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Electron microscopic studies were performed on cultured fibroblasts from patients
with metachromatic leukodystrophy, Fabry's, Gaucher's, Niemann-Pick's (Type A
and C), Sanfilippo's (Type A and B) disease, chondroitin-4-sulfate mucopoly-
saccharidosis, lipofuscinosis (Spielmeyer-Vogt's disease) and ceroid-lipofuscinosis
(Batten's disease with curvilinear bodies). Specific cytoplasmic inclusions with a
limiting membrane were identified in Fabry's disease, Niemann-Pick syndrome, chon-
droitin-4-sulfate mucopolysaccharidosis and Sanfilippo's Type B disease. In Fabry's
disease, the lipid inclusions tended to form stacks of parallel and concentric mem-
branes. In Niemann-Pick syndrome, the lipid inclusions were made of wavy, loosely
packed membranes. In chondroitin-4-sulfate mucopolysaccharidosis and Sanfilippo
B, the lysosomes were enlarged and contained a reticular matrix with little elec-
tron-dense material. No specific ultrastructural changes were observed in Gaucher's,
Sanfilippo's (Type A) disease, metachromatic leukodystrophy (sulfatidosis) and
Batten's disease (Am J Pathol 73:59-80, 1973).

THE STORAGE DISORDERS are characterized histologically by
the appearance of a variety of cytoplasmic inclusions. These inclu-
sion bodies are generally regarded as lysosomes which have retained
substances because of the deficiency of a specific enzyme. Several
specific enzyme deficiencies have been recognized in the sphingolipido-
ses and Hers has developed the concept of inborn lysosomal disorders
as a base for understanding the protean family of diseases included in
the general designation of the storage disorders.'
We have been utilizing the skin fibroblast system in metabolic studies

of the sphingolipidoses, mucopolysaccharidoses and lipofuscinoses.
Most ultrastructural studies of these disorders have been done directly
on tissue obtained from the liver or nervous system. Since cultured skin
fibroblasts have become a valuable system for metabolic stuLdies 2 and
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will be utilized more in the future, the present study was undertaken
to examine the cells and their inclusions from cultures and to compare
them with earlier studies of cells derived from other tissues.

Materials and Methods
Skin was obtainied from the arm by punch biopsy. There were 16 patients with

the conditions listed in Table 1. Several patients have been the subject of previous
reports as indicated below. Thirteen fibroblasts lines were entirely processed in our
laboratories. Two lines were received from Dr. E. Neufeld (one line each from
Sainfilippo Type A and B) as nonifrozen subeultures in Eagle's Miniimal Essential
Medium containing 10% fetal calf serum; they were lhanid-carried from Washington,
DC to Los Angeles. The third line (Niemainni-Pick Type A), as a nonfrozen subcul-
ture in medium F 10 (Grand Islanid Biological Co) conitaininig 15% of fetal calf
serum, was air-mailed by Dr. J. Leroy from B3elgium. Control biopsies were ob-
tained from subjects who were investigated as possible heterozygotes but were
found to hlave acid hydrolase levels within1 the normal ranige. Fibroblasts derived
from the skin after no more than 3 or 4 subcultures, within 6 to 8 weeks after
obtaining the skin biopsy, were grown up to conifluenice in plastic T-flasks (250 ml)
with Eagle's Minimum Essential Medium conitaininlg 15% fetal calf serum and 0.6%
glutaminie. This is a well-established culture medium which we have suceessfully
used for growing about 100 different fibroblasts lines. These lines, including those
which are the subject of the present report, have been tested for acid hydrolase
activity. For each line at least six of the following activities have been determilled:
arylsulfatase A and B, " methylumbelliferyl sulfatase,4 (- and [3-galactosidase,5 n-
and f-glucosidase,75 a- and f-N-acetylglucosaminidase,i a- anld O-N-acetylgalactosa-
minidase,7 acid phosphatase,7 hyalur-onidase, (t-glucuronidase,5 cerebrosidase,11
lactosylceramide-(-galactosidase,'1' phosphodiesterases I and IV.ll,12 The metabolic
turinover of all these fibroblasts lines has been extensively studied by following in-
corporation and decay of 1-'4C-acetate for at least 6 weeks after a 2-day pulse.
Experiments with 14 C-labeled galaietose, mannlose, N-acetylmanniiosaminie and N-
acetylneuriaminic acid, :12 P-phosphate, and :15S-sulfate have also been condtucted
onl most of these lines. No morphologic evidence for Mycoplasma contamination was
ever encountered in short-term culturles used for the priesenit study. Chromosome
studies were not undertaken on most of otur lines, but ouir standard sshort-term ctul-
ture conditions are not known to induce chromosomal abbnormalities.

