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Morphological study of skin biopsy specimens:
a contribution to the diagnosis of metabolic disorders
with involvement of the nervous system
J. J. MARTIN AND C. CEUTERICK

From the Born-Bunge Foundation, Universitaire Instelling Antwerpen, Antwerp, Belgium

S U M MARY Skin biopsies were performed in 71 patients affected by the following disorders:
ceroid-lipofuscinoses (17 cases), mucopolysaccharidoses (13 cases) mucolipidoses (seven cases),
lipidoses (18 cases), metabolic diseases to be further classified (seven cases), acid maltase
deficiency (nine cases). After a survey of semithin sections, the skin specimens were examined
with the electron microscope. In most of the cases, epithelial cells, hair follicles, fibroblasts,
eccrine sweat glands, smooth muscle cells, sebaceous glands, vascular cells, and nerve bundles
were available. In 62 cases (87.3%), positive diagnostic information was obtained while in seven
other cases (9.9%) suggestive features were discovered which could support the final diagnosis.
In only two cases (2.8%/o) were the results negative. We conclude that, in association with
enzymatic assays in the cultured fibroblasts, a skin biopsy specimen provides a simple oppor-
tunity for the combination of both morphological and biochemical diagnosis of storage
disorders, precluding major surgical procedures.

Skin biopsies are routinely used in patients and
their heterozygous parents to perform enzymatic
and morphological studies on established fibroblast
strains. Although enzymatic assays are decisive in
making the diagnosis of many metabolic disorders,
the use of electron microscopy as a further diag-
nostic tool on cultured skin fibroblasts has given
less consistent and sometimes contradictory results
(Kamensky et al., 1973; Lyon et al., 1973). The
more optimistic conclusions of Wyatt and Cox
(1977) are difficult to accept for two reasons: (i)
artefacts due to culturing and preparative tech-
niques, as well as the senescence of fibroblasts,
tend to obscure the ultrastructural abnormalities
related to the genotype of the cells involved if such
specific features are really to be observed; (ii)
indeed, with very few exceptions, the inclusions
present in these cells are not similar to the ones
stored in the patients' tissues.

Since this type of electron microscope study can
only be made after cell growth and consecutive
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passages in culture, it is easier, faster, and more
rewarding to examine skin biopsy specimens in
which many different cell types can be found. But
for a few case reports on mucopolysaccharidoses
and GM 1 gangliosidosis (Scheie et al., 1962; Roels
et al., 1970; Vissian et al., 1970), the advantages
of this simple technique were demonstrated un-
equivocally by the comprehensive study of Car-
penter et al. (1972) on involvement of skin, muscle,
and nerve in ceroid-lipofuscinoses. To conclude
our previous papers on that topic (Martin and
Jacobs, 1973; Martin and de Groote, 1974;
Ceuterick et al., 1976; Martin et al., 1976a, b;
Libert et al., 1978) we report on 71 patients
affected by various metabolic disorders.

Cases and methods

The cases are listed in Table 1. The diagnoses
result from the following investigations: full
clinical examination including fundi, genetic infor-
mation, relevant complementary studies such as
electroencephalography, electromyography, radi-
ology, ophthalmological evaluation, biopsies, and,
whenever possible, postmortem reports, and
demonstration of the enzymatic deficiency (when
known) on cultured fibroblasts and leucocytes.
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Table 1 List of cases with results of skin biopsies

Diagnostic information
Number of -

Metabolic disorders patients positive equivocal negative

Ceroid-lipofuscinoses
Infantile (Hagberg-Santavuori) 2 2 --
Late infantile (Jansky-Bielschowsky) 6 6 -

Juvenile (Spielmeyer-Vogt-Sjogren) 8 8 -
Adult (Kufs) 1 - - I

Mucopolysaccharidoses
Type 1 H (Hurler) 2 2 -

Type 2 (Hunter) 5 5 -

Type 3 (Sanfilippo) 3 3 -

Type I H/IS (Hurler-Scheie) 2 2 - -

Type 4 (Morquio) I 1 -

Mucolipidoses
Type 2 (1-cell disease) 3 3 - -

Type 3 (Pseudopolydystrophy) 1 1 - -

Fucosidosis 2 2 - -
GM1 gangliosidosis (adult form) 1 1 -

Lipidoses
Sandhoff disease (GM2-type 2) 2 2 -

GM2 gangliosidosis (adult form) 2 - 2
Niemann-Pick (A) 3 3 -
Niemann-Pick (C with sea-blue histiocytes) 2 - 1
Fabry's disease I
Globoid cell leucodystrophy (Krabbe) 4 4
Metachromatic leucodystrophy 4 4 -

