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Abstract Electron microscopic observations performed with immunoelectron
microscopy and specific cytochemical stainings play an important role in the diagno-
sis of diseases affecting carbohydrate, lipid, protein, and mineral metabolism. The
characteristic ultrastructural changes in affected cells of metabolic diseases are
summarized as follows: (1) many glycogen granules in glycogenosis type I1; (2)
many glycogen granules in glycogenosis type III; (3) glycogenosomes in glycogenosis
type II; (4) curvilinear tubular structures in Farber’s disease; (5) myelin-like figures
in Niemann-Pick’s disease, and in splenic macrophages with idiopathic throm-
bocytopenic purpura; (6) tubular structures in hemolytic anemia resulting from
overproduction of adenosine deaminase; (7) zebra bodies or membranous cytoplasmic
bodies in Fabry’s disease; (8) vacuoles containing granular and flocculent materials
in Hurler’s syndrome; (9) vacuoles in sialidosis; (10) vacuoles containing granular,
flocculent and myelin-like figures in I-cell disease; (11) membrane-like structures in
glycogenosis type IV; (12) membrane-like structures showing a positive reaction with
Thiery stains for demonstrating carbohydrate materials in Lafora’s disease; (13)
nonbranching fibrils, measuring 7-15 nm in width, in the extracellular space and
rarely in a few cells from systemic amyloidosis and localized amyloidosis (using
immunoelectron microscopy with antibodies to AA, AA, Ax, 82-microglobulin, and
B/A4, we have been able to identify amyloid fibrils in various kinds of amyloidosis);
(14) vacuolar inclusions with limiting membrane varying in diameter from 200-300
um to several um in polyvinyl pyrrolidone thesaurosis; and (15) aurosomes in
patients with Felty’s syndrome who have received gold sodium thiomalate.

Key words: Glycogenosis, Mucopolysaccharidosis, Mucolipidosis, Sphingolipidosis,
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Introduction The classification used is that of Dustin et al.
(Table 1)V. The figures.presented in this
A large number of metabolic diseases, in- article were taken from our personal collec-
cluding those affecting carbohydrate, lipid, tion.
and protein metabolism, have more or less
charateristic ultrastructural cellular changes.
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Table 1. Metabolic and Storage Diseases

I. Abnormal Quantities of Normal Metabolites
1) Glycogenosis type I, I, VI
2) High-density lipoprotein deficiency (Tanger disease)
II. Abnormal Quantities and Abnormal Location of Normal Metabolites

1) Glycogenosis type II
2) Wolman disease

3) Cholesterol ester storage disease

4) Lipofuscin, ceroid and ceroid-lipofuscinoses
5) Iron (hemochromatosis, hemosiderosis)

6) Copper (Wilson-disease)
7) Cystinosis

IMI. Accumulation of Intermediary Metabolites

1) Ceramidosis (Farber disease)

2) a) Sphingomyelinosis (Niemann-Pick disease)

b) Niemann-Pick-like cell in ITP

3) a) Glucosylceramidosis (Gaucher disease)
b) Gaucher-like cell in thalassemia and hemolytic anemia
4) Galactosylceramidosis (Krabbe disease)
5) Metachromatic leukodystrophy (Sulfatidosis)
6) Ceramide trihexosidosis (Fabry disease)

7) Gangliosidosis

8) Mucopolysaccharidosis (Hurler, Hunter, Sunfilippo A, B diseases)
9) Mucolipidosis (Sialidosis, I-cell disease)
IV. Accumulation of Abnormal Metabolites

1) Glycogenosis type IV
2) Lafora disease

a) Basophilic degeneration of the myocardium

b) Corpora amylacea
3) Amyloidosis

V. Accumulation of Exogenous Materials
1) Polyvinyl pyrrolidone (PVP) thesaurosis
2) Hydroxyethyl starch (HES) thesaurosis

3) Thorotrast thesaurosis
4) Gold thesaurosis

(Modification of Dustin’s Classification?)

Materials and Methods

The observations described below are
based on studies of the following tissues:

1. liver obtained at biopsy from a 37-year-
-.0old woman with glycogenosis type I,

2. liver and striated muscle obtained at
biopsy from a 27-year-old man with
glycogenosis type III,

3. striated muscle obtained at biopsy from
a 2-year-old boy with glycogenosis type II,

4, skin obtained from excisional biopsy,
and skin, liver and small intestine obtained
at autopsy from a 2-year-old boy with
Farber’s disease?,

5. liver and spleen from a 6-year-old girl
with Niemann-Pick’s disease (C type),

6. spleen obtained at operation from 15
patients aged 5 to 51 (mean 27.8) with
idiopathic thrombocytopenic purpura
(ITP)*-9,

7. spleen obtained at operation from an
1l1-year-old boy with hemolytic anemia
resulting from overproduction of adenosine
deaminase® and commercialized sphin-
golipids (ceramide with a-hydroxy fatty
acids, ceramide with nonhydroxy fatty
acids, glucocerebroside, sphingomyelin) in-
jected subcutaneously to adult normal ICR
mice®, )

8. heart obtained at operation and kidney,
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liver, spleen, and heart obtained at autopsy

from a 47-year-old man with Fabry’s dis-

ease,
9. peripheral blood from a 5-year-old boy
with Hurler’s syndrome,

10. kidney, spleen, liver, heart, and placental
tissue obtained at autopsy from a 3-month-
old girl and a 20-week sibling fetus with
sialidosis,

11. heart, spleen, liver, kidney, and placental
tissue obtained at autopsy from a l-year-
old boy and two fetuses (20 and 19 weeks
siblings) with I-cell disease”,