Cell pellets were obtained by trypsinization and centrifugation, and were pre-
fixed in 3% glutaraldehyde in phosphate btuffer for 2 hours at 4 C, rinsed in the
same buffer and then postfixed in 1% buiffered osmitum tetroxide for 2 houirs at
4 C. After rapid dehydiration in a graded series of ethanol solutions, the cells were
embedded in Epon 812 anid placed in an oven at 60 C for at least 2 days. The
blocks were theni cut with glass knives for tlhiek (1 i) sections whichl were stained
with toluidine blue to select suitable areas for electi-on miciroscopy. Liver aind
brain tissue obtainied by biopsy was fixed in 3% buffer-ed glutar-aldehyde and
processed as described above. Ultrathin sections were obtained with an LKI3 uil-
triamicrotome using a diamondI knife, stained with uranyl acetate and lead citralte
and examined with a Siemen's electron microsecope.

Patient Data

The first patient with Fabry's Disease'8 w.ls suic-essfuilly translanted for rel
inisufficiency. He was deficien t in (x-galactosilase and ceraumide trihexosidase.
Calactose turnover was impaired in fibroblasts (ulttured from hiis skin.14 The
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Table 1-Summary of Patients

Abnormal electron microscopic
features of possible diagnostic

Diseases Numberof patients significance

Fabry 3 +
Sulfatidosis (metachromatic 1

leukodystrophy)
Gaucher 1
Nieman-Pick
TypeA 2 +
TypeC 1 +

M ucopolysaccharidosis
Sanfilippo A 2
Sanfilippo B 1 +
Chondroitin-4-sulfate 1 +

Lipofuscinosis 2 +
Ceroid-lipofuscinosis 2

second patient with Fabry's disease came from a large, previously unreported
family with affected males distributed among four generations. He was also
deficient in a-galactosidase and had high levels of ceramide trihexosides in blood
and urine.15 The third patient, a female, was an obligatory carrier, being the
daughter of an affected male and the niece of our first patient.'3 Her skin fibro-
blasts were cloned and two cell populations, with and without deficient a-galac-
tosidase activity, were obtained.
The patient with sulfatidosis had an increased excretion of sulfatide, a deficiency

of arylsulfatase A and an accumulation of sulfatide in a biopsied sural nerve.'r
The patient with Gaucher's disease had Gaucher cells in her bone marrow,

deficient 3-glucosidase activity in her urine and cultured fibroblasts and in-
creased glucosyl ceramide in her plasma.",
The family of the first patient with Niemann-Pick A has been the subject of a

detailed report, including the autopsy of a sibling.1" Cultured skin fibroblasts were
markedly deficient in sphingomyelinase. The seconid patient with Niemann-Pick
Type A excreted excessive amounts of sphingomyelin in his urine and had a se-
vere deficiency of sphingomyelinase in his cultur-ed fibroblasts, where an in-
creased amount of sphingomyelin was also documented. The patient with Nie-
mann-Pick Type C was diagnosed on the basis of foam cells in liver biopsy and
bone marrow, normal urinary sphingomyelin, normal sphingomyelinase and ab-
normal phosphodiesterase activity in her skin fibroblasts.17 The first patient with
Sanfilippo Type A was diagnosed on the basis of an abnormal urinary excretion
of heparan sulfate, absence of skeletal lesioni, and normal activity of a-N-ace-
tylglucosaminidase. The second patienit with Sanfilippo Type A was studied by
Dr. E. Neufeld who demonstrated a deficienicy in heparan sulfate sulfatase ac-
tivity in cultured fibroblasts."' Alpha-N-acetylglucosaminidase was normal in
these cells. The patient with Sanfilippo Type B who was shown by Dr. Neufeld
to have a normal heparan sulfate sulfatase activity was severely deficient in a-
N-acetylglucosaminidase. Similar findings have been reported independently by
O'Brien.!
The patient with chondroitin-4-sulfate mucopolysaccharidosis has been re-