Metabolic disorders to be further classified
Adrenoleucodystrophy 6 3 3
Encephalopathy with astrocytic lamellar inclusions

(Towfighi et al., 1975) 1 - I
Acid maltase deficiency 9 9 -

The technique of the skin biopsy has been re-
ported previously (Martin and Jacobs, 1973; Mar-
tin and de Groote, 1974).

Results

Our results are presented in the following tables
and figures: Table 2 and Fig. 1 for the ceroid-
lipofuscinoses, Table 3 and Fig. 2 for the muco-
polysaccharidoses, Table 4 and Figs 3 and 4 for
the mucolipidoses, Table 5 and Figs 5 and 6 for
the lipidoses, Table 6 for metabolic disorders to be
further classified, and Table 7 for acid maltase
deficiency.

Discussion

CEROID-LIPOFUSCINOSES
Our present study fully confirms our previous re-
ports and similar papers on isolated cases (Dolman
and Chang, 1972; Carpenter et al., 1973; Rapola
and Haltia, 1973; Anzil et al., 1975; Arsenio-
Nunes and Goutieres, 1975; de Baecque et al.,
1976; Farrell and Sumi, 1977) or on series of cases
(Carpenter et al., 1972, 1977; Dolman et al., 1975).
Inclusions similar to the ones found in the ner-
vous system and visceral organs of patients re-
spectively affected by the infantile or late infantile

ceroid-lipofuscinosis are discovered in nearly all
cell types of the skin. We have been able to con-
firm such resemblances by performing comparative
ultrastructural studies on skin biopsy specimens
and necropsy tissues of two patients (one with in-
fantile and one with late infantile ceroid-
lipofuscinosis. The inclusions specific for each
disorder are easily detected even at relatively early
stages (Ceuterick et al., 1976) or at least at the
first full diagnostic investigation.

In juvenile ceroid-lipofuscinosis the pleomor-
phism of the inclusions found in the nervous
system (except for a few reports by van Haelst
and Gabreels, 1972; Carpenter et al., 1973, much
less is known on the visceral organs of these older
patients) is matched by the variety in the ultra-
structural pattern of the inclusions found in the
skin and its appendages. Curvilinear profiles can
be prevalent as well as rectilinear or "fingerprint"
lamellar arrays. Since the inclusions are smaller
and less numerous, a thorough search is necessary
to find them. Therefore, false negative results
(O'Brien et al., 1975) can be expected.

In the ceroid-lipofuscinoses the electron micro-
scope study of the skin of obligate heterozygotes
and of cultured fibroblasts from patients is
unrewarding.
Our experience concerning the diagnosis of
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Fig. Late infantile ceroid-lipofuscinosis. An inclusion containing curvilinear profiles (arrow) is located
within a myelinated axon (glutaraldehydeosmium tetroxide fixation, embedding in epoxy resin, staining
with uranylacetate and lead citrate (Scale=l1um).
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Morphological study of skin biopsy specimens 235

Table 2 Ceroid-lipofuscinoses-morphological findings in skin

Type Electron microscopy

Infantile Inclusions with granular osmiophilic deposits in eccrine sweat glands, Schwann cells,
smooth muscle cells, vascular cells, fibroblasts, hair follicles, and basal epithelial cells.
Inclusions with short lamellar profiles (curvilinear, rectilinear, polygonal, or ring-like)
in endothelial cells.

Late infantile Inclusions with curvilinear profiles in all cell types including Merkel cells,
neurosensory endings, axons, and sebaceous glands.
Cultured fibroblasts from patients and skin of obligate heterozygotes do not contain
such inclusions.

