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Abstract. We present the first ultrastructural study of
liver and spleen from a 20-week fetus with Niemann-Pick
disease type C in correlation with lipid studies of these
tissues. The lipid storage pattern was characteristic of
the disease and although the distribution of the lipid
storage was similar to that of affected children, ultra-
structural studies emphasized that many inclusions were
qualitatively different. These are discussed. Concomitant
with this complex lipid storage, ultrastructural evidence
of cholestasis was observed and the carly hyperplasia
of pericanalicular microfilaments leads us to question
the presence of a toxic metabolite which might induce
cholestasis by acting upon microfilaments.
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Introduction

Niemann-Pick disease type C (NP-C) is an autosomal-
recessive neurovisceral lipid storage disease biochemi-
cally distinct from the primary sphingomyelin lipidoses
(Niemann-Pick disease types A and B; NP-A and NP-B),
with which it has traditionally been grouped (Spence
and Callahan 1989; Vanier et al. 1991a). Recent studies
have convincingly shown that the disorder is character-
ized by a unique error in cellular trafficking of exoge-
nous cholesterol associated with lysosomal accumulation
of cholesterol (Pentchev et al. 1987; Sokol et al. 1988;
Liscum et al. 1989). This discovery has led to the devel-
opment of reliable methods for postnatal and prenatal
diagnosis of the disorder (Vanier et al. 1991b, 1992). Yet
the primary molecular defect in NP-C remains elusive,
and the pathophysiology of both the cerebral and the
hepatic lesions is poorly understood. In liver and spleen
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of children in the terminal stage of the disease, several
lipids are increased, with no compound predominating
(Spence and Callahan 1989). Studies at the fetal stage
are necessary for delineation of the disease. In this par-
ticular case they should also be helpful to differentiate
changes directly related to the primary lesion from sec-
ondary changes. We present here the lipid storage pat-
terns of liver and spleen associated with early cholestatic
lesions in a 20-week fetus affected with NP-C.

Materials and methods

Tissue samples from the affected fetus including liver, spleen, fron-
tal and occipital brain, cerebellum and arm skin were taken. Pieces
of every tissue were fixed separately in 2.5% cacodylate-buffered
glutaraldehyde (pH 7.4), postfixed in 1% cacodylate-buffered os-
mium tetroxide (pH 7.4) and stained “en bloc™ with 2% aqueous
uranyle acetate. After washing, tissues were dehydrated in graded
ethanols and embedded in araldite. Semithin sections of 1 pm pre-
pared with a Reichert OMU3 ultramicrotome were stained with
toluidine blue and 5% silver solution, which gives good contrast.
Ultrathin sections were contrasted with lead citrate and examined
on a Jeol JEM 1200 Ex electron microscope. The remainder of
each tissue was fixed in formalin. Paraffin sections were stained
with haematoxylin and eosin, periodic-acid Schiff and trichrome.
On the liver, Perls staining was performed. Biopsies of brain and
cerebellum were autolysed and could not be interpreted.

Tissue lipids were extracted, isolated and quantified following
previously described procedures (Vanier et al. 1985).

Case report

Prenatal diagnosis was offered to a couple with a previous child
affected with a severe infantile form of NP-C. The clinical history
and the biochemical diagnosis of the index case have been described
previously (case 11 in Vanier et al. 1988). Antenatal diagnosis per-
formed on biochemical and ultrastructural studies of cultured am-
niotic cells (family I in Vanier et al. 1992) indicated an affected
fetus. Termination of the pregnancy was induced at 20 gestational
weeks by prostaglandin infusion. Autopsy of the fetus was per-
formed upon delivery. Macroscopic studies of fetal organs revealed
no evident enlarged liver or spleen. The diagnosis was confirmed
by studies of low-density lipoprotein-cholesterol processing in fetal
cultured fibroblasts.



