramide | adults; demyelination.

Krabbe's disease | B-Galactosidase Cer%GaI Mental retardation; myelin almost absent.
Galactosylceramide

Gaucher's disease | p-Glucosidase Cer=-Gle Enlarged liver and spleen, erosion of long bones,

" Glucosylceramide

mental retardation in infants.

Niemann-Pick
disease

Sphingomyelinase

Cer—=P—choline
"~ Sphingomyelin

Enlarged liver and spleen, mental retardation; fatal in
early life.

Farber's disease

Ceramidase

Acyl--Sphingosine
Ceramide

Hoarseness, dermatitis, skeletal deformation, mental
retardation; fatal in early life,

'"NeuAc, N-acetylneuraminic acid: Cer, ceramide: Gle, glucose; Gal, galactose. — site of deficient enzyme reaction,




Inherited Human Diseases Resulting from
Abnormal Accumulations of Membrane Lipids

8

Ceramide |

GM1
2 -galactosidase ®‘—’ Generalized gangliosidosis

— @
O

GM2
hexosaminidase A ®-—- Tay-Sachs disease

——




Ceramide

hexosaminidase A

Ceramide

ganglicside
neuraminidase

Ceramide

glucocershrosidaze

S-galactosidase &' O

®—' Gaucher’s disease
\_}

hexosamimdaze

a-galacto-
sidase A

FIGURE 1 Pathways for the breakdown of GM1, globoside, and
sphingomyelin to ceramide. A defect in the enzyme hydrolyzing a
particular step is indicated by %0, and the disease that results from
accumulation of the partial breakdown product is noted.
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Lipid Transport & Storage

 Fat absorbed from the diet and lipids synthesized by the liver
and adipose tissue must be transported between the various
tissues and organs for utilization and storage.

Lipoproteins mediate this cycle by transporting lipids from the
Intestines as chylomicrons and from the liver as very low density
lipoproteins (VLDL) to most tissues for oxidation and to adipose
tissue for storage. Lipid is mobilized from adipose tissue as free
fatty acids (FFA) attached to serum albumin.



LIPIDS ARE TRANSPORTED IN THE
PLASMA AS LIPOPROTEINS

* Four Major Lipid Classes Are Present in
Lipoproteins
Plasma lipids consist of triacylglycerols (16%0),
phospholipids (30%),
cholesterol (14%0),

and cholesterylesters (36%) and a much smaller fraction
of unesterified long-chain fatty acids (free fatty acids) (4%).



Four Major Groups of Plasma Lipoproteins
Have Been ldentified

» Because fat is less dense than water, the density of a
lipoprotein decreases as the proportion of lipid to protein
Increases.

(1) chylomicrons, derived from intestinal absorption of
triacylglycerol and other lipids.

(2) , OF pre-p-
lipoproteins), derived from the liver for the export of
triacylglycerol.

(3) low-density lipoproteins (LDL, or B- lipoproteins)

, representing a final stage in the catabolism of VLDL.

(4) high-density lipoproteins (HDL, or a-lipoproteins)
Involved in VLDL and chylomicron metabolism and also in
cholesterol transport.



| ' Composition |
. Diameter | Density | Protein; Lipid | Main Lipid
Lipoprotein{  Source | (nm) (g/mL) (%) | (%) | Components Apolipoproteins
Chylomicrons ! Intestine 90-1000 <095 1-2 =984-!9!Trian:yh;:;chern::al !A—I,A—II, A-IV," B-48, C-I, C-II, I,
| | E
Eﬁylnmicrnn Chylomicrons | 45-150 §<1.006 6-8 | 92-94 ! Triacylglycerol, | B-48,E
remnants | | phospholipids,
| | | i ' cholestero
VLDL ;Liuer{intestinel 30-90 | 0.95-1.006 | 7-10 190-93 | Trlacylglycernl B100CICII el
IDL LDL 2535 | 1.006-1.019¢ 11 |89 | Triacylglycerol, | B-100,E
| | | cholesterol
LOL ' VLDL 2-25 | 1.019-1063} 21 179 | Cholesterol :B-100
HDL ' Liver, intestine, | Phospholipids, - Ad, A, A4V, G, AL CHIL D2E
HDL, VLDL, chylo- | 20-25 | 1019 1063‘ 32 168 | cholesterol
HDL, O 1020 | 10631125 3 {67
HDL, | - 5-10 ' 1125-12101 57 ;43 | |
PrefHDL | <5 >1200 - A
Albummffree Adipose >1.281 99 . 1 | Freefatty acids
fatty acids | tissue |




Apolipoproteins

Phospholipids

Triacylglycerols and
cholesteryl esters

Cholesterol



Lipoproteins Consist of a Nonpolar Core & a
Single Surface Layer of Amphipathic Lipids

Peripheral apoprotein
(eg, apo C)

Apolipoprotein or
- o apoprotein, constituting
shiolaste Frosphospid nearly 70% of some HDL

and as little as 1% of
Cholesteryl ]
ester chylomicrons. Some
apolipoproteins are integral
and cannot be removed,
whereas others are free to
transfer to other lipoproteins.