ported previously."' No enzyme deficiency has been detected, although the
absence of cross-correction with authentic Hurler lines2'1 might be interpreted as
evidence for an a-L-iduronidase deficiency. The first patient with lipofusciniosis
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(Spielmeyer-Vogt) was diagnosed by brain biopsy. An abnormal lipid turnover
has been documented in the brain explant but not in fibroblast culture.21'22 The
second patient was a clinically affected sister. The two patients with ceroid-
lipofuscinosis (Batten's Disease) were diagnosed by the demonstration of cur-
vilinear bodies in a brain biopsy. No enzyme deficiencies have been detected so
far in the patients with lipofuscinosis or ceroid-lipofuscinosis.

Results
Normal Cultures

Fibroblasts derived from normal subjects were characterized in our
tissue culture system by an irregular outline with thin and varying
sized cytoplasmic processes covered by a cytoplasmic membrane. The
cytoplasm contained typical organelles, including mitochondria, smooth
and rough surfaced endoplasmic reticulum, ribosomal aggregates, Golgi
substance and filaments (Figure 1). A variety of homogeneous or
vacuolated dense bodies were occasionally present in small numbers
in the cytoplasm (Figures 1 and 2). Most of the dense bodies were
limited by a single membrane. The heterogeneity of the cytoplasmic
inclusions and the complexity of some individual bodies were evident
in this material. Since we were primarily interested in the appearance
of these structures in storage disorders, the variability of these struc-
tures emphasized the need for careful comparisons between cells de-
rived from patients with a disorder and those obtained from subjects
without disease under strictly similar conditions. The nucleus was
frequently irregular in outline and often contained a distinct nucleolus
(Figure 1).

Fabry's Disease

In Fabry's disease, trihexosyl ceramide accumulates as a result of an
a-galactosidase deficiency. Lipid inclusions with similar morphologic
characteristics have been described in a variety of tissues.2325 The
lipid aggregates were generally limited by a membrane and may vary
in size from 0.1 to 10 [t in diameter. Variation in stiruLcture of the in-
clusions was present, but the most typical pattern consisted of par-
allel, concentric or interdigitating lamellae with a periodicity in the
range of 40 to 50 A. Such inclusions were present in skin biopsies di-
rectly processed for electron microscopy (Figure 3). Acid phosphatase
activity was demonstrated in these stiructures.

In cultured fibroblasts from 3 patients with Fabry's disease we ob-
served typical inclusions (Figure 4) similar to those found in vivo
(Figure 3). The cytoplasmic bodies varied in size and shape, but they
were generally surroutnded by a unit membrane. They were composed
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of stacks or circularly disposed lamellae with alternating dark and light
bands with a regular period between 40 and 50 A. The space between
the lamellar aggregates contained electron-dense granular material.

In some cells, electron-lucent and vacuolated cytoplasmic bodies
similar to those found in fibroblasts from normal subjects were com-
monly identified (Figure 5). The endoplasmic reticulum was more
prominent than that observed in cells from normal subjects, and the
cisternae were often dilated. Mitochondria and fibrils appeared nor-
mal. Cultured fibroblasts from a female carrier of Fabry's disease
contained typical inclusions, but there were fewer inclusions in this
instance than in male patients with the disease.

Metachromatic Leukodystrophy (Sulfatidosis)

In metachromatic leukodystrophy, lamellated or prismatic cyto-
plasmic inclusions have been described in a variety of tissues.26-28 In
the nervous system the inclusions may be composed of membrane-
bound spherules organized into lamellar structures with a periodicity
of around 60 A. Resibois has analyzed the two types of inclusions and
found average dimensions of 60 A for the prismatic type and 75 A for
the leaflet type of inclusion."}

Cultured fibroblasts from a patient with metachromatic leuko-
dystrophy contained large numbers of reticulated foamy vacuoles and
several signet-ring and empty vacuoles (Figure 6). These structures
were similar to those observed occasionally in fibroblasts from normal
subjects. Structures identical to those described in tissues from patients
with metachromatic leukodystrophy were not found.