Results

Changes in routine paraffin sections of liver tissue were
restricted to sinusoids with scarce foamy histiocytes. No
cholestasis was observed and Perls staining was negative.
In semithin sections, wide blood sinusoids were ob-
structed by large macrophages containing many inclu-
sions and a few clear clefts (Fig. 1a). Neither canalicular
nor hepatic cholestasis or inflammation or fibrosis was
noted. No spumous cells were seen in the spleen in paraf-
fin sections. In semithin sections both sinus lumina and
extravascular spaces of red pulp contained macrophages
with numerous inclusions (Fig. 1b). White pulp, which
was hardly developed, showed no storage.

Electron microscopy of the fetal liver showed that
Kupffer cells and macrophages exhibited evident storage
changes of varying degree. Some were foam cells with
many pleomorphic lysosomes, mainly variously sized
plurilobulated complex bodies (0.2-2 pm) formed by va-
cuoles, concentric lamellar profiles containing vesicles
with osmiophilic granulations and amorphous electron-
dense material present in different proportions from one
inclusion to another (Fig.2a). Some lysosomes were
formed by translucent material with small lamellar inclu-
sions (membrano-lucent lysosomes). Concentric lamellar
bodies were numerous. Variously shaped crystalline
structures, including crystal clefts with lucent material,
were present in the cytoplasm (Fig. 2a, b). In particular,
many crystals were bound together with complex bodies
by the same membrane (Fig. 2a).

Hepatic cells were also seen to possess inclusions scat-
tered throughout the cytoplasm but they were much
fewer in number (three to ten inclusions per cell). They
were made up of complex bodies with preponderant con-
centric lamellar profiles forming vesicles with osmiophil-
ic granulations and a great number of them contained
crystals (Fig. 2c—¢). Concentric lamellar bodies were rare
and lipofuscin granules were never seen. The cytoplasmic
organelles and also glycogen and fat droplets were pres-
ent as is normal for the stage of development but numer-
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. Fig. 1. a Fetal liver showing large
cell cords and sinusoids some-
times obstructed by spumous
macrophages. Note presence of
clear clefts as an early sign of de-
generation. b Red pulp of fetal
spleen with sinus and extravascu-
lar spaces filled by macrophages
with many granulations. Semithin
sections stained with toluidine
blue and silver solution (x 1200)

ous mitochondria with irregular cristac were noted. At
the biliary pole, microvilli of some canaliculi appeared
to have a broader base or were longer or distorted and
the axes of microfilaments were always dark. Moreover,
widening of the microfilamentous rim could be seen
around several bile canaliculi, nearly always restricted
to the pericanalicular cytoplasm (Fig. 3). Occasionally
some thin bundles of microfilaments were noted in the
peribiliary zone. The lumen was clear, but sometimes
a granular material different from bile pigment was pres-
ent. Near some bile canaliculi, vacuoles with or without
membrane containing bile pigments, typically seen in
cholestasis, were present (Fig. 3). No dilated canaliculi
without microvilli were noted.

Ito cells were seen with neither storage nor fat drop-
lets. A few complex bodies were noted in the endothe-
lium of portal vessels in the interlobular space, but the
bile ductule epithelium appeared normal. No storage
was seen in haematopoietic cells, which were essentially
erythroblasts and megakaryocytes.

In the fetal spleen, complex lipid storage was also
evident, particularly involving macrophages, only a few
of which were foamy. Usually lysosomes were larger
than in the liver. They were essentially large complex
bodies with numerous vesicles (0.4-3 pum) and variously
sized concentric lamellar bodies. Some dense inclusions
with an entangled membranous appearance were scat-
tered in the cytoplasm of some macrophages. Their pat-
tern was irregular and their borders seemed continuous
with the limiting membrane (Fig. 4d). In some other
macrophages membrane-bound inclusions with the same
membranous appearance contained large electron-lucent
cavities (Fig. 4¢). Crystals were also present bound to-
gether with complex bodies by the same membrane or
scattered in the cytoplasm but they were less numerous
than in the liver (Fig. 4a, b). Some reticular cells with
clear hyaloplasm (clear reticular cells) and endothelial
cells may contain rare small complex bodies. Dark retic-
ular cells were never stored. Similarly, no storage was
seen in haematopoietic cells, platelets or blood cells.