Juvenile Smaller and less numerous inclusions with curvilinear, rectilinear, and fingerprint
profiles in all cell types with a prevalence for vascular cells. No inclusions found in
skin of obligate heterozygotes.

Adult No lesions in skin and conjunctival biopsy specimens.
In the skeletal muscle, inclusions with poorly formed or disorganised curvilinear
profiles were found. They were similar to the ones found at necropsy in the brain of
an affected brother.

Kuf's disease by skin biopsy is limited to a 32 year veals the presence of membrane-bound vacuoles
old patient in whom two skin and one conjunctival which are almost emptied of their contents,
biopsy have failed to reveal significant features leaving only a little fibrillo-granular and lamellar
while a biopsy specimen of a skeletal muscle has debris as expected when mucopolysaccharides are
shown, in the subsarcolemmal areas, inclusions stored. Only Schwann cells contain lamellar inclu-
with poorly formed and disorganised curvilinear sions indicating a storage of complex lipids.
profiles similar to those discovered at necropsy in Comparable lesions are found in types 1, 2, and
the brain of an affected brother. 3 mucopolysaccharidoses, and therefore, except
We do not have reliable enzymatic assays for for subtle quantitative changes, it is not possible

the ceroid-lipofuscinoses (Pilz et al., 1976). A skin to rely on morphological features to make a differ-
biopsy offers a simple way to diagnose most, if ential diagnosis between these disorders.
not all, of this group. It is no longer necessary In type 4 mucopolysaccharidosis, the vacuoles
to resort to biopsies of neurone-containing tissues are less numerous in the fibroblasts. We could not
(brain, rectum, vermiform appendix). A parallel find eccrine glands in the case made available to
study on conjunctival biopsy specimens from 10 us.
patients with ceroid-lipofuscinoses gives similar Finally, we have studied two cases of mucopoly-
results (Libert et al., 1978). saccharidosis type 1 H-IS (Hurler-Scheie com-

pound syndrome). Taking artefactual postmortem
MUCOPOLYSACCHARIDOSES changes into account in one case, smaller and
Vacuolisation of the secretory coils of the eccrine lesser vacuoles than in Hurler disease are found.
sweat glands and of the fibroblasts is already de- The value of skin and conjunctival biopsies in
pictable on semithin sections, the severe distortion the mucopolysaccharidoses was indicated by Scheie
of cellular architecture of eccrine glands being et al. (1962) and cursorily mentioned by Neimann
especially striking. The electron microscope re- et al. (1968). It was demonstrated by Quigley and

Table 3 Mucopolysaccharidoses-morphological findings in skin

Diseases Light (LM) and electron (EM) microscopy

Type 1 H (Hurler) LM: vacuolisation of secretory coils of eccrine sweat glands, bulbs of hair follicles,
fibroblasts.

EM: membrane-bound vacuoles which are either empty or contain small amounts of
fibrillo-granular material and a few lamellar profiles in all cell types but mainly
in fibroblasts and eccrine sweat glands.
Lamellar inclusions in Schwann cells.

Type 2 (Hunter) Similar lesions
Type 3 (Sanfilippo) Similar lesions
Type I H-IS (Hurler-Scheie) LM: no overt vacuolisation of eccrine sweat glands; tiny vacuoles in fibroblasts.

EM: smaller and less numerous membrane-bound vacuoles in fibroblasts.
Type 4 (Morquio) LM: no overt vacuolisation of the cells; no eccrine sweat glands found in the

specimens examined.
EM: small membrane-bound vacuoles in fibroblasts, very seldom in Schwann cells.
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Fig. 2 Mucopolysaccharidosis type 2. Numerous membrane-bound clear vacuoles (V) are present in the cells
of the eccrine sweat glands (same techniques as Fig. 1. Scale=J ,um).
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Goldberg (1971), Vissian et al. (1971), Kenyon et
al. (1972), Belcher (1972, 1973), Quigley and Ken-
yon (1974), Spicer et al. (1974), Bioulac et al.
(1975), Lasser et al. (1975, before and after an in-
effectual plasma infusion therapy), O'Brien et al.
(1975, 1976a), Kenyon (1976), and Libert (1977) in
different types of mucopolysaccharidoses.