12. liver obtained at biopsy from a 3-month-
old girl with glycogenosis type IV and liver
at biopsy, and liver, heart, and spleen at
autopsy from an elder brother (6-month-
old boy) with glycogenosis type IV®?,

13. brain, myocardium and liver obtained at
autopsy from a 20-year-old woman and a
26-year-old man (sibling) with Lafora’s
disease'”, and brains obtained at autopsy
from aged dogs'?,

14. liver, heart and intestine obtained at
biopsy from four patients with AA
amyloidosis, four patients with AL
amyloidosis, and ligaments obtained at
operation from two patients with Ag2M
amyloidosis,

15. intestine obtained at biopsy from a
62-year-old man with localized A2
amyloidosis'?,

16. urinary bladder obtained at biopsy from
three patients with localized AA
amyloidosis,

17. brains obtained at operation from five
patients with amyloid angiopathy and at
autopsy from aged dogs,

18. lymph node from a 32-year-old woman
intravenously injected with a small amount
of polyvinyl pyrrolidone (PVP) after
hysterectomy five years earlier!®,

19. spleens obtained at operation from a
52-year-old man and a 60-year-old woman
with Felty’s syndrome®. They had received
a total of 4.895 and 55 mg of gold sodium
thiomalate, respectively.

For transmission electron microscopy,
small pieces of tissues were fixed in 2.1%
glutaraldehyde with and/or without postfixa-
tion in 1% osmium tetroxide, dehydrated
through a graded series of ethanol solutions,

transferred to propylene oxide, and embed-
ded in Epon 812.

The periodic acid-thiosemicarbazide-silver
proteinate method of Thiery'® was used for
the electron microscope demonstration of
periodate-reactive vicinal glycols. For this
method the grids were placed in 1% aqueous
periodic acid for 30-45 minutes; washed with
water; treated with either 19% thiosemicarb-
azide of 0.2% thiocarbohydrazin in 10%
acetic acid for one hour; washed with several
changes of 10%, 5% and 1% acetic acid;
rinsed in water; placed in 1% aqueous silver
proteinate for 30 minutes in the dark and
washed with water.

For immunoelectron microscopy, plastic-
embedded blocks were used with the follow-
ing immunoperoxidase staining method:
ultrathin sections were pretreated for one
hour with a saturated aqueous solution of
sodium metaperiodate, according to the
method of Bendayan and Zollinger.'® After
washing in 0.01 M phosphate-buffered saline
(PBS), pH 7.4, the tissues were labeled with
colloidal gold as follows: (a) 1 % bovine
serum albumin in PBS for 30 minutes; (b)
antibodies (anti-Lafora body, anti-AA, anti-
AA, anti-AK, anti-82 microglobulin, anti-
B/A4) for four hours; (c) protein A-colloidal
gold complex for one hour. All incubations
were performed at room temperature. After
washing in PBS, rinsing in distilled water,
and drying, the sections were stained with
uranyl acetate and lead citrate, and observed
with Hitachi HS-8, H-300, H-800, and
H-7000 electron microscopes.

Results and Discussion

I, Deposition of Abnormal Quantities of
Normal Metabolites
Glycogenosis  Type
ease) 16,17)

Glycogenosis type I is caused by a defi-
ciency of glucose-6-phosphatase. Patients
with the disorder are characterized by mas-
sive hepatomegaly, failure to thrive, and
severe hypoglycemia, particularly during
infancy. Inheritance is autosomal recessive.
The diagnosis is established by demonstrat-
ing increased contents of glycogen with nor-
mal structure in a liver biopsy and absent

1 (von Gierke’s Dis-
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glucose-6-phosphatase activity.

Light Microscope Findings.

Hepatocytes were enlarged and had abundant
pale cytoplasm. The cytoplasm was strongly
stained with periodic acid-Schiff (PAS).
PAS-positive inclusions were digested by
diastase. In the Glisson sheath, connective
tissue was increased and pseudolobuli were
formed.

Ultrastructural Findings.

In glycogenosis type I, excessive quantities
of a normal metabolite are stored in a normal
location and with a normal ultrastructural
aspect.

We found many glycogen granules located
in the cytoplasm and nucleus (Fig. 1). The
particles of B glycogen granules were spheri-
cal in shape and measured from 20 to 40 nm
in diameter. Hepatocytes also contained lipid
droplets.

Glycogenosis Type NIl (Cori’s Disease)5*®
Glycogenosis type III, known as debrancher
(amylo-1, 6-glucosidase) deficiency, is an
autosomal-recessive disorder similar to
glycogenosis type I, although clinically
more mild. Hepatomegaly may be noted in
infancy and the consequences of hypo-
glycemia may occur.

Light Microscope Findings.

Hepatocytes had clear cytoplasm and exces-
sive deposition of glycogen showing diastase-
sensitive, PAS-positive materials (Fig. 2).
Histochemically, both glucose-6-phosphatase
and acid phosphatase activities were present
in the hepatocytes as they were in the control
cases. Amylo-1, 6-glucosidase activity was,
however, absent in the hepatocytes, although
present in the control livers.

In semi-thin sections, metachromatic mate-
rials showing the compacted and altered
glycogen were seen in the cytoplasm and
nucleus of hepatocytes.

Ultrastructural Findings.

In glycogenosis type III, a normal metabolite
was stored in excessive quantities, in a nor-
mal location and with a normal ultrastructur-
al aspect. Markedly, hepatocytes and stri-
ated muscle cells showed numerous rosettes
of a glycogen granules located in the cyto-
plasm and nucleus (Figs. 3, 4, 5). The
particles of g glycogen granules were spheri-

cal in shape and measured from 20 to 40 nm "
in diameter. The cell organelles were not
affected. No glycogen granules accumulated
in the lysosomes as the glycogenosome, and
a-glucosidase were normal.