The concentrations of unesterified cholesterol, sphin-
gomyelin and total phospholipids showed a two- to
four-fold elevation both in liver and spleen in NP-C
(Fig. 5a, b). There was no significant increase of choles-
teryl esters. The profiles were very similar in both tissues,
except for a larger sphingomyelin increase in the spleen.
A striking feature was the elevation of the cholesterol
to phospholipid molar ratio, from a normal value of
approximately 0.5 to about 1.0. In NP-A fetal tissues,
in spite of a larger increase in sphingomyelin and in
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Fig. 2a—e. Ultrastructure of the
fetal liver. a A Kiipffer cell with
numerous pleomorphic lysosomes
and crystals. Note erythrophago-
cytosis. x 8500. b A crystalline
structure in the cytoplasm of a
macrophage. (x 19500). ¢ A he-
patic cell with some complex
bodies. Note numerous crystals in
one of them (arrowhead).

% 14000. d, e Other complex bod-
ies with crystals. Note the cyto-
plasmic presence of bile pigment
(arrowhead). d x20000; e

x 14000. Uranyl acetate and lead
citrate. Bar=1 pm

total phospholipids, cholesterol only showed a moderate
increase, and there was no elevation of the cholesterol
to phospholipid ratio. Liver from a fetus with Gaucher’s
disease had values within the normal range for these
lipids. Bis(monoacylglycero)phosphate, essentially unde-
tectable in controls, was strikingly elevated in tissues
from NP-C, and to a lesser extent in NP-A fetuses (data
not shown). A paradoxical result was the eight-fold in-
crease of glucosylceramide in NP-C fetal liver, while a
value only slightly above the normal range was observed



Fig. 3. Bile canaliculus bounded by three liver cells showing modi-
fied microvilli and accumulation of microfilaments in the pericana-
licular cytoplasm and in the axes of microvilli. Note granular mate-
rial in the lumen. Arrowhead, Bile pigment in a vacuole without
membrane; P, peroxisome. Uranyl acetate and lead citrate. Bar=
0.5 pm. x 24000

Fig. 4a—d. Ultrastructure of the red
pulp of fetal spleen. a A free mac-
rophage stored with large pleo-
morphic inclusions. x 8500. b Crys-
tal cleft in the cytoplasm of a mac-
rophage. % 14000. ¢, d Large char-
acteristic inclusions in macro-
phages. ¢ x7000; d x 6000. Uranyl
acetate and lead citrate. Bar=1 pm
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in the liver from a fetus with Gaucher’s disease, and
in NP-A fetal liver (Fig. 5c).

Discussion

In the liver and spleen of this 20 week fetus affected
with NP-C the complex lipid storage, characteristic of
the disease, was already present. Other lipid studies of
NP-C fetal liver, although less detailed, have indicated
a similar trend (Harzer etal. 1978; De Winter et al.
1992; Vanier etal. 1992). The storage was almost as
pronounced as at the final stage of the discase (Vanier
1983), a unique situation when compared with any
sphingolipidosis suggesting a distinct mechanism of ac-
cumulation.

No other ultrastructural morphological study of fetal
NP-C is known to us. The storage affected several cell
types with a distribution similar to that described in
liver and/or spleen (Wiedemann et al. 1972; Neville et al.
1973; Pellissier et al. 1976; Gilbert et al. 1981; Elleder
etal. 1984; Witzleben et al. 1986; Adam et al. 1988;
Chamlian et al. 1989). The reticulo-endothelial cells dis-
played the most pronounced storage, although this fea-
ture is not specific for the disease (Hers and Van Hoof
1973). More characteristic were the discrete hepatic cell
changes, previously noted in several patients (Elleder
et al. 1984; Chamlian et al. 1989). A normal appearance
of hepatocytes was reported in one case (Pellissier et al.
1976), but in some cases the changes were quite promi-
nent, often related to impairment of liver function asso-
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Fig. 5. Lipid composition in fetal a liver and b spleen. Chol, Total
cholesterol; PL, total phospholipids; Spk, sphingomyelin. ¢ Gluco-
sylceramide concentration in fetal liver. The results are expressed
in nmol/g wet weight. NP-C, Niemann-Pick disease type C; NP-4,
Niemann-Pick disease type A

ciated with storage, particularly cholestasis (Elleder et al.
1984). An absence of lipid storage in Ito cells was also
typical (Elleder 1984).