MUCOLIPIDOSES
The term mucolipidosis has been coined by
Spranger and Wiedemann (1970) to designate in-
herited metabolic diseases characterised by the
storage of excessive amounts of acid mucopoly-
saccharides and sphingolipids or glycolipids. It is
difficult to apply it to disorders such as I-cell
disease or pseudopolydystrophy respectively classi-
fied as mucolipidosis types 2 and 3 since no storage
of either mucopolysaccharides or lipids could
be demonstrated (Martin et al., 1975). How-
ever, we shall follow Spranger and Wiedemann's
classification.

In type 2 mucolipidosis (I-cell disease), the single
most characteristic feature is the accumulation of
membrane-bound vacuoles in mesenchymal cells
(mainly fibroblasts). This applies to both con-
junctival and skin biopsy samples (Kenyon and
Sensenbrenner, 1971; Tondeur et al., 1971). An-
other significant finding consists of the presence
of inclusions with small lamellar rings closely or
loosely packed together. Such inclusions are found
in endothelial cells, in photoreceptors of the retina,
in lymphocytes, and perhaps also in the placental
syncytiotrophoblastic layer (Rapola et al., 1974;

Aula et al., 1975; Abe et al., 1976; Libert et al.,
1977b; Martin and Libert, 1977; Rapola and Aula,
1977). As no similar association has yet been des-
cribed in other metabolic disorders, it can, for the
present at least, be considered as specific for type 2
mucolipidosis. A second interesting point is that
these alterations can be found at any age either
in fetuses with I-cell disease (Aula et al., 1975;
Abe et al., 1976) or immediately after birth. In
one of our cases, significant features were dis-
covered at three weeks of age, and found again
without any significant differences three months
later. A last point concerning type 2 mucolipidosis
is the well-known I-cell phenotype in cultured
fibroblasts-that is, the filling of the cytoplasm
by innumerable pleomorphic electron-dense inclu-
sions (Hanai et al., 1971). However, such inclu-
sions are in no way comparable to the ones found
in the affected tissues. Similar granules can be
observed, at later stages and in lesser amounts, in
aging control cultures (Tenconi et al., 1972; per-
sonal data) or under the action of antilysosomal
antibodies (Van Hoof, 1972).

In type 3 mucolipidosis, which probably has a
similar pathogenesis as type 2 although the two
disorders are clinically distinct (Leroy and
O'Brien, 1976), the vacuolation in uncultured
fibroblasts is less severe as already stressed by
Quigley and Goldberg (1971) who also reported
the simultaneous presence of membranous lamel-
lar vacuoles. The I-cell phenotype is present in
cultured fibroblasts.

In the recently identified type 4 mucolipidosis,

Table 4 Mucolipidoses-morphological findings in skin

Diseases

Type 2 (I-cell disease)

Type 3

Fucosidosis

GMI-gangliosidosis (adult variant)

Light (LM) and electron (EM) microscopy

LM: vacuolated fibroblasts
EM: membrane-bound vacuoles which are empty but for minimal amounts of

reticulogranular material and a few lamellar profiles in fibroblasts and Schwann
cells; inclusions with small rectilinear, polygonal, or ring-like lamellar profiles
in vascular cells.
Numerous electron-dense polymorphic inclusions in cultured fibroblasts.

LM: vacuolated fibroblasts
EM: vacuoles with "empty" contents in uncultured fibroblasts, I-cell phenotype in

cultured fibroblasts.
LM: vacuolisation of eccrine sweat glands (secretory coils and excretory ducts),

endothelial cells, fibroblasts, and Schwann cells.
EM: coexistence of electron-lucent vacuoles with small amounts of granules and

lamellar profiles and of denser vacuoles with a finely granular osmiophilic
material in eccrine sweat glands, vascular cells, fibroblasts, and Schwann cells.
Dense inclusions containing lamellae in Schwann cells.
A few dystrophic amyelinic axons.

LM: vacuolisation of endothelial cells, fibroblasts, Schwann cells, and of some basal
epithelial cells.

