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Preface

Ten years have elapsed since the appearance of the first
edition of this book, and since then a number of ad-
vances have been made in the field of diagnostic pathol-
ogy. New and improved techniques have contributed
to our diagnostic armamentarium and to our general
understanding of various disease processes. In the field
of neoplasia, immunohistochemistry has become a rou-
tine procedure in most departments of pathology. Flow
cytometry has become an efficient technique for meas-
uring ploidy, and molecular biological methods such as
DNA and RNA hybridization and polymerase chain re-
action (PCR) have made it possible to identify specific
genetic markers for various hereditary, neoplastic, and
infectious diseases. The importance of these innova-
tions in pathology is duly recognized, but, at the same
time, they have limitations, and traditional morpho-
logical studies still comprise the backbone of the
pathologist’s work. In this latter group of studies we in-
clude electron microscopy, which has continued to be
used selectively in diagnostic workups of neoplastic, re-
nal, neuromuscular, infectious, hereditary, and meta-
bolic diseases. In our own experience, electron micro-
scopy has been especially valuable in complementing
immunohistochemistry or in superseding immunohis-
tochemistry when the latter is equivocal or nonspecific.

Aside from the practical application to diagnostic
work, electron microscopy has been a valuable tool for
educating residents and staff. It reveals cells and tissues
at very high magnification, making cell surfaces and in-
teriors visible beyond the limits of light microscopy, a
seemingly important experience in the study of normal
and diseased states. The omission of this basic mor-
phological step in the training and continuing educa-
tion of pathologists would be, in our opinion, a serious
deficiency.

In this second edition, we have retained the style and
core components of the first edition but have updated
the text and bibliography, added new topics, and re-
placed and supplemented photographs appropriately.
The result has been a larger book and, we hope, one of
broader applicability.

G. Richard Dickersin, M.D.
Boston, Massachusetts
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1
Normal Cell

Ultrastructure and
Function

Cells comprise various subunits, the types and arrange-
ment of which depend on the stages and direction of
differentiation. Although a morphologic and functional
diversity exists among various cell types, there is also a
certain consistency that all cells share (Figure 1.1).

The cell is enclosed by a membrane (plasmalemma)
and has two main compartments, the nucleus and cyto-
plasm, which are separated by the nuclear envelope.
Membranes also enclose some of the substructures of
the cell, serving as mechanical barriers for metabolic
units as well as having a specialized molecular compo-
sition and function of their own. The living substance
composing the nucleus and cytoplasm is called the pro-
toplasm; more specifically, the protoplasm of the nu-
cleus is referred to as the nucleoplasm (or karyoplasm),
and that of the remainder of the cell as the cytoplasm.
The nucleus and cytoplasm contain substructures des-
ignated as organelles and inclusions. Organelles are liv-
ing, metabolically active structures, whereas inclusions
are stored or transient products of metabolism, such as
lipid, glycogen, and pigment deposits. The cytoplasm
also contains a cytoskeleton consisting of filaments and
microtubules that contribute to the shape and contrac-
tility of the cell and to the arrangement of organelles.

Cytoplasmic Organelles

The organelles are surrounded by a selectively perme-
able membrane and separated by a cell sap (hyaloplasm
or cytosol). Numerous chemical reactions and inter-
changes occur constantly at the membrane interfaces
between the cell sap and the organelles. Organelles are
dynamic structures, changing their size, shape, and 
position in the cell and, in some cases, duplicating
themselves.

Ribosomes. Ribosomes are small (15–30 nm), bilobed
(round or oval at low magnification) bodies that are 
distributed free and attached to membranes of rough
endoplasmic reticulum (RER). In both locations, they
occur singly (monoribosomes) and in clusters (polyri-
bosomes or polysomes). They are composed of ribonu-
cleic acid and have the metabolic function of synthe-
sizing polypeptides and proteins from amino acids. The
sequencing of amino acids is controlled by molecules of
messenger ribonucleic acid (mRNA), transported from
the nucleus. The proteins formed by the free ribosomes
remain in the cell sap, and the polypeptides formed by
the attached ribosomes penetrate into the channels of
RER. Cells that secrete large amounts of protein have a
high percentage of their ribosomes in the attached form,
whereas cells that manufacture protein for rapid growth
or metabolism, as in embryos and malignant neoplasms,
have a high proportion of their ribosomes in the free
form.
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Rough endoplasmic reticulum. This organelle consists
of a system of membrane-bound tubules and flattened
sacs (cisternae), in which polypeptides received from
the attached ribosomes are further synthesized into pro-
teins. The proteins are then packaged into small vesi-

cles and pass along the channels of RER to the Golgi 
apparatus.

Smooth (agranular) endoplasmic reticulum. This is a net-
work of closely arranged tubules devoid of ribosomes
on its limiting membranes, and it may or may not be in
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Figure 1.1. Diagram of a cell.
N = Nucleus
n = Nucleolus
NP = Nuclear pore
V = Villi
Ci = Cilium
BB = Basal body
Ca = Canaliculus
BL = Basal lamina
JC = Junctional complex

t = tight junction
i = intermediate junction
d = desmosome

Ce = Centrioles
G = Golgi apparatus
M = Mitochondria
RER = Rough endoplasmic reticulum
R = Ribosomes
SER = Smooth endoplasmic reticulum
LY = Lysosomes
S = Secretory granules
Gl = Glycogen granules
Li = Lipid vacuoles
F = Filaments
T = Microtubules



continuity with the RER. Its function varies from one
cell type to another, but important roles include the syn-
thesis of steroid hormones (e.g., adrenal cortex), lipid
transport (intestinal epithelium), lipid and cholesterol
metabolism (liver), and detoxification of lipid-soluble
chemicals (liver).

Golgi apparatus. The Golgi apparatus consists of a
group of side-by-side, fenestrated cisternae and many
adjacent, small vesicles. The cisternae usually are
curved, and the vesicles at their convex or forming face
are transitional, being derived from the RER and then
incorporated into the cisternae of the Golgi apparatus.
The vesicles fuse into and bud off successive cisternae
from the convex face to the concave or maturing face.
The terminal cisternae of the maturing face are highly
fenestrated and form the trans-Golgi network. While
traversing the Golgi, the protein is modified (e.g., by the
addition of a carbohydrate moiety) and concentrated,
and vesicles are formed at the maturing face by seg-
mentation of cisternae into secretory granules and pri-
mary lysosomes. In addition to its role in the secretory
process, the Golgi apparatus is also involved in the re-
cycling and transportation of membranes of organelles
and plasmalemmas.

Mitochondria. Mitochondria usually are rod-shaped,
2–8 �m � 0.2–0.8 �m, but they can change their shape
into short or long forms and from straight to curved
ones. They are enclosed by a double membrane; the
outer one is the usual trilaminar type, and the inner
membrane has numerous infoldings called cristae. The
cristae provide additional membranous surface area
across which chemical transfers can take place. The mor-
phologic and functional specialization of the inner mem-
brane differs from that of the outer membrane. Between
the cristae is matrix, which contains granules, ribo-
somes, strands of deoxyribonucleic acid (DNA), and en-
zymes. Mitochondria are mobile within the cytoplasm
and may be either diffusely dispersed or concentrated
in one region where their energy production is needed.
They have a life cycle and self-duplicate by binary fis-
sion. The main function of mitochondria is to produce
energy for the cell. They are the power source of the cell
and contain the necessary enzymes for oxidative phos-
phorylation and cellular respiration as well as those
used in the synthesis of fat and protein (for example,
adenosine triphosphate and Krebs cycle enzymes).

Lysosomes. Primary lysosomes are round, oval, and
irregularly shaped, membrane-bound structures,
0.25–0.5 �m in diameter, that are formed in the Golgi
apparatus. They contain hydrolytic enzymes (for ex-
ample, peroxidase and acid phosphatase) that are used
in intra- and extracellular digestive reactions, both in
pathologic and physiologic conditions. An example of
lysosomal action under physiologic conditions is the
engulfing and digesting of metabolic breakdown prod-

ucts of the cell itself, such as particles of mitochondria,
endoplasmic reticulum, and other organelles. This
process is known as autophagy or autophagocytosis,
and it contrasts with heterophagy or heterophagocy-
tosis, which is lysosomal digestion of solid substances
taken into the cell from the extracellular environment.
A lysosome engaged in autophagy or heterophagy is
termed a secondary lysosome. Secondary lysosomes
that contain undigested material such as certain lipid
and membranes are called residual bodies. Lipofuscin
(wear and tear pigment) is a common example of a sub-
stance that normally accumulates in cells in this man-
ner. Some of these indigestible materials may be elim-
inated from the cell by the lysosomes transporting it to
the cell surface and extruding it through the plas-
malemma. The process of releasing cell products, in-
cluding small vesicles and secretory granules, into the
extracellular space is known as exocytosis. Pinocytosis
is similar to heterophagocytosis except that the parti-
cles taken into the cells are much smaller and consist
of droplets of fluid and solutes. Endocytosis encom-
passes both phagocytosis and pinocytosis. In both
cases, the ingesting vacuoles are formed from infold-
ing of the plasmalemma.

Centrioles. A pair (diplosome) of short, hollow rods
at right angle to each other, centrioles measure about
0.3–0.5 �m long and 0.2 �m in diameter. The wall of
each rod comprises nine groups of three longitudinally
directed microtubules. Centrioles are usually located in
the centrosome or centrosphere (cell center) region of
the cytoplasm, between the nucleus and Golgi appara-
tus. Centrioles in this location are associated with cell
division, first replicating and then migrating to oppo-
site ends of the nucleus and becoming a part of the spin-
dle for cell division. Centrioles also occur singly in the
apical cytoplasm of some cells, where they serve as the
origin or root (basal body; kinetosome; blepharoplast)
of cilia. These roots are involved in the formation of the
axoneme, the microtubular core of cilia, and in the me-
tabolism of tubulins, the proteins composing the mi-
crotubules. In cells having multiple cilia, each cilium is
derived from a separate centriole following prolifera-
tion of centrioles as a step in differentiation.

Peroxisomes (microbodies). These are spherical 
membrane-bound organelles, about 0.5 �m to 1.0 �m
in diameter, which are present in various types of cells
but are more numerous in metabolically active cells,
such as proximal tubular epithelium of the kidney and
epithelium of the liver. The matrix of peroxisomes
varies from species to species, but in humans it tends to
be finely granular. In certain lower animals, it may con-
tain a paracrystalline core, or nucleoid. All the functions
of peroxisomes are not known, but they contain cata-
lases and numerous other oxidases. One function is to
oxidate substrates of long-chain fatty acids, producing
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energy and H2O2. The H2O2 is then broken down by
catalase (peroxidase).

Annulate lamellae. Annulate lamellae are parallel lay-
ers of regularly spaced cisternae with periodic, round
openings with membranous diaphragms along their
length. Individual cisternae with pores resemble the nu-
clear envelope, to which they are thought possibly to
give rise. The ends of the cisternae are sometimes con-
tinuous with the cisternae of RER. The function of the
annulate lamellae is not known, although it is found in
germ cells and many different somatic cells, usually
those that are differentiating or dividing.

Cytoskeleton 
(Cytoplasmic Matrix Structures)

Filaments. Most types of cells contain a framework of
thin (6–7 nm), actin filaments, so-called microfila-
ments, as well as filaments of intermediate thickness
(10 nm), such as keratin, vimentin, desmin, glial fibril-
lary acid protein, and neurofilaments. Those cells en-
gaged in a contractile function (smooth and skeletal
muscle) contain many more filaments, including thick
(15 nm) myosin filaments. Tonofibrils are large, dense
bundles of keratin filaments that occur in squamous
epithelial cells. Dense bodies are sites where bundles
of desmin filaments converge with actin filaments and
plasmalemmas, as in smooth muscle cells. Although all
classes of intermediate filaments are different bio-
chemically, they cannot be distinguished from one an-
other ultrastructurally.

Microtubules. Microtubules are straight structures,
several micrometers long and 20–27 nm in diameter
and composed of a protein called tubulin. They are
present in small amounts in most types of cells and in-
crease during mitosis and when cells undergo changes
in shape. During mitosis, they form the spindle. They
are also thought to serve as routes along which meta-
bolic vesicles, organelles, and inclusions can be trans-
ported throughout the cytoplasm. Microtubules also oc-
cur in pairs or doublets, in cilia and flagella, and in
triplets in centrioles and basal bodies. Microtubule for-
mation in cells is in a dynamic state with soluble tubu-
lin, and the number of microtubules in a cell varies with
time.

Cytoplasmic Inclusions

Glycogen. Glycogen consists of irregularly shaped par-
ticles, 15–30 nm in diameter, that occur singly (beta par-
ticles) and in clusters (alpha particles). The amount of

stored glycogen varies according to cell type and meta-
bolic state. Resting skeletal muscle cells and liver paren-
chymal cells have a rich content of glycogen as a source
of energy.

Lipid. Neutral fat occurs to some extent in most cells
and is stored in various sized droplets that are not
bound by a membrane. It serves as a source of energy
and as a supply of carbon chain subunits in the synthe-
sis of membranes. In cells in which lipid is synthesized,
as in endocrine organs, it is present in the form of small
droplets, and in cells where it is stored, as in adipocytes,
it is present as a single large vacuole.

Pigment. Lipofuscin and hemosiderin are examples
of pigment and are found within secondary lysosomes
(phagosomes).

Nuclear Organelles

Cells cannot live without a nucleus and, therefore, will
not divide, differentiate, or metabolize. The nucleus
produces the RNA necessary for protein synthesis,
which is required for the continuing function of the cell.
The nucleus is also essential in the heredity of cells.

Chromatin and chromosomes. Chromatin is the stain-
able part of the nucleus and is composed of nucleic
acids, especially DNA and histones. Heterochromatin
is the course, clumped particles of chromatin visible
during the nondividing state (interphase) of the cell. Eu-
chromatin is finely dispersed chromatin and is more ac-
tive metabolically than the heterochromatin. During mi-
tosis, all chromatin is organized into chromosomes,
which measure about 3–6 �m long and 0.5–0.8 �m in
diameter.

Nucleolus. A round body, the nucleolus is usually ec-
centrically located in the nucleus and varies somewhat
in internal structure depending on the type of cell.
There may be more than one nucleolus per nucleus.
Common substructures of the nucleolus include: pars
amorpha (pars fibrosa and nucleolar organizer region),
one or more zones of pale-staining, densely arranged
50 Å filaments; nucleolonema (pars granulosa), which
surrounds the pars amorpha and consists of 15-nm
granules and filaments; nucleolar-associated chromatin,
a rim of chromatin immediately around and extending
into the nucleolus; protein matrix; and other less con-
sistent components, such as lipid, glycogen, and vari-
ous inclusions.

The main known function of the nucleolus is to pro-
duce and process precursors of RNA. The nucleolus dis-
perses and becomes invisible during mitosis, and it en-
larges in cells that are growing or actively synthesizing
protein.
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Nuclear sap (karyolymph). The nuclear sap is the the-
oretical territory not occupied by chromatin or nucleo-
lus; it is theoretical, because there may be euchromatin
or other unknown particles, too small to be seen, that
actually occupy this space.

Nuclear envelope (membrane). The nuclear envelope is
the flattened sac that encloses the nucleus. It consists of
inner and outer membranes, and an intervening space
(perinuclear space). The two membranes meet at vari-
ous foci along the circumference of the nucleus to form
nuclear pores, approximately 700 Å in diameter. The
pores are covered with thin, incomplete membranous
diaphragms that are selectively permeable. The outer
layer of the nuclear envelope has ribosomes attached to
it, and the perinuclear space is continuous with the
spaces of the RER. The inner aspect of the inner mem-
brane is covered by layers of fibers that abut the pe-
ripherally located heterochromatin.

Organization of Organelles 
Within the Cell

The plasmalemma, or cell membrane, has three layers:
outer and inner electron-dense lines, 2.5–3.0 nm thick;
and a middle, lucent space, 3.5–4.0 nm thick. Similar
membranes also surround organelles within the cell.
The plasmalemma is composed of a bilayer of phos-
pholipids and accompanying proteins, glycoproteins,
and glycolipids. The membrane is permeable to water,
gases, and small uncharged molecules but is not very
permeable to charged and large uncharged molecules.
The latter are transported by proteins within the mem-
brane. Some of these proteins have a carbohydrate side
chain that protrudes through the outer membrane,
forming a coating or glycocalyx. The glycocalyx is es-
pecially visible on the surface of intestinal epithelial
cells. It plays an important role in selective binding of
external substances and other cells.

The various components of the cytoplasm are
arranged in two main regions of the cell. Actin filaments
form a network in the peripheral region—the ecto-
plasm—and intermediate filaments, microtubules, vesi-
cles, and organelles are located in the central region—
the endoplasm. In certain types of cells, the arrangement
of organelles appears to correlate with function, rather
than being random. An example of this relationship is
in columnar epithelium lining a lumen, as in the gut,
where the free luminal surface of the cells is microvil-
lous. The microvilli increase the surface area of the cell
for absorption and secretion. In the same vein, the Golgi
apparatus is supranuclear in position, and secretory
granules occupy the zone between the Golgi and the vil-

lous surface of the cell. Mitochondria also may be con-
centrated in the apical part of the cell and tend to be ori-
ented parallel to the long axis of the cell.

Cell Attachment Sites

Zonula occludens (tight junction). These are sites of
strongest attachment between cells, each junction
consisting of a series of alternating points of fusion
and slight separation between opposing plasmalem-
mas. Other than serving this purely mechanical func-
tion, it is not known if tight junctions also play a role
in electrochemical communication between cells, as
do some other types of junctions. The tight junction is
typically, but not exclusively, found sealing the apical
intercellular space between epithelial cells that line 
lumens.

Zonula adherens (intermediate junction). Adjacent cell
membranes are about 15–20 nm apart at this junction,
and there is a material of low electron density in the in-
tercellular space between the membranes. A collection
of thin actin filaments is attached to the inner surface of
the junctional membrane and extends into the subjacent
cytoplasm. One place where the zonula adherens is
found is below and near the tight junction of epithelial
cells lining lumens. Taken together, the tight junction,
the intermediate junction, and the desmosome (see next
paragraph) form the junctional complex (terminal bar,
by light microscopy).

Macula adherens (desmosome). Maculae adherens are
plaque-like, subplasmalemmal thickenings of apposing
cells, with a 15–25 nm space between the plasmalem-
mas and a thin, dense line in the middle of the inter-
cellular space. Extending from the thickened plas-
malemma into the cytoplasm are many intermediate
filaments that connect the junction with the cytoskele-
ton of the cell. In squamous epithelial cells, these
tonofilaments course into dense bundles called tono-
fibrils. In addition to forming a component of the junc-
tional complex, and to interconnecting squamous cells,
desmosomes are also found between other types of ep-
ithelial cells. Hemidesmosomes may be found along the
basal plasmalemma of epithelial cells that rest on a basal 
lamina.

Nexus (gap junction). The nexus is a plaque-like thick-
ening of adjacent plasmalemmas, with a narrow gap of
approximately 2–3 nm between them. The gap contains
hexagonally packed globular subunits that contain
channels that allow low resistance flow of ions and
small molecules between cells. The nexus is found be-
tween epithelial type cells as well as between nerve,
smooth muscle, and cardiac muscle cells.
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2
Selective

Embryology

A knowledge of the early stages of human embryogen-
esis is helpful in classifying neoplasms according to
cells of origin. The least differentiated tumors obviously
are the most difficult to categorize, and the key to di-
agnosis often lies in finding cells that have sufficient cy-
toplasmic or surface differentiation to allow a compar-
ison with known cytologic structures in the normal
human embryo. The brief text, diagrams, and electron
micrographs that follow serve to illustrate some of the
basic embryonic features that are applicable in estab-
lishing the histogenesis of various neoplasms.

Embryogenesis from Fertilization 
Through Three Weeks

Figures 2.1A and B depict embryogenesis from fertil-
ization to implantation. The fertilized ovum (zygote)
undergoes sequential cleavages, forming a ball of 12–16
cells (morula) by the third day. Further cellular division
and accumulation of extracellular fluid during the
fourth through seventh days result in a blastula (blas-
tocyst), which consists of an eccentric cavity, an outer
cell mass (trophoblast), and an inner cell mass (em-
bryoblast, Figure 2.1C). Implantation of the blastocyst
into the endometrium occurs between the fifth and sev-
enth days; by the eighth day, a bilaminar germ disc, con-
sisting of epiblast (pre-ectoderm) and hypoblast (pre-
endoderm), has formed (Figure 2.1D). During the sec-
ond week of development, the amniotic cavity and yolk
sac are created, and the trophoblast differentiates into
two layers: cytotrophoblast and syncytiotrophoblast. By
the 16th day, the primitive streak has formed in the cau-
dal end of the embryonic disc, and cells of the epiblast
in this region migrate ventrally, laterally, and cephalad
to form first a loose primary mesenchyme and then a
more dense third germ layer, the mesoderm (Figure
2.2A). The notochord (axial mesoderm) is formed from
cephalic migration of some of the cells of the primary
mesenchyme, cephalad to the primitive streak, at ap-
proximately the 18th day. By the 20th day, the meso-
dermal cells have aggregated into three discrete masses:
paraxial, intermediate, and lateral (Figure 2.2B). The
paraxial mesoderm becomes more distinct somites
within a day, starting at the cranial end and progress-
ing caudally; the intermediate mesoderm develops into
nephrotomes cranially and the nephrogenic cord cau-
dally; the lateral mesoderm divides into somatic and
splanchnic layers, which become the mesothelial linings
of the coelomic cavities.
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Figure 2.1. Diagram of embryogenesis, from fertilization through the 14th day.



Differentiation of the Paraxial Mesoderm

The cells of the somites have epithelial features, and
in the fourth week, each somite develops a central cav-
ity. The somatic cells continue to proliferate, become
more loosely arranged, and take on a more irregular
shape (secondary mesenchyme). Cells from the medial
and ventral aspects of the somites migrate toward the
notochord, resulting in the formation of the sclero-

tomes and ultimate vertebral column (Figure 2.2C).
The mesenchymal cells comprising the sclerotomes
have the potential to differentiate into osteoblasts,
chondroblasts, and fibroblasts. The dorsal aspects of
the somites become the dermatomes (the future con-
nective tissue of the back and some of the muscles of
the limbs). The remaining internal regions of the
somites form the myotomes (the anlage of the muscles
of the back).
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Figure 2.2. Embryogenesis during the third week of ges-
tation. A, Appearance of the third germ layer, the meso-
derm. B, Formation of discrete mesodermal masses. 

C, Migration and differentiation of cells of the mesoder-
mal masses.



Differentiation of the 
Intermediate Mesoderm
The cells of the intermediate mesoderm develop into
the pronephros, mesonephros, and metanephros in a
cephalocaudal order and in a successive and overlap-
ping timeframe (Figure 2.3). The pronephros is formed

first, in the 7–14 somite, cranial region (occipital and
cervical zones of the later fetus). This is characterized
by a dorsolateral outgrowth of each intermediate cell
mass (nephrotome). These buds hollow to form tubules
that, on their lateral extremity, empty into the coelomic
cavity, and at their medial end grow caudally and in-
terconnect with one another, forming the pronephric
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Figure 2.3. Development of the nephrogenic system from the intermediate mesoderm, from the third through fifth
weeks of embryogenesis.



duct. Sprouts of the aorta grow simultaneously into the
medial end of the pronephric buds to form primitive
glomeruli. The pronephros reaches its peak of devel-
opment in the fourth week of embryonic life and then,
except for its duct, involutes. The pronephric duct re-
mains and serves as the duct of the mesonephros, emp-
tying into the cloaca.

The mesonephros begins to develop in the fourth
and fifth weeks from the nephrogenic cord at the levels
of 14–26 somites (lower cervical, thoracic, and upper
lumbar regions).

Vesicles and then tubules develop in the nephrogenic
cord. The dorsolateral end of each tubule joins the
pronephric duct (now the mesonephric duct), and the
opposite end forms a glomerulus with a branch of 
the aorta. Progressive cephalocaudal degeneration of
the mesonephros occurs until the end of the 16th week
of life, when only the mesonephric (Wolffian) duct per-
sists in the male (vas deferens).

The metanephros begins to develop in the fifth week,
in the lower lumbar region, from two primordia: an out-
growth (metanephric diverticulum, or ureteric bud) of
the mesonephric duct, and the nephrogenic cord (meta-
nephric blastema) (Figure 2.3). The nephrogenic tissue
aggregates into small nodules at the tips of ingrowing
collecting tubules, which are the terminal extensions of
the outgrowing and dividing urogenital sinus (from the
anterior part of the cloaca). The nephrogenic nodules be-
come vesicles and then elongate into tubules, connecting
with the collecting tubules on one end, and forming Bow-
man’s capsules on the opposite end.

Differentiation of the Lateral Mesoderm

The cells of the lateral (coelomic) mesoderm separate
into two layers around a central, intraembryonic
coelom by the 19th day (Figures 2.2B and C). The outer
somatic layer differentiates into the parietal mesothe-
lium of the coelomic cavities and the connective tissue
and skeletal muscle of the ventral body wall and por-
tions of the limbs. The inner splanchnic layer of lateral
mesoderm develops into the visceral mesothelium of
the coelomic cavities, connective tissue and smooth
muscle of the gastrointestinal tract, paramesonephric
(Müllerian) ducts, genital ridges, adrenal cortex, and
myocardium.

Comparison of Embryonic Mesodermal
Differentiation with Embryonal
Rhabdomyosarcoma, Wilms’ Tumor, 
and Mesothelioma

It is during the third to eighth weeks of embryogenesis
that differentiation is especially interesting to study,
particularly in respect to correlating the morphology of
early derivatives (Figure 2.4) of the third germ layer, the
mesoderm (Figures 2.5 and 2.6), with the structure of
certain mesodermally derived neoplasms. For example,
myotomes (Figures 2.7 through 2.12) are morphologi-
cally recapitulated in embryonal rhabdomyosarcomas,
both being composed of small round cells and early
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Figure 2.4. Diagram of the differentiation of primary mesenchyme.



strap like cells. Likewise, a well-recognized similarity
exists between metanephric blastema (Figures 2.13
through 2.16) and the undifferentiated component of
Wilms’ tumors. In a similar vein, intraembryonic coe-
limic lining cells correlate with epithelioid mesothe-
liomas, and, more speculatively, the subsurface cells

(Figures 2.17 and 2.18) may be represented in the cells
that comprise so-called fibrous mesotheliomas. (Illus-
trations of these and related primitive neoplasms are
presented in the chapters on neoplasms).
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Figure 2.5. Primary mesenchyme from a 39-day-old human embryo. The cells vary in shape, are loosely arranged in
an electron-lucent matrix, and have only focal contact with one another. (� 2100)

(Text continues on page 26)
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Figure 2.6. Higher magnification of primary mesenchymal cells reveals a high nuclear-cytoplasmic ratio, euchro-
matic nuclei, prominent nucleoli, and few cytoplasmic organelles. (� 6480)
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Figure 2.7. Human myotome, central dense area. The
cells are polygonal and densely arranged. Their nuclei
and nucleoli are similar to those of primary mesenchyme,
but their cytoplasm and organelles are somewhat more

abundant. (� 5510) (Permission for reprinting granted by
Hemisphere Publishing Co., Dickersin GR: Embryonic ul-
trastructure as a guide in the diagnosis of tumors. Ultra-
struct Pathol 11:609–652, 1987.)
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Figure 2.8. Higher power of cells of a myotome. A mod-
erate number of organelles is visible, including Golgi ap-
paratuses (G), mitochondria (M), and rough endoplasmic
reticulum (RER). Small junctions (J) are present between

the cells. (� 21,870) (Permission for reprinting granted
by Hemisphere Publishing Co., Dickersin GR: Embryonic
ultrastructure as a guide in the diagnosis of tumors. Ul-
trastruct Pathol 11:609–652, 1987.)
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Figure 2.9. Myotome. Among the primitive-appearing
cells are two cells (*) showing early myoblastic differen-
tiation. This is characterized by a pale cytoplasm and sev-
eral electron-dense areas (see Figure 2.10 for higher

power). (� 7020) (Permission for reprinting granted by
Hemisphere Publishing Co., Dickersin GR: Embryonic ul-
trastructure as a guide in the diagnosis of tumors. Ultra-
struct Pathol 11:609–652, 1987.)
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Figure 2.10. Myotome. Higher magnification of two of
the pale cells in Figure 2.9 reveals most of the cytoplasm
to have an open or clear background, consistent with

glycogen, plus many irregularly arranged thin (actin) fil-
aments. The dense areas (arrows) consist of thick (myosin)
and thin filaments. (� 14,850)
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Figure 2.11. Myotome. This elongated cell is found
among many primitive polygonal cells. It shows the ear-
liest sign of skeletal muscle differentiation; that is, paral-
lel thick filaments and closely associated rows and 
clusters of ribosomes (bracketed areas). (� 95,000) (Per-

mission for reprinting granted by Hemisphere Publishing
Co., Dickersin GR: Embryonic ultrastructure as a guide
in the diagnosis of tumors. Ultrastruct Pathol 11:609–652,
1987.)
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Figure 2.12. Myotome. Another recognizable myogenic
cell is found among many undifferentiated ones making
up the myotome. Parallel thick filaments and early 
Z-bands (Z) are forming sarcomeres. The electron-dense
region at the left side of the field represents early sar-

comeres cut transversely. (� 27,800) (Permission for
reprinting granted by Hemisphere Publishing Co., Dick-
ersin GR: Embryonic ultrastructure as a guide in the di-
agnosis of tumors. Ultrastruct Pathol 11:609–652, 1987.)
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Figure 2.13. Metanephric blastema. These cells, which
are derived from the intermediate mesodermal mass, gen-
erally are similar to those of the myotome (see Figures 2.7
and 2.8). They have a high nuclear-cytoplasmic ratio, eu-
chromatic nuclei, prominent nucleoli, and scant cyto-

plasm. (� 3600) (Permission for reprinting granted by
Hemisphere Publishing Co., Dickersin GR: Embryonic ul-
trastructure as a guide in the diagnosis of tumors. Ultra-
struct Pathol 11:609–652, 1987.)
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Figure 2.14. Metanephric blastema. Some of the cells in
this field (center) have grouped together in what is con-
sistent with a pretubule. (� 3740) (Permission for reprint-

ing granted by Hemisphere Publishing Co., Dickersin GR:
Embryonic ultrastructure as a guide in the diagnosis of tu-
mors. Ultrastruct Pathol 11:609–652, 1987.)
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Figure 2.15. Metanephric blastema. A more discrete tubule has formed in this region, but only junctional complexes
and no open lumen are demonstrable at higher power. (� 3270)
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Figure 2.16. Metanephric blastema and early tubule. A definite lumen is present in this tubular form, and focal basal
lamina separating the tubule from the undifferentiated blastema is visible at higher magnification. (� 4750)
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Figure 2.17. Coelomic lining. These cells derived from
the lateral mesodermal mass show early mesothelial dif-
ferentiation in the surface layer. No basal lamina between
the surface layer and subjacent undifferentiated cells is
identified at this stage of development. (� 4320) (Per-

mission for reprinting granted by Hemisphere Publishing
Co., Dickersin GR: Embryonic ultrastructure as a guide
in the diagnosis of tumors. Ultrastruct Pathol 11:609–652,
1987.)



