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SYNOPSIS The morphological changes in a patient with a generalized storage disease characterized
by the intracellular deposition of neutral lipid are described. There is widespread accumulation of
lipid in the cytoplasm of many cells and in occasional nuclei. Diagnosis may be facilitated by the
recognition of clear vacuoles in the cytoplasm of granulocytes in blood films. In jejunal biopsies
vacuolation of the epithelial cells may simulate the appearances of a-betalipoproteinaemia.
The lipid inclusions consist largely of normal triglycerides and are free in the cytoplasm, unasso-

ciated with any organelle. The biochemical basis of the lesions is uncertain. Although there are

lipoprotein abnormalities the primary defect appears to be intrinsic to the cell and may involve
either a defective cytoplasmic lipase or an impaired uptake and utilization of fatty acids by mito-
chondria.

Lipid storage diseases characterized by deposition
of neutral lipids in the tissues are rare. Such lesions
may contain cholesterol and its esters, triglycerides
or mixtures of both. Wolman's disease and choles-
teryl ester storage disease are characterized by the
widespread deposition of neutral cholesteryl esters.
In Wolman's disease there may be in addition an
excess of triglycerides. More localized deposits of
neutral lipid have been described in a number of
reports: myopathies may be associated with abnor-
mal lipid accumulation in muscle fibres (Bradley et
al, 1972; Engel et al, 1970; Engel and Siekert, 1972).
Jordans (1953) described two brothers with pro-
gressive muscular dystrophy whose leucocytes and
monocytes contained large neutral lipid vacuoles. A
similar anomaly of white cells was subsequently
described in two sisters with ichthyosis but without
myopathy (Rosenazajn et al, 1966).

This report describes the morphological features
in a patient who showed lipid vacuolation of white
cells, ichthyosis, and myopathic changes in association
with a generalized neutral lipid storage. The clinical
aspects of this patient have been described elsewhere
(Chanarin et al, 1975).

Case Report

Miss G.D., a Ugandan Asian immigrant aged 22

Received for publication 24 February 1975.

years, presented with an itchy skin lesion which had
been present since birth. She complained also of
menorrhagia but had no other symptoms and coped
satisfactorily with heavy work in a laundry. Her diet
was largely vegetarian but supplemented by some
daily milk and occasional eggs. Her parents were not
consanguineous. There was no family history of
death in infancy or neonatal period. Examination
showed a plump, healthy girl of normal intelligence
withan ichthyosiform rash most marked on the limbs
and abdomen. No other abnormality was found.
There was no evidence of retinitis pigmentosa. The
tonsils were not enlarged and were of normal colour.
The blood count showed an iron deficiency

(Hb 8-2 g/dl) which responded fully to oral ferrous
sulphate therapy. The blood film showed hypo-
chromia of red cells; acanthocytes were not present.
Multiple vacuoles were seen in the cytoplasm of
neutrophil (fig 1), eosinophil, and basophil poly-
morphs and in monocytes but not in lymphocytes or
red cells. They were of 1-2 ,um in diameter and took
up fat stains such as oil red 0. Unlike sequestrene
changes they were present in cells of blood films
prepared from fresh blood samples as well as in
motile leucocytes in wet preparations. Nuclear
changes characteristic of a sequestrene effect were
not seen.

CLINICAL INVESTIGATIONS
A chest radiograph and electrocardiogram were

701



Gerard Slavin, E. J. Wills, Joan E. Richmond, I. Chanarin, T. Andrews, and Gregory Stewart

Fig 1 Granulocyte in peripheral blood showing
cytoplasmic lipid vacuoles. (May-Grunwald-Giemsa
x 2500)

normal. An electroencephalogram showed minor
changes in frontotemporal and temporoparietal
areas suggesting diffuse cortical abnormality.
Electromyography revealed, on voluntary contrac-
tion, a pattern of small markedly polyphasic units
consistent with a neuromyopathy.

