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The sphingolipidoses are hereditary disor- 
ders (1, 2 )  in which lipids accumulate in 
brain and other organs. The patients show 
often progressive psychomotor deterioration 
in infancy. The nature of the metabolic de- 
fects in the more common sphingolipidoses 
has been demonstrated in the past few years 
(2),  and the abnormality has been shown to 
be due to absence or significant decrease of 
catabolic enzymes ( 3 ) .  Despite our knowl- 
edge as to biochemical abnormalities in these 
disorders, the subcellular organelles con- 
cerned with the enzyme defect and the pri- 
mary site for accumulation of the abnormal 
lipid cytosomes are unknown. 

The present study indicates that the ab- 
normal lipid cytosomes are derived from the 
smooth portion of the endoplasmic reticulum 
and that the mitochondria appear to be the 
organelle which is primarily associated with 
the enzyme defects. 

Materials and Methods. Ultrastructural 
studies were carried out on brain biopsies of 
six patients with Tay-Sachs disease, two chil- 
dren with Niemann-Pick disease, one infant 
with GMl-gangliosidosis, one child with sys- 
temic Ghfz-gangliosidosis and one patient with 
infantile Gaucher's disease, ranging in age 
from 4 months to 3 years. 

The brain biopsies were immediately diced 
in cold (4') 3% buffered glutaraldehyde so- 
lution, then fixed for 3 hr and postfixed in 
cold (4') 1% buffered osmium tetroxide solu- 
tion for 1 hr. Portions of the specimens were 
fixed only in cold (4") 2% buffered osmium 
tetroxide solution for 90 min. After fixation, 
the tissue was rinsed briefly in distilled 
water, dehydrated in graded series of ethanol, 
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and embedded in epoxy resin. Ultrathin sec- 
tions were obtained with glass or diamond 
knives. Some of the blocks were studied by 
serial ultrathin sections. The sections were 
stained with uranyl acetate and lead hy- 
droxide and viewed with electron microscopes 
(RCA EMU 3E and 3G). 

Results. The abnormal cytosomes are alike 
in neurons and astrocytes in all sphingolipi- 
doses studied (4). However, due to the fact 
that they are less densely distributed in the 
cytoplasm of astrocytes the details of the 
altered subcellular organelles could be ob- 
served more clearly in these cells. 

In the early phase of Tay-Sachs and Nie- 
mann-Pick disease, when the lipid bodies 
were relatively scarce many mitochondria 
were observed exhibiting frequently close 
proximity to the smooth portion of the endo- 
plasmic reticulum (Fig. 1 ) .  In the later stage 
of the disorder, they declined significantly in 
number and large amounts of the abnormal 
cytosomes became apparent, which then ex- 
hibited close proximity to the smooth portion 
of this organelle (Figs. 2 and 3 ) .  

In the advanced phase of Tay-Sachs dis- 
ease the cytosomes consisted of concentrically 
arranged membranes (Fig. 4), while in cases 
of Niemann-Pick disease the well-developed 
lipid bodies displayed loosely arranged paral- 
lel membranes (Fig. 3 ) .  In the other types of 
sphingolipidoses the picture was similar to 
that observed in Tay-Sachs disease and Nie- 
mann-Pick disease. These observations sug- 
gest that the smooth portion of the endoplas- 
mic reticulum is the primary site for the 
accumulation of the abnormal lipids in 
sphingolipidoses. 

Discussion. During the early stage of 
Tay-Sachs disease the abnormal cytosomes 
consist of either a finely granular or a dense 
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FIG. 1. Astrocytic mitochondria (M) from a patient with Tay-Sachs disease showing close 
proximity (arrows) to  the smooth portion of the endoplasmic reticulum (SER) ; X32,400. 

FIG. 2A and B. Abnormal lipid bodies (LB) in astrocytes from patients with Tay-Sachs disease 
are contiguous (arrows) with the smooth portion of the endoplasmic reticulum (SER). (A) 
X28,000; (B) X14,OOO. 

FIG. 3. Abnormal lipid bodies (LB) in astrocyte from an infant with Niemann-Pick disease show 
close proximity (arrows) to the smooth portion of the endoplasmic reticulum. Two well- 
developed lipid bodies (curved arrows) consist of loosely arranged parallel membranes ; X 29,100. 

FIG. 4. In the advanced stage of Tay-Sachs disease the well-developed lipid bodies (LB) consist 
of concentrically arranged lamellae. The endopIasmic reticulum and mitochondria are Scarce ; 
X 23,350. 

amorphous material (Fig. 2 ) .  The picture is somes such as cholesterol, phospholipid, and 
similar to that observed in the fetal stage of proteolipid showed relatively low molar con- 
the disorder ( 5 ) .  I n  fetal Tay-Sachs disease, centrations in fetal brain ( 5 ) .  In  other 
however, the typical membranous bodies seen words, the morphologic variations from a fine 
in the advanced stage of this condition are granular or a dense amorphous material to 
not observed. This was believed to be due to characteristic membranous structures a t  the 
the fact that some constituents of the cyto- different stages of these disorders are believed 
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to be related to the morphologic expression 
of different molar constitutents of lipids and 
proteolipids in the deposited material during 
the evolution of these diseases. 

It is generally believed that the sphingolip- 
idoses are the result of a lysosomal enzyme 
defect (6). However, abnormal lipid bodies 
were found already in fetal Tay-Sachs disease 
while lysosomes were not well developed at  
this stage ( 5 ) .  Previous enzyme histochemi- 
cal studies (7) suggested that the cytoplas- 
mic lipid bodies in the advanced phase of 
Tay-Sachs disease are secondary lysosomes, 
probably of the residual type, reflecting the 
cellular effect to eliminate the accumulated 
lipid maiterial. 

In an early stage of the various sphingolip- 
idoses, the mitochondria and endoplasmic re- 
ticulum showed a close proximity before ac- 
cumulation of abnormal cytosomes. The mi- 
tochondria significantly disappeared or 
markedly decreased in number before the lip- 
id bodies emerged from the smooth portion of 
the endoplasmic reticulum. The mitochon- 
dria have been shown to play an important 
role in several organs during various phases 
af lipid metabolism (8, 9) and are known to 
contain catabolic enzymes ( 10). Therefore, i t  
seems that a specific enzyme defect in this 
organelle is responsible for the accumulation 
of the abnormal lipids in these disorders. 

This seems to be borne out in preliminary 
studies of mitochondrial fractions from nor- 
mal and Tay-Sac& disease brains in which 
differences of hexosaminidase activities were 
observed. The mitochondrial fraction from 
the normal brain showed 28.6% N-acetyl 

hexosaminidase A activity, while i t  was ab- 
sent in that from the Tay-Sachs brain. 

Summary. The sphingolipidoses are heredi- 
tary disorders, secondary to enzyme defects, 
in which lipids accumulate in brain and other 
organs. The present studies indicate that the 
abnormal lipid cytosomes are derived from 
the smooth portion of the endoplasmic reticu- 
lum, and that the mitochondria appear to be 
the organelle that is primarily associated with 
the enzyme defect. Preliminary studies of 
mitochondria1 fractions from normal and 
Tay-Sachs disease brains showed that the mi- 
tochondrial fraction of normal brains con- 
tained 28.6% N-acetyl hexosaminidase A ac- 
tivity, while it was absent in that from 
Tay-Sachs disease brain. 
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