The ultrastructural aspect did not differ
qualitatively from that in secondary glycogen
overload, -as seen in diabetes mellitus. The
absence of lysosomal changes is of diagnostic
value. In the hepatocytes of a patient with
glycogenosis type IlI, we found intramito-
chondrial and intranuclear glycogen deposits
in addition to a large amount of accumula-
tions in the main cytoplasmic compartment.

II. Abnormal Quantities and Abnormal Loca-
tion of Normal Metabolites

Glycogenosis Type 11 (Pompe’s Disease)**®
Pompe’s disease, recognized as the first
lysosomal storage disease, is classified
clinically into infantile, juvenile, and adult
types. Deficiency of lysosomal acid «-
glucosidase accounts for a massive accumula-
tion of glycogen virtually in all tissues. It has
been proposed that neutral a-glucosidase
deficiency, most marked in the infantile and
least in the adult form, explains the differing
clinical expressions. The disease, in all
forms, is autosomal recessive.

Diagnosis may also be made on the basis of
tissue biopsy. Typical lysosomal-bound gly-
cogen aggregates are found within various
cells in the skin and conjunctival biopsies.
Light Microscope Findings.

The striated muscle cells had pale or
vacuolar cytoplasm. The pale cytoplasm
contained PAS-positive materials. PAS-
positive inclusions were digested by diastase.

In semi-thin sections, metachromatic mate-
rials showing the compacted and altered
glycogens were sometimes seen in the cyto-
plasm of striated muscle cells.
Ultrastructural Findings.

A large number of glycogen particles were
located within lysosomes, called
glycogenosomes or glycogenolysosomes, in
striated muscle cells (Figs. 6, 7). The gly-
cogen granules were monogranular with a
single particle having a diameter of approxi-
mately 25 nm. A moderate number of glyco-
gen particles were also freely dispersed in the
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. cytoplasm of the myocytes, where they exist-
ed in the morphologically normal monopar-
ticulate or B-form. Most of the cytoplasmic
glycogen was in the rosette form.

Cellular change in Pompe’s disease was
presumed to arise from the rupture of fragile
lysosomes and, indeed, low mitochondrial
enzyme activity is probably a marker of such
organelle damage.
I, Accumulation of Intermediary
Metabolites
Ceramidosis (Farber’s Disease)?

Farber’s lipogranulomatosis is a rare pro-
gressive disorder of lipid metabolism result-
ing from a deficiency of lysosomal acid cer-
amidase and characterized by hoarseness,
painful and swollen joints, periarticular and
subcutaneous nodules, pulmonary infiltra-
tions, and the accumulation of lipids in the
cytoplasm of neurons and certain other cells.
Accumulation of ceramide, deficiency of
lysosomal acid ceramidase, or both have been
demonstrated in affected patients.

Light Microscope Findings.

Subcutaneous nodules on both the lip and
perianal regions had a similar histologic
appearance, including elongation of the rete
ridges, proliferation of the collagen fibers and
capillaries, and scattered spindle- or oval-
shaped cells. These cells had an enlarged
cytoplasm which was positive for colloidal
iron, alcian blue, and PAS prior to diastase
digestion, and showed occasional meta-
chromasia with toluidine blue staining. The
tinctures of various lipid stainings were as
follows: orange red in Sudan III, orange in
Sudan IV, black in Sudan black B, and blue
in Nile blue sulfate. These results indicate
that affected cells contain acid or neutral
polysaccharides and lipid. Typical foamy
cells were rarely seen, and the histochemical
findings were similar to those of spindle- or
oval-shaped cells, except that foamy cells
were stained more weakly for lipid stainings
than were spindle- or oval-shaped ones. Such
granulomas were present in the periarticular
region, larynx, and pericardium.
Ultrastructural Findings.

The spindle-or oval-shaped cells in the sub-
cutaneous nodules—which were considered to
be fibroblasts and macrophages, respective —

Iyhad an enlarged cytoplasm and membrane-
bound intracytoplasmic inclusions containing
flocculent, granular, or fibrillar materials,
with a few curvilinear tubular structures.
These structures were termed “Farber
bodies” and consisted of two electron-dense
lines separated by clear space. The average
diameter of the tubules was 15 nm. Macro-
phages and endothelial cells in the spleen also
had intracytoplasmic inclusions containing
fibrillar materials.

Farber bodies were induced in animals by
injection of ceramides and related sphin-
golipids. Farber bodies were noted in the
cytoplasm of cutaneous macrophages in mice
that received a single dose of ceramide with
a-hydroxy fatty acids, ceramide with nonhy-

droxy fatty acids, glucocerebroside, and
sphingomyelin'®.

Sphingomyelinosis (Niemann-Pick’s Dis-
ease)®?

Sphingomyelin lipidoses are characterized by
accumulation of sphingomyelin (ceramide
phosphoryl choline) in certain organs and
tissues of affected individuals.
Sphingomyelinase deficiency is classified
into three clinical forms as types A, B, and C.
All three types are of autosomal-recessive
inheritance. A sphingomyelin lipidosis occur-
ring in families of Nova Scotian ancestry,
similar to type C but lacking evidence of
sphingomyelinase deficiency, has been called
type D Niemann-Pick’s disease. Adult
patients found incidentally to have a moder-
ate sphingomyelin excess in one or more
organs, but without evidence of familial
involvement, have been considered to have
“type E” Niemann-Pick’s disease. Reports of
sphingomyelinase deficiency in some of these
patients require further confirmation.
Light Microscope Findings.
Multiple-vacuolated foamy cells were typical
of Niemann-Pick’s disease. A large number
of foamy cells were noted in the liver and
spleen. In the liver, hepatocytes also had a
large number of vacuoles. The foamy cell
had a pale or clear cytoplasm, often vacuolat-
ed in appearance, with tinges of yellow or
brown reflecting variable lipofuscin content.
Ultrastructural Findings.
A large number of myelin-like materials were

Ve
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demonstrated in the cytoplasm of Kupffer
cells, hepatocytes (Fig. 8) and macrophages
in the spleen. There were myelin-like inclu-
sions, pleomorphic bodies with dense and
lucent zones, and dense granules, presumably
lipofuscin.