Explanation of the possible widespread nature of
the disorder was made to the patient, and her
consent to further investigation was obtained.

Material and Methods

LIGHT MICROSCOPY
Tissues were obtained by biopsy from bone marrow,
jejunum, stomach, rectum, liver, endometrium,
vastus lateralis muscle, and skin. All tissues were
paraffin embedded, and, in addition, with the
exception of the jejunal biopsy, cryostat sections
were examined by standard procedures for the
histochemical analysis of lipid (Chayen et al, 1969).
Muscle fibres were typed using the ATPase reaction
(Padykula and Herman, 1955).

ELECTRON MICROSCOPY
Peripheral blood buffy coat specimens prepared by
the method of Anderson (1965), small bone marrow
fragments, 0-5-1 mm3 blocks from stomach, rectum,
skin, and liver biopsy specimens, and monolayers of
cultured skin fibroblasts were fixed in chilled caco-
dylate buffered 2-5% glutaraldehyde (Sabatini et al,
1963), washed in sucrose-cacodylate solution, and
postfixed in 1% osmium tetroxide in phosphate
buffer (Millonig, 1961). Duplicate buffy coat and
bone marrow samples were also fixed by the com-
bined glutaraldehyde-osmium tetroxide technique of
Hirsch and Fedorko (1968). All specimens were
dehydrated in a graded series of ethanol solutions
and embedded in Epikote 812, essentially as des-

cribed by Luft (1961). One ,um sections were stained
with 1% toluidine blue in 1% aqueous borax solu-
tion for light microscopy. Ultrathin sections for
electron microscopy were contrast stained with
alcoholic uranyl acetate (Watson, 1958) followed by
lead citrate (Reynolds, 1963).

Results

LIGHT MICROSCOPY
In the sternal marrow lipid vacuoles were present
in the granulocyte series, in monocytes but not in
erythroblasts or megakaryocytes. Vacuoles were
absent from lymphoblasts, relatively small and often
solitary in promyelocytes, but more prominent in
myelocytes and particularly so in metamyelocytes.
The jejunal mucosa showed a striking vacuolation

of the columnar epithelial cells beginning about
one-sixth of the way up the villus and increasing
until maximal in cells at the tip (figs 2 and 3). Within
an individual cell multiple vacuoles were dispersed
throughout the cytoplasm. Paneth cells and goblet
cells contained only sparse small vacuoles. In the
lamina propria, scanty foamy macrophages were
found.

Lipid deposition was present in the glandular
cells from the body of the stomach (fig 4) but was
lacking in the mucus-secreting cells of the surface
epithelium and gastric pits. Similar vacuolation of
epithelial cells was found in the rectal mucosa, most
marked in subnuclear distribution (fig 5). Foamy
macrophages and vacuolated plasma cells were
prominent in the lamina propria (fig 5). Free lipid
in the lamina propria was particularly well marked.

Liver parenchymal cells showed a fine fatty
vacuolation together with larger fat cysts. Foamy
macrophages were seen in the sinusoids, and Kupffer
cells were enlarged and contained lipid droplets
(fig 6). There was mild portal fibrosis with the forma-
tion of short spurs but no evidence of cirrhosis.

Endometrial curettings were of early secretory
pattern but with heavy lipid deposition in the
stromal cells.
Prominent lipid droplets were seen in the vastus

lateralis muscle (fig 7) in both fibre types but were
more prominent in type I fibres. There was a type I
fibre predominance and type II fibre atrophy.
The skin biopsy showed an ichthyosiform reaction

which did not conform to any of the classical forms
of ichthyosis. There was hyperkeratosis with focal
parakeratosis and spongiosis. In the upper dermis
there was mild perivascular chronic inflammatory
infiltrate. Lipid was present in the keratinizing zone
but it was not certain whether this was out of
proportion to the large excess of keratin. However,
there was a marked lipid vacuolation of the cells
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Fig 4