EM: membrane-bound vacuoles with fibrillogranular contents, a few lamellar profiles,
and denser aggregates in basal epithelial cells, smooth muscle cells, fibroblasts,
and vascular cells.
Inclusions with lipid leaflets and a fibrillogranular reticulum in Schwann cells
around amyelinic axons.
A few dystrophic amyelinic axons.
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Fig. 3 Fucosidosis. The endothelial cells are full of electron-lucent vacuoles (V); they also contain othervacuoles with a finely granular osmiophilic material (arrows). The lumen (L) of the capillary is narrowed(same techniques as Fig. 1. Scale=l ,um).
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Fig. 4 GM I gangliosidosis (adult variant). Numerous "empty" membrane-bound vacuoles (V)
fill the cytoplasm of a Schwann cell (S) surrounding amyelinic axons (A) (same techniques as
Fig. 1. Scale=JL,m).
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conjunctival biopsy specimens (Merin et al., 1975;
Tellez-Nagel et al., 1976) show a combination of
vacuoles and of concentric lamellar structures
reminiscent of those found in the gangliosidoses
but the fundamental biochemical defect has still
to be discovered as in the mucolipidoses already
discussed.

Fucosidosis, with storage of fucose-containing
sphingolipids, oligosaccharides, and polysacchar-
ides also displays interesting features both in con-

junctiva and skin. In one of our cases, aged
3 years, with the severe phenotype of the disease,
an increased vascular marking was noticeable on

the palms of the hands and soles of the feet,
accompanied by tortuosity of the retinal blood
vessels. No typical angiokeratoma lesions could be
discovered as reported in the milder phenotype or

in Fabry's disease. As expected, the involvement
of the endothelial cells (Patel et al., 1972) was

striking. We were able to confirm the vacuolisa-
tion of the eccrine sweat glands (Kousseff et al.,
1976), and to find lamellar inclusions in Schwann
cells (Libert et al., 1977a). Such inclusions have
not been reported previously in cutaneous nerve

bundles but since many different fucose-containing
moieties are stored in fucosidosis, it is not surpris-
ing that a variety of inclusions should be found. A
more important fact which could represent (Libert
et al., 1976b) a pathognomonic finding in fuco-
sidosis is the presence of two types of inclusions,
clear ones with heterogeneous contents and denser
ones with a finely granular osmiophilic material.
GM 1 gangliosidosis is characterised by the

storage of clear vacuoles in mesenchymatous cells
and of polymorphic inclusions in Schwann cells.
In the most extensively studied type 1, emphasis
has been laid on the severe alterations of endo-
thelial cells, the vacuolisation of eccrine sweat
glands, and the presence of degenerating or dys-
trophic axons (Roels et al., 1970; Vissian et al.,
1970, 1971; Tommasi et al., 1971; Larbre et
al., 1973; Dolman et al., 1975, 1977; O'Brien et al.,
1975). Vascular abnormalities of conjunctiva with
vacuolation of the endothelial cells have been
reported by Boniuk et al. (1976). Much less severe

alterations, limited to cutaneous nerves, have
been found by O'Brien et al. (1976b) in a 14 year

old girl with a unique type of progressive
spondylo-epiphyseal dysplasia, normal intelligence
and acid /?-galactosidase deficiency. We too had
the opportunity to examine a skin biopsy speci-
men from an adult case of /3-galactosidase de-
ficiency (Loonen et al., 1974; Koster et al., 1976).
A most striking clinical feature in this 33 year old
Japanese patient was the presence of telangiec-
tasias on sclerae, elbows, thighs, knees, and soles

of feet while angiokeratomas were discovered in
the umbilical and genital regions. The topography
and the fine structure of the stored material in
skin and conjunctiva were quite comparable with
the findings in type 1 GM 1 gangliosidosis.

It is extremely likely that other mucolipidoses
will also show ultrastructural alterations in the
skin. Positive results are, for example, to be ex-
pected in mannosidosis in which conjunctival
alterations have already been described (Libert
and Tondeur, 1977).