Niemann-Pick-like Cells in Idiopathic Throm-

bocytopenic Purpura®>

Since Landing et al.?® and Saltzstein?? first
reported the occurrence of lipid-containing
histiocytes in the spleens of patients with
idiopathic thrombocytopenic purpura (ITP),
there have been many reports about the
foamy cells in ITP3-52%24),

Light Microscope Findings.

The spleens contained variable numbers of
foamy cells in the medullary cords, occasion-
ally forming small nests. They had pale
cytoplasm with irregular granular and poorly
defined, foamy vacuolation. They had a few
PAS-positive materials, and some of them
stained black with Sudan black B. Occa-
sional foamy cells contained variable
amounts of immunoreactive materials to
anti-human platelet antibody.
Ultrastructural Findings.

Variable numbers of macrophages usually
contained numerous myelin-like materials
varying in size and shape (Fig. 9). The
foamy cells demonstrated on light micro-
scopy were thought to be those containing
numerous myelin-like materials on electron
microscopy. Platelet phagocytosis by cordal
macrophages was frequently encountered,
and morphologic transition between engulfed
platelets and myelin-like materials was read-
ily demonstrated.

Gaucher-like Cells®

Foamy histiocytes that resemble true Gau-
cher cells in many respects have been called
“Gaucher-like cells” or “Gaucher-type cells.”
Since the original description by Sen Gupta et
al. in 1960%®, Gaucher-like cells in the bone
marrow, spleen, and occasionally in the liver
have been reported in different hematologic
disorders, most frequency in chronic
granulocytic leukemia (CGL) and thalas-
semia.

Light Microscope Findings. ‘
A large number of foamy cells were noted i

the red pulp and marginal zone of the spleen.
Most of them formed small nests in the cor-
dal spaces and occasionally in the sinuses.
The foamy cells, measuring on average 20—
50 wum in size, were polygonal, round, or oval
in shape, and the cytoplasm was often pale
and vacuolated. The nucleus was vesicular
and eccentrically located. These foamy cells
were stained reddish purple with PAS after
diastase digestion, blue with alcian blue, and
pale yellow with van Gieson’s stain. There
were a few granular materials in the cyto-
plasm stained with Sudan III and Sudan
black B. Some cells revealed a sea-blue
appearance with May-Giemsa stain. These
foamy cells contained strong acid phos-
phatase and S-glucuronidase activity. Histo-
chemical demonstration of acid phosphatase
activity was the most valuable special stain.
Ultrastructural Findings.

Large macrophages containing numerous
inclusions and a few lysosomes were demon-
strated in the red pulp. The foamy cells in
the semi-thin sections stained with toluidine
blue were estimated to correspond with these
macrophages. The inclusions varied in diam-
eter from 0.5 um to several microns. They
were ovoid, polygonal, or irregular in shape
and mostly surrounded by a single membrane.
These cytoplasmic inclusions were composed
of variable amounts of tubule-like structures
that were measured approximately 7-9 nm in
width. Tubule-like structures were usually
straight and did not branch (Fig. 10). Acid
phosphatase activity was demonstrated in the
cytoplasmic inclusions (Fig. 11), although
the activity varied among the cells. Some
inclusions contained a few dense bodies,
which were intermingled with the tubule-like
structures. Some macrophages with the
tubule-like cytoplasmic inclusions revealed
erythrophagocytosis. Although various
stages of intracellular degradation of engul-
fed erythrocytes were noted, transitions
between the phagocytosed erythrocytes and
tubule-like inclusions were not discernible.

Ceramide trihexosidosis (Fabry’s Disease)?%~2%

Angiokeratoma corporis diffusum univer-
sale or Fabry’s disease was described in 1898
in England by Anderson and in Germany by
Fabry. The disease is a hereditary systemic
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glycolipidosis of sex-linked recessive type
caused by a congenital deficiency of
ceramide-trihexosidase. A detailed ultras-
tructural description of the affected cells
present in Fabry’s disease was reported by
Henry et al. on the kidney biopsy specimen?®.
Light Microscope Findings.

In ordinary histologic sections, various kinds
of vacuoles were observed in muscle cells,
endothelial cells, pericytes, and macrophages.
In osmium tetroxide-fixed sections, the mate-
rials showed dark brown. In frozen sections,
they were sudanophilic, PAS-positive, and
strongly birefringent.

In semi-thin sections, various kinds of
inclusions were demonstrated in the car-
diomyocytes.

Ultrastructural Findings.

The deposits were diverse in fine structural
appearances. In cardiomyocytes and endoth-
elial cells these deposits occupied the central,
perinuclear areas, displacing the contractile
elements toward the periphery (Figs. 12,
13). Some were spherical, rod-shaped and
finger-print-like, while others were fleece-
like, striped, and even amorphous. The basic
components were, however, lamellar myelin-
like structures with a periodicity of about
6 nm (Fig. 14).

By Thiery staining, these lamellae dis-
played a positive reaction with the periodate-
thiosemicarbazide-silver proteinate and
periodate-thiosemicarbazide-osmium tetrox-
ide methods demonstrating carbohydrate
materials ultrastructurally.