SELECTIVE EMBRYOLOGY 25

Figure 2.18. Coelomic lining. Higher magnification than
Figure 2.17 shows the surface cells to have the epithelial
feature of prominent junctions (J), and the deeper cells
resemble primitive mesenchymal cells. (� 5940) (Per-

mission for reprinting granted by Hemisphere Publishing
Co., Dickersin GR: Embryonic ultrastructure as a guide
in the diagnosis of tumors. Ultrastruct Pathol 11:609–652,
1987.)
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3
Large Cell

Neoplasms

This chapter covers the salient ultrastructural features of
large, round, and polygonal cell neoplasms and includes
most carcinomas, melanomas and mesotheliomas and
many lymphomas and some sarcomas. Many of these
neoplasms appear undifferentiated by light microscopy,
but most show differentiation along one cell line or an-
other at the ultrastructural level. However, it is note-
worthy that not all of the ultrastructural criteria for iden-
tifying the cell type may be present in every example of
a neoplasm. As expected, the more differentiated the neo-
plasm, the more likely will its cells contain a broad com-
plement of diagnostic morphologic features. Conversely,
the least differentiated neoplasms may contain no cells
that show any differentiated diagnostic structures, and
the final electron microscopic diagnosis in these cases
must rest at “undifferentiated,” or “primitive,” neo-
plasm. Usually, however, the ultrastructural findings do
allow the pathologist to make a definitive diagnosis
when interpreted in conjunction with the light micro-
scopic picture and, in some cases, with the histochemi-
cal and immunohistochemical results.

Carcinoma

Various types of carcinomas have a number of distin-
guishing features, as described and illustrated in this
chapter, but one common characteristic of all carcino-
mas is the presence of intercellular junctions, usually
desmosomes and/or intermediate junctions. This is not
to say that certain types of junctions are not present in
some types of noncarcinomatous neoplasms, such as
various sarcomas, but desmosomes almost always in-
dicate epithelial differentiation.

Adenocarcinoma (and Adenoma)

(Figures 3.1 through 3.37.)
Diagnostic criteria. (1) Lumens; (2) microvilli; (3) tight

junctions/junctional complexes; (4) basal lamina; (5) se-
cretory granules; (6) prominent Golgi apparatus; (7) mod-
erately prominent rough endoplasmic reticulum.

Additional points. Cilia may be seen in certain types
of adenocarcinoma, such as those arising in Müllerian
tissue, especially the fallopian tube. Single cilia (oligocilia)
are found in many types of cells and are not diagnostic.
Cilia are an important diagnostic marker for ependymo-
mas and choroid plexus neoplasms (see Chapter 8).

Some adenocarcinomas have more-or-less specific
features for their organ of origin, which may be useful
in diagnosing metastatic neoplasms of unknown pri-
mary sources. How closely neoplastic cells resemble the
cells of the organ of origin is determined by the level of 
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Figure 3.1. Adenoma (thyroid). An example of a well-
differentiated glandular tumor. A single row of low
cuboidal epithelial cells lines the lumen (L) of the gland.
Microvilli (V) on the luminal surface of the cells, basal

lamina (BL) along the basal aspect of the cells, and junc-
tions (J) between cells are visible but are seen better at
higher power in Figures 3.2 and 3.4. (� 5130)



Figure 3.2. Adenoma (thyroid). Higher magnification of
portions of the cells from the well-differentiated glandu-
lar tumor depicted in Figure 3.1. Microvilli (V) are sparse
in this field. A small segment of basal lamina (BL) is visi-
ble along the base of cells, and junctional complexes 
(JC) are prominent at their luminal aspect. Numerous 

membrane-bound, secretory granules (S) are located in
the apical cytoplasm. Non-membrane-bound lipid drop-
lets (Li) are randomly dispersed in the cytoplasm. L � lu-
men. (� 14,180) (Permission for reprinting granted by WB
Saunders, Dickersin GR: Electron microscopy of leukemias
and lymphomas. Clin Lab Med 7:199–247, 1987.)
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Figure 3.3. Phyllodes tumor (breast). The glands in this
tumor are well differentiated but are lined by more than
one layer of epithelial cells and by peripherally located

myoepithelial cells (M). The lumen contains secretions
(S) and is lined by cells rich in microvilli (V). (� 5320)
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Figure 3.4. Phyllodes tumor (breast). Higher magnifica-
tion of the neoplasm illustrated in Figure 3.3 shows mi-
crovilli (V) and junctional complexes (JC). Note also the

secretory granules (S), Golgi apparatuses (G), rough 
endoplasmic reticulum (RER), and mitochondria (M). 
(� 11,700)
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Figure 3.5. Adenomatous features at higher magnifica-
tion. A, Basal lamina (BL). (� 12,150) B, Golgi apparatus
(G); rough endoplasmic reticulum (RER), which is dilated
and filled with medium-dense material; and secretory

granules (S). (� 17,900) C, Golgi apparatuses (G). 
(� 14,280) D, microvilli (V) and junctional complex (JC).
(� 15,250)
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Figure 3.6. Adenocarcinoma (breast). Several cells of this infiltrating ductal carcinoma exhibit intracytoplasmic lu-
mens (L). (� 5200)
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Figure 3.7. Adenocarcinoma (breast). Higher magnifica-
tion of one of the cells in Figure 3.6 depicts an intracy-
toplasmic lumen lined by microvilli and an absence of

tight junctions, which if present, would be indicative of
a pseudolumen caused by invagination of the cell by ex-
tracellular matrix. (� 27,300)
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Figure 3.8. Adenocarcinoma of gastrointestinal type (eth-
moid sinus). Characteristic of gastrointestinal tumors are
numerous thin filaments (F) filling microvilli and extend-
ing into the subjacent cytoplasm. (� 22,300). Inset: higher

magnification of the apical surface of a cell illustrates
more clearly the filaments in the microvilli and cyto-
plasm. (� 47,100)
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Figure 3.9. Hepatocellular carcinoma (liver). A small
canaliculus (C) is identifiable among five hepatocytes.
Microvilli, tight junctions and granular, membranous and

vesicular luminal contents all aid in the identification of
small canaliculi. (� 10,500)
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Figure 3.10. Hepatocellular carcinoma (liver). A dilated
canaliculus (C) has no remaining microvilli, but tight
junctions and junctional complexes (J) as well as innu-
merable intraluminal granules and vesicles of bile are

readily identifiable. Abundant smooth endoplasmic retic-
ulum (S), consisting of many small vesicles, occupies the
apical cytoplasm of the bordering hepatocytes. (� 12,500)
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Figure 3.11. Hepatocellular carcinoma with a Mallory body (liver). This hepatocyte contains a Mallory body (*) com-
posed of intermediate filaments and surrounded by microbodies (peroxisomes) (arrows). (� 20,000)
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Figure 3.12. Cholangiocarcinoma (liver). Neoplastic
cells surround a lumen (L), which has innumerable mi-
crovilli (*) lining it. In addition, numerous secretory gran-

ules occupy the apical cytoplasm of the luminal lining
cells. (� 5700)
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Figure 3.13. Cholangiocarcinoma (liver). Higher mag-
nification of a portion of the lumen and lining depicted
in Figure 3.12 illustrates the microvilli (*) with anchoring
filaments as well as the secretory granules in the apical
cytoplasm of the lining cells. (� 11,500)
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Figure 3.14. Cholangiocarcinoma (liver). In this neo-
plasm, lumens (L) are lined by microvilli devoid of an-
choring filaments, and the cytoplasm of luminal cells

contains numerous tonofibrils (T). Junctional complexes
(J) and desmosomes (D) are also prominent. (� 15,400)
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Figure 3.15. Ductal, mucinous cystadenocarcinoma
(pancreas). In this field, the neoplastic cells form a cystic
lumen (L) lined by innumerable microvilli. The villi have
anchoring filamentous cores that are seen better in Fig-
ure 3.16. An intracytoplasmic lumen (IL), without junc-

tional complexes, is present in one cell. Some of the cells
lining the lumen have a rich collection of mucinous gran-
ules (M) in their apical cytoplasm. Lateral cell borders
show a switch-backing pattern of interdigitation (arrows).
(� 6800)
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Figure 3.16. Ductal, mucinous cystadenocarcinoma
(pancreas). Higher magnification of the neoplasm de-
picted in Figure 3.15 illustrates more clearly the microvilli

with filamentous cores and rootlets (F) as well as the mu-
cinous granules (M). (� 34,000)
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Figure 3.17. Ductal, mucinous cystadenocarcinoma
(pancreas). This field is from a solid, noncystic area of the
same neoplasm depicted in Figures 3.15 and 3.16. Nu-
merous signet-ring forms that had been observed by light

microscopy prove ultrastructurally to be due to true in-
tracytoplasmic lumens (IL), devoid of junctional com-
plexes. (� 5000)
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Figure 3.18. Serous microcystic cystadenoma (pan-
creas). Characteristic of this neoplasm are the low
cuboidal, epithelial lining cells with scant, short mi-

crovilli (V), abundant cytoplasmic glycogen (G, open
spaces) and few organelles. (� 6100)
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Figure 3.19. Solid and cystic (solid and papillary) tumor
(pancreas). This field illustrates a pseudopapilla of neo-
plastic epithelial cells, with an open space on the right
(**) and a blood vessel with surrounding matrix in the
lower left (V). The epithelial cells are palisaded around
the vessel in a pseudorosette-like fashion. The cells lin-
ing the open space do not have microvilli or tight junc-

tions, evidence for the space being either artifact or sec-
ondary to degeneration, rather than being a true lumen.
Several smaller intercellular spaces (*) are filled with a
flocculent material of the same medium-density as linear
basal lamina, which was identified focally in other fields
and at higher magnification. (� 4400)
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Figure 3.20. Solid and cystic (solid and papillary) carci-
noma (pancreas). This region of the neoplasm is solid and
microcystic, with cells being tightly apposed except for
a small intercellular space (*) filled with flocculent,

medium-dense material similar to the matrix (**) sur-
rounding the solid groups. Mitochondria (M) fill the cy-
toplasm and represent the main organelle of the cells. 
(� 7500)
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Figure 3.21. Solid and cystic (solid and papillary) carci-
noma (pancreas). Higher magnification of a cluster of
neoplastic cells with an intercellular cystic space filled
with flocculent material (*) and an open degenerative or

artefactual space (**). No well-defined junctional com-
plexes or microvilli are present along either of the two
spaces. The main organelle in the cytoplasm of the cells
is mitochondria. (� 6600)
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Figure 3.22. Acinar cell carcinoma (metastatic to lung
from parotid gland). Among the neoplastic cells in this
gland are several cells (*) having large, dense, zymogen
granules. Stacked rough endoplasmic reticulum (RER),

another characteristic of acinar cells, can be seen in the
cell at the top of the field. The inset illustrates the zymo-
gen granules and RER at higher magnification. (� 5000;
inset � 19,000)
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Figure 3.23. Mucinous adenocarcinoma (bronchogenic
or bronchioloalveolar, lung). The malignant cells are
characterized by many supranuclear, medium-dense

granules of mucus. (� 5200) See higher magnification of
the granules in Figure 3.24.
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Figure 3.24. Mucinous adenocarcinoma (lung). Numerous granules of mucus fill the upper cytoplasm of the neo-
plastic cell. (� 12,000)
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Figure 3.25. Bronchioloalveolar cell carcinoma (lung). Neoplastic Clara cells contain numerous electron-dense granules,
predominantly in the apical cytoplasm. See higher magnification of another cell in Figure 3.26. (� 5800)
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Figure 3.26. Bronchioloalveolar cell carcinoma (lung). This Clara cell exhibits characteristic membrane-bound, electron-
dense granules in the apical cytoplasm. (� 14,200)
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Figure 3.27. Bronchioloalveolar cell carcinoma (meta-
static to a mediastinal lymph node). Characteristic of alve-
olar type II cells are lamellar or surfactant bodies (L) 
occupying the supranuclear cytoplasm of the cells. 

(� 22,700). Inset: one compound and several single
lamellar bodies are prominent diagnostic features in this
cell. (� 26,000)
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Figure 3.28. Clear cell carcinoma (kidney). The cyto-
plasm of the cells is rich in glycogen (G) and vacuoles of
neutral lipid (L). By the method of chemical processing

used, the glycogen appears as open, escalloped spaces.
A small villus-lined lumen (*) is visible among several of
the cells. (� 5300)
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Figure 3.29. Clear cell carcinoma (kidney). By this al-
ternative method of chemical processing, glycogen (G)
has been preserved as electron-dense granules. L � lipid;
N � nucleus. (� 5300) Figure 3.30. Granular cell carcinoma, reclassified as

eosinophilic variant of chromophobe cell carcinoma
(kidney). The cells in this neoplasm have much less
glycogen and lipid than that seen in clear cell renal car-
cinoma, and mitochondria comprise the main con-
stituent of the cytoplasm. (� 3600)



Figure 3.31. Chromophobe cell carcinoma (kidney). The
main feature of the cells in this neoplasm is the innu-
merable small cytoplasmic vesicles (*). Numerous mito-
chondria (M) are also present in many of the cells. Mi-

crovilli (V) are visible along the free border of some of the
cells. Higher magnification of the demarcated rectangu-
lar field is seen in Figure 3.32. (� 5600)
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Figure 3.32. Chromophobe cell carcinoma (kidney).
Higher magnification of the rectangular region in the pre-
vious photograph reveals some of the small vesicles to be
clear and others to have flocculent and membranous ma-
terial within them. Mitochondria (M) are moderately

pleomorphic and have an abnormal number and arrange-
ment of cristae. No definite transitional forms between
small vesicles and mitochondria are apparent in this field.
(� 15,900)



Figure 3.33. Adenocarcinoma, moderately differentiated
(prostate). The epithelial lining cells in this invasive gland
are single layered, without accompanying basal reserve

cells. Lipid droplets (L) are visible in the cytoplasm, but
secretory granules are better seen at higher magnification
in Figure 3.34. (� 3500)
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Figure 3.34. Adenocarcinoma, moderately differentiated
(prostate). Innumerable secretory granules (S) occupy the
apical cytoplasm of these epithelial lining cells. Particles

of secretion (*) are also present in the glandular lumen.
Microvilli (V) are irregularly distributed. (� 13,000)



Figure 3.35. Cortical adenoma (aldosteronoma, adrenal
gland). The cortical cells contain numerous organelles
and lipid inclusions, some of the latter appearing to be
membrane bound (L). The organelles consist of many

small cisternae and vesicles of smooth endoplasmic retic-
ulum (S), numerous small mitochondria (M), and lyso-
somes (parentheses). (� 5000)

60 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



LARGE CELL NEOPLASMS 61

Figure 3.36. Cortical black adenoma (adrenal gland).
Numerous granules of lipofuscin (L) occupy the cyto-
plasm of these cortical cells. (� 6800). Inset: higher mag-

nification of the lipofuscin reveals a membrane focally
identifiable at the periphery (arrow). (� 19,200)



(Text continued from page 27)

differentiation of a neoplasm. Examples of this phe-
nomenon follow.

Thyroid follicular neoplasms have the general features
of adenocarcinomas and adenomas and do not show
pathognomonic structures (Figure 3.1). Thyroglobulin-
containing, supranuclear granules, usually present in
some of the cells lining acini (Figure 3.2), cannot be dis-
tinguished morphologically from the secretory granules
of various other glandular neoplasms (Figures 3.3
through 3.5).

Breast carcinomas usually have cells with intracyto-
plasmic lumens, and although this feature is not spe-
cific for breast, it is probably more common there than
in any other organ (Figures 3.6 and 3.7). Furthermore,
intracytoplasmic lumens are found both in ductal and
in lobular carcinomas. Also apropos of breast carcino-
mas, an outer, myoepithelial layer of cells is present in
benign glands (Figure 3.3) and in in situ carcinoma,
whereas these cells are absent in invasive and metasta-
tic carcinomas.

Gastrointestinal carcinomas, including bile ductal and
some pulmonary neoplasms (foregut derivatives), have
cells with filamentous microvilli; that is, the microvilli
contain cores of thin filaments, and the filaments extend
as rootlets into the subjacent cytoplasm (Figure 3.8).
Goblet cells and other, less frequent gastrointestinal
markers consist of Paneth cells, endocrine cells, and am-
phicrine (combined exocrine and endocrine) cells.
These gastrointestinal features may also occasionally be
found in primary neoplasms arising in nongastroin-
testinal locations, such as ovarian carcinomas and
sinonasal carcinomas (Figure 3.8). Theories of origin for
primary enteric neoplasms in nonenteric sites include
heterotopia, metaplasia, and pluripotential differentia-
tion of local stem cells.

Hepatocellular carcinomas have intercellular canaliculi
as an outstanding feature, and when accompanied by
intraluminal and/or intracellular bile, the finding is
pathognomonic (Figures 3.9 and 3.10). Bile has various
forms, including homogeneous electron dense bodies
and varying sized vesicles and membranous whorls
(Figure 3.10). Small canaliculi are recognizable by their
microvilli and tight junctions, and dilated canaliculi, by
their location between cells, their contents of bile and
their tight junctions; microvilli are usually attenuated
or absent. Other characteristics of hepatocytes include
microbodies (peroxisomes), numerous mitochondria,
and abundant smooth endoplasmic reticulum (Figure
3.10). Hepatocellular carcinomas often show increased
amounts of rough endoplasmic reticulum, with cister-
nae that are stacked or concentric and distended by
electron-dense material. Mitochondria may be pleo-
morphic and contain crystals or large, irregularly

shaped, matrical densities. Filamentous and solid cyto-
plasmic inclusions, corresponding respectively to Mal-
lory hyalin (Figure 3.11) and alpha-1-antitrypsin (see
Chapter 11, Figures 11.15 and 11.16), may also be pres-
ent. The filaments comprising Mallory hyalin are of in-
termediate (10 nm) diameter and are positive immuno-
histochemically for keratin. The filaments are arranged
in round or irregularly shaped groups but do not ag-
gregate into tonofibrils. The groups are often sur-
rounded by microbodies (Figure 3.11).

Bile duct carcinomas (cholangiocarcinomas) have a tu-
bular, papillary, or solid pattern, and cells lining lumens
have short, straight microvilli that are filled with fine
filaments; the filaments anchor into the subjacent cyto-
plasm, similar to what is found in the stomach and in-
testine (Figures 3.12 and 3.13). Microvilli of this type
may be absent in poorly differentiated cholangiocarci-
nomas. Secretory granules may occupy the apical cyto-
plasm of the cells, and tonofibrils may or may not be
present (Figures 3.12 through 3.14).

Pancreatic exocrine carcinomas may arise from acinar
cells, centroacinar cells, intercalated duct cells, in-
tralobular duct cells, interlobular duct cells, and main
pancreatic duct cells. Adenocarcinomas from main and
interlobular ducts (mucinous cystadenocarcinomas) have
cells similar to those of bile ducts and intestinal epithe-
lium; that is, the cytoplasm contains mucin granules,
and the free surface has microvilli filled with thin fila-
ments that anchor into the subjacent cytoplasm (Figures
3.15 and 3.16). In addition, neuroendocrine cells may be
present. Less differentiated large-duct carcinomas and
those arising from smaller (intralobular and interca-
lated) ducts do not show intestinal features. Solid, non-
cystic areas with signet-ring cells may be present in
some of these neoplasms (Figure 3.17). Glycogen-rich,
microcystic adenomas (serous cystadenomas) are composed
of varying sized cysts lined by cuboidal or flat epithe-
lial cells. Most of these cells contain abundant glycogen
and few other organelles (Figure 3.18), but some cells
contain abundant endoplasmic reticulum. Microvilli are
sparse, short, and without intestinal-type anchoring fil-
aments. The cells resemble intercalated duct or cen-
troacinar cells of normal pancreas. Solid and cystic (solid
and papillary) tumors are composed of solid sheets of
cells, with focal, degenerative, cystic spaces and
pseudopapillae (Figures 3.19 and 3.20). There may also
be smaller intercellular spaces that invaginate some of
the cells, forming pseudolumens (Figures 3.19 through
3.21). True lumens lined by microvilli and tight junc-
tions are rarely present. The cells of solid and cystic tu-
mors are usually poorly differentiated and are proba-
bly derived from uncommitted or pluripotential cells
from centroacinar and/or terminal duct epithelium.
However, focal acinar cell and neuroendocrine cell dif-
ferentiation, recognizable by zymogen granules and
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dense-core granules, respectively, may be found in
some of these neoplasms. In addition, many cells are
oncocytic, having numerous mitochondria (Figures 3.20
and 3.21). Acinar (acinic) cell carcinomas of pancreas and
salivary glands are composed partially of cells having
large, zymogen, or serous granules, 125–1500 nm in di-
ameter (Figure 3.22). More pleomorphic, sometimes
larger, filamentous granules, similar to those in the
12–20-week-old fetal pancreas, may also be present,
and abundant stacked cisternae of rough endoplasmic
reticulum are common. Other components of acinar cell
carcinomas are undifferentiated stem cells and interca-
lated ductal cells, neither of which has exclusive ultra-
structural features.

Pulmonary adenocarcinomas may be bronchogenic or
from cells lining bronchioles and alveoli. Those arising
from bronchial glands are usually mucinous, and those
originating from bronchioloalveolar cells may be com-
posed of any combination of three cell-types—mucus-
secreting cells, Clara cells, and type II alveolar lining
cells. Mucus-secreting cells are readily identifiable by
characteristic granules of variable, but usually medium,
density in the supranuclear cytoplasm (Figures 3.23 and
3.24). Clara cells contain varying numbers of electron-
dense granules, predominantly in the supranuclear cy-
toplasm (Figures 3.25 and 3.26). Type II alveolar lining
cells contain diagnostic lamellar (surfactant) bodies,
also in the supranuclear cytoplasm (Figure 3.27).

Renal adenocarcinoma most often ultrastructurally re-
capitulates to varying degrees the morphology of nor-
mal proximal tubules, including long microvilli on the
apical or free surface of the cell, glycocalyx in intervil-
lous crypts, and numerous pinocytotic vesicles and
vacuoles in the apical cytoplasm. Other features that
are found both in normal proximal and distal tubules
are infoldings of the basal plasmalemma, interdigita-
tions of the lateral plasmalemmas, basal lamina, nu-
merous mitochondria, varying amounts of glycogen
and lipid, microbodies, and lysosomes. In renal cell car-
cinoma, microvilli may be present only focally and on
a few cells. Extracellular or intracellular lumens may
also be present. Blood vessels in renal cell carcinomas
typically have fenestrated endothelium, similar to nor-
mal peritubular capillaries. In the clear cell form of these
neoplasms, the cytoplasm is rich in neutral lipid and
glycogen (Figures 3.28 and 3.29). In granular cell neo-
plasms (including oncocytomas), lipid and glycogen are
minimal, and mitochondria are numerous and fill most
of the cytoplasm (Figure 3.30). The entity previously
called granular cell carcinoma is currently reclassified
into oncocytoma, an eosinophilic variant of chromo-
phobe cell carcinoma and collecting duct carcinoma.
Chromophobe cell carcinomas represent less than 7% of all
renal carcinomas and have a very distinctive ultra-
structure. Cell cytoplasm contains innumerable small

vesicles, 150–300 � in diameter. Many cells also con-
tain numerous mitochondria, and some cells may show
an apparent transition between altered mitochondria
and small vesicles (Figures 3.31 and 3.32).

Prostatic adenocarcinomas are composed of luminal
type cells, although focal neuroendocrine cells and pure
neuroendocrine neoplasms also occur. Normal glandu-
lar epithelium of the prostate includes columnar lining
cells, cuboidal basal reserve cells, and scattered neu-
roendocrine cells. The main feature of normal and neo-
plastic lining cells is the presence of many secretory
granules, some of which may be quite large (Figures 3.33
and 3.34). Varying numbers of lipid droplets and lyso-
somes are also frequently present. Secondary lysosomes
often contain lipofuscin pigment that, if prominent,
gives rise to the light microscopic picture referred to as
melanosis and may be seen in benign and malignant
prostatic epithelium. Electron microscopy substantiates
the pigment as being lipofuscin and not melanin. Com-
pared to normal prostatic epithelium, the cells compris-
ing adenocarcinomas show a disorganized arrangement
of organelles, including the secretory granules not being
limited to the supranuclear cytoplasmic compartment.
In addition, microvilli are not as uniform in size and dis-
tribution on the surface of the cells, and mitochondria
are pleomorphic and increased in number.

Adrenal cortical adenomas and carcinomas are com-
posed of solid groups of cells that have a wide range of
ultrastructural features but usually retain some or-
ganelles and inclusions characteristic of normal cortex,
albeit in abnormal amount and distribution (Figure
3.35). The normal adrenal cortex, as with other steroid
producing endocrine organs, is composed of cells with
abundant smooth endoplasmic reticulum, lipid droplets,
mitochondria, and lysosomes. Some of the mitochon-
dria have tubulovesicular cristae. A few small villi may
be found on the free surface of the cells, but there are no
microacini. Basal lamina surrounds groups of cells. Nu-
clei are round and have a small amount of heterochro-
matin. In addition, there are features characteristic of
specific zones. Cells of the zona glomerulosa are smaller
and have less cytoplasm than the cells from the other
two zones. Lipid droplets are less numerous and
smaller than in the zona fasciculata, and some are sur-
rounded by a limiting membrane. Mitochondria are
small, round, and elongated. The zona fasciculata is char-
acterized mostly by numerous lipid droplets. Mito-
chondria are variable in size and shape. The zona retic-
ularis has abundant lipofuscin as its main feature, and
neutral lipid droplets are less numerous than in the
other two zones. Mitochondria are usually elongated.
There may also be stacks of rough endoplasmic reticu-
lum and lysosomes of varying size.

Cortical adenomas and carcinomas, functional and
nonfunctional, are composed of cells that usually have
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numerous organelles, including a moderate number of
mitochondria, and in oncocytic adenomas mitochon-
dria represent the main cytoplasmic organelle. Cristae
may be tubular or lamellar, and there may be large,
dense bodies in the mitochondrial matrix. Unfortu-
nately, smooth endoplasmic reticulum may not always
be present in abundance, and lipid droplets may not be
numerous in some of these neoplasms. Rough endo-
plasmic reticulum is commonly found and is often

arranged in stacks. Intercellular junctions are small, and
compressed villi may be found between cells. Acini are
very rare. Nuclei are usually regular in contour, contain
a small amount of heterochromatin and have small nu-
cleoli. Dense-core granules of neuroendocrine type are
not expected but rarely may be present. Glycogen is not
usual but may be seen in a few of these neoplasms,
making the differential diagnosis between cortical car-
cinoma and renal cell carcinoma difficult. The combi-
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Figure 3.37. Cortical hyperplasia treated with spironolactone (adrenal gland). Several electron-dense, lamellar (spirono-
lactone) bodies (SB) are apparent. (� 6500)



nation of glycogen and lipid is otherwise a fairly reli-
able finding for the diagnosis of renal cell carcinoma.