Fig 2 Jejunal villi with vacuolation of columnar
epithelial cells increasing in amount towards the tip.
(Periodic acid Schiff x 280)

Fig 3 Detail of epithelial cells at tip of villus showing
cytoplasm reduced to a network of vacuoles.
(Haematoxylin and eosin x 800)

Fig 4 Cells ofgastric glands distorted by cytoplasmic
lipid deposition. (H and E x 680)

*. a

Fig 3

703



704 Gerard Slavin, E. J. Wills, Joan E. Richmond, L Chanarin, T. Andrews, and Gregory Stewart

Fig 5 Fig 6

Fig 5 Rectal mucosa with subnuclear lipid deposits
maximal in surface epithelium. Note the vacuolation of
cells in lamina propria (arrows). (I jim epoxy section,
toluidine blue x 360)

Fig 6 Liver showing marked lipid accumulation in both
parenchymal and sinusoidal cells. (I ,um epoxy section,
toluidine blue x 920)

Fig 7 Striated muscle with an excess of cytoplasmic
lipid droplets. (Frozen section, oil red 0 x 280)

Fig 7
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in the stratum basale and also of very minor degree
in the prickle cell layers.

LIPID HISTOCHEMISTRY
The vacuoles had strong oil red 0 affinity (fig 7);
they were PAS negative but stained red with Nile
blue sulphate. Baker's method for phospholipids was
negative. Very scanty crystals consistent with choles-
teryl esters were present in occasional epithelial
vacuoles in liver and rectum when examined by
polarized light. These were more prominent in the
lamina propria of the rectum. The Schultz test for
cholesterol was weakly positive in the rectal mucosa.
It was concluded that the lipids present in the tissues
were neutral fat, largely triglyceride but with a very
minor component of cholesteryl esters.

CHROMOSOME ANALYSIS

Peripheral blood lymphocytes showed a normal
female karyotype with no evidence of mosaicism.

ELECTRON MICROSCOPY

Electron microscopy confirmed the histological
distribution of lipid and showed that it was present
in a wide variety of cell types. In peripheral blood
and sternal marrow (fig 8), in addition to those cells
already listed, lipid droplets were seen in erythro-
blasts, reticulocytes, and occasional lymphocytes.

Surface epithelial cells of the stomach and rectum
contained small to medium sized lipid deposits in
the subnuclear region of their cytoplasm. In both
tissues there was a progressive increase in the number
of droplets per cell from the bottom to the luminal
surface of the pits or crypts. Similar lipid droplets
were seen in the associated goblet cells and argen-
taffin cells.

Lipid deposits were observed in cells of all layers
of the epidermis but were most prominent in the
stratum basale (fig 9). Melanocytes contained
small amounts of lipid, in both their cell bodies and
cytoplasmic processes (fig 9).

Within the lamina propria of the stomach and
rectum and the dermis of the skin lipid was present
in many types of connective tissue cells; these
included plasma cells, mast cells, macrophages,
fibroblasts, Schwann cells of both myelinated and
unmyelinated nerves, smooth muscle cells of the
muscularis mucosae (fig 10), vascular media and
arrector pili, and occasional vascular endothelial
cells.

In the liver, in addition to the large number of
droplets within the cytoplasm, lipid was also seen
in occasional parenchymal cell nuclei. Lipofuscin
was increased and many mitochondria contained
crystalline inclusions.

Almost all the cultured fibroblasts examined

contained large numbers of lipid droplets in their
cytoplasm (fig 11), and there were occasional
nuclear lipid inclusions.

In all instances the lipid within the cytoplasmic
matrix took the form of typical triglyceride droplets
without a limiting membrane (fig 12). Lipid was not
observed in any of the membrane-bound organelles,
nor was there any evidence of endocytic uptake or
lysosomal breakdown. In the liver, lipid droplets
were sometimes partially surrounded by mitochon-
dria.