In contrast, in fetal liver and spleen, many lysosomes
contained variously-sized and shaped crystalline struc-
tures, exceptionally described in hepatocytes of one post-
natal case (Chamlian et al. 1989). These crystals were
mainly observed in both reticulo-endothelial and paren-
chymal cells of the liver, and were found in smaller
number in spleen macrophages. They occurred essential-
ly within lysosomes but also in the cytoplasm. Most of
them were similar to cholesterol crystals and its esters
observed in some genetic metabolic disturbances and
also in various localized troubles (Dustin and Dourov
1981). In our case, cholesteryl esters were hardly in-
creased but there was a prominent storage of unesterified
cholesterol.

These findings are very similar to those in a mutant
Balb/c mouse shown to be an animal model of NP-C
(Shio et al. 1982; Pentchev et al. 1984; Higashi et al.
1991). Higashi et al. (1991) suggested that the crystalline
structures corresponded to the site of cholesterol deposi-
tion and the same interpretation seems logical for our
observations. It is difficult to explain the absence of simi-
lar structures in postnatal human disease where choles-
terol storage is also prominent. No crystalline inclusions
were seen in lysosomes of fetal liver affected with NP-A
(Schneider et al. 1972). Moreover, lysosomes in fetal NP-
C were more electron-lucent and did not contain large
membranous whorls.
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Another type of inclusion observed in macrophages
of the fetal spleen was made up of dark aggregates of
smooth membranes (Fig. 4d). Such inclusions have
never been observed in postnatal cases (Gilbert et al.
1981; Adam et al. 1988). A structural analogy may be
found between them and drug-induced lipidosis inclu-
sions, formed by membranes arranged in a reticular
fashion (reticular inclusions) and observed in different
tissues (Rawlins and Uzman 1970; Liillmann-Rauch and
Reil 1973; Jay-Jung and Suzuki 1978). The similarities
between the lipid storage patterns of drug-induced lipi-
doses and NP-C have been underlined (Vanier et al.
1991 a).

In NP-C, initial and severe liver involvement, demon-
strated by neonatal cholestatic jaundice with predomi-
nantly conjugated hyperbilirubinaemia and progressive
hepatosplenomegaly, has been reported in almost half
of the cases (Crocker and Farber 1958; Neville et al.
1973; Wenger et al. 1977; Vanier et al. 1988). Usually
the jaundice regressed between the 2nd and 4th month
of life and neurological impairment occurred later. In
several cases, the clinical and pathological picture of
“neonatal hepatitis” was always associated with lipid-
laden foam cells and defined a rapidly fatal form where
neurological degradation was absent or secondary (Ash-
kenazi et al. 1971; Guibaud et al. 1979; Jaeken et al.
1980; Semeraro et al. 1986). The pathogenesis of this
cholestatic process is unknown.

In our case there was no microscopic evidence of cho-
lestasis but subcellular changes regarding the bile canali-
culi attested to intracellular cholestasis. The widening
of the microfilamentous material in the pericanalicular
cytoplasm may be considered to be an early feature of
human cholestasis (Adler et al. 1980). In hepatic cells,
pericanalicular microfilaments have been shown to con-
tain actin (Oda et al. 1974; Gabbiani et al. 1975). They
may be endowed with a contractile function, accounting
for the tonicity of the canaliculi and thereby for the
regulation of bile flow. Another role of microfilaments
may be found in their apparent regulatory role of bile
salt uptake (Reichen et al. 1981). The most convincing
evidence for a role of the microfilament system in canali-
cular bile formation has been obtained with toxic drugs
like cytochalasin B, a microfilament inhibitor, which in-
duces cholestasis (Phillips et al. 1975). In the same man-
ner, phalloidin, a mycotoxin, increases the microfila-
ments in hepatocytes by causing an irreversible polymer-
ization of globular actin into filamentous actin. This
induces cholestasis (Gabbiani et al. 1975; Dubin et al.
1978). A human model of neonatal severe cholestasis
with giant cell transformation might be a model of mi-
crofilament dysfunction-induced cholestasis (Weber
et al. 1981). In other cases of familial cholestasis, prima-
ry disturbance of bile acid secretion seemed to entail
hypertrophy of pericanalicular microfilaments which
play a role in the final step of bile secretion (De Vos
et al. 1975; Kaplinsky et al. 1980). The frequent occur-
rence of neonatal cholestasis reflects a secondary re-
sponse to the concomitant NP-C defect. It remains to
be seen whether the hyperplasia of pericanalicular micro-