Usually, it is not possible to tell from its ultrastruc-
ture whether a cortical lesion is functioning or non-
functioning. Furthermore, ultrastructural markers,
more often than not, are unreliable in identifying spe-
cific types of functioning adenomas. On the other hand,
some lesions do recapitulate the morphology of the cor-
tical zone of origin: aldosteronomas may show the
membrane-bound lipid vacuoles characteristic of the
zona glomerulosa; some cortisol-secreting lesions ex-
hibit the overabundance of lipid vacuoles typical of the
zona fasciculata; and cellular proliferations producing
the adrenogenital syndrome may contain many lyso-
somes and lipofuscin granules, characteristic of the
zona reticularis. An exaggerated amount of lipofuscin
is also seen in so-called black adenomas, in which the
excessive pigment actually imparts a grossly visible
black or brown discoloration to the involved cortex. Al-
though a limiting membrane is often difficult to iden-
tify around the pigment, the pigment is probably in sec-
ondary lysosomes (Figure 3.36).

When hypertension in hyperaldosteronism is treated
with spironolactone, an aldosterone antagonist, the
adenomatous or hyperplastic adrenal cortical cells ac-
cumulate electron-dense, membranous whorls—spiro-
nolactone bodies (Figure 3.37). These structures are usu-
ally in close association with surrounding smooth
and/or rough endoplasmic reticulum. Spironolactone
type bodies are not morphologically specific for treated
adrenal cortical hyperfunction and may be seen in other
locations and circumstances, such as in hepatocytes in
patients treated with phenobarbital and certain other
drugs.

Squamous Cell Carcinoma

(Figures 3.38 through 3.49.)
Diagnostic criteria. (1) Desmosomes; (2) tonofibrils; 

(3) keratohyalin granules (in well-differentiated cells).
Additional points. Intercellular bridges may be pro-

duced if adjoining cells are partially pulled apart as a
result of edema, degeneration, or autolysis (Figures 3.38
and 3.39). Basal lamina may or may not be present
around groups of cells.

The epithelial cells of thymomas (Figures 3.40 through
3.42) and most thymic carcinomas are of squamous type,
but the size of desmosomes and number of tonofibrils
vary with the degree of differentiation and the zone of
thymus from which the neoplastic cells are derived.
Cortical neoplasms tend to have cells with long, slen-
der processes; small desmosomes; and few tonofibrils.
Medullary lesions (including spindle cell thymomas)
have shorter cells with more abundant cytoplasm, large
desmosomes, and numerous and prominent tonofibrils.

The epithelial cells of some medullary thymomas may
form lumens lined by microvilli and junctional com-
plexes. Nonsquamous cell thymic carcinomas include
clear cell carcinoma, mucoepidermoid carcinoma, basa-
loid carcinoma, lymphoepithelioma-like carcinoma, and
sarcomatoid carcinoma.

So-called undifferentiated carcinomas of the nasopharynx
and paranasal sinuses are actually poorly differentiated
squamous cell carcinomas and characteristically have
desmosomes but only a few tonofibrils (Figures 3.43
through 3.45).

Adamantinomas of long bones also are composed of
cells exhibiting squamous differentiation (Figures 3.46
and 3.47). This is true for oval and polygonal cell com-
ponents and for spindle cell portions, although a ma-
trix containing nonneoplastic, fibroblastic spindle cells
usually accompanies the islands or cords of neoplastic
squamous cells. Basal lamina may surround the squa-
mous cellular groupings.

Concomitant squamous and glandular differentia-
tion is seen in adenocarcinomas with squamous meta-
plasia, adenosquamous carcinomas, and mucoepider-
moid carcinomas. In some of these neoplasms there may
be separate cell types—secretory glandular epithelium
and squamous epithelium—as well as biphasic differ-
entiation within the same cell (Figures 3.48 and 3.49).

Squamous and neuroendocrine differentiation with-
in the same cell also may be seen in small cell carcinoma
of the bronchus.

Transitional Cell (Urothelial) Carcinoma

(Figures 3.50 through 3.59.)
Diagnostic criteria. (1) Interdigitating, villus-like, lat-

eral cell borders; (2) scalloping of luminal plasmalem-
mas by small invaginations that connect with elliptical
apical cytoplasmic vesicles; (3) apical cytoplasmic fila-
ments; (4) focally invaginated basal border, at points of
abutment of neighboring cells; (5) desmosomes.

Additional points. A common feature of neoplastic
urothelial cells is interdigitation of lateral cell mem-
branes. Apical vesicles and plasmalemmal scalloping
are also very characteristic of urothelium, but they
may be scarce or inconspicuous in neoplastic tissue.
Short microvilli may be present on the apical surface
of cells, and varying amounts of cytoplasmic glycogen
and secondary lysosomes may also be present. Tono-
fibrils, a sign of squamous differentiation, often are
present to some degree. Most cells are polygonal, and
some are elongate. Nuclei are frequently indented and
irregular in shape, as is true to a lesser extent in nor-
mal, nonneoplastic urothelial cells. Nucleoli are large
and multiple and consist mostly of open strands of nu-
cleolonemas.
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Figure 3.38. Squamous cell carcinoma (bronchus). A
nest of well-differentiated squamous cells is surrounded
by basal lamina (BL) and has prominent desmosomes (D)

and intercellular bridges (ICB). The cytoplasm of most
cells is rich in bundles of prekeratin filaments (tonofibrils)
(F). (� 6700)



Figure 3.39. Squamous cell carcinoma (bronchus).
Higher magnification of one of the cells illustrated in Fig-
ure 3.38. Desmosomes (D), intercellular bridges (ICB),
and tonofibrils (F) are all prominent. Note also the basal

lamina (BL) enclosing the periphery of the group of cells.
(� 12,150) (Permission for reprinting granted by WB
Saunders, Dickersin GR: Electron microscopy of leukemias
and lymphomas. Clin Lab Med 7:199–247, 1987.)
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Figure 3.40. Thymoma. An island of poorly differenti-
ated squamous cells (center) lies within a sea of lym-
phocytes (top, bottom, and left). At this magnification,

tonofibrils (F) can be seen well only in one cell. Note the
mitotic figure (m) in one cell. (� 4750)
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Figure 3.41. Thymoma. Higher magnification of one of the squamous cells in Figure 3.40 depicts tonofibrils (F) and
desmosomes (D). (� 22,750)
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Figure 3.42. Thymoma. Poorly differentiated cells show prominent desmosomes (D) and no tonofibrils. Filaments (F)
are present but in a diffuse, unbundled arrangement. (� 15,390)
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Figure 3.43. Undifferentiated (squamous) carcinoma (na-
sopharynx). The neoplasm is characteristically composed
of large cells that have a high nuclear–cytoplasmic ratio,
large nuclei with finely dispersed chromatin, and large

nucleoli (Nu). The cytoplasm is primitive, with free ribo-
somes being the most prominent organelle. Lateral cell
borders are interdigitated (circles) in many foci. (� 5740)
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Figure 3.44. Undifferentiated (squamous) carcinoma (na-
sopharynx). Higher magnification of the same case as
shown in Figure 3.43 illustrates the lack of differentiation
of the cytoplasm. Free ribosomes (r) compose most of the
cytoplasm. Desmosomes (D) are readily discernible but

are small. (� 9900) (Permission for reprinting granted by
WB Saunders, Dickersin GR: Electron microscopy of
leukemias and lymphomas. Clin Lab Med 7:199–247,
1987.)
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Figure 3.45. Undifferentiated (squamous) carcinoma (na-
sopharynx). The cells in this neoplasm are spindle shaped
and show mild squamous differentiation, as indicated by

the presence of a few tonofibrils (F) and desmosomes (D)
of moderate size. L � lymphocyte. (� 6750)
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Figure 3.46. Adamantinoma (tibia). Some of the cells in
this island of epithelial cells are spindle shaped but are
still interconnected by desmosomes (D) and contain

tonofibrils (F) in their cytoplasm. The latter are better seen
at higher magnification in Figure 3.47. (� 10,400)
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Figure 3.47. Adamantinoma (tibia). Higher magnification of a cell from the same neoplasm depicted in Figure 3.46
illustrates more clearly the cytoplasmic tonofibrils (F). (� 37,700)
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Figure 3.48. Mucoepidermoid carcinoma (bronchus). A neoplasm manifesting two lines of differentiation: glandular,
with microvilli (V) and secretory (mucus) granules (S); squamous, with tonofibrils (F). (� 5320)
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Figure 3.49. Mucoepidermoid carcinoma (bronchus). Higher magnification of one of the cells depicted in Figure 3.48,
illustrates the microvilli (V), secretory granules (S), and tonofibrils (F). (� 15,960)
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Figure 3.50. Normal urothelium (ureter). At low magni-
fication, the characteristic transitional cell feature of in-
terdigitating, villus-like lateral borders (*) is discernible.

Also noted is the irregularly villous luminal surface (top
of field) and the indented and irregularly shaped nuclei
(N). (� 3700)
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Figure 3.51. Normal urothelium (ureter). High magnifi-
cation of luminal lining cells illustrates an irregularly vil-
lous surface (V), interdigitating lateral cell membranes (*),

innumerable small apical vesicles (circles), and a few
secondary lysosomes (l). (� 16,520)
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Figure 3.52. Normal urothelium (ureter). High magnification of the apical cytoplasm of a lining cell demonstrates
communications between some of the small vesicles (arrows) and the lumen (L). (� 47,600)
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Figure 3.53. Normal urothelium (ureter). The basal side
of the urothelial lining is covered by basal lamina (BL),
and the lateral plasma membranes of adjacent cells show

marked interdigitation of their villus-like projections (*).
(� 9880)
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Figure 3.54. Papillary transitional cell carcinoma (renal
pelvis). Some of the neoplastic cells at the surface of this
papilla are narrow and long (A), and others are bulbous
and pouting (B). The nuclear–cytoplasmic ratio is high,

and the nuclear shape is irregular in the latter-type cells.
A few microvilli (V) are present on the free surface of both
types of cells. (� 6750)
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Figure 3.55. Papillary transitional cell carcinoma (renal
pelvis). Neoplastic cells deep within a papilla are plump
and have large and irregularly shaped nuclei with multi-
ple open strand-like nucleoli (nucleolonemas) and a pre-

ponderance of euchromatin. The cytoplasm is composed
mostly of free ribosomes plus a moderate number of mi-
tochondria (M) and a few undilated cisternae of rough
endoplasmic reticulum (RER). (� 7020)
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Figure 3.56. Metastatic transitional cell carcinoma from bladder (omentum). The neoplastic cells are narrow and have
interdigitating lateral borders (*). The open cytoplasmic spaces represent glycogen (G). (� 10,640)
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Figure 3.57. Metastatic transitional cell carcinoma from bladder (omentum). High magnification highlights the copi-
ous cytoplasmic glycogen (G) present in many of the cells of this neoplasm. (� 11,400)

LARGE CELL NEOPLASMS 85



86 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 3.58. Metastatic transitional cell carcinoma from
bladder (omentum). These cells at the edge of the neo-
plastic island illustrate interdigitating lateral borders (*),
a peripheral covering by basal lamina (BL) and invagi-

nation of their basal cell membrane at the line of junc-
tion between cells (arrow). Additional features include
tonofibrils (T) and dilated cisternae of rough endoplasmic
reticulum (RER). (� 15,000)
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Figure 3.59. Metastatic transitional cell carcinoma from
bladder (omentum). Early squamous differentiation in this
cell is indicated by numerous tonofibrils (T). M � mito-

chondria; RER � dilated cisternae of rough endoplasmic
reticulum. (� 17,700)



(Text continued from page 65)

Undifferentiated Carcinoma

(Figures 3.60 through 3.63.)
Diagnostic criteria. (1) Intercellular junctions; (2) no

squamous differentiation; (3) no glandular differentia-
tion; (4) no lymphoid or sarcomatoid differentiation (see
later sections).

Additional points. Most carcinomas of the large cell,
undifferentiated type at the light microscopic level can
be proved to be poorly differentiated squamous cell car-
cinomas or adenocarcinomas when viewed through the
electron microscope. This is especially true for carcino-
mas arising in the bronchus, nasopharynx, and para-
nasal sinuses, as pointed out earlier (see section on
squamous cell carcinoma). However, a small percent-
age of neoplasms in this “undifferentiated” group ap-
pear genuinely undifferentiated at the ultrastructural
level as well. Examples of these entities include germ
cell tumors such as dysgerminomas and some embry-
onal carcinomas and a few neoplasms in which the cell
line cannot be determined. Intercellular junctions are
the sole feature in some of these neoplasms that allow
a diagnosis of carcinoma to be made and lymphoma to
be ruled out. The junctions usually are of the interme-
diate type and may be sparse and small. When promi-
nent desmosomes are found, on the other hand, it is of-
ten an indication of squamous differentiation. Another
epithelial feature, if the neoplasm has an insular pat-
tern, is the presence of basal lamina surrounding groups
of cells rather than individual cells.

Melanoma

(Figures 3.64 through 3.71.)
Diagnostic criteria. (1) Premelanosomes (stage I and

II melanosomes); (2) melanosomes (stage III and IV); 
(3) atypical (or aberrant) melanosomes.

Additional points. Premelanosomes are unpigmented
vesicles that include stage I and stage II melanosomes.
Stage I melanosomes originate from the Golgi appara-
tuses as clear, round vesicles and are not diagnostic of
melanoma. Stage II melanosomes consist of larger, oval
or elliptical vesicles with a pathognomic internal lamel-
lar structure. Stage III melanosomes are partially pig-
mented, and stage IV melanosomes are heavily pig-
mented and have their internal lamellar pattern
completely obscured. Stage IV melanosomes and atyp-
ical melanosomes, by themselves, are often only sug-
gestive of, or consistent with, the diagnosis, especially
if they are few in number. Atypical melanosomes 
include a broad spectrum of morphologic types of 
electron-dense granules and often are difficult to dis-

tinguish from primary and secondary lysosomes. Fila-
ments of an intermediate diameter (10 nm) are often
moderately numerous in melanocytes, and arrays of mi-
crotubules within cisternae of rough endoplasmic retic-
ulum may also be found occasionally (Figures 3.68 and
3.69). Unexpected structures such as microvilli and
basal lamina may be found rarely in the cells compris-
ing a melanoma.

Clear cell sarcoma, or melanoma of soft parts, has the
same criteria for diagnosis as other melanomas; namely,
the presence of melanosomes (Figures 3.70 and 3.71).
Cytoplasmic glycogen accounts for the clear appear-
ance of the cells at light microscopy. The cells may be
polygonal and/or spindle shaped, and in some cases
the spindle cells are more consistent with melanotic
Schwann cells than with melanocytes. The Schwannian
features include long intertwining processes, basal lam-
ina, junctions (variable in size and number), secondary
lysosomes, and long-spacing collagen (see section on
Schwannoma, Chapter 6).

Balloon cell melanoma is a rare form of melanoma in
which all or some of the neoplastic melanocytes are
large and have copious, vacuolated cytoplasm. Some of
the vacuoles disclose a melanosomal origin by the pres-
ence of striated lamellar remnants. The cause of the
vacuolization is unknown but may be a degenerative
change or an abnormality in melanin synthesis.

Mesothelioma

(Figures 3.72 through 3.77.)
Diagnostic criteria. (1) Numerous long, thin microvilli

with a length-to-diameter ratio of 10-to-1 or higher; 
(2) prominent intercellular junctions, including desmo-
somes and junctional complexes; (3) numerous fila-
ments, including tonofibrils; (4) glycogen; (5) intracy-
toplasmic lumens.

Additional points. The above criteria are characteris-
tic of the epithelial type of mesothelioma (Figures 3.72
through 3.74). The microvilli, in addition to being on the
free surface of cells lining papillae and acini, may com-
pletely surround less organoid cells and abut matrical
collagen. Otherwise, a basal lamina courses along the
basal plasmalemma of adjacent cells, separating them
from the fibrous stroma. Cytoplasmic organelles usu-
ally include many mitochondria. Nuclei are round, and
nucleoli are of moderate size. Mesotheliomas can usu-
ally be distinguished from pulmonary carcinomas by
the absence of mucinous granules in the cytoplasm and
by the absence of glycocalyx on the cell surface. In ad-
dition, it is rare for adenocarcinomas to have long, thin
microvilli.
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Less common spindle cell types of mesothelioma in-
clude sarcomatous, or mesenchymal mesothelioma,
and localized fibrous tumor of the pleura. In sarcoma-
toid mesotheliomas, the spindle cells vary in their fea-
tures, some having the prominent RER and Golgi ap-
paratuses of fibroblasts, some having additionally the
filaments and dense bodies of myofibroblasts, and oth-
ers having junctions and microvilli characteristic of ep-
ithelial cells. In localized fibrous tumor of the pleura,
the cells are spindle and polygonal in shape, dispersed
individually and in small clusters in a matrix of dense
collagen, and they may have no or only minor epithe-
lial features such as small intercellular junctions and a
few abortive microvilli (Figures 3.75 through 3.77). In
addition, the cells usually have a nondescript cyto-
plasm, but in a small percentage of cases the cytoplasm
contains prominent rough endoplasmic reticulum, con-
sistent with fibroblasts.

Lymphoma

(Figures 3.78 through 3.86.)
Diagnostic criteria. (1) Nucleus with peripheral het-

erochromatin, in at least some of the cells; (2) cytoplasm
composed mostly of free ribosomes and/or polyribo-
somes; (3) absence of intercellular junctions.

Additional points. Large cell lymphomas include high-
grade follicle center lymphoma, composed of centro-
blasts; diffuse, large B-cell lymphoma, which has sev-
eral variants including centroblastic, immunoblastic,
mixed centroblastic/immunoblastic (most common),
and anaplastic types; anaplastic large cell lymphoma,
T- and null-cell types; and some cases of peripheral T-
cell lymphoma, unspecified, subcutaneous T-cell lym-
phoma, and intestinal T-cell lymphoma.

Centroblasts have round nuclei with smooth or in-
dented contours, a small amount of heterochromatin,
peripheral nucleoli, and abundant cytoplasm with a
predominance of ribosomes and polyribosomes and
few other organelles (Figures 3.78 through 3.80). Im-
munoblasts have large, mostly euchromatic nuclei,
large central nucleoli (frequent nucleolonemas), vary-
ing amounts (often prominent) of rough endoplasmic
reticulum and numerous ribosomes and polyribosomes
(Figures 3.81 and 3.82). Plasmacytoid immunoblasts
have varying amounts of heterochromatin and one or
two large central or peripheral nucleoli. The cytoplasm
contains abundant rough endoplasmic reticulum,
which is dilated and filled with a medium-dense sub-
stance (Figure 3.83). These cells have generally similar
features to the plasma cells seen in plasmacytomas,
multiple myeloma, and reactive plasmacytic prolifera-
tions (see Chapter 4, Figures 4.51 through 4.54).

B-cells and T-cells cannot be morphologically distin-
guished from one another, although T-cells tend to have
more irregularly shaped nuclei.

The CD30 (Ki-1) positive anaplastic cells of T-cell,
null-cell (and infrequent B-cell) lymphomas are irregu-
larly oval and have abundant cytoplasm with a 
predominance of ribosomes, a moderate number of mi-
tochondria, and a few undilated cisternae of rough en-
doplasmic reticulum. Nuclei are pleomorphic, in-
dented, lobated, and euchromatic. Nucleoli are large
and multiple (Figures 3.84 and 3.85). Plasmalemmas, in
about 20% of cases, are raised into numerous, compli-
cated filopodia (filiform cells, anemone cells, porcupine
cells) (Figure 3.85), a feature present also in some
nonanaplastic large cell (mostly B-cell) lymphomas
(Figure 3.81). The ultrastructural features of the large
cells of anaplastic lymphomas may be strikingly simi-
lar to those of Reed-Sternberg cells of Hodgkin’s dis-
ease. Reed-Sternberg cells, depending on the plane of
sectioning, may appear to have classic mirror-image,
double nuclei, or they may reveal only one nucleus.
Some nuclei that appear double by light microscopy are
identifiable as single, bilobed nuclei with narrow isth-
muses, by electron microscopy (Figure 3.86).

Although large cell lymphomas often are composed
predominantly of blasts having euchromatic nuclei,
they usually also contain scattered smaller cells that
have the characteristic peripheral heterochromatin pat-
tern of lymphoid nuclei (Figures 3.78 and 3.79). Other
features of some large cell lymphomas are intertwining
of plasmalemmas of adjacent cells and tapering, broad,
polar processes (Figures 3.79 and 3.80). Intertwining of
plasmalemmas is also seen with follicular dendritic cells
and with paracortical interdigitating cells. Follicular
dendritic cells are found in the follicular centers of nor-
mal and hyperplastic lymph nodes and have been in-
terpreted in follicular lymphoma to indicate that the
nodules derive from follicles.

Electron microscopy has elucidated the nonhistio-
cytic, lymphoid nature of the large neoplastic cells in
large-cell lymphomas; and the term “histiocytic lym-
phoma”, as used in the outdated Rappaport classifica-
tion of lymphomas, is a misnomer. Histiocytes occur in
varying numbers in large-cell lymphomas but are con-
sidered to be part of the inflammatory reaction accom-
panying the neoplasms. Usually, there is no difficulty
encountered in distinguishing a histiocyte from a large
lymphoid cell. Histiocytes have abundant cytoplasm
with many different organelles. Histiocytic sarcoma, a
lymphoma-like lesion composed of neoplastic histio-
cytes, is a very rare entity, and although it may progress
to a diffuse stage, it is usually localized on first presen-
tation (see Section on Histiocytic Disorders next).
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Figure 3.60. Undifferentiated large cell carcinoma (lung).
The three moderately well-preserved cells in this field
show an absence of squamous and glandular features
and, at higher magnification (Figure 3.61), have a few
small intercellular junctions. There is a high nuclear–

cytoplasmic ratio, nuclei are predominantly euchromatic
and have large nucleoli, and the cytoplasm is rich in free
ribosomes. The large secondary lysosomes (l) could rep-
resent either a heterophagosome or an autophagosome.
(� 5940)



Figure 3.61. Undifferentiated large cell carcinoma (lung).
Higher magnification of the same neoplasm as that de-
picted in Figure 3.60 shows at least two small intercellu-

lar junctions (J). In addition, cell membranes of adjacent
cells show focal interdigitation (arrows), less diffuse than
those seen in urothelial cells. (� 11,700)
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Figure 3.62. Metastatic undifferentiated large cell carci-
noma (posterior mediastinum, in paratracheal lymph
nodes). Several large neoplastic cells (N) are surrounded
by lymphocytes (L), and the neoplastic cells have no
squamous or glandular differentiation. The cytoplasm is

rich in free ribosomes and also has numerous mitochon-
dria (M) and undilated cisternae of rough endoplasmic
reticulum (RER). Nuclei are large, irregularly shaped, and
euchromatic, and they have large nucleoli (Nu). Junctions
cannot be discerned at this low magnification. (� 5510)
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Figure 3.63. Metastatic undifferentiated large cell carci-
noma (posterior mediastinum, in paratracheal lymph
node). Higher magnification of the same neoplasm as that
shown in Figure 3.62 highlights the lack of squamous and
glandular differentiation in the cytoplasm and the incon-

spicuousness of intercellular junctions. The presence of
copious glycogen (G, clear spaces) rules out lymphoma
and often is present in undifferentiated large cell carci-
nomas. (� 5720)
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Figure 3.64. Melanoma (metastatic to soft tissue of thigh).
By light microscopy and low-power electron microscopy,
this poorly differentiated neoplasm was amelanotic, and
only at higher power did a few cells contain diagnostic

melanosomes. Note the marked nuclear pleomorphism
among the cells. Also, chromatin is finely dispersed, and
nucleoli are marginally located along the nuclear enve-
lope. (� 5130)
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Figure 3.65. Melanoma (nasal mucosa). This neoplasm,
as compared with Figure 3.64, is extremely melanotic,
having many melanosomes (M) in most of the cells. Note

the variation in size, shape, and density among the
melanosomes. (� 5130)
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Figure 3.66. Melanoma (skin of upper eyelid). Diagnos-
tic early-stage melanosomes (m) have a discernible in-
ternal lamellar pattern, whereas later-stage melanosomes

(M) have partial or complete obliteration of that pattern
by synthesized melanin pigment. (� 100,500)
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Figure 3.67. Melanomas. Examples of later-stage mela-
nosomes from four different melanomas, illustrating the
range of morphology possible in these organelles. In 

A and D, the size of the melanosomes (m) can be con-
trasted to that of mitochondria (M). A, � 63,000. B, �
64,800. C, � 29,700. D, � 40,500.
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Figure 3.68. Melanoma (metastatic to inguinal lymph node). A malignant melanocyte contains a paranuclear col-
lection of intracisternal microtubules (arrows) (see higher magnification in Figure 3.69). (� 14,300)
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Figure 3.69. Melanoma (metastatic to inguinal lymph
node). Higher magnification of a cell from the same neo-
plasm shown in Figure 3.68 depicts the intracisternal mi-

crotubules in longitudinal (arrow) and transverse (double
arrows) directions. (� 30,000)
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Figure 3.70. Clear cell sarcoma (lymph node, left arm). Closely arranged polygonal cells have large euchromatic nu-
clei with prominent nucleoli and abundant cytoplasmic glycogen (*, open finely granular spaces). (� 5700)
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Figure 3.71. Clear cell sarcoma (lymph node, left arm). High magnification of a portion of one of the clear cells from
the case illustrated in Figure 3.70 shows numerous melanosomes (M) of various stages. (� 35,000)
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Figure 3.72. Mesothelioma (pleura and anterior thoracic wall). Epithelial type cells have a floridly villous free surface
(V) and tightly apposed other surfaces. C � collagen. (� 4940)
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Figure 3.73. Mesothelioma (pleura and anterior thoracic
wall). Higher magnification of a cell from the same neo-
plasm as depicted in Figure 3.72. The surface villi (V) are

long and numerous. Intercellular junctions (J) and mi-
crofilaments (F) are prominent, and nucleoli (Nu) are
large. (� 15,000)

LARGE CELL NEOPLASMS 103



Figure 3.74. Mesothelioma (pleura). This specimen was specially processed to preserve glycogen (G) as electron-
dense granules. Glycogen often is copious in the cells of mesotheliomas. (� 16,000)
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Figure 3.75. Fibrous mesothelioma (pleura). The neo-
plastic cells are dispersed individually and in small
groups within a matrix of collagen. Within groups, some

of the cells are more oval and polygonal than spindle
shaped. (� 3245)
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Figure 3.76. Fibrous mesothelioma (pleura). A group of
neoplastic cells are tightly apposed and spindle and
polygonal in shape. The high nuclear–cytoplasmic ratio,

the finely dispersed chromatin, and the prominent nu-
cleolus (Nu) all contribute to the poorly differentiated ap-
pearance of the cells. (� 5700)
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Figure 3.77. Fibrous mesothelioma (pleura). High mag-
nification of a group of neoplastic cells depicts several
epithelial-like features: polygonal shapes, small intercel-

lular junctions (J), and small, intercellular, villus-lined
spaces (arrows). (� 16,245)
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Figure 3.78. Reactive follicular center (cervical lymph
node). The large cells are centroblasts and have a high
nuclear–cytoplasmic ratio, finely dispersed chromatin
(euchromatin), large nucleoli, and cytoplasm composed
mostly of free ribosomes. Scattered among the centro-
blasts are smaller centrocytes having the aggregated chro-

matin (heterochromatin) pattern characteristic of lym-
phocytes (L). Although the cells are in tight apposition,
there are no intercellular junctions. The abutting plas-
malemmas of adjacent cells are intertwined in many foci
(circles). (� 4990)
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Figure 3.79. Reactive follicular center (cervical lymph
node). This higher magnification of the specimen de-
picted in Figure 3.78 illustrates the intertwining of the
plasma membranes of adjacent cells. Although free ribo-
somes predominate in the cytoplasm of these centro-

blasts, there also are a few mitochondria (M), scattered
cisternae of rough endoplasmic reticulum (RER), and
prominent Golgi apparatuses (G) with a few primary lyso-
somes (circles). (� 23,660)

LARGE CELL NEOPLASMS 109



Figure 3.80. Nodular and diffuse, centroblastic large cell
lymphoma (nasopharynx). This field illustrates the many
broad processes (P) that lymphoid cells may exhibit. 