BIOCHEMISTRY

Biochemical abnormalities revealed by clinical
studies were described previously (Chanarin et al,
1975) and are summarized in the table. The neutral
triglyceride content of peripheral blood granulocytes
was two to three times greater than normal with no
abnormal fatty acids or excessive accumulation of
cholesterol or nonesterified fatty acids (NEFA).
There was marked elevation of the B-peptide in
low density lipoprotein and reduction of the A-
peptide in high density lipoprotein profile deter-
mined by nephelometry.
A needle biopsy specimen of abdominal sub-

cutaneous fat showed normal basal rates of lipo-
genesis and lipolysis in vitro as measured by incor-
poration of 14C-glucose into lipid and release of
glycerol respectively. Skin fibroblasts in vitro
accumulated lipid progressively with increasing age
in culture. Incorporation of palmitate 1-14C into
triglyceride and its retention in stored lipid was much
greater than normal, but metabolism to 14CO2
was only 25 % of the rate observed in normal
fibroblasts. Addition of L-carnitine to the culture
did not modify these abnormalities, and the plasma
level of carnitine was normal.
Serum aspartate transaminase and creatine phos-

phokinase were elevated but urinalysis was normal
and myoglobinuria was not demonstrated. Granu-
locyte acid lipase activity was normal and total
serum bile acids were not significantly elevated.

Fasting Plasma Lipids GD Normal Values

Cholesterol (mmol/l) 3-9 4-0-7 5
Free fatty acid (umol/l) 480 300-700
Triglyceride (g/l) 0-51 0-3-1-8
Lipoprotein L-particle (g/l) 0-04 0 -0-28
Lipoprotein M-particle (gIl) 1-65 0-1-2-4
Lipoprotein S*-particle (g/l) 2-76 234-5-5
*,B Lipoprotein abnormal:

Cholesterol/triglyceride ratio 1-8 >3
B-Peptide elevated

Plasma carnitine (mmol/l) 0-35 0-324-0356

Table Biochemistry: fasting plasma lipid values
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24~~~~~~~~~A

{.<~~~~~~~~~~~~~~~~~W%,,~~~~Fig 8 Eosinophil myelocyte
containing a single lipid droplet.
Bone marrow. (x 7500)

Fig 9 Skin at junction between dermis (d) and epidermis. Lipid is seen in cells of the malpighian layer and in
melanocytes (arrows). ( x 6500)
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Fig 11

Fig 10 Lipid droplets within a smooth muscle cell of
rectal muscularis mucosae. ( x 8500)

Fig 11 Portion ofa culturedfibroblast containing large
amounts of lipid. (x 18 000)

Fig 12 Detail of lipid droplet in bone marrow myelocyte.
(x 40000)

Fig 12
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INTRACELLULAR METABOLISM OF TR IGLYCER IDES

Lysosomal acid lipase
Cytoplasmic lipases

Non-esterified
fatty acids (NEFA)

1-carnitine

Carnitine-acetyl transferase

MITOCHONDR ION
Fig 13 Intracellular metabolism of triglycerides

Discussion

Excess intracellular accumulation of triglycerides is
a common finding in organs subject to metabolic
insult. By contrast, inborn errors of metabolism
characterized by neutral lipid deposition are rare
(Sloan and Fredrickson, 1972) though local lipid
excess has been reported with various clinical
syndromes. Lipid vacuolation of white cells occurs
in association with muscle disease (Jordans, 1953;
Markesbery et al, 1974), and similar vacuolation of
white cells was seen in two sisters with ichthyosis
(Rosenazajn et al, 1966). Myopathy has been
described with marked lipid deposition in muscle
(Bradley et al, 1972; Engel et al, 1970; Engel and
Siekert, 1972). The present case is of interest
because each of these features is seen in a single
patient, and in addition thereis triglyceride deposition
in cells of many types.
The association of ichthyosis with a defect of tri-

glyceride metabolism is noteworthy because lipids
play an important role in normal keratinization.
Abnormal accumulations of crystalline phospho-
lipids and cholesterol have been described in the