filaments represents a cause or an effect of the bile secre-
tion disorders.

This investigation of the fetal liver and spleen in NP-
C suggests variations in the ultrastructural configuration
of the storage during the antenatal and postnatal stages
of the disease. Morphological studies performed early
in the natural history may help in the elucidation of
the primary defect. Early cholestasis and the presence
of a “toxic” metabolite acting upon pericanalicular mi-
crofilaments is an attractive pathogenesis for the produc-
tion of these changes.

References

Adam G, Brereton RJ, Agrawal M, Lake BD (1988) Biliary atresia
and meconium ileus associated with Niemann-Pick disease. J
Pediatr Gastroenterol Nutr 7:128-131

Adler M, Chung KW, Schaffner F (1980) Pericanalicular hepato-
cytic and bile ductular microfilaments in cholestasis in man.
Am J Pathol 98:603-616

Ashkenazi A, Yarom R, Gutman A, Abrahamov A, Russell A
(1971) Niemann-Pick disease and giant cell transformation of
the liver. Acta Paediatr Scand 60:285-294

Chamlian A, Benkoél L, Payan MJ, Minko D, Xerri L, Choux
R, Nouhou H (1989) Ftude ultrastructurale du foie dans la
maladie de Niemann-Pick de type C. Ann Pathol 9:132-136

Crocker AC, Farber S (1958) Niemann-Pick disease: a review of
eighteen patients. Medicine (Baltimore) 37:1-95

De Vos R, De Wolf-Peeters C, Desmet V, Eggermont E, Van Acker
K (1975) Progressive intrahepatic cholestasis (Byler’s disease):
case report. Gut 16:943-950

De Winter JM, Janse HC, Van Diggelen OP, Los FJ, Beemer FA,
Kleijer WJ (1992) Prenatal diagnosis of Niemann-Pick disease
type C. Clin Chim Acta 208:173-181

Dubin M, Maurice M, Feldmann G, Erlinger S (1978) Phalloidin-
induced cholestasis in the rat: relation to changes in microfila-
ments. Gastroenterology 75:450-455

Dustin P, Dourov N (1981) Cholestérol et cholestérides. In: Legons
d’anatomie pathologique générale, 3rd edn. Maloine, Paris, pp
63-78

Elleder M (1984) Ito cells in lysosomal storage disorders. An ultra-
structural study. Virchows Arch [B] 46:13-19

Elleder M, Smid F, Hyniova H, Cihula J, Zeman J, Macek M
(1984) Liver findings in Niemann-Pick disease type C. Histo-
chem J 16:1147-1170

Gabbiani G, Montesano R, Tuchweber B, Salas M, Orci L (1975)
Phalloidin-induced hyperplasia of actin filaments in rat hepato-
cytes. Lab Invest 33:562-569

Gilbert EF, Callahan J, Viseskul C, Opitz JM (1981) Niemann-Pick
disease type C. Pathological, histochemical, ultrastructural and
biochemical studies. Eur J Pediatr 136:263-274

Guibaud P, Vanier MT, Malpuech G, Gaulme J, Houllemare L,
Goddon R, Rousson R (1979) Forme infantile précoce, chole-
statique, rapidement mortelle de la sphingomyélinose type C.
A propos de 2 observations. Pédiatrie 34:103-114