(� 7760) (Permission for reprinting granted by WB Saun-
ders, Dickersin GR: Electron microscopy of leukemias
and lymphomas. Clin Lab Med 7:199–247, 1987.)
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Figure 3.81. Diffuse large cell lymphoma, immunoblas-
tic (cervical lymph node). These large lymphoid cells
have a microvillous surface, similar to what would be ex-
pected in an adenocarcinoma. However, there are no
junctions between the cells and no formation of mi-

croacini. (� 5250) (Permission for reprinting granted by
WB Saunders, Dickersin GR: Electron microscopy of
leukemias and lymphomas. Clin Lab Med 7:199–247,
1987.)
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Figure 3.82. Diffuse large cell lymphoma, immunoblas-
tic (axillary lymph node). This blast, when viewed indi-
vidually and not in context with the remaining infiltrate,
could be difficult to prove as a lymphoblast. The nucleus
does not have the typical heterochromatin pattern of the
lymphoid series, although the innumerable ribosomes
and absence of intercellular junctions are clues that the

cell is a lymphoblast. The moderate amount of rough en-
doplasmic reticulum (RER) and central, large nucleolus
are consistent with an immunoblast. (� 9750) (Permis-
sion for reprinting granted by WB Saunders, Dickersin
GR: Electron microscopy of leukemias and lymphomas.
Clin Lab Med 7:199–247, 1987.)
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Figure 3.83. Large cell lymphoma, immunoblastic, 
plasmacytoid subtype (cervical lymph node). A plasma-
cytoid immunoblast has cytoplasm filled with dilated
rough endoplasmic reticulum (arrows). The nucleus has

prominent peripheral heterochromatin, characteristic of
lymphocytes/plasma cells. A nucleolus is large and cen-
tral. (� 14,200)

LARGE CELL NEOPLASMS 113



Figure 3.84. Anaplastic Ki-1 positive large cell lym-
phoma (retroperitoneal lymph node). Large, poorly dif-
ferentiated cells (K) are interspersed with smaller cells
having the chromatin pattern of lymphocytes (L). The
cells are closely apposed, but there are no intercellular

junctions. The poorly differentiated cells have indented
and lobated nuclei. Chromatin is finely dispersed, and
nucleoli are prominent and multiple. Cytoplasm contains
a predominance of free ribosomes and a moderate num-
ber of mitochondria. (� 5900)
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Figure 3.85. Anaplastic Ki-1 positive large cell lym-
phoma (retroperitoneal lymph node). Poorly differenti-
ated large cells have pleomorphic nuclei, ribosomes, mi-
tochondria, and a few cisternae of rough endoplasmic

reticulum in the cytoplasm and innumerable filopodia (*)
on their surfaces (filiform cells/anemone cells/porcupine
cells). (� 5600)
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(Text continued from page 89)

Histiocytic Disorders
Macrophagic Lesions
(Figures 3.87 through 3.92.)

Diagnostic criteria. (1) Small and large cells having a
copious and “busy” cytoplasm, and a surface raised
into many broad pseudopods; (2) cytoplasmic organ-
elles and inclusions include varying numbers of small
(primary) and large (secondary) lysosomes, many mi-
tochondria, a moderate amount of rough endoplasmic

reticulum, prominent Golgi apparatuses, and occa-
sional lipid droplets; (3) in hemophagocytic syndromes,
phagocytosed erythrocytes, leukocytes, and/or platelets
within the cytoplasm; (4) in histiocytic sarcoma, nuclei
of large histiocytes are frequently large, irregular in
shape, and euchromatic and have one or two prominent
nucleoli.

Additional points. The question of benignancy or ma-
lignancy of histiocytes may be difficult to answer on the
basis of cellular morphology alone, but usually large
and irregularly shaped nuclei with euchromatin and
prominent nucleoli are indicative of malignancy, rather
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Figure 3.86. Hodgkin’s disease (cervical lymph node).
These four fields (A through D) illustrate the degree of lo-
bation that may be present in the nuclei of Reed-Stern-
berg cells and how the plane of sectioning could result

in apparent binucleation. The cytoplasmic features of all
four cells are more consistent with a lymphoid line 
than they are with a histiocytic one (see Figure 3.87). 
A, � 6150. B, � 7870.



than an inflammatory reaction (Figures 3.87 through
3.92). The current classification of histiocytic disorders
includes two broad categories: disorders of varied bio-
logical behavior and malignant disorders. Within each
of these categories, the cell type may be a macrophage
or a dendritic cell. In addition, monocytic leukemias
and sarcomas are included under the malignant disor-
ders. Macrophagic disorders encompass hemophago-
cytic syndromes, Rosai-Dorfman disease, multicentric
reticulohistiocytosis, solitary histiocytoma, and histio-
cytic sarcoma (localized or disseminated).

Dendritic Cell Lesions

The cells in these lesions are not phagocytic and func-
tion to take up and deliver antigens and immune com-
plexes to lymphoid cells. Dendritic cell lesions include
Langerhans’ cell histiocytosis and sarcoma, hyperplas-
tic and neoplastic follicular dendritic cell lesions, and in-
terdigitating dendritic cell proliferations.

LARGE CELL NEOPLASMS 117

Figure 3.86. (continued)
C, � 6525. D, � 6390.
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Figure 3.87. Histiocyte (axillary lymph node). The busy
cytoplasm of this histiocyte is in marked contrast to the
simple cytoplasm (mostly ribosomes) of the large lym-
phocytes seen in Figures 3.78 through 3.82. Cytoplasm
containing primary (p) and secondary (S) lysosomes and
cell surfaces forming pseudopods (P) are especially good

markers for identifying histiocytes. Note also lipid
droplets (L), mitochondria (m), and rough endoplasmic
reticulum (RER). (� 12,930) (Permission for reprinting
granted by WB Saunders, Dickersin GR: Electron mi-
croscopy of leukemias and lymphomas. Clin Lab Med
7:199–247, 1987.)
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Figure 3.88. Hemophagocytic syndrome associated with
acute lymphocytic leukemia (bone marrow). The filopo-
dia (*) of two giant histiocytes, or two processes of the
same histiocyte, show a plane of complicated interdigi-

tation. The cytoplasm is rich in organelles. (� 7850) (Per-
mission for reprinting granted by WB Saunders, Dickersin
GR: Electron microscopy of leukemias and lymphomas.
Clin Lab Med 7:199–247, 1987.)
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Figure 3.89. Hemophagocytic syndrome associated with
acute lymphocytic leukemia (bone marrow). At least two
giant histiocytes are present in this field. In addition to an
intimate interdigitation of their filopodia (*) and a plethora

of cytoplasmic organelles, the nucleus is large, irregularly
shaped, and euchromatic and has a prominent nucleo-
lus. (� 6750)
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Figure 3.90. Hemophagocytic syndrome associated with
acute lymphocytic leukemia (bone marrow). The cyto-
plasm of this histiocyte contains two phagocytosed ery-
throcytic precursors (E) as well as a large secondary lyso-
some (L) with heterogeneous contents that may be a

partially digested erythrocyte or another type of phago-
cytosed cell. (� 8740) (Permission for reprinting granted
by WB Saunders, Dickersin GR: Electron microscopy of
leukemias and lymphocytes. Clin Lab Med 7:199–247,
1987.)
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Figure 3.91. Histiocytic sarcoma (malignant histiocyto-
sis) (femur). Characterizing these histiocytes are a solid
grouping of molded oval cells with folded filopodia (*)
and an absence of intercellular junctions. The cytoplasm

is abundant, and organelles are plentiful. Secondary lyso-
somes with engulfed erythrocytic particles (E) are present
in some of the cells. (� 2440)
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Figure 3.92. Histiocytic sarcoma (malignant histiocyto-
sis) (femur). Higher magnification of the same neoplasm
as that illustrated in Figure 3.91 highlights the phagocy-
tosed erythrocytes (E) and erythrocytic particles (*). 

(� 5720) (Permission for reprinting granted by WB Saun-
ders, Dickersin GR: Electron microscopy of leukemias
and lymphomas. Clin Lab Med 7:199–247, 1987.)
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(Text continued from page 117)

Langerhans’ Cell Histiocytosis (Histiocytosis X)
(Figures 3.93 through 3.95.)

Diagnostic criteria. (1) Varying numbers of large
(12–25 �) mononuclear (Langerhans’) cells, with low-
power characteristics of a curved or oval nucleus and
abundant cytoplasm; (2) at high-power, diagnostic Bir-
beck (Langerhans’, X) granules in the cytoplasm; (3) nu-
merous other cytoplasmic organelles including many
free ribosomes, mitochondria, rough endoplasmic retic-
ulum, and primary lysosomes; (4) filopodia at the cell
surface; (5) absence of secondary lysosomes (phago-
lysosomes) except in rare cases.

Additional points. The most distinguishing feature of
this disease is the Langerhans’ or Langerhans’-like cell,
a dendritic cell having the Birbeck granule as its most
characteristic marker (Figure 3.95). The Birbeck granule
has a three-dimensional shape of a cup or disc, or a
combination of the two. The two-dimensional appear-
ance of the granule is several-fold, including rods and
tennis-racket-shaped structures. A dense, zipper-like,
striated line is frequently visible running longitudinally
in the middle of the granule, and may represent a cel-
lular surface-coating similar to a glycocalyx (Figure
3.95). Some Birbeck granules can be identified as origi-
nating from invaginations of plasmalemmas (Figure
3.95), and some may possibly originate from Golgi ap-
paratuses. Structures similar to Birbeck granules may
also be found as attachment plaques between plas-
malemmas of apposing Langerhans’ cells. Cells with
the immunophenotype and morphology of Langer-
hans’ cells without Birbeck granules have been desig-
nated indeterminate cells.

Langerhans’ cells are found normally in squamous
epithelial surfaces such as skin and mucous membrane.

Follicular Dendritic Cell Lesions
(Figures 3.96 through 3.100.)

Diagnostic criteria. (1) Cells with oval or elongated
nuclei, with or without indentations; (2) small amounts
of heterochromatin, more concentrated at the periphery
of the nucleus; (3) small nucleolus (sometimes in 
form of nucleolonema) is usually single and central; 
(4) sparse cytoplasmic organelles, mostly free ribo-
somes; (5) dense network of long and intertwining cy-
toplasmic processes; (6) desmosomes present between
processes.

Additional points. Proliferations of follicular dendritic
cells may be neoplastic or nonneoplastic, with the 
latter being very uncommon. Neoplastic lesions are
usually low-grade sarcomas, but a few are high-grade
sarcomas.

Interdigitating Dendritic Cell Lesions
Diagnostic criteria. (1) Cells with large, indented and
pleomorphic nuclei; (2) predominance of heterochro-
matin subjacent to nuclear envelope; (3) sparse cyto-
plasmic organelles, including free ribosomes, smooth
and rough endoplasmic reticulum and Golgi appara-
tuses; (4) interdigitating cytoplasmic processes; (5) ab-
sence of desmosomes.

Additional points. Interdigitating dendritic cells are
present in T cell regions of lymph nodes and spleen, and
lesions composed of them are extremely rare and usu-
ally very malignant.

Mastocytosis and Mastocytoma

(Figures 3.101 and 3.102.)
Diagnostic criteria. (1) Round, oval or spindle shaped

cells with granules of varying size, internal pattern and
density; (2) round, nonsegmented nucleus.

Additional points. The most characteristic morphol-
ogy of mast cell granules is a lamellar or scroll-like pat-
tern, but other nonspecific forms, including giant-size
and compound granules, also may be seen. Mastocyto-
sis may be isolated to the skin as in urticaria pigmen-
tosa or, less commonly, systemic, in which case other or-
gans but especially the bone marrow are involved.

Systemic mastocytosis may be associated with other
myeloproliferative disorders such as acute and chronic
myelocytic leukemia. Rarely, systemic mastocytosis
may be a primary malignancy. Solitary mastocytomas
comprise a small minority of all cases of mastocytosis.
Mast cells perform some of the same biochemical and
immunological functions as basophils, and both cell
types derive from hematopoietic precursors in the bone
marrow. However, there are some functional differences
as well as distinctions in morphology and natural his-
tory. Mast cells mature and reside in connective tissue,
whereas basophils mature in the bone marrow, circu-
late in the peripheral blood, and migrate into solid tis-
sues in response to inflammatory stimuli.

(Text continues on page 135)
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Figure 3.93. Histiocytosis X (eosinophilic granuloma,
vertebral body). Several characteristic Langerhans’ cells
display curved and indented nuclei, copious cytoplasm,
and many filopodia on their surfaces. (� 6360) (Permis-

sion for reprinting granted by WB Saunders, Dickersin
GR: Electron microscopy of leukemias and lymphomas.
Clin Lab Med 7:199–247, 1987.)
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Figure 3.94. Histiocytosis X (skin). The cytoplasm of the
Langerhans’ cell is abundant, and many different or-
ganelles are contained. Characteristically, the nucleus is
curved, and the cell surface is raised into filopodia (f). 

(� 13,500) (Permission for reprinting granted by WB Saun-
ders, Dickersin GR: Electron microscopy of leukemias and
lymphomas. Clin Lab Med 7:199–247, 1987.)
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Figure 3.95. Histiocytosis X (eosinophilic granuloma,
calvarium). The cytoplasm of a Langerhans’ cell, seen at
high magnification, illustrates several Birbeck granules,
including a rod form (r), tennis-racket shape (t), and in-
vagination of the cell membrane (i) with a glycocalyceal

central linear density. (� 104,000) (Permission for reprint-
ing granted by WB Saunders, Dickersin GR: Electron mi-
croscopy of leukemias and lymphomas. Clin Lab Med
7:199–247, 1987.)
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Figure 3.96. Hyperplastic lymphoid follicle (cervical
lymph node). In the midst of these follicular center cells
are foci of intertwining, narrow cellular processes con-
sistent with dendritic cell processes (brackets ). At higher

magnification (see Figure 3.97), desmosomes are visible
between the processes. Cytoplasm contains few or-
ganelles, mostly free ribosomes. (� 8500)
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Figure 3.97. Hyperplastic lymphoid follicle (cervical
lymph node). Higher magnification of the central, brack-
eted field in Figure 3.96 illustrates the intertwining den-

dritic cell processes, their fuzzy, medium-dense coating
(arrows), a desmosome (D), and less prominent junction
(J). (� 23,800)
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Figure 3.98. Follicular dendritic cell sarcoma (spleen).
This specimen was fixed in formalin rather than glutar-
aldehyde, resulting in less-than-optimal cellular preserva-

tion, but still discernible are numerous cellular processes
with a fuzzy, medium-dense coating (arrows), plus the
cell body of a malignant dendritic cell (*). (� 6600)
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Figure 3.99. Follicular dendritic cell sarcoma (axillary
lymph node). The neoplastic cells have dendritic-like
processes (arrows), small amounts of heterochromatin,

some indented nuclei, and single nucleoli. Cytoplasm is
nondescript. A desmosome (D) is discernible between
two processes. (� 7800)
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Figure 3.100. Follicular dendritic cell sarcoma (axillary
lymph node). Higher magnification of two cells from the
same neoplasm depicted in Figure 3.99 reveals non-

descript cytoplasm with few organelles, and several
desmosomes (D). (� 12,500)
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Figure 3.101. Mastocytoma (skin of leg). Several mast cells are characterized by a floridly filopodial surface and nu-
merous cytoplasmic granules of varying density. (� 6700)
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Figure 3.102. Mastocytoma (skin of leg). High magnification illustrates a mast cell with innumerable membrane-bound
cytoplasmic granules (G) of varying density as well as florid filopodia (F). C � collagen. (� 11,400)
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4
Small Cell

Neoplasms

Neuroendocrine Carcinoma

(Figures 4.1 through 4.8.)
Diagnostic criteria. (1) Oval and/or spindle shaped

cells, variably with polar processes; (2) diffuse, usually
noninsular arrangement of cells; (3) high nucleocyto-
plasmic ratio in cell bodies; (4) intercellular junctions;
(5) dense-core granules.

Additional points. Neuroendocrine neoplasms include
those derived from neural crest, such as neuroblastoma,
and those derived from epithelium in various parts of
the body, the gastrointestinal tract and skin being ex-
emplary sites. Two examples of small cell neuroen-
docrine carcinomas are oat cell carcinoma of the lung
and Merkel cell carcinoma of the skin. Oat cell carci-
noma originates from the bronchogenic Kulschitzki cell,
an endodermal derivative, and is the malignant
counterpart of the carcinoid tumor (see Chapter 9).
Merkel cell carcinoma arises from cutaneous neuroen-
docrine cells of probable neuroectodermal derivation.
These neoplasms, especially oat cell carcinoma, often
have a paucity of dense-core granules, making diagno-
sis more difficult. Furthermore, the presence of one or
two small, dense granules in a cell does not rule out the
possibility of the granules being primary lysosomes,
which may be seen in almost any type of cell, including
lymphocytes. Difficulty in diagnosis may arise if the tis-
sue is not well preserved and/or if there is compression
or other artifact. The identification of intercellular junc-
tions, especially desmosomes, in these situations may
be very helpful in making the diagnosis of carcinoma.
Also, aggregates of paranuclear intermediate filaments
and/or tonofibrils may be found in some tumors, es-
pecially Merkel cell carcinomas. Another particular fea-
ture of Merkel cell tumors is that the dense-core gran-
ules are predominantly in a subplasmalemmal location.

Neuroblastoma

(Figures 4.9 through 4.13.)
Diagnostic criteria. (1) Diffuse, nonorganoid pattern

of small round and oval cell-bodies with high nucleo-
cytoplasmic ratio; (2) zones devoid of cell bodies occu-
pied by back-to-back cellular processes (neuropil); 
(3) microtubules, parallel and longitudinally directed,
within cellular processes; (4) intermediate filaments; 
(5) small, round dense-core granules (more numerous
in processes than in cell bodies); (6) synaptic vesicles in
processes (variable); (7) intercellular junctions.

Additional points. Neuroblastoma, a neuroectoder-
mally derived neuroendocrine neoplasm, has a unique
ultrastructural appearance. Nuclei often have an irreg-
ular contour. The neuropil is characteristic, and the bare
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Figure 4.1. Oat-cell carcinoma (metastatic in mediasti-
nal lymph node). The neoplastic small cells are tightly
apposed and have active-appearing nuclei (euchromatin
and prominent nucleoli). The dark cells (D) are examples
of cell death, either in vivo or in vitro. They are charac-

terized by their smaller volume, shrunken nuclei with 
aggregated chromatin, loss of plasma membrane, and
swollen, membrane-bound, cytoplasmic organelles. 
(� 5100)



Figure 4.2. Oat-cell carcinoma (metastatic in mediasti-
nal lymph node). The higher magnification of the neo-
plasm shown in Figure 4.1 illustrates intercellular junc-
tions (J) and a few dense-core granules (arrows). Other
nondiagnostic organelles, in addition to free ribosomes
(background granules) that can be seen in small amounts,

include rough endoplasmic reticulum (RER), Golgi ap-
paratuses (G), and mitochondria (M). (� 12,100) (Per-
mission for reprinting granted by WB Saunders, Dickersin
GR: Electron microscopy of leukemias and lymphomas.
Clin Lab Med 7:199–247, 1987.)
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Figure 4.3. Oat-cell carcinoma (metastatic in bronchial
lymph node). Contrast this better differentiated, small cell
carcinoma with that depicted in Figures 4.1 and 4.2. The

various cytoplasmic organelles are more numerous here,
and diagnostic dense-core granules (arrows) are particu-
larly easy to find (see also Figures 4.4 and 4.5). (� 5100)
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Figure 4.4. Oat-cell carcinoma (metastatic in bronchial
lymph node). A binucleated neoplastic cell contains nu-
merous dense-core granules. The large size of the Golgi
apparatus (G) presumably is related to the production of
granules. (� 5250)
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Figure 4.5. Oat-cell carcinoma (metastatic in bronchial
lymph node). A higher power of the numerous dense-core
granules in the same neoplasm as depicted in Figures 4.3
and 4.4. Note also the cells have long intertwining
processes. (� 15,000)



Figure 4.6. Carcinoid tumor (bronchus). The neoplastic
cells contain innumerable dense-core granules, in contrast
to relatively few granules in the less well-differentiated cells
of oat-cell carcinoma, as depicted in Figures 4.1 through
4.5. The long cytoplasmic processes predominating in

this carcinoid tumor are characteristic of the spindle-cell
variant. (� 6700) Inset: Higher magnification of several
cytoplasmic processes illustrates numerous dense-core
granules and a microlumen (L). (� 12,150)
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Figure 4.7. Merkel cell carcinoma (skin of eyelid). The neoplastic cells are oval and polygonal and have narrow
processes (P). Dense-core granules are more numerous in the processes than in the cell bodies. (� 6800)



Figure 4.8. Merkel cell carcinoma (skin of eyelid). High power of a neoplastic cell illustrates the subplasmalemmal
location of the dense-core granules. (� 12,000)
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Figure 4.9. Neuroblastoma (retroperitoneum). Most of
this field of the neoplasm consists of cell bodies, and
there are only small zones (encircled areas) comprised
solely of cellular processes. Within the cell bodies, note
the prominent nucleoli, the finely dispersed nuclear chro-

matin, and the simple complement of cytoplasmic or-
ganelles (mostly ribosomes and a few mitochondria);
these cellular features indicate active synthesis or divi-
sion. (� 5130)



Figure 4.10. Neuroblastoma (bone marrow). The lower
portion of the field is occupied mostly by cell bodies, and
the upper portion, back-to-back neuritic processes. The
longitudinal lines within the processes are microtubules.
Mitochondria (M) are also visible in the cytoplasm of the

processes. (� 9180) (Permission for reprinting granted by
WB Saunders, Dickersin GR: Electron microscopy of
leukemias and lymphomas. Clin Lab Med 7:199–247,
1987.)
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Figure 4.11. Neuroblastoma (bone marrow). Higher
magnification of the same neoplasm as depicted in Fig-
ure 4.10 illustrates the neuritic processes with micro-
tubules (T). Intercellular junctions (J) are somewhat vague
in this field, and no definite dense-core granules are iden-

tified. (� 24,600) (Permission for reprinting granted by
WB Saunders, Dickersin GR: Electron microscopy of
leukemias and lymphomas. Clin Lab Med 7:199–247,
1987.)
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Figure 4.12. Neuroblastoma (A, nasal mucosa; B and C, brain). High magnification of neuritic processes. A, Dense-
core granules (arrows). (� 27,700) B, synaptic vesicles (S). (� 46,000) 



Figure 4.12. (continued)
C, dense-core granules (arrows), microtubules (T), and
synaptic vesicles (S). (� 57,000) (Permission for reprint-

ing granted by WB Saunders, Dickersin GR: Electron mi-
croscopy of leukemias and lymphomas. Clin Lab Med
7:199–247, 1987.)
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Figure 4.13. Ganglioneuroblastoma (soft tissue of tho-
racic wall). A mature ganglion cell (G) has copious cyto-
plasm with many organelles. It is surrounded by cell pro-

cesses (P) of its own as well as those of less-differentiated
neuroblasts composing the neoplasm. (� 4940)

160 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



minimum among the criteria for diagnosis is the pres-
ence of small foci of cellular processes with micro-
tubules (Figures 4.10 through 4.12). Dense-core gran-
ules (Figures 4.12A and C) may be scant in poorly
differentiated tumors and are not necessary for diag-
nosis. Synaptic vesicles (Figures 4.12B and C) are the
least frequent criterion encountered and are present in
some better differentiated neuroblastomas and in gan-
glioneuroblastomas. The ganglion cells of ganglioneu-
roblastomas and ganglioneuromas represent mature cells
that have differentiated from neuroblasts, and they are
characterized ultrastructurally by their large size, round
nucleus, prominent nucleolus, and voluminous cyto-
plasm with many organelles, including dense-core
granules (Figure 4.13 and Chapter 8, Figures 8.33
through 8.35). Ganglioneuroblastomas also contain foci
of Schwann cell–neurite clusters, where groups of neu-
ritic processes are surrounded by Schwann cells and
basal lamina.

The key to finding readily the diagnostic criteria in
any neuroblastoma is to select an area for electron mi-
croscopic examination that is composed of neuropil
(zones of apparent acellularity, by light microscopy),
rather than an area occupied by cell bodies. Olfactory
neuroblastomas (esthesioneuroblastomas) have generally
similar ultrastructural features as those of neuroblas-
tomas of other sites. Neurocytomas of the central nerv-
ous system are composed of mature unmyelinated neu-
rons, cells further differentiated than the cells of
neuroblastoma, and are described in Chapter 8.

Ewing’s Sarcoma

(Figures 4.14 through 4.18.)
Diagnostic criteria. (1) Cells of uniform size and shape

(oval and polygonal); (2) high nuclear–cytoplasmic 
ratio; (3) junctions are few, small, and inconspicuous; 
(4) finely dispersed chromatin (euchromatin); (5) cyto-
plasmic glycogen, usually copious but may be less; 
(6) cytoplasm composed predominantly of free ribo-
somes and polyribosomes.

Additional points. Ewing’s sarcomas of bone and those
of soft tissue have an identical ultrastructural appear-
ance. The cells appear primitive and active; the cyto-
plasm is filled with ribosomes, and the nuclei are eu-
chromatic and have small-to-large, often open nucleoli
(nucleolonemas) (Figures 4.14 and 4.15). A few mito-
chondria and occasional areas of intermediate filaments
are also present in the cytoplasm. Atypical Ewing’s sar-
comas show larger cells with irregularly shaped nuclei,
moderate amounts of heterochromatin, and larger nu-
cleoli. In the past, lymphoblasts were suggested as one
of the possible cells of origin for Ewing’s sarcomas, but
subsequent immunohistochemical evidence has more

or less ruled out that possibility. Furthermore, ultra-
structurally it would be unusual in a lymphoblastic
lymphoma to have no cells with the classic heterochro-
matin pattern of the lymphoid series. The vague inter-
cellular junctions seen in Ewing’s sarcoma constitute
another difference between these two neoplasms, but
there are examples of Ewing’s sarcoma in which any
semblance of a junction is difficult to find. Glycogen is
the best differential criterion between Ewing’s cells (Fig-
ures 4.16 through 4.18) and lymphoblasts, because it is
virtually always present in the untreated former cells
and absent in the latter ones.

The most popular current theory of histogenesis of
Ewing’s sarcoma, based on ultrastructural, immuno-
histochemical, and genetic evidence, is that it is a prim-
itive neuroectodermal tumor (PNET; discussed in the
next section). Although this concept may be true of
some examples of Ewing’s sarcoma, it is probably not
true for all. The ultrastructural features seen in some
Ewing’s sarcomas supporting neural differentiation are
occasional cells with polar processes, which may con-
tain a few microtubules and rare dense-core type gran-
ules. Ultrastructurally, the cells resemble a stage of 
mesenchymal differentiation just beyond primary mes-
enchyme (for example, paraxial mesenchymal mass or
somites, myotomes, and sclerotomes; intermediate and
lateral mesenchymal masses).

Primitive Neuroectodermal Tumor

(Figures 4.19 through 4.21.)
Diagnostic criteria. (1) Oval and elongated cells; 

(2) polar processes (some cells); (3) high nucleocyto-
plasmic ratio of cell bodies; (4) irregularly shaped nu-
clei with varying amounts of heterochromatin; (5) small
intercellular junctions; (6) varying sized nucleoli; (7) cy-
toplasm with mostly ribosomes and polyribosomes; 
(8) focal intermediate filaments (variable); (9) occasional
microtubules; (10) rare or occasional dense-core granules.