Mucopolysaccharidosis®®

The mucopolysaccharidoses comprise a

group of diseases characterized by an
intracellular storage and a urinary excretion
of partially degraded mucopolysaccharides
(glycosaminoglycans). The main clinical
features are dysmorphism (gargoylism) aris-
ing from more or less severe skeletal changes
(dysostosis multiplex), mental retardation of
variable intensity, and signs of visceral
involvement. The increased mucopolysac-
chariduria (most often dermatan-and
heparan-sulfate, alone or in combination)
allows researchers to distinguish clearly
these syndromes from other clinically related

metabolic disorders, such as mucolipidoses,
and oligosaccharidoses.

Hurler’s Syndrome®?

Hurler’s syndrome is the prototype for all
mucopolysaccharide storage diseases. It is a
severe, progressive disorder leading to death,
usually before the age of ten years. Patients
with Hurler’s syndrome are clinically normal
in infancy. Indeed, they may be unusually
large in the first year of life, but thereafter
they progressively deteriorate, both mentally
and physically. The same enzyme, a-L-
iduronidase, is deficient in Hurler’s and
Scheie’s syndromes.

Light Microscope Findings.

Various kinds of vacuoles were noted in the
cytoplasm of lymphocytes in peripheral
blood. The small part of vacuoles were
stained with colloidal iron.

Ultrastructural Findings.

In the lymphocytes of peripheral blood, the
cytoplasm contained a large number of inclu-
sions. The inclusions showed large, electron-
lucent, membrane-limited vacuoles, believed
to be altered lysosomes. Acid phosphatase
reaction demonstrated the lysosomal nature
of the inclusions.

Mucolipidosis

Sialidosis

Mucolipidosis 1 is the least common type of
mucolipidosis. As described by Spranger et
al., it is characterized by Hurler-like facies,
skeletal dysplasia, cherry red macula, pro-
gressive ataxia, myoclonic epilepsy, mental
retardation, and death in childhood?®?. As the
primary defect in the disorder, a decrease in
the activity of neuraminidase was verified by
Killy and Graetz in 1977°?, The disease of
infantile onset in sialidosis was then classi-
fied as sialidosis type II by Loden and
O’Brien in 1979%®. Sialidosis is a rare
genetic condition. Type II sialidosis is char-
acterized by severe psychomotor deficiency,
growth retardation, a coarse facies, chon-
drodystrophy, hepatomegaly, abnormal pig-
mentation and anemia®?. To our knowledge,
less than 30 cases of sialidosis have been
reported in the literature.

Light Microscope Findings.

Various kinds of cells contained cytoplasmic
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vacuoles. The vacuoles were stained blue
with colloidal iron. They were almost com-
pletely digested with sialidase. Some of them
reacted positively with anti-wheat germ agg-
lutinin and anti-calf fetuin. Vacuoles stained
blue with colloidal iron were demonstrated in
the following cells or tissues: macrophages of
generalized organs, sinusoidal lining and
Kupffer cells, hepatocytes, sinus lining cells
(spleen, accessory spleen, adrenal glands,
pituitary gland), capillary endothelial cells,
epithelial cells of glomerular tuft, proximal
tubules, follicular cells in the thyroid gland,
islets of Langerhans, sweat glands, sebaceous
glands, nerve cells in the central nervous
system, peripheral nerves, and syncytiotro-
phoblasts and Hofbauer cells in placental
tissues.

Ultrastructural Findings.

The inclusions in various kinds of cells, such
as hepatocytes (Fig. 15), epithelial cells in
the glomerular tuft (Fig. 16), Kupffer cells,
sinusoidal lining cells, and so on, consisted of
accumulated vacuoles varying in diameter
from 200 to 700 nm. Most of these vacuoles
were clearly delineated by a unit membrane
containing flocculent materials. In some
vacuoles, there were a few dense materials
and myelin-like structures. These vacuoles
were not stained with Thiery’s method.

Peripheral lymphocytes, and syncytiotro-
phoblasts and Hofbauer cells in placenta also
were vacuolated.

Ultrastructural studies of various tissues
(conjunctiva, skin, bone marrow, and liver)
from affected children demonstrated a gener-
alized storage of fibrillogranular material in
lysosomes®®. Jauniaux et al. emphasized that
a storage disorder such as sialic acid storage
disease can be accurately diagnosed by elec-
tron microscopy on chorionic villous speci-
men at nine to ten weeks®®.

I-Cell Disease (Mucolipidosis 11)7

Inclusion-cell (I-cell) disease is transmitted
as an autosomal-recessive disorder character-
ized by a deficiency of multiple lysosomal
hydrolase (N-acetylglucosamine-1-phos-
photransferase), which acts in the degrada-
tion of lipids and mucopolysaccharides and
results in an accumulation of large pleomor-

phic inclusions in a variety of cell types. The
inclusion bodies result from or are caused by
an accumulation of unhydrolysed materials in
the lysosomes. '

Light Microscope Findings.

Lymphocytes had many vacuoles of various
sizes in the cytoplasm. Neutrophils had
vacuoles less frequently than did
lymphocytes. Syncytiotrophoblasts and Hof-
bauer cells in the placental tissue had many
vacuoles measuring 1-15 gm in diameter, but
the cytotrophoblasts did not. Podocytes and
endothelial cells in the glomerulus had many
vacuoles, whereas mesangial and epithelial
cells of the Bowmann’s capsules and renal
tubules had few. The Kupffer cells and the
macrophages of the spleen both had a few
small vacuoles. Some vacuoles were stained
positively with colloidal iron (Fig. 17), PAS,
and alcian blue. A small number of vacuoles
stained positively with Sudan III and Sudan
v,

Ultrastructural Findings.