LIPIDOSES

Our choice of the disorders to be discussed here
is, as for the previous categories, dictated by the
skin biopsies which were available to us. When
considering a given lipidosis, it is easier to discover
significant inclusions in the more rapidly fatal
variants affecting the youngest patients. The
search in adolescents or adults can be more toil-
some since the inclusions are smaller, less numer-
ous, and, when present, more difficult to
differentiate from lesions due to aging.

In two classical cases of Sandhoff disease,
lamellar osmiophilic inclusions, some of them of
the membranous cytoplasmic body type, were
found in large amounts in different cell types.
Many axons contained numerous dense bodies
suggesting a disturbed neuronal metabolism. In
a case of juvenile Sandhoff disease (MacLeod et al.,
1977), the presence of degenerating or dystrophic
axons was the only skin alteration. As mentioned
by the same authors, it is true that such intra-
axonal deposits are consistent with ganglioside
storage disorders but they are certainly not
specific. In two adult sisters with spinocerebellar
degeneration and low activities of hexosaminidase
A and B (Oonk et al., 1978), showing some
similarities with the cases reported by Rapin et al.
(1976), we found, besides degenerating amyelinic
axons, a few intra-axonal and intra-schwannian
inclusions with parallel or concentric lamellar pro-
files. We interpreted our results as supporting the
diagnosis of GM 2 gangliosidosis indicated by the
enzymatic assays.

In Niemann-Pick disease, clear-cut signs of
complex lipid storage have been found in the skin
of patients lacking total sphingomyelinase whether
they belong to the classical A variant with a

rapidly fatal evolution, or to the group of cases
with a more prolonged course, confirming
previous or simultaneous studies on the same
patients (Libert and Danis, 1975; Libert, 1977). In
an atypical form of Niemann-Pick disease, with
sea-blue histiocytes and normal total sphingomy-
elinase activity, skin and conjunctival biopsy
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Table 5 Lipidoses mlorphological findings in skin

Diseases

Sandhoff

GM2 gangliosidosis (adult form)

Niemann-Pick (A)

Niemann-Pick (C with sea-blue histiocytes)

Fabry

Krabbe

Metachromatic leucodystrophy

Light (LM) and electr-o,i (EM) mkiroscopy

LM: tiny granules in the walls of blood vessels.
EM: numerous small osmiophilic inclusions containing lipid-leaflets ("zebra"-like or

"membranous cytoplasmic body"-like) and a granulovesicular material in
fibroblasts, vascular cells, smooth muscle cells, perineurial cells, Schwann cells,
eccrine sweat glands, sebaceous glands.
Dystrophic amyelinic axons.

LM: no abnormalities.
EM: moderate to minimal amounts of small inclusions containing lipid leaflets in

amyelinic and myelinic axons, also but very seldom in Schwann cells.
Dystrophic amyelinic axons.

LM: granules and vacuoles in distended fibroblasts, vascular cells, eccrine sweat
glands; granules in Schwann cells and endoneurial fibroblasts.

EM: osmiophilic inclusions containing parallel or concentric lipid leaflets in hair
follicles, sebaceous glands, eccrine sweat glands, vascular cells, smooth muscle
cells, fibroblasts, perineurial cells, Schwann cells, and occasionally in axons.
Minimal amounts of myelin breakdown and a few dystrophic amyelinic axons.

LM: no abnormalities.
EM: equivocal findings in one out of the two cases (a few lamellar osmiophilic

inclusions in fibroblasts).
LM: granules in fibroblasts, vascular cells, perineurial cells, eccrine sweat glands.
EM: osmiophilic lamellar inclusions in the same cells.

LM: no significant abnormalities.
EM: free or intravacuolar spicular inclusions in endoneurial fibroblasts and Schwann

cells around myelinic axons.
Some evidence of demyelination in nerve fascicles.
Skin and cultured fibroblasts from obligate heterozygotes are normal.

LM: evidence of demyelination.
EM: prismatic and lamellar inclusions in endoneurial fibroblasts, "tuffstone-bodies"

in Schwann cells surrounding myelinic and amyelinic axons.
Demyelination in nerve fascicles.
Skin from obligate heterozygotes is normal.

samples of two affected siblings failed to demon-
strate unequivocal storage features despite the
postmortem confirmation of the diagnosis in the
141 year old brother.