Additional points. Glycogen is less frequently present
and is often in lesser quantities than in typical Ewing’s
sarcoma. PNET is less differentiated than neuroblas-
toma; polar processes are less numerous and not or-
ganized in parallel arrays. Rather, irregularly oriented,
intertwining processes occupy small foci and have
fewer microtubules and often only rare dense-core
granules. Homer Wright rosettes are rare in this poorly
differentiated neoplasm. PNETs arising in bone and
those in soft tissue are ultrastructurally similar. An ex-
ample of PNET is the thoracic Askin tumor (Figures 4.19
through 4.21).
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Figure 4.14. Ewing’s sarcoma (soft tissue of leg). The neo-
plastic cells are in contiguity with one another along all
borders. They are oval and polygonal cells and uniformly
sized. Intercellular junctions are few, small, and incon-
spicuous at this magnification. The primitive nature of the

cells is reflected in the high nuclear–cytoplasmic ratio,
the euchromatic nuclei, the large open nucleoli, and the
preponderance of free ribosomes and lack of many other
organelles in the cytoplasm. (� 6250)
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Figure 4.15. Ewing’s sarcoma (soft tissue of leg). Higher
magnification of the same neoplasm as depicted in Fig-
ure 4.14 shows the bland or poorly differentiated cyto-

plasm (mostly free ribosomes and a few mitochondria).
In well-preserved cells, the chromatin in Ewing’s sarcoma
usually is finely dispersed (euchromatin). (� 8840)
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Figure 4.16. Ewing’s sarcoma (ilium). This neoplasm is
morphologically similar to that depicted in Figures 4.14
and 4.15, but glycogen is present in copious amounts and

appears, by this method of chemical processing, as es-
calloped clear areas in the cytoplasm (G). (� 6250)
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Figure 4.17. Ewing’s sarcoma (ilium). This sample is from the same neoplasm as illustrated in Figure 4.16 and shows
the escalloped clear spaces of glycogen (G) at a higher magnification. (� 11,250)
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Figure 4.18. Ewing’s sarcoma (ilium). This is the same
neoplasm as pictured in Figures 4.16 and 4.17, but the
method of chemical processing was such that glycogen
(G) was preserved as electron-dense granules. This
method allows for the demonstration of smaller aggre-
gates of glycogen than would be revealed by the alter-

nate method that results in glycogen appearing as open
cytoplasmic spaces. (� 9180) (Permission for reprinting
granted by WB Saunders, Dickersin GR: The contribu-
tions of electron microscopy in the diagnosis and histo-
genesis of controversial neoplasms. Clin Lab Med
4:123–164, 1984.)
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Figure 4.19. Primitive neuroectodermal tumor (Askin tu-
mor; chest wall). The neoplastic cells are closely ap-
posed, and diminutive junctions are inconspicuous at this
magnification. The cells have a high nucleocytoplasmic
ratio; nuclei are round, oval, and euchromatic, and nu-

cleoli are prominent. Cytoplasm contains predominantly
free ribosomes and is otherwise nondescript. No glyco-
gen is apparent. One small focus of cytoplasmic pro-
cesses (*) is present in this field. (� 5600)
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Figure 4.21. Primitive neuroectodermal tumor (Askin tu-
mor; chest wall). This neoplasm is a different one from
the one illustrated in Figures  4.19 and 4.20. Its cells con-

tain abundant glycogen, but focally there are processes
containing microtubules (between the asterisks), sup-
portive evidence for neuronal differentiation. (� 30,900)

Figure 4.20. Primitive neuroectodermal tumor (Askin tu-
mor; chest wall). Higher magnification of another field of
the neoplasm depicted in Figure 4.19 illustrates a col-

lection of closely apposed cellular processes (*), some of
which contain a few small, dense granules (bracket). 
(� 9500)

168 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



SMALL CELL NEOPLASMS 169

(Text continued from page 161)

Embryonal and Alveolar
Rhabdomyosarcoma

(Figures 4.22 through 4.32.)
Diagnostic criteria. (1) Thick (15 nm) myosin filaments;

(2) Z-band formation; (3) thick filament-ribosomal com-
plexes; (4) basal lamina; (5) glycogen.

Additional points. Thin (6 nm) actin filaments may be
seen in early rhabdomyoblasts and, by themselves, are
not diagnostic of rhabdomyosarcoma. Thick, myosin fil-
aments must accompany the thin filaments in order to
establish the line of differentiation as skeletal muscle. The
normal arrangement of thin and thick filaments is 12 thin
ones around a central thick one, but it is usually not dis-
cernible in poorly differentiated rhabdomyoblasts.

There are examples of probable embryonal rhab-
domyosarcoma in which the cells are too poorly differ-
entiated to allow a definite diagnosis (Figure 4.22). Usu-
ally in these cases the clinical setting and the light
microscopy will provide the background upon which
the ultrastructure can confirm the diagnosis, but there
are a few occasions when Ewing’s sarcoma and rhab-
domyosarcoma cannot be morphologically distin-
guished from one another. There are some helpful but
not pathognomonic differences between these two
primitive neoplasms. Rhabdomyoblasts have more
pleomorphic nuclei, with more heterochromatin than
have Ewing’s cells. The typical Ewing’s nucleus is com-
posed completely of euchromatin. Basal lamina may
form around individual rhabdomyoblasts, around
groups of them (Figure 4.22), and along a row of them
in the alveolar form of rhabdomyosarcoma. The cells of
alveolar and embryonal rhabdomyosarcoma otherwise
have similar ultrastructural features. Glycogen, as has
been illustrated (Figures 4.23 and 4.24), may be just as
copious in rhabdomyosarcoma as in Ewing’s sarcoma.
Intercellular junctions are small and infrequent in both
neoplasms and, therefore, are of no diagnostic help.
Like most neoplasms, if adequately sampled for elec-
tron microscopy, embryonal rhabdomyosarcoma will be
composed of cells in more than one stage of differenti-
ation, and a thorough search often will reveal an occa-
sional cell with a few foci of thick filaments and small
aggregates of Z-band material. The earliest ultrastruc-
tural clue that an undifferentiated cell is a rhabdomyo-
blast is the finding of thick filament-ribosomal com-
plexes, in which a group of thick filaments are arranged
in parallel, and rows of ribosomes are situated between
them (Figures 4.25 through 4.27). Z-bands also are a
helpful criterion for recognizing rhabdomyoblasts, and
puffs of Z-band material appear soon after the appear-

ance of thick filaments (Figures 4.25 and 4.27). Narrow
and more discrete Z-bands develop as the cell differen-
tiates further and as alignment of bands and filaments
into recognizable sarcomeres occurs.

Some concept of mid- to late-stage differentiation in
neoplastic rhabdomyoblasts is captured in Figures 4.28
through 4.32.

Rhabdoid Tumor

(Figures 4.33 through 4.35.)
Diagnostic criteria. (1) Diffuse, nonorganoid collec-

tions of round, oval, and polygonal cells; (2) irregularly
shaped nuclei with large central nucleoli; (3) large
paranuclear whorls of intermediate filaments and oc-
casionally focal tonofibrils; (4) diminutive junctions.

Additional points. No basal lamina surrounds cells.
There are no polar processes. Cytoplasm has varying
amounts of dilated rough endoplasmic reticulum, pri-
mary and secondary lysosomes, and lipid vacuoles.
Glycogen may rarely be present. Renal and extrarenal
rhabdoid tumors have a similar ultrastructure.

Nephroblastoma (Wilms’ Tumor)

(Figures 4.36 through 4.48.)
Diagnostic criteria. (1) Loose and tight groups of

polygonal and elongated cells (blastema), with a high
nuclear–cytoplasmic ratio and scant cytoplasm con-
taining mostly free ribosomes; (2) blastemal cells in
small groups surrounded by basal lamina (pretubules);
(3) junctions and junctional complexes in the pre-
tubules; (4) true lumens and microvilli on luminal lin-
ing cells (tubules); (5) varying numbers of secondary
lysosomes in blastemal and tubular cells; (6) rare nests
of epithelial cells forming glomeruloid structures (de-
void of mesangial cells and capillaries); (7) flocculent,
medium-dense, basal lamina-like, intercellular material;
(8) areas of banded collagen and loosely arranged spin-
dle cells having abundant, often dilated, rough endo-
plasmic reticulum (fibroblastic stroma).

Additional points. Because Wilms’ tumors contain
varying combinations of blastema, epithelium, and
stroma, sampling for electron microscopy may not be
completely representative. Furthermore, some neo-
plasms contain heterologous elements, including vari-
ous types of epithelial cells, striated muscle, smooth
muscle, cartilage, bone, and nerve, and the electron mi-
croscopic features of these cells are similar to those de-
scribed elsewhere in this book in the sections on the pri-
mary neoplasms composed of those respective cells.

(Text continues on page 197)



Figure 4.22. Embryonal (alveolar) rhabdomyosarcoma
(metastatic to axillary lymph node). A group of undiffer-
entiated small cells is surrounded by basal lamina (BL).
The cells are oval and polygonal, are closely apposed,
and have small junctions. There is a high nuclear–
cytoplasmic ratio, chromatin tends to be aggregated, and

nucleoli are large. Cytoplasmic organelles are sparse and
include free ribosomes (circle), a moderate number of mi-
tochondria (M), and a few cisternae of rough endoplas-
mic reticulum (RER). An occasional lipid droplet (L) also
is present. (� 6750)
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Figure 4.23. Embryonal rhabdomyosarcoma (metastatic
to cervical lymph node). The tissue was processed to pre-
serve glycogen (G) as electron-dense granules, and typi-

cally the embryonal rhabdomyoblasts are rich in glyco-
gen. Nuclei (N) are pale or unstained by this technique.
(� 6270)
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Figure 4.24. Embryonal rhabdomyosarcoma (deep fascia of forearm). High magnification of glycogen granules (G) in
the cytoplasm of an embryonal rhabdomyoblast. N = nucleus. (� 33,750)
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Figure 4.25. Embryonal rhabdomyosarcoma (soft tissue
of forearm). High magnification of this primitive cell re-
veals a thick filament-ribosomal complex (to right of
bracket), the earliest morphologic marker of skeletal mus-

cle differentiation. Several dense puffs (Z) in the vicinity
of thick filaments probably represent early Z-band for-
mation. (� 70,000)
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Figure 4.26. Embryonal rhabdomyosarcoma (soft tissue of forearm). Other thick filament-ribosomal complexes (brack-
eted ) are somewhat more developed than the one depicted in Figure 4.25. (� 70,700)
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Figure 4.27. Embryonal rhabdomyosarcoma (soft tissue
of forearm). Further development of thick filament-ribo-
somal complexes will result in early sarcomere forma-

tion; note region of parallel thick filaments with fewer 
ribosomes (bracket) and early Z-band regions (Z). 
(� 62,500)
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Figure 4.28. Embryonal rhabdomyosarcoma (soft tissue
of forearm). Early strap cell differentiation is present in
this cell and its neighbor (upper end of field). Puffs of Z-
band material (Z) and thick filament-ribosomal com-
plexes (brackets) can be recognized in the lower cell, and

early sarcomere development (S) is already present in 
the upper cell. Note also the small junction (J) between
the two cells, and the basal lamina (BL) around them. 
(� 12,900)
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Figure 4.29. Embryonal rhabdomyosarcoma (vagina).
Early skeletal muscle differentiation in embryonal type
cells (E) is noted in the left part of the field. Note the mod-
erate increase in cytoplasm in the electron-dense foci (F),

which represents aggregates of developing actin and
myosin filaments. In the right part of the field are portions
of two early- to mid-stage strap cells (S), with numerous
aggregates of filaments filling the cytoplasm. (� 5130)
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Figure 4.30. Embryonal rhabdomyosarcoma (vagina).
Early strap cell differentiation is characterized by copi-
ous cytoplasm and many dense aggregates of actin and

myosin filaments (F). (� 4900) Inset shows filaments at
higher power. (� 8200)
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Figure 4.31. Embryonal rhabdomyosarcoma (metastatic
to cervical lymph node). This field illustrates the wide
range of differentiation that may exist within a single neo-
plasm. Most of the cells are embryonal type rhabdo-
myoblasts, but the elongated cell that spans the width of
the field is a later-stage strap cell (S). Note that, at places,

there are sarcomeres with parallel and regularly spaced
Z-bands (Z). (� 7200) (Permission for reprinting granted
by WB Saunders, Dickersin GR: Electron microscopy of
leukemias and lymphomas. Clin Lab Med 7:199–247,
1987.)
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Figure 4.32. Embryonal rhabdomyosarcoma (metastatic
to cervical lymph node). Higher magnification of the
same neoplasm as depicted in Figure 4.31. Sarcomeres
are well formed in the center and left part of the field,

whereas lesser degrees of differentiation of the filaments
are discernible elsewhere in the cytoplasm of this cell.
Note the basal lamina (BL) along the lower edge of the
cell. (� 15,670)
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Figure 4.33. Rhabdoid tumor (orbit). A collection of round and polygonal cells have large, irregularly shaped nuclei
and cytoplasm containing large areas of filaments (F). (� 5500)
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Figure 4.34. Rhabdoid tumor (abdominal wall). The neoplastic cells have markedly irregularly shaped nuclei and in-
numerable cytoplasmic filaments (F) with focal densities suggestive of tonofibrils (arrow). (� 7600)
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Figure 4.35. Rhabdoid tumor (abdominal wall). Higher
magnification of a cell from the same neoplasm as de-
picted in Figure 4.34 illustrates the numerous cytoplas-
mic filaments (F) and an irregularly shaped nucleus with

a large central nucleolus. The cell at the top of the field
shows densities among the filaments suggestive of tono-
fibrils (arrow). (� 6200)
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Figure 4.36. Nephroblastoma (Wilms’ tumor). An area of
neoplastic blastema consists of loosely arranged polygo-
nal and elongated cells having a high nuclear–cytoplas-
mic ratio and a scant amount of cytoplasm. (� 2870) (Per-

mission for reprinting granted by Hemisphere Publishing,
Dickersin GR: Embryonic ultrastructure as a guide in the
diagnosis of tumors. Ultrastruct Pathol 11:609–652,
1987.)
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Figure 4.37. Nephroblastoma (Wilms’ tumor). This re-
gion of neoplastic blastema consists of more tightly ap-
posed cells than those illustrated in Figure 4.36. (� 3915)
(Permission for reprinting granted by Hemisphere Pub-

lishing, Dickersin GR: Embryonic ultrastructure as a guide
in the diagnosis of tumors. Ultrastruct Pathol 11:609–652,
1987.)



186 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 4.38. Nephroblastoma (Wilms’ tumor). Higher
magnification of a group of loosely arranged blastemal
cells reveals their poorly differentiated character; that is,
their high nuclear–cytoplasmic ratio and scant cytoplasm.

The abundant flocculent, medium-dense, intercellular
substance (*) is consistent with basal laminar material. 
(� 5620)
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Figure 4.39. Nephroblastoma (Wilms’ tumor). Higher
magnification of a group of tightly apposed blastemal
cells shows further differentiation of the cytoplasm than

seen in the loosely arranged regions of Figure 4.38. Sec-
ondary lysosomes (L) are present in at least three of the
cells. (� 5510)



188 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 4.40. Nephroblastoma (Wilms’ tumor). A group
of closely apposed, polygonal cells are poorly differenti-
ated, but focal parallel or radial alignment and a few

small intercellular junctions (J) indicate early epithelial
and tubular development. One cell (M) is in mitosis. 
(� 5930)
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Figure 4.41. Nephroblastoma (Wilms’ tumor). Early pretubules are recognizable as small groups of aligned cells sur-
rounded by basal lamina (BL). (� 7020)



Figure 4.42. Nephroblastoma (Wilms’ tumor). These two
pretubule groupings illustrate focal parallel alignment of
cells (*) and delimiting basal lamina (BL). Also, the cytoplasm

has more organelles than that of the less-differentiated
blastema of Figures 4.37 and 4.38. (� 6480)
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Figure 4.43. Nephroblastoma (Wilms’ tumor). This pre-
tubule contains two foci of several junctional complexes
(J), the earliest indication of a lumen forming. BL � basal

lamina. Delineated rectangular area is enlarged in Figure
4.44. (� 6480)



Figure 4.44. Nephroblastoma (Wilms’ tumor). Enlargement of the demarcated rectangular area in Figure 4.43 illus-
trates a focus of early lumen formation. J � junctional complexes (� 20,640)
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Figure 4.45. Nephroblastoma (Wilms’ tumor). An early
tubule has a lumen (L) with cellular debris (*) and promi-
nent junctional complexes (JC). (� 9500) (Permission for

reprinting granted by Hemisphere Publishing, Dickersin
GR: Embryonic ultrastructure as a guide in the diagnosis
of tumors. Ultrastruct Pathol 11:609–652, 1987.)



Figure 4.46. Nephroblastoma (Wilms’ tumor). Moder-
ately well-formed, neoplastic tubule has luminal lining
cells with microvilli (V) on their apical surface. (� 7020)
(Permission for reprinting granted by Raven Press,

Schmidt D, Dickersin GR, Vawter GF, et al: Wilms’ tu-
mor: Review of ultrastructure and histogenesis. Pathobiol
Annu 12:281–300, 1982.)
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Figure 4.47. Nephroblastoma (Wilms’ tumor). The stro-
mal component of this neoplasm consists of fibroblasts
with abundant rough endoplasmic reticulum and inter-
cellular collagen. (� 4900) (Permission for reprinting

granted by Hemisphere Publishing, Dickersin GR: Em-
bryonic ultrastructure as a guide in the diagnosis of tu-
mors. Ultrastruct Pathol 11:609–652, 1987.)



Figure 4.48. Nephroblastoma (Wilms’ tumor). This neo-
plasm contains focal skeletal muscle differentiation, and
well-differentiated strap cells (S) are found adjacent to
groups of blastemal cells (B). (� 9880) (Permission for

reprinting granted by WB Saunders, Dickersin GR, Colvin
RB: Pathology of renal tumors. In Skinner DG, Lieskovsky
G, eds: Genitourinary Cancer, WB Saunders, Philadel-
phia, 1987.)
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(Text continued from page 169)

Lymphoma (Small Cell)

(Figures 4.49 and 4.50.)
Diagnostic criteria. (1) Nucleus with abundant het-

erochromatin, especially along the nuclear envelope; 
(2) cytoplasm composed predominantly of ribosomes;
(3) absence of intercellular junctions.

Additional points. Small lymphocytes usually are not
a problem in identification because of their typical pat-
tern of heterochromatin (Figure 4.49). Intermediate-
sized lymphocytes have less heterochromatin, but it is
still recognizable as having the peripheral distribution
of a lymphocyte (Figure 4.50). Lymphoblasts may show
a complete absence of heterochromatin, but they almost
always are mixed with other lymphoid cells having the
typical heterochromatin arrangement (see Chapter 3,
Figure 3.79). As a lymphocyte is transformed into a
blast, the free ribosomes aggregate into clusters of
polyribosomes. If one were to examine a single blast
having a completely euchromatic nucleus and cyto-
plasm devoid of a specific line of differentiation, it
would be impossible to classify that cell as lymphoid or
any other cell line.

Plasmacytoma

(Figures 4.51 through 4.54.)
Diagnostic criteria. (1) Nucleus with abundant het-

erochromatin, similar to a small lymphocyte; (2) cyto-
plasm with stacks of rough endoplasmic reticulum; 
(3) centrosome or hof, a perinuclear area of cytoplasm
devoid of rough endoplasmic reticulum and occupied
by Golgi apparatus, mitochondria, and centrioles.

Additional points. Intermediate forms between lym-
phocytes and plasma cells may be seen in lymphomas,
and these cells have less developed rough endoplasmic
reticulum than do fully differentiated plasma cells (Fig-
ures 4.51 through 4.54). Intermediate lymphocytes,
plasmacytoid lymphocytes, plasmablasts, and im-
munoblasts are terms used to represent a range of dif-
ferentiation within the lymphoid line of cells. The rough
endoplasmic reticulum in plasmacytoid cells often is di-
lated and filled with a substance of medium electron
density. This substance represents active protein (im-
munoglobulin) synthesis and occasionally may be rep-
resented as huge spherical collections. Because the nu-
clear envelope is continuous with the cisternae of rough
endoplasmic reticulum, these collections may be lo-
cated in the envelope as well as in the cisternae (Figure
4.53). Rarely, lymphoid cells of any type may have a
filopodial, villus-like surface (Figure 4.54), mimicking
a truly villous surface of some epithelial cells. However,
lymphoid cells never have junctional complexes or mi-
croacini. Therefore, lymphomas composed of filopodia-

covered cells are readily distinguishable from epithelial
neoplasms.

Desmoplastic Small Round Cell Tumor
with Divergent Differentiation

(Figures 4.55 through 4.57.)
Diagnostic criteria. (1) Groups of closely apposed

round and oval cells separated by bands of fibroblastic
stroma; (2) discontinuous basal lamina surrounding the
groups; (3) high nucleocytoplasmic ratio; (4) variable
cytoplasmic composition, with ribosomes frequently
predominating; (5) intermediate filaments with paranu-
clear whorls (variable); (6) Golgi apparatuses may be
prominent in some cells; (7) dense-core granules may
be present but usually are not; (8) focal glycogen pres-
ent or not; (9) diminutive and intermediate junctions
and occasionally desmosomes; (10) occasional micro-
acini; (11) occasional polar processes with microtubules.

Additional points. The cellular composition of these
neoplasms varies, as the term “divergent differentia-
tion” implies. Usually there is evidence of more than
one line of differentiation, with epithelial, mesenchy-
mal, and neural features being evident ultrastructurally.
The stromal component separating the islands of small
round cells contains spindle cells having the morpho-
logical features of fibroblasts and myofibroblasts.

Small Cell Osteosarcoma

(Figures 4.58 and 4.59.)
Diagnostic criteria. (1) Groups and sheets of tightly

apposed small, round, oval, and polygonal cells in a
matrix of banded collagen and flocculent, medium-
dense material; (2) small, distinct intercellular junctions;
(3) high nucleocytoplasmic ratio; (4) nuclei variably
with regular or irregular contours; (5) chromatin usu-
ally finely dispersed (euchromatin); (6) nucleoli of mod-
erate or large size; (7) poorly differentiated cytoplasm
with numerous ribosomes, a moderate number of small
mitochondria, small-to-moderate amount of undilated
or slightly dilated rough endoplasmic reticulum, occa-
sionally prominent Golgi apparatuses, small-to-
moderate number of filaments, and variable amounts
of glycogen.

Additional points. Small cell osteosarcoma may be dif-
ficult or impossible to distinguish from Ewing’s sar-
coma if there is no evidence of hydroxyapatite in the
sample studied. Malignant cartilage, present in some
small cell osteosarcomas, is another feature ruling out
Ewing’s sarcoma. Focal spindle cell areas may be pres-
ent or even predominant in some small cell osteosarco-
mas, and rough endoplasmic reticulum may or may not
be prominent in the spindle cells.

(Text continues on page 209)



Figure 4.49. Lymphoma, well-differentiated, small cell type (cervical lymph node). This neoplasm is composed of
small lymphocytes with the characteristic peripheral chromatin of the lymphoid series. (� 6250)
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Figure 4.50. Lymphoma, poorly differentiated, small and
intermediate cell type (supraclavicular lymph node). The
small lymphocytes (S) have abundant peripheral chro-

matin, and the intermediate lymphocytes (I) have less of
the same, although it is in insufficient amounts to allow
the cells to be identified as lymphocytes. (� 5320)



Figure 4.51. Plasmacytoma (rib). Except for several ery-
throcytes (E) and one lymphocyte (L), all the cells in this
field are plasmacytes. Their most striking ultrastructural
features include the heterochromatin pattern of the nu-

clei, and the abundance of stacked rough endoplasmic
reticulum. Several of the cells are oriented in a direction
that allows their centrosome, or hof (H), to be visible. 
(� 5130)
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Figure 4.52. Plasmacytoma (epidural space). The plasma
cells in this neoplasm are slightly less mature than those
in the neoplasm depicted in Figure 4.51, manifested in

this tumor by a greater nuclear–cytoplasmic ratio, more
euchromatin (especially in the uppermost cell), and larger
nucleoli. (� 8840)



Figure 4.53. Plasmacytoma (stomach). High magnifica-
tion of a plasma cell illustrates the abundant rough en-
doplasmic reticulum (RER), which is dilated and filled
with a medium-dense material. The large pseudoinclu-

sion (*) of the nucleus actually is a dilated and protein-
rich nuclear envelope, which is continuous with the
rough endoplasmic reticulum. The nuclear heterochro-
matin pattern is characteristic for a plasma cell. (� 14,250)
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Figure 4.54. Plasmacytoma (cervical lymph node). The
cells in this field qualify as plasmablasts or plasmacytoid
lymphocytes, because they have more euchromatin and
less rough endoplasmic reticulum than a more differen-

tiated plasmacyte. The villous surface (V) is rare for
plasma cells and may also be seen in a small percentage
of nonplasmacytoid lymphocytes. (� 6750)



Figure 4.55. Desmoplastic small round cell tumor of 
divergent differentiation (ovary). An island of closely ap-
posed, oval and polygonal cells is surrounded by abun-
dant banded collagen. The cells have a high nuclear–

cytoplasmic ratio, and nuclei are extremely pleomorphic.
Even at this relatively low magnification, junctions (brack-
ets) are visible; see Figure 4.56. (� 7500)
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Figure 4.56. Desmoplastic small round cell tumor of di-
vergent differentiation (ovary). Higher magnification of
the bracketed area in Figure 4.55 illustrates multiple in-

tercellular junctions (J), including desmosomes. Other or-
ganelles include free ribosomes, mitochondria, and small
vesicles. (� 27,800)



Figure 4.57. Desmoplastic small round cell tumor of di-
vergent differentiation (ovary). High magnification of a
cell from the same neoplasm as depicted in Figures 4.55

and 4.56 illustrates a whorl of paranuclear filaments (F).
(� 20,400)
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Figure 4.58. Small cell osteosarcoma (tibia). Small oval
and elongated neoplastic cells have a high nuclear–
cytoplasmic ratio and pleomorphic nuclei. Dense matri-

cal material (M) completely or partially surrounds many
of the cells. (� 7200)



Figure 4.59. Small cell osteosarcoma (femur). A group of
neoplastic oval cells illustrates a high nuclear–cytoplasmic
ratio, pockets of glycogen (G), and collections of fila-

ments (F) within the cytoplasm. Nuclei are predominantly
euchromatic, and one large nucleolus is apparent. 
(� 7600)
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Figure 4.60. Mesenchymal chondrosarcoma (proximal
tibia). Small groups of poorly differentiated cells are dis-
tributed in a medium-dense matrix. Nuclear–cytoplasmic

ratios are high, nuclei vary in shape, and cytoplasm is
scant. (� 5900)

(Text continued from page 197)

Mesenchymal Chondrosarcoma

(Figures 4.60 and 4.61.)
Diagnostic criteria. (1) Groups of small, poorly differ-

entiated cells in a collagenous matrix; (2) high nucleo-
cytoplasmic ratio; (3) irregularly shaped nuclei; (4) few

cytoplasmic organelles; (5) foci of further differentiated
cartilaginous cells.

Additional points. Mesenchymal chondrosarcoma is
another small cell neoplasm that may be indistinguish-
able from small cell osteosarcoma, and hydroxyapatite,
in association with prominent, banded collagen fibrils
of varying diameter (osteoid), may be the only distin-
guishing feature.
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5
Leukemias

Myelocytic Leukemia

(Figures 5.1 through 5.9.)
Diagnostic criteria. (1) Cytoplasmic granules; (2) demon-

strable peroxidase in the cytoplasmic granules; (3) Auer
rods.

Additional points. Myeloblasts are large cells with a
high nuclear–cytoplasmic ratio, predominantly euchro-
matic nuclei, large and multiple nucleoli, and cytoplasm
with free ribosomes as the main organelle (Figure 5.1).
As the blasts mature, cytoplasmic volume and organelles
increase, and nuclei become more heterochromatic. The
presence of primary (azurophilic) granules (Figure 5.2)
in leukemic cells is the single most reliable proof of a
myelocytic (or monocytic, see next section) line of dif-
ferentiation. Golgi apparatus, rough endoplasmic retic-
ulum, and perinuclear cisterna, as other components of
the synthesizing and secretory system in the cells, also
may appear prominent, but they are not as diagnostic as
the granules themselves. Granules are numerous and
readily found in chronic forms of granulocytic leukemia,
in which there is neutrophilia, basophilia, and eosino-
philia, but they may be sparse in the acute, minimally
differentiated (M0) and without differentiation (M1) blas-
tic phases of the disease (Figures 5.1 and 5.3 through 5.5).
In these phases, it may be necessary to identify myeloper-
oxidase in the granules, in order to exclude their being
nonspecific, primary lysosomes, which are present in
many types of cells, including lymphocytes. The method
most used for demonstrating peroxidase is the di-
aminobenzadine (DAB) reaction, which is performed by
incubating the specimen of marrow or blood cells with
DAB in vitro. DAB does not react with the enzymes of
primary lysosomes but does combine with peroxidase to
form a reaction product that is electron dense and easily
visualized (Figures 5.6 and 5.7). In this way, blasts that
otherwise may be unclassifiable can be concluded to be
myeloblasts and monoblasts if their granules and/or
Golgi apparatuses, rough endoplasmic reticulum, and
nuclear envelope show a positive DAB reaction. Any
granules present in lymphoblasts would be DAB-negative.
Auer rods, another diagnostic feature of myelocytic
leukemia, form from the coalescence of azurophilic gran-
ules (Figures 5.8 and 5.9). Auer rods are present in
myeloblasts in more than half of the cases of acute
myeloblastic leukemia. In acute promyelocytic leukemia,
cells having numerous Auer rods are frequent, and the
Auer rods have a tubular rather than the more usual
lamellar internal structure. Also, rough endoplasmic
reticulum is dilated and focally forms parallel cisternae
and stellate arrangements. Myeloblasts and promyelo-
cytes may have aggregates of cytoplasmic filaments. Nu-
clei of these cells often have deep infoldings. Monocytes
(see next section) are also present in most cases of chronic
myelocytic leukemia.
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Figure 5.1. Acute myelocytic leukemia (bone marrow).
Several myeloblasts contain only a few granules in asso-
ciation with small Golgi apparatuses (encircled zones).