The intracytoplasmic vacuoles surrounded by
a single membrane contained inclusion bodies
of various sizes (0.4-5.0 um) (Fig. 18).
Syncytiotrophoblasts had a large number of
intracytoplasmic inclusion bodies (Fig. 19) .
Inclusion bodies were 1-5 ym in diameter.
Inclusion bodies in the Hofbauer cells and
fibroblasts were smaller (0.4-0.7 xm) than
those in syncytiotrophoblasts. Most of the
inclusion bodies were electron-lucent, but
some were electron-dense and contained
vesicular, granular, flocculent, or rarely
lamellar structures. Other cells, e. g. endoth-
elial cells had smaller vacuoles containing
only two or three types of inclusion bodies,
such as granular or electron-dense inclusion
bodies.  Acid phosphatase activity was
demonstrated in some vacuoles.

IV. Accumulation of Abnormal Metabolites
Glycogenosis Type IV (Andersen’s Dis-
ease) 8,9,36,37)

Glycogen storage disease type IV is an
extremely rare disorder caused by a reces-
sively inherited deficiency of «-1, 4-glucan-
6-glycosyl transferase, also known as bran-
cher enzyme. Because this disease is a gener-
alized disorder, at autopsy many tissues, but
particularly heart and liver, contain
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amylopectin-like inclusions. The disease is
often diagnosed by liver biopsy.

Light Microscope Findings.

Hepatocytes were enlarged and contained
abundant pale basophilic materials strongly
stained with PAS (Fig. 20). These PAS-
positive inclusions showed various features
such as a spherical or polygonal shape, and
their central cores were diastase-resistant.
The material was immunohistochemically
reacted with anti-Lafora body (anti-LAc)
antibody®”.

In the myocardium, a large amount of
PAS-positive material was seen in the sar-
colemma. The deposits were irregular in
shape and bore clefts.

Ultrastructural Findings.

Irregularly shaped inclusions were seen in the
cytoplasm of hepatocytes (Fig. 21), and
were composed of glycogen rosettes, glyco-
gen granules, membrane-like structures vary-
ing in width from 5 to 15 nm, fine granules,
and crumpled materials. In general, glycogen
rosettes and glycogen granules were situated
in the peripheral areas of the inclusions. In
the central area, large numbers of membrane-
like structures were randomly arranged and
intermingled with the crumpled materials.
No limiting membrane was noted at the
periphery of the inclusions.

The central area of the sarcolemma of
cardiac muscle contained similar inclusions
showing an accumulation of the membrane-
like structures ranging in width from 5 to 15
nm. Glycogen granules and membrane-like
structures were visualized as aggregates of
silver particles by Thiery stain (Fig. 22) .

Lafora’s Disease®®?

Lafora’s disease is a heredofamilial degenera-
tive disorder characterized by seizure,
dementia, and myoclonal attacks. Mor-
phologically, it can be distinguished by the
presence of large PAS-positive intraneural
inclusions which were first described by
Lafora in the central cortex, and are thus
known as “Lafora bodies.” In addition,
abnormal deposits were noted, to a lesser
extent, in the liver, heart, striated muscle,
and skin.

Light Microscope Findings.

Lafora bodies were recognized as various-

sized spheroids which were intensely stained
with PAS and colloidal iron. The deposits
were irregular in shape and often had clefts.
Some parts of the inclusions were strongly
PAS positive (Fig. 23), and others were
weakly positive.

Basophilic inclusions which were thought

to be degenerative products were noted in the
cytoplasm of myocardial cells and he-
patocytes. The deposits were strongly
stained with both PAS and colloidal iron.
Furthermore, Lafora bodies and the baso-
philic inclusions also reacted positively with
anti-LAc antibody (Fig. 24)37.
Ultrastructural Findings.
The large inclusions were often laminated
and consisted of basophilic-staining cores
surrounded by pale zones of radially oriented
membrane-like structures (Figs. 25, 26).
Some of them consisted of a dense, homoge-
neous core and a pale radially striated periph-
ery; others were entirely homogeneous.

The deposits accumulated in the myocar-
dial fibers were not membrane-bound, and
contained fine electron-dense particles, fibril-
lar components and crumpled plates.

By Thiery stain, the membrane-like struc-
tures and associated electron-dense clumps in
both Lafora’s disease (Fig. 27) and
glycogenosis type IV were intensely stained.
The intensity of the staining was almost iden-
tical among Lafora bodies, the inclusions in
the myocardium from Lafora’s disease, and
the inclusions in hepatocytes and myocar-
dium from glycogenosis type IV, Both the
fibrils and the amorphous materials were
seen as aggregates of silver particles.

In immunoelectron microscopy, the
membrane-like structures were specifically
labeled by gold particles, indicating a
reactivity to the anti-LAc antibody. Under
higher magnification it could be seen that the
gold particles lay directly upon these struc-
tures.

Intraneuronal Polyglucosan Bodies in Brains
from Aged Dogs'®

There have been a few reports of polyg-
lucosan bodies (PGBs) present in aged ani-
mals with Lafora’s disease.

Light Microscope Findings.

PGBs were observed in the brains of five
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aged dogs, mainly in the thalamus, mesence-
phalon and cerebellum, neural perikarya, and
cytoplasmic processes. The inclusions
appeared as basophilic round bodies measur-
ing up to 10 xm in diameter and stained with
PAS.

Immunohistochemically, the marginal zone
of the large inclusions was strongly reactive
for the anti-LAc antibody, but the core was
only weakly reactive.

Ultrastructural Findings.