keratin layer of ichthyotic skin (Nicolaides, 1964).
The excess lipid deposition in the keratin layers of
this patient may merely reflect an hyperkeratosis but
the lipid in the basal cells of the skin is abnormal.
The lesions are not typical of other generalized

neutral lipid storage diseases. There is no significant
storage of cholesterol or its esters as in cholesteryl
ester storage disease and cerebrotendinous xantho-
matosis, and the serum bile acids are within normal
limits (Sloan and Fredrickson, 1972). Wolman's
disease, an inherited defect of lysosomal enzymes
usually fatal in infancy, may be characterized by
deposition of triglyceride as well as cholesterol. An
incomplete form of Wolman's disease might account
for the features seen but the normal leucocyte acid
lipase activity makes this unlikely. Moreover, in
Wolman's disease the excess lipid is stored in the
lysosomes (Sloan and Fredrickson, 1972) but in this
patient the excess triglyceride is free in cytoplasm
unassociated with any organelles.

Histological examination of the jejunal mucosa
shows vacuolation of the columnar absorptive cells
and resembles a-betalipoproteinaemia. In contrast
there is also vacuolation of Paneth cells and of cells

Triglycerides

Fatty acyl-Co A
A

K
Acetyl-Co A

-
I
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in the lamina propria together with the widespread
nature of the lesion in many organs. The fasting
serum lipoproteins in this patient are quantitatively
within the normal range but there is a relative excess
of triglyceride in the betalipoprotein fraction with
an abnormal triglyceride:cholesterol ratio. There is
also a marked increase in the B-peptide of the
apoprotein fraction. No clinical stigmata associated
with lipoprotein anomalies are seen, and it is unlikely
that these lipoprotein changes play a primary r6le
in the genesis of the tissue lesions. The defect appears
to be an intrinsic feature since cultured skin fibro-
blasts still show abnormal lipid accumulations
when subcultured in medium containing normal
lipoproteins.

Striated muscle fibres normally contain some
cytoplasmic lipid droplets (Prineus and Ng, 1967)
which probably represent an energy store for the
fibres. Non-specific lipid increase is often found in
degenerating fibres (Reznik and Hansen, 1969) and
is seen in a variety of diseases (Harriman and Reed,
1970). Lipid accumulation has been reported in
association with severe myopathy (Bradley et al,
1972; Engel et al, 1970; Engel and Siekert, 1972)
but in none of these instances was there any evidence
of a generalized defect of lipid metabolism producing
lesions other than in striated muscles. Engel and
Angelini (1973) and Markesbery et al (1974) des-
cribed patients with a lipid myopathy in association
with carnitine deficiency; in the latter case lipid
vacuoles were noted in granulocytes and Schwann
cells.
The precise nature of the biochemical deficit in

the present patient has not yet been elucidated. The
pathways of intracellular lipid metabolism are out-
lined (fig 13). Carnitine deficiency, leading to
impaired transport of fatty acids into mitochondria,
is an attractive concept in this patient because she
is a vegetarian obtaining little or no carnitine from
her diet; this is not supported by the presence
of normal plasma carnitine levels nor by the lack of
effect when L-carnitine is added to fibroblasts in
vitro.
Lysosomal and cytoplasmic lipases and the fatty

acyl-carnitine transfetase systems are important in
the mobilization and transport of long and short
chain fatty acids into mitochondria. Preliminary
studies indicate that the biochemical lesion may
involve either a defect of these activities or impair-
ment of fatty acid oxidation by mitochondria
leading to the lipid deposition.

Our thanks are due to Dr Barry Lewis for the
chemical analysis of the :-lipoprotein anomalies, to
Dr P. K. Tubbs for the plasma carnitine levels, and

to Dr D. Patrick for the leucocyte acid lipase estima-
tions. Mrs Ruth White kindly typed the manuscript.
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