Otherwise, the cytoplasm is composed predominantly of
free ribosomes. Note the euchromatic nuclei and large,
open nucleoli. (� 8500)
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Figure 5.2. Acute myelocytic leukemia (bone marrow).
This field of marrow illustrates a range of cells in the gran-
ulocytic series, from myeloblasts (M) to neutrophils (N).
The blasts contain few or no granules, and the more ma-

ture cells have both large primary (azurophilic) and small
secondary (specific) granules. E � erythrocytes; * � dy-
ing cell. (� 4750)
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Figure 5.3. Acute myelocytic leukemia (bone marrow).
This is a higher magnification of the same marrow as de-
picted in Figure 5.2, illustrating a field of immature gran-

ulocytic series cells. B � myeloblasts; C � myelocytes.
(� 6250)
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Figure 5.4. Acute myelocytic leukemia (peripheral
blood). Small amounts of heterochromatin are present in
the nuclei of these cells and could be responsible for an

erroneous interpretation that the cells are lymphoblasts.
Infrequent Golgi apparatuses (G) and only rare granules
(arrows) can add to the diagnostic difficulties. (� 5130)
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Figure 5.5. Acute myelocytic leukemia (peripheral blood). This is the same sample illustrated in Figure 5.4, but this
cell has a more completely developed Golgi apparatus (G) and a few more granules (arrows). (� 11,500)
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Figure 5.6. Acute myelocytic leukemia (bone marrow).
A positive DAB-peroxidase reaction in the granules of this
immature hematopoietic cell establishes its myelomono-
cytic lineage. Other cytoplasmic organelles and nucleus
(N) stain lightly by this method of chemical processing,

resulting in the granules being seen in more contrast.
Note that neighboring erythrocytes (E) are peroxidase-
positive and therein serve as a control for this method of
staining. (� 11,250)
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Figure 5.7. Acute myelocytic leukemia (bone marrow).
This myeloblast exhibits DAB-peroxidase reaction prod-
uct, not only in granules (arrows), but in the perinuclear

envelope (P) and rough endoplasmic reticulum (R). Golgi
apparatus is not present in this plane of section. 
(� 16,000)

224 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 5.8. Acute myelocytic leukemia (bone marrow). The myeloblast in the center of the field contains an Auer rod
(arrow). (� 12,500)
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Figure 5.9. Acute myelocytic leukemia (bone marrow). Higher magnification of the Auer rod (arrows) in Figure 5.7
shows in better detail its limiting membrane and dense internal composition (� 57,000)
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(Text continued from page 217)

Monocytic and Myelomonocytic
Leukemia

(Figures 5.10 and 5.11.)
Diagnostic criteria. (1) Indented, U- or W-shaped nu-

cleus; (2) ruffled cell surface; (3) cytoplasmic granules.
Additional points. Monoblasts are large cells with

round or oval nuclei and abundant cytoplasm with free
ribosomes and polysomes, a moderate number of mi-
tochondria and cisternae of rough endoplasmic reticu-
lum, groups of microfilaments, and varying numbers of
primary granules. Auer rods are seldom present. Ribo-
somal lamellar type complexes (see section on hairy cell
leukemia) are present in about one-fourth of cases. Nu-
clei are euchromatic, and nucleoli are prominent and
sometimes multiple. Filopodia and pseudopods may be
present at the surface of the cells. As monoblasts ma-
ture into promonocytes and monocytes, their cytoplasm
develops more organelles, and nuclei become more het-
erochromatic, indented, and lobated. The granules in
monocytes are smaller and fewer than in myelocytes.
The granules are peroxidase-positive with DAB. Mono-
cytic cells often coexist with myelocytic ones, as myelo-
monocytic leukemia, rather than being a pure mono-
cytic population.

Lymphocytic Leukemia

(Figures 5.12 and 5.13.)
Diagnostic criteria. (1) Nucleus with abundant het-

erochromatin, especially peripherally along the nuclear
envelope; (2) cytoplasm devoid of secretory granules,
or a few peroxidase-negative, primary lysosomes.

Additional points. Leukemias manifesting most of the
lymphoid population as small- and medium-sized lym-
phocytes (for example, chronic lymphocytic leukemias)
usually pose no problem in diagnosis, because nuclei
have a typical lymphoid pattern of heterochromatin. On
the other hand, some acute lymphoblastic leukemias
show a high percentage of lymphoblasts having 
euchromatic nuclei, and these cells may be indistin-
guishable from myeloblasts. As described in the section
on myelocytic leukemia, the absence of peroxidase-
containing granules is evidence in favor of the blasts be-
ing lymphoblasts. The chromatin pattern in most cell
lines indicates whether the cell is a blast or a more ma-

ture form; euchromatin is present in blasts, and hetero-
chromatin increases with maturation beyond blasts.
However, this sequence may not always be assumed,
and chromatin pattern alone may not be sufficient evi-
dence for determining the degree of differentiation of
lymphoblasts. Even the most primitive of blasts may
show moderately heterochromatic nuclei. Also, cells of
this type are smaller than later-stage lymphoblasts (al-
though larger than normal, nonneoplastic, small lym-
phocytes) and have small or inconspicuous nucleoli.
Consistent criteria for identifying the earliest blast are
its high nuclear–cytoplasmic ratio and its small amount
of cytoplasm. Cytoplasmic organelles consist mainly of
free ribosomes and polysomes, but a Golgi apparatus
and a few mitochondria and cisternae of rough endo-
plasmic reticulum are also present. Nuclei may be reg-
ular in contour or indented. Later-stage blasts are larger
and have more cytoplasm, which often contains lipid
vacuoles and, rarely, lysosomes. Nuclei are round or ir-
regularly shaped, and nucleoli are large and multiple.

Erythrocytic Leukemia

(Figures 5.14 and 5.15.)
Diagnostic criteria. (1) Nucleus mostly euchromatic in

earliest blast (proerythroblast) and heavily hetero-
chromatic in later blast forms (polychromatophilic ery-
throblasts); (2) few cytoplasmic organelles, especially in
the later blast forms; (3) cytoplasmic glycogen.

Additional points. The later blast forms are readily rec-
ognized because of the abundant heterochromatin re-
sembling the nucleus of a small lymphocyte and be-
cause of the lack of many organelles in the cytoplasm.
Even the ribosomes are decreased from the amount
present in early erythroblasts. Invisible hemoglobin,
fine particles of ferritin, and open spaces of glycogen
occupy the territory between the ribosomes. Early ery-
throblasts contain a few mitochondria, centrioles, a
Golgi apparatus, and a small number of primary lyso-
somes. Secondary, iron-containing lysosomes (ferritin
or hemosiderin) also may be seen. In the leukemic state,
the erythroblasts usually show increased ribosomes,
lipid, and glycogen in the cytoplasm, and nuclei may
be lobed or multilobed, variable in size, and multiple.
Erythroblasts are accompanied by myeloblasts and to-
gether represent a variant of acute myelocytic leukemia
in which the erythroblasts represent 30–50% of nucle-
ated marrow cells, and the nonerythroid myeloblasts
comprise another 30% or more.
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Figure 5.10. Acute monocytic leukemia (peripheral
blood). These cells are promonocytes and monocytes
without accompanying blasts. They exhibit characteris-

tic ruffled (filopodia and pseudopodia) plasmalemmas,
U- and W-shaped nuclei, and small cytoplasmic granules.
(� 4750)
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Figure 5.11. Acute monocytic leukemia (peripheral
blood). Higher magnification of one of the promonocytes
from the same sample as in Figure 5.10 illustrates a

prominent Golgi apparatus (G) and rough endoplasmic
reticulum (RER) as well as the small granules (circle). 
(� 12,375)
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Figure 5.12. Acute lymphocytic leukemia (bone mar-
row). This field depicts lymphocytes in different stages of
differentiation, although small lymphocytes (S) are out-
numbered by intermediate lymphocytes (I) and lym-
phoblasts (B). All cells except the blasts have the charac-

teristic pattern of heterochromatin subjacent to the nu-
clear envelope. Note that at least two of the cells have a
prominent Golgi apparatus (G) and numerous mito-
chondria (M). One cell is undergoing mitosis (*). (� 5130)
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Figure 5.13. Acute lymphocytic leukemia (bone mar-
row). Higher magnification of the same sample illustrated
in Figure 5.12 elucidates the cytoplasmic details of the
lymphoid cells. In addition to a background of free ribo-

somes, Golgi apparatuses (G) and mitochondria (M) are
also clearly discernible. A rare granule (arrow) is consis-
tent with being a primary lysosome. (� 11,000)
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Figure 5.14. Erythroleukemia (bone marrow). A
monomorphic collection of erythroblasts is seen in this
field. Nuclei are euchromatic, and nucleoli consist of
open nucleolonemas (Nu). Cytoplasm is rich in free ri-

bosomes and glycogen, the latter being represented by
open, clear spaces (g). Mitochondria (M) are numerous
in some of the cells. (� 6100)
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Figure 5.15. Erythroleukemia (bone marrow). Higher magnification of an erythroblast, illustrating the nucleolonema
(Nu) and the predominance of free ribosomes in the cytoplasm. (� 8500)
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(Text continued from page 227)

Megakaryocytic Leukemia

(Figures 5.16 through 5.20.)
Diagnostic criteria. (1) Megakaryoblasts, characterized

as undifferentiated cells with a high nuclear–cytoplas-
mic ratio, a moderate amount of heterochromatin, and
cytoplasmic protrusions; (2) megakaryocytes, usually
characterized by their large size, but also may be small
(micro-megakaryocytes), with (a) copious cytoplasm,
(b) irregularly shaped nuclei, (c) cytoplasmic demarca-
tion membranes and blebs (budding platelets), and 
(d) small dense (azurophilic) cytoplasmic granules.

Additional points. The demarcation membranes of the
megakaryocyte consist of invaginations of the plas-
malemma of the cell and represent platelet formation.
The number of demarcation membranes increases with
the maturation of the megakaryocyte. Other organelles
in the cytoplasm of the megakaryoblast and megakary-
ocyte include many free ribosomes and polysomes, a
small amount of rough endoplasmic reticulum, and a
large Golgi apparatus. Platelets are normally about 
2–5 � in diameter, but in reactive and neoplastic states
they may reach five or more times this size. They usu-
ally are oval and have a few pseudopods. They are de-
void of a nucleus and have a busy cytoplasm that con-
tains, in addition to small, dense (azurophilic) granules,
primary lysosomes, small mitochondria, bundles of mi-
crotubules along the cell membrane, many thin and
thick filaments, vesicles, glycogen, and lipid. Platelet
peroxidase is demonstrable in the nuclear envelope and
rough endoplasmic reticulum, using unfixed or tannic-
acid-fixed specimens.

Hairy Cell Leukemia 
(Leukemic Reticuloendotheliosis)

(Figures 5.21 through 5.24.)
Diagnostic criteria. (1) Small-to-medium-sized lym-

phocytes with filopodia or villus-like (hairy) plas-

malemmal projections, in samples of peripheral blood,
where cells are separated by plasma and their surfaces
are free (Figure 5.21), and overlapped and interdigitated
projections, in samples of marrow and spleen, where
cells are tightly apposed (Figure 5.22); (2) nucleus with
a lymphoid chromatin pattern (abundant heterochro-
matin, especially along nuclear envelope); (3) ribosome-
lamellar complexes in the cytoplasm, usually in a paranu-
clear location (Figure 5.22 through 5.24).

Additional points. Hairy cells are morphologically and
functionally distinctive, because they are B-lymphocytes
that have an ability, although weak, to phagocytize.
They synthesize immunoglobulin, have a low prolifer-
ative rate, and are capable of engulfing (perhaps with-
out digesting) erythrocytes, platelets, and latex and zy-
mosan particles. They express monocytoid antigens, but
their overall ultrastructural appearance is that of a lym-
phocyte; specifically, the nucleus has abundant hetero-
chromatin, including a heavy peripheral distribution,
and the cytoplasm lacks the many primary and sec-
ondary lysosomes expected in a monocyte/histiocyte.
Nuclei are round, oval, or lobated, and nucleoli are
small or inconspicuous. The most striking feature of the
cytoplasm of hairy cells is the presence of ribosome-
lamellar complexes, which are found in approximately
half of the cases of this type of leukemia as well as in
occasional cases of chronic lymphocytic leukemia
(where they were first described), acute monocytic
leukemia, Waldenstrom’s macroglobulinemia, and Cush-
ing’s syndrome. In those cases of hairy cell leukemia
having ribosome-lamellar complexes, the number of
cells exhibiting the complexes ranges from less than 1%
to almost 100%. The ultrastructure of these inclusions
consists of cylinders of alternating and parallel rows of
ribosomes and tubular lamellae, spiraling and inter-
secting around a central core. Other structures that are
less frequently encountered in hairy cells include par-
allel tubular arrays in the cytoplasm, and zipper-like
junctions between abutting cells.

(Text continues on page 244)
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Figure 5.16. Megakaryocytic leukemia (peripheral
blood). This megakaryoblast is too poorly differentiated
for positive classification without the presence of neigh-
boring megakaryocytes or special cytochemistry for
platelet peroxidase. The nuclear–cytoplasmic ratio is
high, the nucleus has a moderate amount of heterochro-

matin, there is a nonspecific complement of organelles
in the cytoplasm, and the surface of the cell is focally
raised into filopodia. (� 11,400) (Permission for reprint-
ing granted by WB Saunders, Dickersin GR: Electron mi-
croscopy of leukemias and lymphomas. Clin Lab Med
7:199–247, 1987.)
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Figure 5.17. Megakaryocytic leukemia (bone marrow).
A megakaryocyte is readily identifiable by its large size
and irregular nucleus, contrasted with the surrounding
cells of the marrow. Its cytoplasm contains many or-

ganelles, including scattered small, dense granules (cir-
cles), but demarcation membranes and budding platelets
are not visible. (� 5320)
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Figure 5.18. Megakaryocyte (bone marrow). A megakaryocyte exhibits numerous small, dense granules (circles) and
demarcation membranes (D), where platelets (P) are budding from the superficial cytoplasm. (� 4940)
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Figure 5.19. Megakaryocyte (bone marrow). High mag-
nification of a megakaryocyte illustrates diagnostic gran-
ules (arrows) and cytoplasmic blebs (*). (� 22,680) (Per-

mission for reprinting granted by WB Saunders, Dickersin
GR: Electron microscopy of leukemias and lymphomas.
Clin Lab Med 7(1):199–247, 1987.)
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Figure 5.20. Micromegakaryocyte (bone marrow). The
size of this cell is within the range expected for mi-
cromegakaryocytes, but it also could be one end of a
larger cell. The cytoplasm shows blebs (*) and many

dense core granules (arrows). (� 13,500) (Permission for
reprinting granted by WB Saunders, Dickersin GR: Elec-
tron microscopy of leukemias and lymphomas. Clin Lab
Med 7:199–247, 1987.)



Figure 5.21. Hairy cell leukemia (peripheral blood). The
cells have a villus-like, or hairy, surface, and their nuclei
have abundant heterochromatin in a lymphoid type dis-
tribution. A high proportion of nuclei are indented and
lobated, and Golgi apparatuses (G) and centrioles (C) are

located adjacent to the indentation. (� 8500) (Permission
for reprinting granted by WB Saunders, Dickersin GR:
Electron microscopy of leukemias and lymphomas. Clin
Lab Med 7(1):199–247, 1987.)
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Figure 5.22. Hairy cell leukemia (bone marrow). The
leukemic cells are tightly apposed in the marrow, and
their hairy surfaces are overlapped and interdigitating (cir-
cles). Nuclei are markedly indented, and cytoplasm con-
tains numerous juxtanuclear ribosome-lamellar com-

plexes (arrows). (� 8500) (Permission for reprinting
granted by WB Saunders, Dickersin GR: Electron micros-
copy of leukemias and lymphomas. Clin Lab Med
7(1):199–247, 1987.)
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Figure 5.23. Hairy cell leukemia (bone marrow). Higher
magnification of several hairy cells illustrates the over-
lapped surface projections (circles) of adjacent cells, as

well as two ribosome-lamellar complexes (arrows). A
prominent Golgi apparatus (G) and numerous mito-
chondria (M) also are evident in one cell. (� 14,250)
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Figure 5.24. Hairy cell leukemia (bone marrow). High
magnification of a juxtanuclear region of one cell depicts
ribosome-lamellar complexes (arrows) in more than one
plane of section. (� 46,500) (Permission for reprinting

granted by WB Saunders, Dickersin GR: Electron mi-
croscopy of leukemias and lymphomas. Clin Lab Med
7(1):199–247, 1987.)
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6
Spindle Cell

Neoplasms and
Their Epithelioid

Variants

Fibrous Neoplasms

(Figures 6.1 through 6.17.)
Diagnostic criteria. (1) Abundant rough endoplasmic

reticulum; (2) type I (banded) collagen closely sur-
rounding the cells (Figures 6.1 through 6.3).

Additional points. Fibroblasts also have a prominent
Golgi apparatus, and they may or may not have filopo-
dia and long, tapering, polar processes. Lipid vacuoles
in varying numbers may also be present in the cyto-
plasm. Fibroblasts often show partial differentiation to-
ward smooth muscle cells, so-called myofibroblasts, in
actively proliferating fibroblastic lesions (Figures 6.4
through 6.6), and toward histiocytes, designated facul-
tative histiocytes, as in some examples of malignant fi-
brous histiocytoma (MFH) (see next section). True
smooth muscle cells and true histiocytes have less
rough endoplasmic reticulum than do fibroblasts, and
the cisternae of the rough endoplasmic reticulum usu-
ally are not dilated. Fibroblasts also usually have more
rough endoplasmic reticulum than do the spindle cells
of synovial sarcoma (see section on synovial sarcoma)
and solitary fibrous tumors of pleura and soft tissues
(see Chapter 3, section on mesothelioma, Figures 3.75
through 3.77, and Figure 6.14). Infrequently, the cells of
fibrosarcomas may be epithelioid, rather than spindle
shaped, but the characteristic ultrastructural features of
fibroblasts are still evident (Figures 6.16 and 6.17).

Fibroblasts, alone or in conjunction with other cell
types, are found in a number of neoplasms other than
fibroma, fibrosarcoma, and MFH, and these other neo-
plasms include myxoma, fibromyxoid sarcoma, dermatofi-
brosarcoma protuberans, elastofibroma, angiofibroma, repar-
ative granuloma, giant cell tumor of bone, and solitary
fibrous tumors of soft tissue. Dermatofibrosarcoma protu-
berans, usually a very cellular lesion with a storiform
pattern, may be myxoid as well (Figure 6.7). The lesion
is composed of fibroblasts and myofibroblasts (Figure
6.8), but perineurial cells possibly could be the cell type
in some cases. It is still unsettled whether perineurial
cells are modified fibroblasts or modified Schwann cells
(see Figure 6.124). Evidence for the latter is the finding
of melanosomes in the cells of a few examples of der-
matofibrosarcoma protuberans, the so-called Bednar tu-
mor. Fibrosarcoma may develop within dermatofi-
brosarcoma protuberans, as illustrated in Figures 6.9
and 6.10. In elastofibroma, fibroblasts are associated with
matrical elastin fibers, which have a medium-dense,
amorphous, and filamentous appearance (Figures 6.11
and 6.12). In reparative granuloma and giant cell tumor of
bone, the giant cells have features of osteoclasts, the
most notable feature being numerous mitochondria
(Figure 6.13).
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Figure 6.1. Fibrosarcoma (soft tissue of leg). This low
power view illustrates an intimate admixture of spindle-
shaped cells and collagenous matrix. The irregular shape

of some of the nuclei (*) is a criterion for malignancy. The
cytoplasm of the cells is rich in dilated rough endoplas-
mic reticulum (RER). (� 4940)
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Figure 6.2. Fibrosarcoma (soft tissue of leg). Higher mag-
nification of one of the fibroblasts from the same neo-
plasm as shown in Figure 6.1 accentuates the rough en-

doplasmic reticulum (RER) and the surrounding banded
collagen (C). (� 9690)
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Figure 6.3. Fibrosarcoma (soft tissue of buttock). Some cells are oval, and others have long cytoplasmic processes (P).
Rough endoplasmic reticulum is dilated and virtually fills the cytoplasm. (� 4940)
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Figure 6.4. Fibrosarcoma (transverse colon). Two neo-
plastic fibroblasts with abundant dilated rough endo-
plasmic reticulum (RER) also contain large cytoplasmic

areas of microfilaments (F) and associated densities, so-
called dense bodies (arrows), qualifying as myofibro-
blasts. (� 4940)
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Figure 6.5. Fibrosarcoma (transverse colon). Higher magnification of one of the myofibroblasts illustrated in Figure
6.4 shows in better detail the microfilaments (F) and dense bodies (arrows). (� 23,600)
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Figure 6.6. Fibrosarcoma (metastatic to liver). High mag-
nification of a portion of a cytoplasmic process of a myo-
fibroblast shows abundant, dilated rough endoplasmic
reticulum (R) and a prominent Golgi apparatus (G), so

characteristic of fibroblastic differentiation. In addition,
there are numerous filaments with dense bodies (arrows)
and numerous pinocytotic vesicles (P), typical of smooth
muscle differentiation. (� 30,000)
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Figure 6.7. Dermatofibrosarcoma protuberans (scalp).
Low magnification illustrates the spindle cells to be long
and narrow and individually dispersed in a collagenous
matrix. Many cells have a high nucleocytoplasmic ratio

in their cell-bodies, and the amount of rough endoplas-
mic reticulum and number of other organelles varies from
cell to cell. (� 3400)
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Figure 6.8. Dermatofibrosarcoma protuberans (scalp).
Higher magnification of the same neoplasm as depicted
in Figure 6.7 shows the cytoplasm to have a small to

moderate amount of rough endoplasmic reticulum, most
of which is not dilated. The cells are consistent with in-
completely differentiated fibroblasts. (� 9000)
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Figure 6.9. Fibrosarcoma arising in dermatofibrosarcoma
protuberans (scalp). The spindle cells in this malignant
area of the dermatofibrosarcoma protuberans illustrated
in Figures 6.7 and 6.8 reveal a closer arrangement of

cells, shorter polar processes, and more irregularly
shaped nuclei. Dilated rough endoplasmic reticulum (R)
is visible in some of the cells. (� 2800)
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Figure 6.10. Fibrosarcoma arising in dermatofibrosar-
coma protuberans (scalp). Higher magnification of one
of the cells depicted in Figure 6.9 illustrates dilated rough
endoplasmic reticulum (R), prominent junctions (J), and

focal filaments with dense bodies (arrows), features con-
sistent with smooth muscle differentiation within a fi-
broblast, a so-called myofibroblast. (� 18,000)
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Figure 6.12. Elastofibroma (soft tissue of scapula). Higher magnification of elastic fibers reveals a central amorphous
region (arrow) and peripheral more granular and fibrillar regions (*). (� 27,400)

Figure 6.11. Elastofibroma (soft tissue of scapula). Low
magnification of a portion of a fibroblast and surround-
ing collagenous matrix reveals electron-dense deposits
of elastic fibers (*), seen better at higher magnification in
Figure 6.12. (� 13,800)
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Figure 6.13. Giant cell reparative granuloma (soft tissue
of buttock). Several fibroblasts (F) and an adjacent 
osteoclast-like giant cell exemplify this lesion. The fi-
broblasts are rich in dilated rough endoplasmic reticulum
(R), and the giant cell has numerous filopodia on the sur-

face (*) and many mitochondria (M) within the cytoplasm. 
(� 6800) (Permission for reprinting granted by New Eng-
land Journal of Medicine; Case Records of the Massa-
chusetts General Hospital: Weekly clinicopathologic ex-
ercises. Case 1-1986. N Engl J Med 314;105–113, 1986.)



Figure 6.14. Solitary fibrous tumor of soft tissue (face). A
neoplastic fibroblast characteristically contains dilated
rough endoplasmic reticulum (R), and the adjacent ma-

trix is rich in heavy, dense fibers of collagen (*), “ami-
anthoid” fibers, seen better at higher magnification in the
inset. (� 8900; inset � 22,000)
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Figure 6.15. Fibrosarcoma (supraclavicular lymph node).
This neoplastic fibroblast shows a moderate amount of
rough endoplasmic reticulum (R), prominent Golgi ap-

paratuses (G), and intracisternal banded collagen (C),
seen at higher magnification in the inset. (� 19,000; in-
set � 90,000)



Figure 6.16. Epithelioid fibrosarcoma (pretracheal soft
tissue). Several epithelioid cells have varying amounts of
rough endoplasmic reticulum (R), and it is the main or-

ganelle in some of the cells (*). No line of differentiation
other than a fibroblast is suggested by the ultrastructure.
(� 5600)
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Figure 6.17. Epithelioid fibrosarcoma (pretracheal soft tissue). Higher magnification of a cell from the same neoplasm
depicted in Figure 6.16 illustrates the abundant rough endoplasmic reticulum (R). (� 9300)



(Text continued from page 247)

Solitary fibrous tumors of soft tissue are similar ultra-
structurally to solitary fibrous tumors of pleura and
other serosal surfaces, namely that the cell type is either
an identifiable fibroblast (Figure 6.14) or too poorly dif-
ferentiated to be certain of cell type (See Figures 3.75
and 3.76). Giant collagen fibrils, collectively forming so-
called amianthoid fibers (Figure 6.14), may be found in
these and other fibroblastic neoplasms as well as in car-
tilagenous lesions. Intracisternal banded collagen, that
is, collagen within cisternae of rough endoplasmic retic-
ulum (Figure 6.15), may be seen occasionally in actively
synthesizing fibroblasts.

Although most, by far, fibroblastic proliferations are
composed of spindle cells, rare fibrosarcomas may be
epithelioid, or a combination of spindle and epithelioid
cells (Figures 6.16 and 6.17). Neoplasms of this type
may be exceedingly difficult to diagnosis by light mi-
croscopy and immunohistochemistry, and electron mi-
croscopy is essential.

Malignant Fibrous Histiocytoma

(Figures 6.18 through 6.30.)
Diagnostic criteria. (1) Fibroblasts (spindle cells with

abundant rough endoplasmic reticulum; see section on
fibrosarcoma) (2) mononucleated and multinucleated
giant cells of fibroblastic type (Figures 6.18 and 6.19);
(3) giant cells of osteoclastic type, especially in “giant
cell MFH” (Figure 6.20; also see Figure 6.13 [giant cell
reparative granuloma] and Figures 6.45 and 6.46 [os-
teosarcoma]); (4) malignant facultative histiocytes (Fig-
ures 6.20 and 6.21) or malignant true histiocytes (Figure
6.22); (5) primitive, or poorly differentiated fibroblasts
(Figure 6.23); (6) small, benign-appearing histiocytes
(see Chapter 3, Figure 3.87).

Additional points. A high percentage of sarcomas di-
agnosed as storiform/pleomorphic MFH and myxoid MFH

at the light microscopic level prove to be pure fibrosar-
comas when studied by electron microscopy; both the
spindle cells and the giant cells have fibroblastic fea-
tures. A smaller proportion of these tumors contains 
giant cells that are consistent with being facultative his-
tiocytes; that is, they have primary and secondary lyso-
somes as well as abundant, usually undilated, rough
endoplasmic reticulum. A few tumors contain a com-
ponent of malignant-appearing, true histiocytes. Small,
benign-appearing histiocytes as well as other inflam-
matory cells may be found in varying numbers and dis-
tribution in these tumors. In giant cell MFH, osteoclas-
tic type giant cells are numerous but also mixed with
fibroblasts and facultative histiocytes. In inflammatory
MFH, numerous xanthoma cells, rich in lipid (Figure
6.24), are found in combination with acute and chronic
inflammatory cells and with areas of storiform/pleo-
morphic spindle cells. Lipid-rich fibroblasts may also
be present in the usual storiform/pleomorphic form of
MFH and in fibrosarcoma, and there the cells are spin-
dle shaped rather than round, and fibroblastic rather
than histiocytic (Figure 6.25). Angiomatoid MFH is usu-
ally described at the light microscopic level as consist-
ing of islands of histiocytes, histiocyte-like cells, fibro-
histiocytes, and/or undifferentiated mesenchymal cells,
interspersed with blood-filled spaces and surrounded
by a lymphoplasmacytic infiltrate. In our own experi-
ence, the neoplastic cells ultrastructurally are fibroblasts
and myofibroblasts (Figures 6.26 through 6.30). Thus,
although there may not be a consensus of opinion on
the cell type comprising angiomatoid MFH, it appears
acceptable to continue to classify neoplasms of this 
type in the fibroblastic group and, more specifically,
with MFH.

Pleomorphic malignant fibrous histiocytomas at the light
microscopic level may be confused with pleomorphic
forms of rhabdomyosarcoma, leiomyosarcoma, and li-
posarcoma, but distinguishing among these lesions
usually is readily achievable by electron microscopic 
examination.