— Triacylglycerol

" Core of mainly
nonpolar lipids

Integral i
apoprotein ~ Monolayer of mainly
(eg, apo B) amphipathic lipids



TRIACYLGLYCEROL IS TRANSPORTED FROM THE
INTESTINES IN CHYLOMICRONS & FROM THE LIVER
IN VERY LOW DENSITY LIPOPROTEINS.

« By definition, chylomicrons are found in chyle formed only
by the lymphatic system draining the intestine.

« They are responsible for the transport of all dietary lipids into
the circulation. Small quantities of VLDL are also to be found
In chyle; however, most of the plasma VLDL are of hepatic
origin.

* They are the vehicles of transport of triacylglycerol from
the liver to the extrahepatic tissues.



Intestinal lumen

Blood Lymph vessel leading
capillary to thoracic duct

Lumen of blood sinusoid



The Distribution of Apolipoproteins
Characterizes the Lipoprotein

« One or more apolipoproteins (proteins or polypeptides) are
present in each lipoprotein. The major apolipoproteins of HDL
(o-lipoprotein).

* The main apolipoprotein of LDL (B-lipoprotein) is
apolipoprotein B (B-100) and is found also in VLDL.
Chylomicrons contain a truncated form of apo B (B-48) that is
synthesized in the intestine, while B-100 is synthesized in the
liver.



Triacylglycerols of Chylomicrons & VLDL
Are Hydrolyzed by Lipoprotein Lipase

Lipoprotein lipase is located on the walls of blood capillaries,
anchored to the endothelium by negatively

charged proteoglycan chains of heparan sulfate.

It has been found in heart, adipose tissue, spleen, lung, renal
medulla, aorta, diaphragm, and lactating mammary

gland, though it is not active in adult liver. It is not

normally found in blood; however, following injection

of heparin, lipoprotein lipase is released from its heparan
sulfate binding into the circulation.



This enables the delivery of fatty acids from
triacylglycerol to be redirected from adipose tissue to
the heart in the starved state when the plasma
triacylglycerol decreases.

A similar redirection to the mammary gland occurs

during lactation, allowing uptake of lipoprotein
triacylglycerol fatty acid for milk fat synthesis.



The VLDL receptor plays an important part in the delivery of
fatty acids from VLDL triacylglycerol to adipocytes by binding

VLDL and bringing it into close contact with

lipoprotein lipase. In adipose tissue, insulin enhances
lipoprotein lipase synthesis in adipocytes and its

translocation to the luminal surface of the capillary endothelium



LDL IS METABOLIZED VIA
THE LDL RECEPTOR

The liver and many extrahepatic tissues express the
LDL (B-100, E) receptor. It is so designated because it

is specific for apo B-100 but not B-48, This receptor is defective in familial
hypercholesterolemia.

Approximately 30% of LDL is degraded in extrahepatic tissues and 70% in the
liver. A positive correlation exists between the incidence of

coronary atherosclerosis and the plasma concentration
of LDL cholesterol.



HDL TAKES PART IN BOTH
LIPOPROTEIN TRIACYLGLYCEROL
& CHOLESTEROL METABOLISM

HDL is synthesized and secreted from both
liver and intestine.

lecithin:cholesterol acyltransferase(LCAT)
The class B scavenger receptor B1 (SR-B1)
reverse cholesterol transport




THE LIVER PLAYS A CENTRAL ROLE IN
LIPID TRANSPORT & METABOLISM

(1) It facilitates the digestion and absorption of
lipids by the production of bile, which contains
cholesterol and bile salts synthesized within
the liver de novo or from uptake of lipoprotein
cholesterol.