The inclusions were limited to neural proces-
ses with synaptic vesicles. The membrane-
like structures ranged in width from 5 to 20
nm. In addition to the fibrillar components,
accumulated substances often organized into
irregular, crumpled plates.

Immunoelectron Microscope Findings.

The inclusions composed of the membrane-
like structures were specifically labeled with
gold particles, indicating reactivity to the
anti-LAc antibody (Fig. 28) .

Amyloidosis

The deposition of amyloid results from a
pluricausal disturbance of protein metabo-
lism. This substance is characterized by its
staining properties and the principal ones are
its birefringence and dichroism after Congo
red stain and its ultrastructure. Among the
fibril proteins established as being the unique
and morphologically identical components of
all amyloids so far described, proteins related
to the following precursor molecules have
been found which are the basis of the classifi-
cation recently proposed®®: (1) serum
amyloid A protein (AA); (2) immunoglobulin
light chains (AL), A chain more frequently
than x chain; (3) immunoglobulin heavy chain
(AH); (4) transthyretin (ATTR); (5) 82-mi-
croglobulin (AB2M); (6) cystatin C (ACys):
(7) B protein precursor (Ag); (8) procal-
citonin (ACal); (9) scrapie protein (AScr);
(10) gelsolin (AGel); (11) atrial natriuretic
factor (AANF); and (12) Islet amyloid
polypeptide (AIAPP).

Light Microscope Findings.

An amorphous, structureless substance was
deposited in the interstitium of every organ in
various kinds of systemic amyloidosis and of
certain organs in localized amyloidosis. The
substances showed eosinophilic in

hematoxylin-eosin-stained preparations. The
substances exhibited orange-red with Congo
red stain and showed birefringence and di-
chroism under polarized light (Fig. 29).
Ultrastructural Findings?*4®,

Amyloid fibrils of all types have virtually
uniform ultrastructural and biophysical char-
acteristics regardless of various chemical
compositions of their protein subunits. They
were composed of nonbranching, fine fibrils,
measuring approximately 7-15 nm in width
(Fig. 30) . The fibrils were usually arranged
in random orientation and occasionally for-
med bundles.

Amyloid fibrils were seen mainly in the
interstitia of the various organs, including
liver, spleen, kidney, heart, gastrointestinal
tract, thyroid gland, and so on.

Parenchymal cells in each organs, e.g. he-
patocytes and cardiomyocytes, had pressure
atrophy.

Amyloid fibrils of hemodialysis-associated
amyloidosis (AB2M amyloidosis) were
arranged in short curvilinear bundles (Fig.
31)40,

Intracytoplasmic amyloid fibrils were
noted in several cases, mainly in localized
amyloidosis'#*%4%),

Fusiforms to irregular-shaped inclusions,
0.5to 1.0 um wide and 1 to 5 um long,
were noted in the cytoplasm of a plasma cell
(Fig. 32). These inclusions were always
surrounded by a unit membrane bearing
ribosomes on its outer surface, indicating
that it was rough endoplasmic reticulum
(rER) (Fig. 33). The inclusions comprised
tightly packed, regular arrays of fine fibrils
cut in both longitudinal and cross-sections.
The fibrils within the inclusions were always
oriented parallel to the long axis of the inclu-
sions. On cross-section, the distance between
the centers of adjacent fibrils was 20 nm.
Serial sections of the plasma cell with fibrils
in the rER showed no fibrils in other or-
ganelles, including the Golgi apparatus and
lysosomes.

In the immunoelectron microscopic prepa-
rations, the reaction product (gold particles)
to anti-human AL antiserum was always
associated with the extracellular amyloid
deposits.  Numerous gold particles also
labeled the fibrils within the rER of the
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plasma cell (Fig. 34).

Recently, Takahashi et al. reported im-
munoelectron microscope findings in shoul-
der tissue from a patient with Ax and AS2M
amyloidosis. In the immunoelectron micro-
scope Dpreparations with double stainings,
gold particles specifically labeled each Ax

and AB2M amyloid fibrils in the same sec-

tion.*

V. Accumulation of Exogenous Materials'®
Polyvinyl Pyrrolidone Thesaurosis

As polyvinyl pyrrolidone (PVP) widely used
as a plasma expander, markedly deposits in
the organs of the reticuloendothelial system,
it has not been used as a therapeutic drug in
recent years.

Light Microscope Findings.

A large number of foreign-body granulomas
were detected in the subcapsular region in
lymph nodes. Some reticulum cells and
multinuclear giant cells contained vacuolar
inclusions. The inclusions were stained pale
blue with hematoxylin and eosin, orange with
Congo red, and blue with caledon blue.
Vacuolar inclusions were negative with fat
stains.

Ultrastructural Findings.

Different types of vacuolar inclusions were
seen in the cytoplasm of reticulum cells and
giant cells. Vacuolar inclusions surrounded
by a limiting membrane were round or oval in
shape, and they had different electron density
and varied in diameter from 200-300 nm to
several um. Occasionally, they contained
many osmiophilic granules (perhaps lipid),
tubular crystals (probably calcium), and
dense bodies.