In Krabbe's disease and in metachromatic
leucodystrophy, both characterised by a diffuse
involvement of the cerebral white matter and also
by a progressive demyelination of the peripheral
nerves, it is not surprising that dermal nerve

bundles should also contain specific inclusions
associated with a moderate to severe demyelina-
tion as indeed found in our series of cases.

In Fabry's disease, the presence of angiokera-
tomas is a strong indication for a biopsy
(Hashimoto et al., 1965). The study of any piece
of skin will demonstrate the storage of lamellated
inclusions in nearly all cell types with a marked
predilection for fibroblasts, endothelial cells (the
hypertrophy of which can lead to some degree of
capillary obstruction) and perineurial cells, usually
sparing the Schwann cells. Female carriers can be
detected as demonstrated by Libert et al. (1976a)
by conjunctival biopsies associated with enzymatic
assays of thermolabile (a-galactosidase in tears; this
search for heterozygotes should also be applied to

skin biopsies. Finally, it must be mentioned that
cultured fibroblasts from patients contain specific

lamellated inclusions (Kamensky et al., 1973;
McLean and Stewart, 1974; Libert et al., 1976b).

METABOLIC DISORDERS TO BE FURTHER CLASSIFIED
Adrenoleucodystrophy is an X-linked neurological
disorder characterised by a progressive degenera-
tion of the cerebral white matter associated with
adrenal insufficiency. It is a generalised metabolic
disorder with evidence of storage in brain,
adrenals, testes, and occasionally in peripheral
nerves (Schaumburg et al., 1975). We have observed
features of storage in dermal and conjunctival
nerve fascicles of one patient (Martin et al.,
1977b). Our present study on six cases including
one adult has confirmed the presence of clear
spicular clefts in Schwann cells surrounding my-
elinated axons; the lesions were very mild and
difficult to discover in three cases. It could, then,
at best suggest a diagnosis of adrenoleucodystrophy
in correlation with the clinical data. Another in-
teresting feature which could support Schaum-
burg's opinion is the discovery, in one case at least,
of vacuolated eccrine sweat glands such as the
ones described in various storage disorders.
The case of a 7 year old male patient with a

degenerative encephalopathy since birth stands
apart. It represents a second example of an ill-
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Fig. 5 Sandhoff disease. Amyelinic axons are distended by numerous dense pleomorphic
inclusions (degenerating or dystrophic axons). This feature is not specific to gangliosidoses but
is, however, suggestive of it when especially pronounced (see also Dolman et al., 1977) (same
techniques as Fig. 1. Scale= pum).
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A

Fig. 6 Niemann-Pickl disease (type A). A fibroblast is distended by partially washed out
lamellar inclusions (I) (same techniques as Fig. 1. Scale= 1 pm).
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Table 6 Metabolic disorders to be further classified-morphological findings in skin

Diseases Light (LM) and electron (EM) microscopy

Adrenoleucodystrophy LM: in one out of the four cases in which eccrine sweat glands could he examined,
a severe vacuolisation was found in the secretory coils.

EM: electron-lucent vacuoles containing a finely granular material, a few
microvacuoles and some lamellar debris in the eccrine sweat glands (one case).
Spicular, rectilinear, or slightly curved electron-lucent clefts in Schwann cells
around myelinic axons in three cases; minimal but qualitatively similar findings in
three other cases.

Encephalopathy with astrocytic lamellar inclusions LM: no abnormalities.
(Towfighi et al., 1975) EM: first skin and peripheral nerve biopsies negative at age 4 y.

Brain biopsy at age 5 y showed astrocytic lamellar inclusions.
Skin, nerve, and conjunctival biopsies at age 7 y reveal free or membrane-bound
spicular clefts and elongated straight or slightly curved lamellar profiles
(reminiscent of the ones found in the astrocytic inclusions) in exoneurial
fibroblasts, Schwann cells, and endoneurial fibroblasts.