 (2) The liver has active enzyme systems for
synthesizing and oxidizing fatty acids



Hepatic VLDL Secretion Is Related
to Dietary & Hormonal Status

 Factors that enhance both the synthesis of triacylglycerol

and the secretion of VLDL by the liver include (1) the fed state
rather than the starved state; (2) the feeding of diets high in
carbohydrate (particularly if they contain sucrose or fructose),
leading to high rates of lipogenesis and esterification of fatty
acids; (3) high levels of circulating free fatty acids; (4) ingestion
of ethanol; and (5) the presence of high concentrations of insulin
and low concentrations of glucagon, which enhance fatty acid
synthesis and esterification and inhibit their oxidation



CLINICAL ASPECTS

* Imbalance in the Rate of Triacylglycerol
Formation & Export Causes Fatty Liver



* When accumulation of lipid in the liver
becomes chronic, fibrotic changes occur in the
cells that progress to cirrhosis and impaired
liver function.

e Fatty livers fall into two main categories. The
first type is associated with raised levels of
plasma free fatty acids.

* This occurs during starvation and the feeding
of high-fat diets.



Ethanol Also Causes Fatty Liver

* Alcoholism leads to fat accumulation in the
liver, hyperlipidemia, and ultimately cirrhosis.

e Oxidation of ethanol byalcoholdehydrogenase
leads to excess production of NADH.

ALCOHOL
DEHYDROGENASE

CH;— CH, — OH = » CH;— CHO

NAD™ NADH+H?
Ethanol Acetaldehyde



 The increased [NADH]/[NAD+] ratio also
causes increased [lactate]/[pyruvate],
resulting in hyperlacticacidemia,which
decreases excretion of uric acid, aggravating
gout.



HORMONES REGULATE
FAT MOBILIZATION
Insulin Reduces the Output
of Free Fatty Acids
* |nsulin inhibits the release of free fatty acids

from adipose tissue,which is followed by a fall
in circulating plasma free fatty acids.

* A principal action of insulin in adipose tissue is
to inhibit the activity of hormone-sensitive
lipase, reducing the release not only of free
fatty acids but of glycerol as well.



Several Hormones Promote
Lipolysis

 These include epinephrine,norepinephrine, glucagon,
adrenocorticotropic hormone (ACTH), a- and B-melanocyte-
stimulating hormones (MSH), thyroid-stimulating hormone

(TSH), growth hormone (GH), and vasopressin. Many
of these activate the hormone-sensitive lipase. For an
optimal effect, most of these lipolytic processes require
the presence of glucocorticoids and thyroid hormones.
These hormones act in a facilitatory or permissive
capacity with respect to other lipolytic endocrine
factors.



e cAMP, by stimulating cAMP-dependent
protein kinase, activates hormone-sensitive
lipase.

* Insulin antagonizes the effect of the lipolytic
hormones.



FREE FATTY ACIDS ARE
RAPIDLY METABOLIZED

The free fatty acids (FFA, nonesterified fatty acids, unesterified
fatty acids) arise in the plasma from lipolysis of triacylglycerol
In adipose tissue or as a result of the action of lipoprotein
lipase during uptake of plasma triacylglycerols into tissues.
They are found in combination with albumin, a very
effective solubilizer, in concentrations varying between 0.1
and 2.0 peq/mL of plasma. Levels are low in the fully fed
condition and rise to 0.7-0.8 ueg/mL in the starved state. In
uncontrolled

diabetes mellitus, the level may rise to as much as 2



CHYLOMICRONS & VERY LOW DENSITY
LIPOPROTEINS ARE RAPIDLY CATABOLIZED

* The clearance of labeled chylomicrons from the blood
Is rapid, the half-time of disappearance being under 1
hour In humans. Larger particles are catabolized more
quickly than smaller ones.

« Fatty acids originating from chylomicron triacylglycerol are
delivered mainly to adipose tissue, heart, and muscle (80%),
while about 20% goes to the liver. However, the liver does

not metabolize native chylomicrons or VLDL significantly;
thus, the fatty acids in the liver must be secondary to their

metabolism in extrahepatic tissues.
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HDL TAKES PART IN BOTH
LIPOPROTEIN TRIACYLGLYCEROL
& CHOLESTEROL METABOLISM
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Triacylglycerols of Chylomicrons & VLDL
Are Hydrolyzed by Lipoprotein Lipase

« Lipoprotein lipase is located on the walls of blood
capillaries, anchored to the endothelium by negatively
charged proteoglycan chains of heparan sulfate.

* It has been found in heart, adipose tissue, spleen, lung, renal

medulla, aorta, diaphragm, and lactating mammary gland,
though it is not active in adult liver.

It is not normally found in blood; however, following injection

of heparin, lipoprotein lipase is released from its heparan
sulfate binding into the circulation.
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