Gaucher's Disease

Characteristic tubular structures have been described in a variety
of organs in Gaucher's disease. The tubular elements measure up to 300
A in diameter and are contained in cytoplasmic bodies which measure
up to 2 ti in diameter.31 Coarse clumps of chromatin applied to the inner
surface of the nuclear membrane were a distinctive nuclear feature.
There was fre(luent variability in the appearance of cytoplasmic struc-
tures such as mitochondria and the endoplasmic reticulum.
No characteristic cytoplasmic bodies were evident in our material.

The nuclei of the fibroblasts were often folded and the nuclear mem-
branes were irregular in outline, but coarse slumping of the chromatin
along the nuclear membrane was not fouind, and the nucleoli appeared
normal (Figure 7). The endoplasmic reticulum was sometimes dilated
and contained a fine flocculent material (Figure 7).
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Niemann-Pick's Syndrome

In Niemann-Pick's disease Type A (Crocker's classification 32) lamel-
lated structures have been found in many different cell types. In liver,33
brain and spleen,34 the cytoplasm was filled with loose concentric
lamellar figures around an electron-lucent center.

In cultured fibroblasts from a clinical variant of Type A,'6 there
were large numbers of cytoplasmic inclusion bodies which varied
in size and shape and were surrounded by a unit membrane (Figure
8). Some of these structures had a granular content, but most of them
contained loosely packed, wavy, concentric lamellar figures. The lamel-
lae were often present at one pole of the inclusion, while larger inclu-
sions were often filled with lamellae. Other lamellar inclusions were
associated with a dense granular matrix and vacuolated and reticulated
inclusions similar to those observed in cells from normal subjects were
also observed.

Fibroblasts from another patient with Type A disease contained
numerous lamellar inclusions. The folding of the limiting membrane
surrounding the inclusion body and their fusiform shape suggested
a rigidity of the closely stacked elongated structures within the in-
clusion (Figure 9). The number of lamellae varied in these structures
and often groups of lamellae were separated by a finely granular matrix.

In a case of Niemann-Pick's disease Type C, the cytoplasmic inclu-
sion bodies were very irregular in shape. The lamellar bodies were
more compact than those seen in the first example of this disorder, and
they were frequently found as a compact cluster of membranes within
the boundaries of a vacuole (Figure 10). Foamy and reticulated in-
clusions were also present (Figure 10), and in some cells the Golgi
substance and dilated cisternae of the endoplasmic reticulum were
prominent.

Mucopolysaccharidoses

Sanfilippo's Disease

Two variants of this condition have recently been characterized.6'18
numerous vacuoles within the cytoplasm. The vacuoles were lined by
Examination of hepatocytes in 1 patient with Sanfilippo A revealed
a single membrane and contained an electron-lucent finely reticulated
matrix and a circumscribed electron-dense core (Figure 11). The cyto-
plasm of the liver cells contained abundant glycogen and the mito-
chondria were similar to those described in other examples of the
mucopolysaccharidoses.3536

In the cultured fibroblasts from this patient, mostly small vacuoles
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with indistinct or ill-defined contents were found (Figure 12). There
were no electron-dense circumscribed cores within these vacuoles. Much
of the cytoplasm was obscured by dense aggregates of glycogen which
were more extensive than any found in the other disorders or normal
subjects (Figure 12), although biochemical analysis 37 of these lines
did not reveal an increase in the glycogen level. Nonspecific cyto-
plasmic structures were encountered which included lipid and partly
vacuolated dense bodies. The endoplasmic reticulum was dilated and
contained a finely granular material (Figure 12).

In cultured fibroblasts from a patient with Sanfilippo B, there was
abundant glycogen and numerous finely reticulated or vacuolated
bodies with dense core regions (Figure 13 and inset).