Harzer K, Schlote W, Peiffer J, Benz HU, Anzil AP (1978) Neurov-
isceral lipidosis compatible with Niemann-Pick disease type C:
morphological and biochemical studies of a late infantile case
and enzyme and lipid assays in a prenatal case of the same
family. Acta Neuropathol (Berl) 43:97-104

Hers HG, Van Hoof F (eds) (1973) Lysosomes and storage diseases.
Academic Press, New York

Higashi Y, Pentchev PG, Murayama S, Suzuki K (1991) Pathology
of Niemann-Pick type C: studies of murine mutants. In: Ikuta
F (ed) Neuropathology in brain research. Elsevier, Boston, pp
85-102



Jacken J, Proesmans W, Eggermont E, Van Hoof F, Den Tandt
W, Standaert L, Van Herck G, Corbeel L (1980) Niemann-Pick
type C disease and early cholestasis in three brothers. Acta
Paediatr Belg 33:43-46

Jay-Jung H, Suzuki K (1978) Morphological changes in CNS treat-
ed with perhexiline maleate (Pexid). Acta Neuropathol (Berl)
42:159-164

Kaplinsky C, Sternlieb I, Javitt N, Rotem Y (1980) Familial choles-
tatic cirrhosis associated with Kayser-Fleischer rings. Pediatrics
65:782-788

Liscum L, Ruggiero RM, Faust JR (1989) The intracellular trans-
port of low density lipoprotein-derived cholesterol is defective
in Niemann-Pick type C fibroblasts. J Cell Biol 108:1625-1636

Lillmann-Rauch R, Reil GH (1973) Chlorphentermine-induced ul-
trastructural changes in liver tissues of four animal species.
Virchows Arch [B] 13:307-320

Neville BGR, Lake BD, Stephens R, Sanders MD (1973) A neurov-
isceral storage disease with vertical supranuclear ophthalmople-
gia, and its relationship to Niemann-Pick disease. A report of
nine patients. Brain 96:97-120

Oda M, Price VM, Fisher MM, Philips MJ (1974) Ultrastructure
of bile canaliculi, with special reference to the surface coat and
the pericanalicular web. Lab Invest 31:314-323

Pellissier JF, Hassoun J, Gambarelli D, Bryon PA, Casanova P,
Toga M (1976) Maladie de Niemann-Pick type “C” de Crocker.
Ftude ultrastructurale d’un cas. Acta Neuropathol (Berl)
34:65-76

Pentchev PG, Boothe AD, Kruth HS, Weintroub H, Stivers J,
Brady RO (1984) A genetic storage disorder in Balb/c mice
with a metabolic block in esterification of exogenous cholester-
ol. J Biol Chem 259:5784-5791

Pentchev PG, Comly ME, Kruth HS, Tokoro T, Butler J, Sokol
J, Filling-Katz M, Quirk JM, Marshall DC, Patel S, Vanier
MT, Brady RO (1987) Group C Niemann-Pick disease: faulty
regulation of low-density lipoprotein uptake and cholesterol
storage in cultured fibroblasts. FASEB J 1:40-47

Phillips MJ, Oda M, Mak E, Fisher MM, Jeejeebhoy KN (1975)
Microfilament dysfunction as a possible cause of intrahepatic
cholestasis. Gastroenterology 69:48-58

Rawlins FA, Uzman BG (1970) Effect of AY-9944, a cholesterol
biosynthesis inhibitor, on peripheral nerve myelination. Lab
Invest 23:184-189

Reichen J, Berman MD, Berk PD (1981) The role of microfilaments
and of microtubules in taurocholate uptake by isolated rat liver
cells. Biochim Biophys Acta 643:126-133

Schneider EL, Ellis WG, Brady RO, McCulloch JR, Epstein CJ
(1972) Prenatal Niemann-Pick disease: biochemical and histo-
logic examination of a 19-gestational week fetus. Pediatr Res
6:720-729