defined brain disorder with lamellar astrocytic ACID MALTASE DEFICIENCY
residual bodies described by Towfighi et al. (1975). In acid maltase deficiency, typical glycogen-filled
Since our first report (Martin et al., 1977a), we vacuoles are found in nearly every cell type; they
have performed new biopsies of skin, conjunctiva, are more numerous and, therefore, easier to dis-
and sural nerve. Lesions, not found in the first cover in younger patients. However, they were
skin and nerve biopsies at ages 3 and 4 years, present in all cases, including adults, as already
were now discovered in every examined tissue; mentioned by Hug et al. (1973). Cultured fibro-
they were most impressive in the sural nerve. blasts from affected infants and children did
Electron-lucent spicular clefts and elongated contain similar vacuoles. In one adult, however,
straight or slightly curved lamellar arrays were none were found as reported by Angelini et al.
found in endo- and exoneurial fibroblasts and in (1972) in three out of six cultures obtained from
Schwann cells, without any evidence of demy- adult patients with acid maltase deficiency.
elination. Some of the inclusions were reminis-
cent of Krabbe's disease, but this diagnosis is Conclusions
ruled out by the normal levels, in cultured fibro-
blasts, of the enzyme galactose-ceramide-p- In most of the cases in Table 1, positive diagnostic
galactosidase, which is defective in Krabbe's information was obtained by skin biopsy. The
disease. Adrenoleucodystrophy still remains a results of this morphological approach were
possibility since the location of the brain biopsy especially valuable in the ceroid-lipofuscinoses for
(at age 5 years) in the frontal lobe is not the best which we do not yet have reproducible and reliable
for diagnosing this condition. However, the enzymatic assays. In other disorders, the careful
clinical features of the patient's disease differ assessment of the distribution and of the ultra-
from those which are fairly specific for adreno- structural features of the lesions, the presence of
leucodystrophy and the exact nosological situation suggestive, if not specific, inclusions permitted an
must await a postmortem study. accurate diagnosis, or at least an adequate classifi-

Table 7 A cid maltase deficiency-morphological findings in skin

Clinicalform Electron microscopy

Infantile Membrane-bound vacuoles filled with ,-glycogen particles in all cell types including
eccrine sweat glands, smooth muscle cells, Schwann cells, fibroblasts etc.
Similar lesions in cultured fibroblasts: morphometric studies show that the glycogen-
filled vacuoles occupy 1.8% of the total cellular volume and 81 % of the volume of
lysosomal vacuoles while the corresponding values approach 0 in three controls.

Childhood Similar lesions in all cell types and in cultured fibroblasts.
Morphometric studies show that the glycogen-filled vacuoles occupy 3.6 to 4.6% of
the total cellular volume and 61-81% of the volume of lysosomal vacuoles.

Juvenile Qualitatively similar lesions but the number of glycogen-filled vacuoles is markedly
decreased. In one case, cultured fibroblasts examined at the first passage did not
contain glycogen-filled vacuoles.

Adult Similar but less numerous vacuoles in all cell types.
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cation of the condition. This diagnosis should, of
course, be confirmed by the appropriate enzymatic
assays.

False positive information can only result from
lack of adequate controls. If false negative reports
cannot be avoided, their number can certainly
be reduced by a thorough screening of semithin
and thin sections.
A skin biopsy offers the possibility of studying

many different cell types though not neurones. The
absence of neurones, if we except the neurosensory
endings occasionally discovered, represents, how-
ever, a minor drawback which is largely com-
pensated for by the ubiquitous character of the
storage phenomenon even in the absence of any
clinically detectable skin alterations.

In association with chemical and enzymatic
assays in the derived fibroblasts, it provides a
simple but unique opportunity to combine mor-
phology and biochemistry to diagnose storage
disorders, eliminating the need for biopsies of
brain, rectal wall, or vermiform appendix. Since
the procedure is benign it can be repeated if
necessary or offered to other affected members of
the family or to siblings at risk.

In most of the cases in which uncultured skin
of heterozygotes for the mutant genes causing the
disorders listed in Table 1 has been studied, no
morphological abnormalities were found. One
probable exception will be Fabry's disease in which
conjunctiva of female carriers shows definite
abnormalities (Libert et al., 1976a).

It has not been our purpose to report system-
atically on cultured fibroblasts but the results have
been much less informative than the direct study
because of volatile morphological culturing
artefacts.
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