Chondroitin-4-Sulfate Mucopolysaccharidosis

Electron micrographs of the liver in this patient "' were indistinguish-
able from those described in the example of Sanfilippo's disease (Figure
11). The cytoplasm of the hepatocytes was vacuolated and the vacuoles
were lined by a single membrane and contained finely reticulated ma-
terial and electron-dense circumscribed cores.
The fibroblasts from this patient contained a variety of inclusion

bodies none of which was similar to those described in the hepatocytes.
The most distinctive inclusion body contained stacks of lamellated
membranes often attached to one portion of the surrounding limiting
membrane (Figure 14 and inset). Other inclusions were vacuolated
with finely dispersed reticulated or granular material. Vacuoles were
present in the Golgi region, and the endoplasmic reticulum was dilated
and filled with granular material (Figure 14).

Lipofuscinosis (Spielmeyer-Vogt) and Ceroid-Lipofuscinosis (Batten's Disease)

Typical lipofuscin bodies with acid hydrolase activity were present
in the neurons from a cerebral biopsy from this patient. The inclusions
within the perikaryon were numerous and appeared in greater numbers
than would be expected for the patient's age (Figure 15).
A large number of amorphous lipid inclusions and dense bodies with

a finely granular matrix were distributed within the cytoplasm of the
cultured fibroblasts. Although there was vacuolization of some of the
dense bodies, no typical lipofuscin bodies or structures identical to the
neuronal inclusions described above were found (Figure 16). Poly-
ribosomes were present in the cytoplasm and mitochondria were un-
remarkable. Fibroblasts obtained from the affected sister of this pa-
tient contained numerous identical nonspecific inclusions. None of the
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controls exhibited such a large number of lipid inclusions. Fibroblasts
from 2 unrelated patients with ceroid-lipofuscinosis (Batten's disease)
were indistinguishable from normal controls and thus they were clearly
different from the two lipofuscinosis lines.

Discussion
The types of inclusion bodies found in the cytoplasm of cultured

fibroblasts are similar to those reported in other cell types. They are
usually limited by a unit membrane which is fre(luently underlined by
a clear halo typical of lysosomes.3X Except for glycogen granules, the
occurrence of material lying free in the cytoplasm was infrequent. Acid
hydrolase activity has been demonstrated within inclusion bodies from
various storage disorders.4,2931 ' When the lysosomal matrix is
markedly dilated, enzyme activity is only demonstrable near the limit-
ing membrane.35

Culture conditions are known to have an influence on the ultra-
structural features of cells. For example, the number of lysosomes may
increase in older cells or diminish after the medium is changed.4042 Cells
grown in a medium containing 50% human cord serum may have
dilatation of the rough endoplasmic reticulum and an increase in the
size and number of lysosomes.43 The serum may supply needed nu-
trients to the culture, but it may also be potentially toxic when used
in such large concentrations (50% rather than 15% in the present
study). The difference between sufficient and excessive concentration
of serum has not been established and may vary from one line to
another. As a result, it was not possible to interpret the significance of
the slight dilatation of the endoplasmic reticulum occasionally ob-
served in our study. Lipids, such as cholesterol, in the serum have
repressed lipid synthesis significantly in cultured fibroblasts 44 and
l)rain explants.' Morphologic abnormalities detectable by the most
sensitive technic presently available are still inexact. For example,
subtle alteration in membrane structutre involving targets for hormonal
signal are not detectable and may well cause significant abnormalities
of synthesis or catabolism.
The diagnosis of a specific storage disorder cannot always be deter-

mined by an ultrastructural examination of cult-tred fibroblasts be-
cause, as this study has illustrated, specific inclusions may not be present
in conditions such as Gaucher's disease and metachromatic leuko-
dystrophy. This situation was not unexpected, since generally it is only
cells which synthesize an undegradable substance that will presenit
with enlarged lysosomes. Synthetic enzymes represent one of the bio-
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chemical expressions of cell differentiation. Accordingly, the distribu-
tion of products such as hemoglobin or blood-group substances is
restricted to a limited number of cells. On the other hand, lysosomal
hydrolases are ubiquitous, although there may be differences in their
concentrations in some instances.