Semeraro LA, Riely CA, Kolodny EH, Dickerson GR, Gryboski
JD (1986) Niemann-Pick variant lipidosis presenting as ‘‘neon-
atal hepatitis”. J Pediatr Gastroenterol Nutr 5:492-500

Shio H, Fowler S, Bhuvaneswaran C, Morris MD (1982) Lysosome
lipid storage disorder in NCTR-Balb/c mice. II. Morphologic
and cytochemical studies. Am J Pathol 108:150-159

259

Sokol J, Blanchette-Mackie EJ, Kruth HS, Dwyer NK, Amende
LM, Butler JD, Robinson E, Patel S, Brady RO, Comly ME,
Vanier MT, Pentchev PG (1988) Type C Niemann-Pick disease:
lysosomal accumulation and defective intracellular mobiliza-
tion of LDL-cholesterol. J Biol Chem 263:3411-3417

Spence MW, Callahan JW (1989) Sphingomyelin-cholesterol lipi-
doses: the Niemann-Pick group of diseases. In: Scriver CR,
Beaudet AL, Sly VS, Valle D (eds) The metabolic basis of inher-
ited disease. McGraw Hill, New York, pp 1655-1676

Vanier MT (1983) Biochemical studies in Niemann-Pick disease.
I. Major sphingolipids of liver and spleen. Biochim Biophys
Acta 750:178-184

Vanier MT, Boué J, Dumez Y (1985) Niemann-Pick disease type
B: first trimester prenatal diagnosis on chorionic villi and bio-
chemical study of a foetus at 12 weeks of development. Clin
Genet 28:348-354

Vanier MT, Wenger DA, Comly ME, Rousson R, Brady RO, Pent-
chev PG (1988) Niemann-Pick disease group C: clinical vari-
ability and diagnosis based on defective cholesterol esterifica-
tion. A collaborative study on 70 patients. Clin Genet 33:331—
348

Vanier MT, Pentchev P, Rodriguez-Lafrasse C, Rousson R (1991 a)
Niemann-Pick disease type C. An update. J Inherited Metab
Dis 14:580-595

Vanier MT, Rodriguez-Lafrasse C, Rousson R, Gazzah N, Juge
MC, Pentchev P, Revol A, Louisot P (1991 b) Type C Niemann-
Pick disease: spectrum of phenotypic variation in disruption
of intracellular LDL-derived cholesterol processing. Biochim
Biophys Acta 1096:328-337

Vanier MT, Rodriguez-Lafrasse C, Rousson R, Mandon G, Boué
J, Choiset A, Peyrat MF, Dumontel C, Juge MC, Pentchev
PG, Revol A, Louisot P (1992) Prenatal diagnosis of Niemann-
Pick type C disease: current strategy from an experience of
37 pregnancies at risk. Am J Hum Genet 51:111-122

Weber AM, Tuchweber B, Yousef I, Brochu P, Turgeon C, Gab-
biani G, Morin CL, Roy CC (1981) Severe familial cholestasis
in North American Indian children: a clinical model of microfil-
ament dysfunction? Gastroenterology 81:653-662

Wenger DA, Barth G, Githens JH (1977) Nine cases of sphingo-
myelin lipidosis, a new variant in Spanish-American children.
Juvenile variant of Niemann-Pick disease with foamy and sea-
blue histiocytes. Am J Dis Child 131:955-961

Wiedemann HR, Debuch H, Lennert K, Caesar R, Blimcke S,
Harms D, Tolksdorf M, Seng PN, Horenke HD, Gerken H,
Freitag F, Dorner K (1972) Uber eine infantil-juvenile, sub-
chronisch verlaufende, den Sphingo-myelinosen (Niemann-
Pick) anzureihende Form der Lipidosen — ein neuer Typ? Klini-
sche, pathohistologische, elektronenmikroskopische und bio-
chemische Untersuchungen. Z Kinderheilkd 112:187-225

Witzleben CL, Palmieri MJ, Watkins JB, Hogan P (1986) Sphingo-
myelin lipidosis variant with cirrhosis in the pediatric age
group. Arch Pathol Lab Med 110:508-512