264 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

(Text continues on page 278)



Figure 6.18. Malignant fibrous histiocytoma (soft tissue of anterior abdominal wall). This mononucleated giant cell
is a fibroblast, typified by its abundant, dilated rough endoplasmic reticulum (RER). (� 6750)
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Figure 6.19. Malignant fibrous histiocytoma (soft tissue
of back). This giant multinucleated fibroblast is filled with
rough endoplasmic reticulum (RER) and shows no evi-
dence of histiocytic markers. The nucleus is probably

multilobed, but at the light microscopic level of magni-
fication it probably would be interpreted as multiple nu-
clei. (� 5320)
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Figure 6.20. Malignant fibrous histiocytoma (rectus
femoris muscle). A giant cell contains many different or-
ganelles in its cytoplasm. Rough endoplasmic reticulum
is abundant but not especially dilated. The Golgi appa-
ratus (G) is prominent, mitochondria (M) are numerous,

and lysosomes (L) are moderate in number (seen at higher
power in Figure 6.21. These characteristics are highly
suggestive of the cell being a facultative histiocyte. 
(� 4940)
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Figure 6.21. Malignant fibrous histiocytoma (rectus
femoris muscle). A higher magnification of a portion of
the giant cell and probable facultative histiocyte depicted
in Figure 6.20 highlights the frequent primary lysosomes

(L). No secondary lysosomes (phagosomes) were identi-
fied in this cell. The rough endoplasmic reticulum (RER)
is plentiful but not very dilated. (� 29,000)
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Figure 6.22. Malignant fibrous histiocytoma (parailial
soft tissue). Among the fibroblasts and facultative histio-
cytes in this neoplasm were cells of the type depicted
here (*). Their size and nuclear features are of a malig-

nant order, and their cytoplasm contains numerous
phagosomes (P) and lipid droplets (L). They are inter-
preted as malignant histiocytes. (� 5700)
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Figure 6.23. Malignant fibrous histiocytoma (liver). A
primitive or poorly differentiated fibroblast has a moder-
ate amount of undilated rough endoplasmic reticulum
(arrows), but the predominant organelle is free ribosomes.

The nucleus is euchromatic and contains a large nucle-
olus, features characteristic of proliferative or metabolic
activity, the former being more likely in this neoplastic
cell. (� 5100)

270 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 6.24. Malignant fibrous histiocytoma, inflammatory type (soft tissue of thigh). Several xanthomatous, histio-
cytic type cells contain numerous lipid droplets (L) and lysosomes (arrows) of various sizes. (� 6500)
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Figure 6.25. Malignant fibrous histiocytoma (metastatic to lung). Neoplastic fibroblasts have numerous lipid droplets
(L) in their cytoplasm. (� 4800)
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Figure 6.26. Malignant fibrous histiocytoma, angioma-
toid type (soft tissue of arm). Edematous (*) and hemor-
rhagic (rbc) matrix separates neoplastic oval and spindle
cells. Cytoplasm contains rough endoplasmic reticulum

(R) (better seen at higher magnification in Figure 6.27 and
focal filaments (f). Nuclei are irregularly indented and
moderately heterochromatic. (� 5300)
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Figure 6.27. Malignant fibrous histiocytoma, angioma-
toid type (soft tissue of arm). Higher magnification of the
lower central field of Figure 6.26 depicts more clearly the

rough endoplasmic reticulum (R) and focal filaments (f ).
(� 13,600)
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Figure 6.28. Malignant fibrous histiocytoma, angioma-
toid type (soft tissue of arm). A more cellular and less ede-
matous and hemorrhagic area of the neoplasm depicted
in Figures 6.26 and 6.27 reveals groups of long, narrow,

cellular processes (brackets) and pockets of closely ap-
posed extracellular collagen (C). (� 5500)
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Figure 6.29. Malignant fibrous histiocytoma, angioma-
toid type (soft tissue of arm). Higher magnification of the
left half of the upper bracketed area in Figure 6.28 illus-

trates in finer detail the processes and collagen (C). In ad-
dition, focal filaments (f ) and several intercellular junc-
tions (j) are also visible. (� 19,800)
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Figure 6.30. Malignant fibrous histiocytoma, angioma-
toid type (soft tissue of arm). High magnification of the
same neoplasm as that depicted in Figures 6.26 through

6.29 depicts cytoplasmic filaments (f ) and dense bodies
(d). (� 22,000)
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(Text continued from page 264)

Cartilaginous Neoplasms

(Figures 6.31 through 6.36.)
Diagnostic criteria. (1) Oval and polygonal cells and,

in some less differentiated neoplasms, spindle-shaped
cells; (2) escalloped or villus-like cell surfaces (Figures
6.31 through 6.33); (3) clear zone between cell and visi-
ble matrix (Figure 6.33); (4) abundant dilated rough 
endoplasmic reticulum (Figures 6.31 through 6.33); 
(5) large Golgi apparatus (Figure 6.32); (6) copious cy-
toplasmic glycogen (Figures 6.34 and 6.35), especially
in clear cell chondrosarcoma (Figure 6.34); (7) variable in-
termediate filaments.

Additional points. Chondroblasts may be difficult to
distinguish from osteoblasts, although they usually
contain more glycogen than osteoblasts, and they do
not manufacture osteoid. Both chondroblasts and os-
teoblasts are closely related morphologically and func-
tionally to fibroblasts, and this is most evident by their
abundant rough endoplasmic reticulum and their ac-
tive synthesis of extracellular matrix.

In extraskeletal myxoid chondrosarcoma, chondroblasts
are widely separated by loose, flocculent matrix. Mi-
tochondria may be numerous, and rough endoplasmic
reticulum may contain arrays of microtubules (Figure
6.36). In the past, some examples of extraskeletal 
myxoid chrondrosarcoma were referred to as “chor-
doid sarcoma” and “parachordoma” because of their
light microscopic resemblance to chordomas, but by
electron microscopy they are seen to be composed of
chondroblasts.

Mesenchymal chondrosarcoma is a small cell neoplasm
that may be indistinguishable from Ewing’s sarcoma
and small cell osteosarcoma (see Chapter 4, Figures 4.60
and 4.61).

Chondromyxoid fibroma is a neoplasm in which chon-
droblasts are interspersed with fibroblasts and myofi-
broblasts in a myxoid stroma.

Osteoblastoma and Osteosarcoma

(Figures 6.37 through 6.46.)
Diagnostic criteria. (1) Oval and polygonal cells are

more common than spindle-shaped cells (Figures 6.37

and 6.38); (2) escalloped or villus-like cell surfaces (Fig-
ures 6.38 and 6.39); (3) clear zone between cell and vis-
ible matrix (Figure 6.40); (4) abundant dilated rough
endoplasmic reticulum (Figures 6.38 through 6.40); 
(5) large Golgi apparatus (Figure 6.40); (6) moderate to
large amounts of cytoplasmic glycogen (Figure 6.41); 
(7) hydroxyapatite deposits on prominent fibers of col-
lagen (osteoid) (Figure 6.42).

Additional points. Osteoblasts are morphologically
similar to chondroblasts, and the presence of hydroxy-
apatite deposits in the extracellular matrix (Figures 6.42
through 6.44) may be the only distinguishing feature.
In poorly differentiated neoplasms without much os-
teoid, small deposits that may not be visible or con-
vincing by light microscopy can be identified readily at
the ultrastructural level. However, the small size of the
electron microscopic sample often makes the findings
of the deposits a matter of chance.

Although most osteogenic and chondrogenic neo-
plasms are composed, at least in part, of cells having
most of the morphologic features described in the di-
agnostic criteria section, there also are less-differenti-
ated examples that are composed of spindle-shaped
cells having some resemblance to fibroblasts (Figure
6.37). In these instances, the search for better differenti-
ated foci and a careful reevaluation of the light micro-
scopic picture can prove rewarding. On occasion, it may
be necessary to excise from the paraffin blocks a focus
of better differentiated neoplasm and reprocess it for
electron microscopy. The morphologic detail of re-
processed, formalin-fixed, paraffin-embedded tissue
usually will not be well preserved, but it may be ade-
quate for establishing the exact or probable cell type of
the neoplasm.

Osteoclasts sometimes are included in the sample
submitted for electron microscopic study, and they are
readily distinguishable from osteoblasts by their large
size, multinucleation, and busy cytoplasm, especially
numerous mitochondria (Figures 6.45 and 6.46).

Small cell osteosarcoma is composed of poorly differ-
entiated, small, round, and oval cells that may be in-
distinguishable from the cells of mesenchymal chon-
drosarcoma and Ewing’s sarcoma (see Chapter 4,
Figures 4.58 and 4.59).

(Text continues on page 295)
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Figure 6.31. Myxoid chondrosarcoma (parasellar region
of brain). The chondroblasts are widely separated in
abundant matrix, and their cytoplasm is rich in dilated
rough endoplasmic reticulum (RER). The medium-dense

material filling the reticulum represents the proteinaceous
precursor of the matrical collagen, glycoprotein, and gly-
cosaminoglycans. (� 4275)
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Figure 6.32. Myxoid chondrosarcoma (parasellar region of brain). This chondroblast, in addition to showing extreme
dilation of the rough endoplasmic reticulum (RER), has a large Golgi apparatus (G). (� 7600)
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Figure 6.33. Enchondroma (tibia). A well-differentiated chondroblast has a villus-like surface and a clear zone be-
tween the cell and the collagen. RER � rough endoplasmic reticulum. (� 9200)
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Figure 6.34. Clear cell chondrosarcoma (synovial membrane of thigh). The glassy, clear spaces (*) in the cytoplasm
of this chondroblast represent glycogen that was lost during the chemical processing of the tissue. (� 9000)
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Figure 6.35. Chondroblastoma (humerus). This specimen
was processed by a method that preserves glycogen as
electron-dense granules, and copious amounts of glyco-

gen (G) are evident in the cytoplasm of this neoplastic
cell. (� 8200)
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Figure 6.36. Extraskeletal myxoid chondrosarcoma (fe-
mur). Chondroblasts are widely separated by a medium-
dense, flocculent matrix. Cell cytoplasm is rich in mito-
chondria (M), and one cell has markedly dilated rough

endoplasmic reticulum (partially bracketed). (� 7800) In-
set: high magnification of the bracketed area reveals par-
allel microtubules within the dilated RER. (� 23,000)
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Figure 6.37. Osteosarcoma (femur). Many of the cells in
this neoplasm were spindle-shaped and poorly differen-
tiated osteoblasts, as shown, but there also were better
differentiated areas composed of oval and polygonal cells

(see Figure 6.38). Collagen consistent with osteoid but no
hydroxyapatite is present in the extracellular matrix of
this field. (� 3900)
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Figure 6.38. Osteosarcoma (femur). This better differen-
tiated area of the osteosarcoma illustrated in Figure 6.37
is composed of oval and polygonal cells having abundant

rough endoplasmic reticulum (RER), occasional pockets
of glycogen (G), and focally villus-like cell surfaces (*).
(� 5000)
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Figure 6.39. Osteosarcoma (parafemoral soft tissue).
Well-differentiated osteoblasts comprise this neoplasm
and are typified by their oval and polygonal shape, florid

villus-like surface (V), abundant rough endoplasmic retic-
ulum (RER), and pockets of glycogen (G). (� 5300)
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Figure 6.40. Osteoblastoma (pubic ramus). The os-
teoblasts in this neoplasm are even better differentiated
than those in Figure 6.39, in that they have more abun-
dant cytoplasm and more organelles within it. Golgi ap-

paratuses (G) are large, but their detail is not clearly vis-
ible at this low magnification. Villus-like surface projec-
tions (V) and rough endoplasmic reticulum (RER) are
abundant. (� 5300)
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Figure 6.41. Osteoblastoma (femur). The specimen was
processed by a method that preserves glycogen (G) as
electron-dense granules, and these well-differentiated os-

teoblasts are extremely rich in this inclusion. N � nuclei.
(� 6750)
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Figure 6.42. Osteosarcoma (soft tissue of thigh). Miner-
alizing osteoid (O), characterized by electron-dense de-
posits of hydroxyapatite (on prominent fibers of collagen

that are not well visualized at this magnification), abuts
this well-differentiated osteoblast. (� 6750)

290 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 6.43. Reactive parosteal bone (femur). Innumerable deposits of hydroxyapatite are superimposed on promi-
nent fibers of banded collagen in this zone of benign, new bone formation. (� 12,000)
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Figure 6.44. Reactive parosteal bone (femur). Higher
magnification of the same specimen as depicted in Fig-
ure 6.43 shows the hydroxyapatite and prominent fibers

of collagen (osteoid) in greater detail. The edge of an os-
teoblast, in close association with the osteoid, is seen in
the upper left corner of the field. (� 27,000)
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Figure 6.45. Osteogenic sarcoma (soft tissue of hip). Ly-
ing between several osteoblasts (B) is an osteoclast (C). It
is of giant size and has multiple nuclei. The cytoplasm is

abundant and contains many organelles. Mitochondria,
seen at higher power in Figure 6.46, are especially nu-
merous. (� 4550)
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Figure 6.46. Osteogenic sarcoma (soft tissue of hip). Mi-
tochondria (M) predominate in the busy cytoplasm of this
osteoclast, and there are also many small vesicles, col-
lapsed cisternae of rough endoplasmic reticulum, and at

least three Golgi apparatuses (*), although less well seen.
The villus-like surface of the cell is visible in the upper
left corner of the field. (� 6750)
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(Text continued from page 278)

Synovial Sarcoma

(Figures 6.47 through 6.56.)
Diagnostic criteria. (1) Biphasic components (in the

classic case) of spindle-shaped stromal cells and ep-
ithelial cells arranged in solid groups or lining spaces
or glands (Figures 6.47 through 6.52 and 6.55); (2) the
spaces and glands are separated from the stromal cells
by basal lamina (Figures 6.47, 6.48, and 6.51); (3) spin-
dle cells are dispersed in varying amounts of matrix
composed of banded collagen and amorphous, medium-
dense material (Figure 6.53), but many of them also con-
tact one another focally and have small junctions (Fig-
ures 6.54 and 6.55); (4) epithelial cells lining spaces and
glands have microvilli and junctional complexes (Fig-
ures 6.47 through 6.50); (5) glands may or may not con-
tain secretory material (Figure 6.49).

Additional points. A range of patterns may be seen
among synovial sarcomas. In addition to the classic
biphasic picture, there are also monophasic spindle cell
tumors and, rarely, monomorphic epithelioid sarcomas.
In the latter-type neoplasm and in poorly differentiated
epithelial components of biphasic neoplasms, the oval
and polygonal epithelioid cells often occur in solid
nests. The cells have junctions but may not form micro-
villi or gland-like spaces (Figure 6.55). In the spindle-
cell type or component of synovial sarcoma, the cells
have a high nuclear–cytoplasmic ratio and do not have
the ultrastructural characteristics of any other type of
spindle cell (Figure 6.53). They may have small inter-
cellular junctions. Although probably derived from
primitive mesenchymal cells and possibly from fibro-
blasts, they possess less rough endoplasmic reticulum
than do typical fibroblasts. Intermediate filaments (ker-
atin and/or vimentin) often are demonstrable, some-
times in large amounts, both in the epithelial and spin-
dle cells of synovial sarcomas (Figures 6.52 and 6.56). It
is open to question whether the two cell types in syn-
ovial sarcoma have a common lineage. There is some
evidence that in normal synovial membrane, the lining
cells are macrophagic and derived from monocytes, and
the underlying spindle cells are secretory and derived
from mesenchymal cells.

Adipose Neoplasms

(Figures 6.57 through 6.70.)
Diagnostic criteria. (1) Lipid droplets; (2) pinocytotic

vesicles; (3) cytoplasmic glycogen; (4) basal lamina; 
(5) intermediate filaments.

Additional points. Golgi apparatuses, varying amounts
of smooth and rough endoplasmic reticulum, and mi-

tochondria are other organelles that may be seen in
lipoblasts. Most of the nonlipid cellular features listed
are found in all stages of differentiation except for the
very late lipoblast and mature lipocyte.

There probably are three lines of differentiation for
lipoblasts: pericytes, fibroblasts, and poorly differenti-
ated mesenchymal cells. The role of the pericyte can be
studied conveniently in myxoid liposarcoma (Figures 6.57
through 6.59), where the vascular pattern consistently
is a prominent component of the neoplasms. Here, per-
icytes and neighboring early lipoblasts can be seen to
resemble one another closely in both size and shape 
and in nuclear and cytoplasmic detail. A few pericytes
even contain lipid droplets (Figure 6.58). Another per-
tinent observation in these neoplasms is that there is a
gradient of increasing differentiation in lipoblasts as
their distance from capillaries increases. The main cri-
terion for recognizing advancing differentiation is the
increasing amount of lipid in the cells, and as the num-
ber of lipid droplets increases, the cytoplasmic space 
expands (Figures 6.60 through 6.63). Coalescence of
droplets in seen in late-stage lipoblasts, and finally a
single cytoplasmic vacuole is present in the mature
lipocyte. Glycogen usually is present in moderate-to-
heavy amounts in early- and mid-stage lipoblasts (Fig-
ures 6.64 and 6.65).

Developmental relationships similar to those noted
between the lipoblast and pericyte also can be seen be-
tween the lipoblast and poorly differentiated mes-
enchymal cell and between the lipoblast and fibroblast.
In all examples, the increasing amount of cytoplasmic
lipid is the main morphologic index for maturation of
the cell. The fibroblast, or fibrolipoblast, is found more
frequently in well-differentiated liposarcoma than in myx-
oid liposarcoma and round cell liposarcoma. Round cells
consist mostly of poorly differentiated mesenchymal
cells and, to a lesser extent, early lipoblasts (Figure 6.66
and 6.67).

The cells comprising pleomorphic liposarcomas cover a
wide spectrum that includes all stages of lipoblasts and
giant cells having bizarre nuclei and varying amounts
of cytoplasmic lipid (Figures 6.68 and 6.69).

Hibernomas are lipomas composed of brown fat, and
the component lipocytes have copious cytoplasm that
contains numerous small- and intermediate-sized lipid
droplets and numerous mitochondria. Glycogen may
also be present in the cytoplasm. Basal lamina can be
found coating the cells (Figure 6.70).

Lipocytes and lipoblasts occur in combination with
other cell types in a variety of neoplasms, including
myelolipoma, angiolipoma, and angiomyolipoma.

In dedifferentiated liposarcoma, areas of well-differentiated
liposarcoma are interspersed with regions of fibrosar-
coma or MFH.

(Text continues on page 320)
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Figure 6.47. Synovial sarcoma (soft tissue of thigh). Ep-
ithelial (E) and stromal (S) cells are depicted in this bipha-
sic neoplasm, and a sharp demarcation, including a basal

lamina (barely discernible at this low magnification), sep-
arates the two cell-types. (� 5700)
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Figure 6.48. Synovial sarcoma (soft tissue of thigh). In
this field, a varying population of microvilli (V) are visi-
ble, and the epithelial cells are otherwise well differenti-

ated, including the formation of a basal lamina (BL). 
(� 6720)
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Figure 6.49. Synovial sarcoma (soft tissue of leg). A discrete acinus lined by well-differentiated epithelial cells (E) is
surrounded by a stroma that is hypocellular (S) and rich in extracellular matrix (M). (� 5300)
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Figure 6.50. Synovial sarcoma (soft tissue of leg). High
magnification of an epithelial cell of the neoplasm illus-
trated in Figure 6.49 shows microvilli (V) on the luminal
surface and junctional complexes (J) at its apical aspect

and membrane-bound granules (G) and mitochondria (M)
as the outstanding organelles in the cytoplasm. (� 18,500)

SPINDLE CELL NEOPLASMS AND THEIR EPITHELIOID VARIANTS 299



Figure 6.51. Synovial sarcoma (vulva). An island of ep-
ithelial cells in this biphasic synovial sarcoma has a cen-
tral microlumen (L) and is separated from the mesenchy-

mal component by a thick layer of basal lamina (BL). 
(� 4800)
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Figure 6.52. Synovial sarcoma (vulva). An epithelial cell subjacent to a luminal lining cell (*) contains numerous
tonofibrils (arrows) in its cytoplasm. (� 8200)
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Figure 6.53. Synovial sarcoma (soft tissue of arm). A spin-
dle cell component of a biphasic synovial sarcoma re-
veals the spindle cells to have a nondescript cytoplasm,
devoid of fibroblastic and leiomyoblastic markers. Also,

features of Schwannian differentiation such as long in-
tertwining processes, continuous basal lamina, and long
spacing collagen are absent. (� 9300)
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Figure 6.54. Synovial sarcoma (soft tissue of hand). The
spindle cells of this monomorphic synovial sarcoma abut
focally on one another and are otherwise separated 

by collagen and amorphous electron-dense material. 
(� 4940)
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Figure 6.55. Synovial sarcoma (soft tissue of deltoid re-
gion). This predominantly monomorphic spindle cell
neoplasm had focal solid areas of oval and polygonal

cells with small intercellular junctions (arrows) and only
a small amount of intercellular amorphous matrix (*). 
(� 9350)
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Figure 6.56. Synovial sarcoma (soft tissue of thigh). Many cells of this monophasic synovial sarcoma contain large
zones of microfilaments (F and inset). (� 5130) (inset � 15,100)
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Figure 6.57. Myxoid liposarcoma (soft tissue of right
knee). Lipoblasts of early (EL) and intermediate (ML)
stages are dispersed individually and in columns, in a

flocculent and medium-dense matrix. In addition to
droplets of lipid (L), many cells also contain open spaces
representing glycogen (G). (� 3960)
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Figure 6.58. Myxoid liposarcoma (soft tissue of thigh). A capillary is partially surrounded by pericytes (P) having lipid
droplets (L) and a duplicated basal lamina (BL). * � erythrocyte; E � endothelial cells. (� 7420)
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Figure 6.59. Myxoid liposarcoma (soft tissue of thigh). Several early lipoblasts (L) surround a capillary. Compare with
pericytes in Figure 6.58. E � endothelial cell; * � lumen of capillary. (� 5225)
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Figure 6.60. Myxoid liposarcoma (soft tissue of thigh).
Early lipoblasts (L) surround a capillary (*) and show
abundant glycogen clear spaces (G) and many mito-

chondria (M). Basal lamina around capillary and
lipoblasts is diffuse and flocculent rather than discrete.
(� 7000)
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Figure 6.61. Myxoid liposarcoma (soft tissue of thigh). An early lipoblast contains prominent lipid (L) and rough en-
doplasmic reticulum (RER). (� 7000)
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Figure 6.62. Myxoid liposarcoma (soft tissue of thigh).
An intermediate-stage lipoblast contains many lipid
droplets (L) as its main ultrastructural feature. Compare

with early lipoblasts in Figure 6.59 through 6.61. 
(� 6875)

SPINDLE CELL NEOPLASMS AND THEIR EPITHELIOID VARIANTS 311



Figure 6.63. Myxoid liposarcoma (soft tissue of thigh). Several late lipoblasts have cytoplasm composed predomi-
nantly of lipid droplets. (� 5900)
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Figure 6.64. Myxoid liposarcoma (soft tissue of thigh).
The specimen was processed to preserve glycogen as
electron-dense granules. This early lipoblast contains 

a moderate amount of glycogen (G) and lipid (L). 
(� 18,000)
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Figure 6.65. Myxoid liposarcoma (soft tissue of thigh). This early lipoblast has cytoplasm bulging with glycogen (G).
L � lipid. N � nucleus. (� 13,275)
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Figure 6.66. Round cell liposarcoma (soft tissue of thigh).
Most of the cells in this neoplasm have no or only a few
lipid droplets in their cytoplasm. The nuclear–cytoplas-
mic ratio is high, and nucleoli are small. A few inter-

spersed cells (*) have more abundant cytoplasm, numer-
ous lipid droplets, and numerous mitochondria. 
(� 3800)
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Figure 6.67. Round cell liposarcoma (soft tissue of thigh).
Higher magnification of cells from the same neoplasm as
depicted in Figure 6.66 illustrates two poorly differenti-
ated lipoblasts (A and B) and one slightly more differen-

tiated lipoblast (C) showing a rare lipid droplet, a mod-
erate number of mitochondria (M), and a large Golgi ap-
paratus (G). (� 9600)
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Figure 6.68. Pleomorphic liposarcoma (soft tissue of thigh). This giant lipoblast has a high nuclear–cytoplasmic ratio;
a bizarre, multilobed nucleus, and a moderate number of lipid droplets (L). (� 4940)
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Figure 6.69. Pleomorphic liposarcoma (soft tissue of thigh). A multinucleated, giant lipoblast has copious cytoplasm
with a preponderance of lipid droplets (L) and dilated rough endoplasmic reticulum (RER). (� 5130)
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Figure 6.70. Hibernoma (soft tissue of interscapular region of back). These cells have the features of brown fat, namely,
numerous mitochondria (M) and numerous small- and medium-sized lipid droplets (L). (� 5100)
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(Text continued from page 295)

Smooth Muscle Neoplasms

(Figures 6.71 through 6.86.)
Diagnostic criteria. (1) Fascicular or syncytial arrange-

ment of spindle cells, in a matrix of collagen (Figures
6.71 and 6.72); (2) basal lamina surrounding cells (Fig-
ures 6.72 and 6.73); (3) thin (6 nm) filaments and dense
bodies among filaments, within the cytoplasm proper
and subjacent to the plasmalemma (Figures 6.73
through 6.75); (4) pinocytotic vesicles (Figures 6.75); 
(5) round-ended nuclei (Figures 6.72 and 6.73); (6) con-
traction indentations of nuclei (Figure 6.76).

Additional points. Filaments and dense bodies tend to
be more numerous in cytoplasmic processes than in cell
bodies, and they are usually considered to be a mini-
mum requirement for identifying smooth muscle cells.
However, in poorly differentiated leiomyosarcomas, ep-
ithelioid leiomyosarcomas, and certain gastrointestinal
stromal tumors, these filaments and dense bodies may
be scant or absent, and the fulfillment of some of the
other diagnostic criteria in small amounts or focally is
considered supportive. Round-ended nuclei are espe-
cially valuable and, with nuclear contraction indenta-
tions, may be sufficient evidence for a “probable” or
“consistent with” diagnosis. Furthermore, narrow at-
tachment plaques may be found between cells.

An example of a poorly differentiated leiomyosar-
coma having a nondescript cytoplasm, with few fila-
ments and no definite dense bodies, is illustrated in Fig-
ure 6.77. A few poorly differentiated leiomyosarcomas
have cells with few filaments and abundant rough en-
doplasmic reticulum, resembling fibroblasts (Figures
6.78 and 6.79). In these cases, some of the features listed
other than filaments and dense bodies as well as further
sampling may lead to the correct diagnosis.

Epithelioid leiomyosarcomas (leiomyoblastomas) also de-
pend on the presence of thin filaments and dense bod-
ies for a definite diagnosis, but the other ultrastructural
characteristics of smooth muscle may be scant or ab-
sent. Basal lamina also is often present, but more often
than not the cytoplasm contains numerous mitochon-
dria as its main organelle (Figure 6.80). Glomus tumors
also are composed of epithelioid-type, mitochondria-
rich smooth muscle cells, usually in islands and small
clusters separated by basal lamina and banded colla-
gen, and often in juxtaposition to thin-walled blood ves-

sels (Figure 6.81 and 6.82). Thin filaments, dense bod-
ies, pinocytosis, and basal lamina are also often present
and characterize the glomus cell as smooth muscle in
type (Figure 6.82).

A rare form of leiomyoma and leiomyosarcoma is the
granular cell type. These neoplasms mimic granular cell
schwannomas at the light microscopic level, but by elec-
tron microscopy their granules are seen to be derived
from mitochondria rather than from electron-dense sec-
ondary lysosomes (Figures 6.83 through 6.85).

A significant proportion of gastrointestinal stromal tu-
mors (GIST), in our experience, are leiomyomas and
leiomyosarcomas, and some are atypical and difficult
to prove as being of smooth muscle cell type (Figure
6.86). In others, the cell of origin may be a fibroblast, a
Schwann cell, an autonomic neuron or, questionably, an
interstitial cell of Cajal (gastrointestinal pacemaker cell)
(see Chapter 9).

Skeletal Muscle Neoplasms

(Figures 6.87 through 6.90) (also see Figures 4.14
through 4.24).

Diagnostic criteria. (1) Thick (15 nm), myosin fila-
ments; (2) Z-band formation; (3) sarcomeres.

Additional points. Rhabdomyosarcomas composed of
spindle-shaped cells usually are easier to diagnose than
those consisting of small, round, embryonal cells or
than the bizarre cells of pleomorphic rhabdomyosarcoma.
The spindle cells are varying stages of differentiating
strap cells and contain thin and thick filaments, readily
identifiable Z-band material, and usually some degree
of sarcomere formation. Refer again to Figures 4.28
through 4.32 for early strap cell differentiation in em-
bryonal rhabdomyosarcomas. Later stages in the de-
velopment of skeletal muscle cells are illustrated in the
rhabdomyoma in Figures 6.87 and 6.88.