This difference between synthetic and degrading enzymes may have
an evolutionary advantage, since it would protect cells from being over-
whelmed by exogenous undigestible material. Cells which synthesize
only small amounts of a substrate might still be capable of degrading
it properly by utilizing the residual activity of a genetically deficient
enzyme. This may be the case in fibroblasts from patients with Gaucher's
disease, which have the ability to synthesize glucosyl ceramide as
well as complex derivatives of the lipid.14 The lack of an ultrastructural
abnormality in metachromatic leukodystrophy may be an example
of the actual absence of an undegradable substrate because fibroblasts
do not synthesize sulfatides from radioactive precursors.14 Studies in
which there is experimental overloading of tissue cultures may help
to circumvent this problem.3"
The type of inclusion observed in storage disorders may be classified

as either electron-lucent or electron-dense. Combination of both elec-
tron-lucent and electron-dense material are also observed. Electron-
dense inclusions can be amorphous, granular or lamellar in appearance.
Different combinations of granules and lamellae are commonly observed
with some indication that granules may be preliminary steps towards
the lamellar formation 4r (Figure 4). The morphologic appearance of
glycogen 44 might be misleading, however, as attested to by the lack
of an increased glycogen content in cells from Sanfilippo disease (Fig-
ures 11-13). Further work is needed to characterize the observed
granules. Lamellae have generally been associated with the presence
of lipids, although it has been demonstrated that myelin lamellae
maintained their morphologic appearance after lipid extraction.47 Glyco-
lipids such as trihexosyl ceramide give rise to rigid-appearing, some-
times crystal-like lamellae (Figures 3-5). GM, or GM., ganglioside stor-
age has been associated with regular but less rigid lamellae.4
Sphingomyelin is the only type of phospholipid storage presently known.
A loose type of lamella has been repeatedly associated with that type
of storage 3'3"34 (Figures 8-10). Neutral lipids such as triglycerides give
rise to amorphous, moderately electron-dense inclusions 4" (Figure 16).
Electron-lucent vacuoles have been typically observed in various types
of mucopolysaccharidosis 4" (Figures 12, 13 and 14). Smaller and less
numerous but similar vacuoles have been observed in normal controls
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as well as in a variety of storage disorders. Since "metachromatic
granules" 5" and increased mucopolysaccharide content on biochemical
analysis 51 have been described in the same instances, it is reasonable to
speculate that the large reticulated electron-lucent vacuoles might
represent metachromatic granules containing increased amounts of
mucopolysaccharide. As a corollary to this hypothesis, mucopolysac-
charide might be normally involved in the lysosomal function.
Many of the ultrastructural features of the inclusion bodies in storage