Gold Thesaurosis®

The place of gold salts in the treatment of
rheumatoid arthritis was firmly established
in a multicenter, controlled trial in 1960. At
the cellular and subcellular level, gold is
concentrated in the lysosomes of tissue ma-
crophages. Electron microscopy in animals
treated with soluble gold salts shows localiza-
tion of those salts into morphologically dis-
tinct lysosomal bodies which Ghadially et al.
has termed “aurosomes”*%,
Light Microscope Findings.
Blackish brown pigments, which were stained
with Prussian blue, were noted in foamy cells
and macrophages in the spleen. These foamy
cells had strong acid phosphatase activity.
Ultrastructural findings.
Macrophages contained a large number of
myelin-like materials, many dense bodies,
and a few vacuoles. The most characteristic
finding of these cells was the presence of
numerous needle-shaped dense bodies within

the phagolysosomes (Figs. 35, 36). By
X-ray microanalysis, it was shown that these
dense bodies contained gold (Fig. 36) .
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Fig. 1. A large number of glycogen granules are noted in the nucleus of a hepatocyte from a

patient with glycogenosis type 1. X3,000

B TEAT W S Al AN AL b N R e N

Fig. 3. A large number of glycogen granules are demonstrated in the nucleus and cytoplasm of
the hepatocyte from a patient with glycogenosis type III. X 7,000
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Fig. 6. A large number of glycogen granules and several glycogenosomes are contained in the
straited muscle cell from a patient with glycogenosis type II. X 23,000

single membrane. X 70,000
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Fig.‘8. Many myelin-like materials are demonstrated in the cytoplasm of the hepatocyte from
a patient with Niemann-Pick’s disease. X 11,000
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Fig. 9. A large number of myelin-like materials are noted in the splenic macrophage from

a patient with idiopathic thrombocytopenic purpura. X12,000
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Fig. 10. A large number of tubule-like structures are noted in the cytoplasmic inclusion of
splenic macrophage from a patient with hemolytic anemia due to overproduction of
adenosine deaminase. X52,000
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atase activity is demonstrated in the intracytoplasmic inclusion of the
splenic macrophages from same patient in Fig. 10. X54,000
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Fig. 12. Various kinds of myelin-like structures are noted in the cytoplasm of the cardiomyocyte
from a patient with Fabry’s disease. X 7,000
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Fig. 13. Myelin-like structures occupy in the cytoplasm of an endothelial cell in the myocar-
dium from the same patient in Fig. 12. X9,000
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Fig. 14A. The intracytoplasmic inclusion in the cardiomyocyte from the same patient in
Figs. 12 and 13 shows rod shaped and finger-print-like structures. X 46,000
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with a periodicity of about 6nm. X 71,000
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Fig. 15. Intracytoplasmic vacuoles with a few flocculent materials are noted in the
hepatocyte from a patient with sialidosis. X 11,000

16. Many vacuoles are shown in the cytoplasm of epithelial cells of glomerular tuft
from a fetus with sialidosis. X 3,000



134 Ishihara et al.

5 I8
Fig. 18. The intracytoplasmic vacuoles surrounded by a single membrane are contained in the
cells of glomerular tuft from a fetus with I-cell disease. X5,000
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Fig. 19. The inclusion bodies are demonstrated in syncytiotrophoblasts, but not in cytotropho-
blasts from the same patient in Fig. 18. X 4,000
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Fig. 21. The intracytoplasmic inclusions composed of membrane-like structures and glycogen
granules are noted in the hepatocytes from a patient with glycogenosis type IV.
% 30,000

S ~ ? 3 Y8 . 3
PO I LR : n : :

Fig. 22. Glycogen granules and membrane-like structures are visualized as aggregates of silver
particles. Thiery stain. X21,000
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Fig. 27. The membrane-like structures are intensely stained by Thiery staining. Thiery
stain. X 9,500
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Fig. 28. The membrane-like structures of polyglucosan body in the brain from aged dog are
specifically labeled wiht gold particles indicating reactive to the anti-Lafora body

antibody. Immunoelectrron microscopy. X 57,000
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Fig. 30. Amyloid fibrils are nonbranching, fine fibrils, measuring approximately 10 nm in
width. X 85,000
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Fig. 31. Amyloid fibrils of hemodialysis associated amyloidosis (AB2M amyloidosis) are
arranged in short curvilinear bundles. The fibrils react to anti-8, microglobulin
antiserum. Immunoelecctron microscopy. X 53,000
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Fig. 32. Fusiform to irregular-shaped inclusions, 0.5 to 1 gm wide and 1 to 5 um long, are
noted in the cytoplasm of the plasma cell from a patient with A1 localized
amyloidosis. X 21,000
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Fig. 33. Regular arrays of fine fibrils are noted in the rough endoplasmic reticulum of the
plasma cell from same patient in Fig. 32. X70,000
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Fig. 34. The fibrils within the rough endoplasmic reticulum of the plasma cell are labeled with
gold particles to anti-human AA antiserum. Immunoelectron microscopy. X 35,000
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Fig. 35. A large number of myelin-like material and many dense bodies are contained in the
macrophage from a patient with Felty syndrome recieved gold salts. X 7,000
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Fig. 36.

Several needle-shaped dense bodies are noted in the phagosomes of a macrophage.
X 37,000 Inset: By x-ray microanalysis, needle-shaped dense bodies contain gold.
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Fig. 2. PAS-positive materials (arrows) are  Fig. 17. Inclusions in the epithelial cells of

shown in the nuclei of hepatocytes glomerular tuft from a patient with

from a patient with glycogenosis type L-cell disease are stained positively

IMI. PAS stain. with colloidal iron. Colloidal iron
stain.
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Fig. 20. PAS-positive inclusions showing dia- Fig. 23. Large PAS-positive intraneural inclu-
stase resistant occupy through the sions known as Lafora body are
cytoplasm of hepatocytes from a demonstrated in the brain from a
patient with glycogenosis type IV. patient with Lafora’s disease. PAS
PAS stain. stain.
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Fig. 24. Intracytoplasmic inclusions in the Fig. 29. Congo red positive materials show
hepatocytes from a patient with birefringence and dichroism under
Lafora’s disease are strongly reactive polarized light.

with anti-Lafora body antibody.