disorders are nonspecific and may represent an exaggerated appear-
ance of normal organelles. This study indicates that, in some of the
storage disorders, unique types of inclusion bodies may be found in
fibroblasts as well as in other cell types such as in the liver and nervous
system. Since storage substances tend to be chemically heterogeneous,'5
caution must be used before absolute values are given to ultrastructural
features.
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Legends for Figures
Fig 1-Normal cultured fibroblast with typical organelles: mitochondria, smooth and
rough endoplasmic reticulum, ribosomes, Golgi structure, various dense and vacuo-
lated bodies. The nucleolus is apparent (Uranyl acetate and lead citrate, x 10,500).
Fig 2-Normal cultured fibroblast. The cytoplasm is filled with a large number of
homogeneous or vacuolated dense bodies (Uranyl acetate and lead citrate, x 16,800).
Fig 3-Fibroblast from a skin biopsy of a patient with Fabry's disease. The cytoplasm
is filled with lamellar inclusions, surrounded by a unit membrane, few foamy vacuoles.
Outside of the cell, bundles of collagen fibers are seen (Uranyl acetate and lead
citrate, x 64,800).
Fig 4-Cultured fibroblast from a patient with Fabry's disease. In the cytoplasm the
inclusion bodies are surrounded by a unit membrane. These bodies are composed of
stacks of parallel or concentric lamellae with alternating dark and light bands (Uranyl
acetate and lead citrate, x 60,000).
Fig 5-Cultured fibroblast from a patient with Fabry's disease. In addition to char-
acteristic inclusions shown in Figure 3, there are typical organelles and inclusions
which are also similar but larger and more numerous than those found in normal
cultured fibroblasts (Uranyl acetate and lead citrate, x 18,400).
Fig 6-Cultured fibroblasts from a patient with metachromatic leukodystrophy. Similar
vacuoles with a reticulated, foamy matrix may be encountered in normal senescent
fibroblasts. In the largest vacuoles present, the distended matrix becomes difficult to
detect but almost never disappears entirely. A number of vacuoles have a signet-ring
appearance (Uranyl acetate and lead citrate, x 11,500).
Fig 7-Cultured fibroblast from patient with Gaucher's disease. The nucleus appears
normal; the endoplasmic reticulum is dilated and contains flocculent material (Uranyl
acetate and lead citrate, x 27,600).
Fig 8-Cultured fibroblast from a patient with Niemann-Pick's disease, Type A. In-
clusions surrounded by a unit membrane contain a granular core and loose, wavy,
concentric lamellae (Uranyl acetate and lead citrate, x 32,000).
Fig 9-Cultured fibroblast from another patient with Niemann-Pick's disease, Type A.
In addition to inclusions similar to those shown in Figure 8, another type was present.
The elongated shape of these inclusion bodies suggests a rigidity of the lamellae
which are separated by a granular matrix (Uranyl acetate and lead citrate, x 100,000).
Fig 10-Cultured fibroblast from a patient with Niemann-Pick's disease, Type C. This
picture shows compact clusters of membranes within vacuoles, foamy reticulated
inclusions and dilated endoplasmic reticulum (Uranyl acetate and lead citrate,
x 64,400).
Fig 11-Liver biopsy of a patient with Sanfilippo's disease. In the hepatocytes,
vacuoles surrounded by a unit membrane contain a fine reticular matrix with a
circumscribed electron-dense core and scattered granules of varying density. Abundant
glycogen and mitochondria with indistinct cristae are also recognizable (Uranyl acetate
and lead citrate, x 11,500).
Fig 12-Cultured fibroblast from the same patient with Sanfilippo, Type A disease.
Small vacuoles and dense glycogen clumps are present. The endoplasmic reticulum
is dilated by a fine granular material (Uranyl acetate and lead citrate, x 11,500).
Fig 13-Cultured fibroblast from a patient with Sanfilippo, Type B disease. Abundant
glycogen and numerous large reticular vacuolated bodies were found (Uranyl acetate
and lead citrate, x 8800). Inset-Details from the same micrograph which shows
the reticular bodies with a signet-ring appearance (Uranyl acetate and lead citrate,
x 22,000).
Fig 14-Cultured fibroblast from a patient with chondroitin-4-sulphate mucopolysac-
charidosis. The cytoplasm is filled with lamellar or granular inclusions. The Golgi
structure is vacuolated, and the endoplasmic reticulum is dilated and filled with a
granular material (Uranyl acetate and lead citrate, x 12,000). Inset-Detail showing
the lamellar body, and vacuoles in the golgi structure (Uranyl acetate and lead citrate,
x 15,500).
Fig 15-Brain biopsy from a patient with lipofuscinosis. This picture demonstrates
lipofuscin bodies with acid phosphatase activity (Uranyl acetate and lead citrate,
x 25,600).
Fig 16-A cultured fibroblast from the same patient as Figure 15. Tightly packed
triglyceride-like inclusions and dense bodies with a granular matrix are seen (Uranyl
acetate and lead citrate, x 28,800).



.4

2

I



e > i*7ee0
;;;;* .?|lj

j ~ ~~~9 I,

*' '-Sath;-;3n<-sj-
iX W x>v '-emr1

3

4



6

:x4"*;$
'2), ?.t--.0 -'r,'



7

8



i
- .dr-4f

sw 4 / /; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C ..:..w

_ oi .s,Am*

41~~~~~~~~~~~~~~~~~~~~~~~~~~~~f

I...

4 04
I V '.L--"'



1 1

12



13

NJ-1

14



15

16

V
t.

10..
.., V.

.11

I 4;- dktv

T. -17 %7

97- . IF
Al 4jv, 11 .%,-

w -O
:1,
,I..0