Spindle cell embryonal rhabdomyosarcoma is a rare neo-
plasm that usually occurs in children, but it may also be
seen in adults. The cells are arranged in a fascicular or
storiform pattern and resemble late-stage fetal myo-
tubules. The cells are immature rhabdomyoblasts and
have copious glycogen, numerous mitochondria, a
moderate amount of rough endoplasmic reticulum, and
focal collections of filaments with Z-band material and
early sarcomere formation (Figures 6.89 and 6.90).

(Text continues on page 341)
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Figure 6.71. Leiomyosarcoma (pelvic soft tissue). The neoplasm is composed of a syncytium of spindle cells with fo-
cal attachments in a matrix of collagen. (� 5510)
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Figure 6.72. Leiomyosarcoma (pelvic soft tissue). This
area of the same neoplasm as depicted in Figure 6.71
consists of a close arrangement of spindle cells rather
than the loose, syncytial pattern exemplified in Figure
6.71. Basal lamina (BL) covers the free surfaces of the

cells and often is diffuse rather than discrete (see Figure
6.73). Nuclei tend to have at least one rounded end, and
some nuclei have shallow contraction indentations. 
(� 7185)
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Figure 6.73. Leiomyosarcoma (metastatic to dura mat-
ter). These malignant spindle cells exhibit several mark-
ers of smooth muscle, including basal lamina (BL), innu-

merable thin filaments, and dense bodies of filaments (ar-
rows) and round-ended nuclei. (� 9520)
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Figure 6.74. Leiomyosarcoma (metastatic to dura matter). A malignant smooth muscle cell has cytoplasm filled with
thin filaments and dense bodies (arrows). (� 13,500)
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Figure 6.75. Leiomyosarcoma (metastatic to trapezius
muscle). High magnification of malignant smooth mus-
cle cells illustrates many thin filaments (F) and dense bod-
ies (arrows) occupying the cytoplasm. Note also that there
is peripheral compartmentalization of the filaments and

that some of the dense bodies lie immediately subjacent
to the plasmalemma. Pinocytotic vesicles (P) and basal
lamina (BL) are easily seen at this magnification. 
(� 26,000)
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Figure 6.76. Leiomyosarcoma (tibia). This cellular spindle-cell neoplasm shows the nuclear contraction indentations
(arrows) so often seen in smooth muscle cells. (� 6750)
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Figure 6.77. Leiomyosarcoma, nondescript type (retro-
vaginal tissue). Filaments are scant in these malignant
spindle cells, but round-ended and contracted nuclei are
salient features. (� 10,500) (Permission for reprinting

granted by Taylor and Francis Publishers, Dickersin GR,
Selig MK, Park YN: The many faces of smooth muscle
neoplasms in a gynecological sampling: An ultrastruc-
tural study. Ultrastruct Pathol 21:109–134, 1997.)
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Figure 6.78. Metastatic leiomyosarcoma, fibroblast-like
type (omentum). Tightly apposed, neoplastic spindle cells
have abundant rough endoplasmic reticulum in their cy-
toplasm. A few cells contain focal collections of filaments
(*) as well. (� 6800) (Permission for reprinting granted by

Taylor and Francis Publishers, Dickersin GR, Selig MK,
Park YN: The many faces of smooth muscle neoplasms
in a gynecological sampling: An ultrastructural study. Ul-
trastruct Pathol 21:109–134, 1997.)
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Figure 6.79. Metastatic leiomyosarcoma, fibroblast-like
type (omentum). High magnification illustrates moder-
ately dilated rough endoplasmic reticulum (arrows) and
excessive basal lamina material (*). (� 24,900)) (Permis-
sion for reprinting granted by Taylor and Francis Pub-

lishers, Dickersin GR, Selig MK, Park YN: The many faces
of smooth muscle neoplasms in a gynecological sam-
pling: An ultrastructural study. Ultrastruct Pathol 21:
109–134, 1997.)
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Figure 6.80. Epithelioid leiomyosarcoma (stomach). The
cells of this neoplasm are polygonal rather than spindle-
shaped, and their cytoplasm contains many mitochon-

dria as the main feature. There are relatively few micro-
filaments. (� 5130)
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Figure 6.81. Glomus tumor (soft tissue of inguinal re-
gion). Clusters of epithelioid type cells are separated by
bands of collagen (C) and excessive accumulations of

basal-like material (BL). The marked density of the cyto-
plasm of the cells is attributable to innumerable mito-
chondria. (� 4250)
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Figure 6.82. Glomus tumor (soft tissue of inguinal re-
gion). High magnification of a neoplastic glomus cell
highlights the smooth muscle feature of cytoplasmic fil-

aments (F), pinocytotic vesicles (P), and basal lamina (BL).
(� 42,500)
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Figure 6.83. Granular cell leiomyoblastoma (uterus, 
formalin-fixed). Ultrastructural detail is somewhat com-
promised by the method of fixation, but still discernible
are numerous cytoplasmic granules (*). (� 7600) (Per-
mission for reprinting granted by Taylor and Francis Pub-

lishers, Dickersin GR, Selig MK, Park YN: The many faces
of smooth muscle neoplasms in a gynecological sam-
pling: An ultrastructural study. Ultrastruct Pathol 21:
109–134, 1997.)
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Figure 6.84. Granular cell leiomyoblastoma (uterus, for-
malin-fixed). High magnification of the same neoplasm
as depicted in Figure 6.83 reveals the granules to contain
multiple membranous whorls and, in some examples,
small globular densities (arrows). (� 43,200) (Permission

for reprinting granted by Taylor and Francis Publishers,
Dickersin GR, Selig MK, Park YN: The many faces of
smooth muscle neoplasms in a gynecological sampling:
An ultrastructural study. Ultrastruct Pathol 21:109–134,
1997.)
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Figure 6.85. Granular cell leiomyoblastoma (uterus, for-
malin-fixed). This cell contains mostly simple (noncom-
pound) granules (arrows), which suggest degenerating mi-
tochondria. Filaments with densities (*) are also present.
(� 24,500)) (Permission for reprinting granted by Taylor

and Francis Publishers, Dickersin GR, Selig MK, Park YN:
The many faces of smooth muscle neoplasms in a gyne-
cological sampling: An ultrastructural study. Ultrastruct
Pathol 21:109–134, 1997.)

SPINDLE CELL NEOPLASMS AND THEIR EPITHELIOID VARIANTS 335



Figure 6.86. Gastrointestinal stromal tumor (colon). The
neoplastic spindle cells vary in their cytoplasmic content,
some (A) having numerous mitochondria (M) and others
(B) having innumerable filaments (pale areas). Only a few

dense bodies were found among the filaments. Nuclei
tend to be round ended and mildly contracted. A floccu-
lent matrix (*) separates the cells. These features are con-
sistent with smooth muscle differentiation. (� 5400)
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Figure 6.87. Rhabdomyoma (larynx). Moderately well-
differentiated rhabdomyoblasts show early sarcomere for-
mation, although disarray of these structural components

of the cytoplasm still exists. A range of organization of Z-
band material includes large, diffuse aggregates (arrows)
as well as discrete bands (Z). (� 5500)
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Figure 6.88. Rhabdomyoma (larynx). A differentiating
rhabdomyoblast, not yet a strap cell, would be seen at
the light microscopic level as a large oval cell with abun-
dant eosinophilic cytoplasm. Note the eccentric nucleus,
so characteristic of a skeletal muscle cell. Sarcomeres are

numerous, although they still are in disarray. (� 7800)
The inset is from another cell in the same neoplasm, il-
lustrating early sarcomere formation at higher magnifi-
cation. Z � Z-band material. (� 30,200)
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Figure 6.89. Spindle cell rhabdomyosarcoma (soft tissue of leg). Some of the neoplastic spindle cells contain nu-
merous cytoplasmic filaments (arrows) and glassy escalloped spaces consistent with glycogen (G). (� 4000)
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Figure 6.90. Spindle cell rhabdomyosarcoma (soft tissue of leg). Higher magnification of the same neoplasm as is de-
picted in Figure 6.89 shows more clearly the cytoplasmic filaments (arrows) and glycogen (G). (� 7000)
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(Text continued from page 320)

Vascular Neoplasms

(Figures 6.91 through 6.102.)
Diagnostic criteria. (1) Endothelial cells, with varying

degrees of vascular differentiation; (2) prominent junc-
tions and junctional complexes; (3) basal lamina; 
(4) villus-like projections on the luminal aspect; 
(5) pinocytotic vesicles; (6) cytoplasmic filaments.

Additional points. Vessel formation is complete in be-
nign vascular neoplasms, such as angioma, angiofibroma,
angiolipoma, and angiomyolipoma (Figures 6.91 through
6.93), whereas it is less developed, with tortuous
columns of endothelial cells and only slit-like lumens
or no visible lumens in intermediate- and high-grade
lesions such as angioendothelioma (Figures 6.94 and 6.95)
and angiosarcoma (Figures 6.96 and 6.97). Weibel-Palade
bodies, membrane-bound lysosomal-like structures, are
excellent markers for normal endothelial cells, but they
often are difficult to find in endothelial cell neoplasms.
Otherwise, the cytoplasm of endothelial cells, in addi-
tion to pinocytotic vesicles and filaments, contains free
ribosomes and a moderate number of mitochondria and
cisternae of rough endoplasmic reticulum (Figure 6.95).
Epithelioid angioendothelioma and epithelioid angiosarcoma
have a major component of closely arranged, plump,
poorly differentiated, epithelial-like cells and focal mi-
crolumens (Figures 6.96 and 6.97).

Kaposi’s sarcoma in the early stages consists of a pro-
liferation of capillaries and later, of a heavy infiltrate of
capillaries, fibroblasts, and extravasated erythrocytes,
in an accompanying collagenous matrix (Figures 6.98
through 6.102). An interesting feature not usually ap-
preciated at the light microscopic level but, in our ex-
perience, identifiable by electron microscopy is that
much of the erythrophagocytosis in Kaposi’s sarcoma
is apparently by fibroblasts acting as facultative histio-
cytes (Figures 6.100 and 6.101). True histiocytes may 
or may not be present in the infiltrates. In Kaposi’s 
sarcoma arising in lymph nodes of patients with ac-
quired immunodeficiency syndrome (AIDS), peculiar,
small cytoplasmic inclusions—so-called tubulovesicu-
lar structures—may be found in endothelial cells and

lymphocytes (Figure 6.102). These structures also occur
independently of Kaposi’s sarcoma in the lymph nodes
of many patients with AIDS and, more generally, in per-
sons with elevated levels of interferon.

Hemangioblastoma of the central nervous system rep-
resents a peculiar variant of angiomatous neoplasms
and is covered separately in Chapter 8.

Hemangiopericytoma

(Figures 6.103 through 6.107.)
Diagnostic criteria. (1) Spindle, oval, or polygonal cells

in a somewhat palisaded arrangement around capillar-
ies (Figure 6.103); (2) basal lamina, often in abundance,
covering the free surfaces of cells (Figures 6.103 through
6.106); (3) focal attachments and junctions between cells
(Figure 6.107); (5) pinocytotic vesicles; (6) cytoplasmic
filaments (Figures 6.106 and 6.107).

Additional points. The perithelial cells characteristi-
cally are within a narrow range of size and shape, and
their cytoplasm contains a varying number of organ-
elles in addition to filaments and pinocytotic vesicles,
including rough endoplasmic reticulum, mitochondria,
Golgi apparatuses, and free ribosomes. The spaces be-
tween cells and the amount of basal lamina vary within
one neoplasm and from one neoplasm to another, ac-
counting for the variable pattern of reticulin staining at
the light microscopic level.

The ultrastructural criteria for identifying pericytes
are the same in hemangiopericytomas from all locations
and in all age groups, despite the fact that the light mi-
croscopic picture and biologic behavior may vary. Head
and neck tumors tend to be better differentiated and
less aggressive. Meningeal hemangiopericytomas re-
semble and have been misinterpreted as meningiomas.
Hemangiopericytomas in children often look malignant
microscopically but behave in a benign way. In all these
tumors, the constituent cell is evident ultrastructurally
as being a pericyte.
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Figure 6.91. Hemangioma (scalp). This is an example of
a well-differentiated endothelial cell neoplasm in which
capillaries are well formed and regularly dispersed in a

collagenous matrix. Erythrocytes (E) are visible in some
of the lumens. (� 3750)
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Figure 6.92. Hemangioma (scalp). Higher magnification
of one of the capillaries in the hemangioma depicted in 
Figure 6.91 illustrates the endothelial cells to be plump
and the lumen (L) to be small. The luminal surfaces of the

cells have villous processes, and the lateral surfaces have
prominent junctional complexes (JC). Duplicated basal
lamina (BL) surrounds the endothelial cells and pericytes
(P). (� 19,900)

SPINDLE CELL NEOPLASMS AND THEIR EPITHELIOID VARIANTS 343



Figure 6.93. Hemangioma (scalp). This capillary con-
tains an erythrocyte (E) in its lumen. Note the villous lu-
minal surface and lateral junctional complexes (JC) of the

endothelial cells. P � pericytes; BL � basal lamina. 
(� 12,600)
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Figure 6.94. Hemangioendothelioma (trachea). Tortuous
columns of endothelial cells form poorly discernible,
primitive vessels with small, slit-like, or potential lumens

(L). Occasional lumens are expanded by erythrocytes (*).
E � endothelial cells. (� 4200)
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Figure 6.95. Hemangioendothelioma (trachea). High
magnification allows a miniature lumen (L) in this poorly
differentiated neoplasm to be visible. Tight junctions (J)
between the endothelial cells help to locate the lumen.

The cytoplasm contains free ribosomes and a moderate
number of mitochondria (M), cisternae of rough endo-
plasmic reticulum (RER), and microfilaments (F). 
(� 22,000)
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Figure 6.96. Hemangiosarcoma, epithelioid type (tibia). Groups of spindle cells and epithelioid cells have incon-
spicuous lumens or microlumens containing erythrocytes (E). (� 5600)
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Figure 6.97. Hemangiosarcoma, epithelioid type (tibia).
Higher magnification of the same neoplasm as depicted
in Figure 6.96 illustrates a central lumen with erythro-

cytes (E) and platelets (P). The cytoplasm of the malignant
cells contains a nondescript complement of organelles.
(� 7400)

348 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 6.98. Kaposi’s sarcoma (inguinal lymph node).
This representative field shows a capillary filled with
blood (* � erythrocytes) and lined by plump endothelial

cells (E), and fibroblasts (F), histiocytes (H), and a col-
lagenous matrix. (� 5130)
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Figure 6.99. Kaposi’s sarcoma (skin of shoulder). Dis-
persed in a matrix of dense collagen (C) are poorly dif-
ferentiated fibroblasts (F) and extravasated erythrocytes

(*). A few processes of smooth muscle cells (M), proba-
bly part of the arrector pili units, also are present. 
(� 4940)
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Figure 6.100. Kaposi’s sarcoma (cervical lymph node). This field illustrates at low power the numerous fibroblasts (F)
in the neoplastic infiltrate and the erythrophagocytic activity (*) of one of the fibroblasts. (� 4845)
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Figure 6.101. Kaposi’s sarcoma (cervical lymph node).
This is the same case as depicted in Figure 6.100, but at
this higher magnification the active rough endoplasmic
reticulum (RER) and erythrophagocytosis (*) of the fi-

broblasts (F) can be seen more clearly. Note the mor-
phologic similarity between the phagocytosed erythro-
cytes (*) and the one in the lumen of a capillary (arrow).
(� 7125)
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Figure 6.102. Kaposi’s sarcoma (axillary lymph node).
The endothelial cells in this hyperplastic and focally neo-
plastic lymph node contain tubulovesicular structures (t)
as well as Weibel-Palade bodies (arrows). Note the nor-

mal villus-like projections (V) of the luminal surface 
of endothelial cells and the pinocytotic vesicles (p). 
(� 23,430) Inset consists of tubulovesicular structures at
high magnification. (� 119,700)
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Figure 6.103. Hemangiopericytoma (sternum). Spindle
and polygonal cells are arranged characteristically in a
palisade around a capillary (C). The cells are focally at-
tached to one another, and elsewhere they are separated
by basal lamina that is both discrete (arrows) and diffuse

(BL). (� 4750) (Permission for reprinting granted by WB
Saunders, Dickersin GR: The contributions of electron
microscopy in the diagnosis and histogenesis of contro-
versial neoplasms. Clin Lab Med 4:123–164, 1984.)

354 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 6.104. Hemangiopericytoma (nasal mucosa). This neoplasm exemplifies wide spaces of matrix and copious
amounts of basal lamina (BL) between cells. (� 4845)
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Figure 6.105. Hemangiopericytoma (sternum). This field of the same neoplasm as depicted in Figure 6.103 is com-
posed of closely apposed cells with less extracellular space and basal lamina (BL). (� 5035)
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Figure 6.106. Hemangiopericytoma (sternum). Higher magnification illustrates the palisaded pericytes around a cap-
illary (C) as well as basal lamina (diffuse � BL; discrete � arrows) and cytoplasmic filaments (F). (� 8670)
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Figure 6.107. Hemangiopericytoma (sternum). Closely
arranged pericytes exhibit intermediate junctions (J),
many filaments (F), a moderate number of mitochondria

(M), and two Golgi apparatuses (G). Cell separation and
basal lamina (BL) are around groups of cells rather than
individual cells. (� 11,250)

358 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



(Text continued from page 341)

Schwannoma and 
Malignant Schwannoma

(Figures 6.108 through 6.114.)
Diagnostic criteria. (1) Spindle cells with long, thin, in-

tertwining processes (Figures 6.108 through 6.111); 
(2) basal lamina covering processes and cell bodies (Fig-
ure 6.111); (3) long-spacing collagen (Luse bodies) (Fig-
ures 6.108 and 6.112).

Additional points. It is cell processes and not cell bod-
ies that are more diagnostic in Schwann cell neoplasms.
The processes tend to wrap around collections of ma-
trical collagen to form pseudomesaxons. The cell bod-
ies have a high nuclear–cytoplasmic ratio, and no sin-
gle organelle predominates consistently. In addition to
a moderate number of mitochondria and cisternae of
rough endoplasmic reticulum, intermediate filaments,
occasional lysosomes, and rare dense-core granules also
may be present. Secondary lysosomes usually are pres-
ent in some cells of each neoplasm, and often they are
quite numerous, emphasizing the Schwann cell’s abil-
ity to phagocytose. Small junctions are found between
cells, and long-spacing collagen, which has a periodic-
ity significantly greater than that of the usual type I col-
lagen, is nonspecific but often present in Schwann cell
neoplasms. The ultrastructural features of Schwann
cells are the same for Antoni A- and Antoni B-type tis-
sue, except that in the more cellular Antoni A tissue the
cell processes compress on one another and have less
intervening matrix (Figure 6.110). Features are also the
same in various types of Schwannomas, including clas-
sical, cellular, plexiform, and ancient forms. The cells of
melanotic Schwannoma are also similar save for the pres-
ence of melanosomes.

Although benign Schwann cell neoplasms are read-
ily identifiable by their ultrastructure, malignant ones
notoriously are often more difficult to diagnose (Figures
6.113 and 6.114). Cell processes, basal lamina, and long-
spacing collagen are still the most reliable criteria for
identifying Schwann cells, but these features may be
sparse or absent in poorly differentiated neoplasms. In
these instances, it is important to keep in perspective
the clinical history, physical and surgical findings, and

the light microscopic picture. Spindle-cell tumors oc-
curring in patients with von Recklinghausen’s disease,
or neoplasms found at operation to be arising from
nerve trunks, are likely to be Schwannian in origin. If
the electron microscopic study reveals a poorly differ-
entiated spindle-cell neoplasm that does not have the
markers for smooth muscle cells, fibroblasts, or other
specific spindle-cell lesions considered in the light mi-
croscopic differential diagnosis, then focal and incom-
plete markers for Schwann cells allow a diagnosis of
“consistent with malignant Schwannoma” to be made.
The most useful marker in this nonspecific category, in
our experience, has been the secondary lysosome.

Granular Cell Tumor

(Figures 6.115 and 6.116.)
Diagnostic criteria. (1) Groups of tightly apposed cells

(Figure 6.115); (2) basal lamina surrounding groups and
invaginating between cells (Figure 6.115); (3) numerous
cytoplasmic accumulations of heterogeneous, osmo-
philic material (Figures 6.115 and 6.116).

Additional points. Most granular cell tumors, formerly
called granular cell myoblastomas, are of Schwannian
origin. They are characterized ultrastructurally by their
cells containing innumerable secondary lysosomes
filled with heterogeneous, osmiophilic material (Figures
6.115 and 6.116). In addition, the cells are arranged in
tight groups, and the groups are covered by basal lam-
ina. The basal lamina also invaginates and covers indi-
vidual cells, giving the overall grouping a compartment-
like appearance and recapitulating normal Schwann
cells infolding around axons (Figure 6.115). Most of the
cells consist of long processes, and some of the smaller
processes can be identified as neurites. Several non-
neoplastic diseases, including Wallerian degeneration
and leprosy, manifest the same type of granular cells as
are seen in granular cell tumors, raising the question of
whether the tumors are, indeed, neoplasms. The fact
that a rare one behaves in a biologically malignant 
manner strengthens the neoplastic view of granular cell
tumors.

(Text continues on page 369)
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Figure 6.108. Schwannoma (cauda equina). An Antoni
B region of the neoplasm is composed mostly of extra-
cellular matrix and basal lamina-covered processes (P) of

Schwann cells (S). One Luse body (arrow) is seen better
at higher magnification in Figure 6.112. (� 4750)
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Figure 6.109. Schwannoma (retroperitoneum). Schwann cell bodies and processes are diffusely covered by basal
lamina, and in some areas (*) the processes are closely packed and intertwined. (� 6250)

SPINDLE CELL NEOPLASMS AND THEIR EPITHELIOID VARIANTS 361



Figure 6.110. Schwannoma (retroperitoneum). Well-differentiated Schwann cells with compact, intertwined, thin
processes covered by basal lamina are illustrated in this field. (� 6250)
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Figure 6.111. Schwannoma (cauda equina). High mag-
nification highlights typical Schwann cell bodies and
processes, with a covering of basal lamina (BL). The cell

bodies have a high nuclear–cytoplasmic ratio and a non-
specific complement of cytoplasmic organelles. (� 8500)
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Figure 6.112. Schwannoma (cauda equina). High magnification of a Schwann cell depicts basal lamina (BL) and long-
spacing collagen (Luse bodies) (arrows). (� 15,640)
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Figure 6.113. Malignant Schwannoma (third intercostal
nerve). These poorly differentiated cells are difficult to
prove as being Schwann cells. They are tightly apposed
and are not covered by basal lamina. They have pro-
cesses (P) that are broad and not intertwining. Nuclei are

large and lobulated, a characteristic that is seen moder-
ately often in malignant Schwannomas. The euchromatin
and large nucleoli indicate a high degree of synthetic or
mitotic activity, and in this case are consistent with the
malignant state of the neoplasm. (� 4845)
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Figure 6.114. Malignant Schwannoma (abdominal wall).
The cells of this tumor are similar to those of the malig-
nant Schwannoma depicted in Figure 6.113, but here

there is focal interdigitation of thin processes as well as
small amounts of basal lamina covering the processes (ar-
rows). (� 4750)
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Figure 6.115. Granular cell tumor (trachea). Basal lam-
ina (BL) surrounds a group of granular cells. They are oval
and elongate, have long processes (P), and contain a myr-
iad of osmiophilic bodies, representing phagolysosomes.

(� 5724) (Permission for reprinting granted by Hemi-
sphere Publishing, Dickersin GR: The electron micro-
scopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 11:103–146, 1987.)
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Figure 6.116. Granular cell tumor (trachea). High mag-
nification of one of the cells from the same neoplasm as
shown in Figure 6.115 illustrates the heterogeneous char-
acter of the osmiophilic material as well as the limiting
membrane (arrows) of some of the phagolysosomes. 

(� 19,240) (Permission for reprinting granted by Hemi-
sphere Publishing, Dickersin GR: The electron micro-
scopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 11:103–146, 1987.)
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(Text continued from page 359)

Neurofibroma

(Figures 6.117 through 6.124.)
Diagnostic criteria. A combination of nerve sheath

components, including (1) Schwann cells; (2) Schwann
cell-neurite complexes (myelinated and nonmyeli-
nated); (3) fibroblasts; (4) perineurial cells; (5) a col-
lagenous stroma of variable density (Figures 6.117
through 6.122).

Additional points. The fibroblasts in neurofibromas
may have less rough endoplasmic reticulum and longer
and narrower processes than have typical fibroblasts
(Figures 6.117 and 6.118). The processes may even wrap
around bundles of collagen fibers in a pattern similar to
Schwann cells forming mesaxons around neurons, rais-
ing the question of whether these cells may actually be
Schwann cells (Figures 6.119 through 6.123). However,
the absence of basal lamina and the presence of classi-
cal Schwann cells in the same neoplasm are evidence
against that possibility. Furthermore, these fibroblasts
or fibroblast-like cells do not have pinocytotic vesicles,
making a perineurial cell-type unlikely.

The perineurial cell in neoplasms is a somewhat con-
troversial cell, but it is accepted as a component of neu-
rofibroma and apparently may comprise certain other
nerve sheath neoplasms; namely, Pacinian neurofibromas
and some dermatofibrosarcoma protuberans and Bednar tu-
mors. The normal perineurial cell has long, thin, polar
processes; discontinuous basal lamina; pinocytotic vesi-
cles; and small junctions where processes interconnect
(Figure 6.124). There may also be a varying number of
filaments and a moderate amount of rough endoplas-
mic reticulum. Some question still lingers as to whether

the perineurial cell may represent a variant of the fi-
broblast or of the Schwann cell.

Sarcomatoid (Spindle Cell) Carcinoma

(Figures 6.125 and 6.126.)
Diagnostic criteria. (1) Spindle cells with epithelial

and/or mesenchymal differentiation; (2) epithelial fea-
tures include desmosomes, tonofibrils, microvilli, and
lumens; (3) mesenchymal features include abundant di-
lated rough endoplasmic reticulum and numerous fila-
ments with dense bodies.

Additional points. In our experience, the spindle 
cell component of sarcomatoid carcinomas may be one
of three types: epithelial, fibroblastic/myofibroblastic
or a combination of epithelial and fibroblastic/
myofibroblastic. In addition to individual cells show-
ing either epithelial or mesenchymal differentiation, bi-
modal differentiation may be present within the same
cells (Figures 6.125 and 6.126). Neoplasms of this type
often arise from epithelial surfaces but may also arise
in parenchymatous organs such as the pancreas and
kidney. The mesenchymal examples probably represent
a metaplastic change, and a coexisting or previous car-
cinoma is usually demonstrable in the region of the cur-
rent spindle cell neoplasm.

Sarcomatous Thymoma, Melanoma, and
Mesothelioma

See Chapter 3, Large Cell Undifferentiated Neoplasms.

(Text continues on page 380)
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Figure 6.117. Neurofibroma (orbit). The light micro-
scopic appearance of this neoplasm was that of a neu-
rofibroma, and the ultrastructural characteristics of the
cells are more fibroblast-like than Schwannian. The
amount of rough endoplasmic reticulum is less than in a
classic fibroblast. However, the cell surfaces are in close

association with banded collagen, and there is no basal
lamina. (� 6250) (Permission for reprinting granted by
Hemisphere Publishing, Dickersin GR: The electron mi-
croscopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 11:103–146, 1987.)
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Figure 6.118. Neurofibroma (orbit). High magnification
of a fibroblast-like cell illustrates only a small amount of
rough endoplasmic reticulum (RER), although some of the
neighboring cells (*) have more. Note the close relation-
ship between the plasmalemma of the main cell and the
banded collagen (C) of the matrix. There are no basal

lamina and no pinocytotic vesicles. (� 11,250) (Permis-
sion for reprinting granted by Hemisphere Publishing,
Dickersin GR: The electron microscopic spectrum of
nerve sheath tumors. Ultrastruct Pathol 11:103–146,
1987.)
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Figure 6.119. Neurofibroma (soft tissue of thigh). The
neoplastic cells have long, narrow processes that wrap
around bundles of collagen fibers (*), forming pseudome-

saxons reminiscent of Schwann cells enclosing axons. 
(� 9000)
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Figure 6.120. Plexiform neurofibroma (femur). The small
cell (S) in the left central part of the field is consistent with
being a nonneoplastic Schwann cell, but the neighbor-
ing processes are wrapped around collagen (C) rather
than axons, forming pseudomesaxons. The other two cell
bodies (*) are consistent with being neoplastic, but
whether they are Schwannian, fibroblastic, or perineur-

ial is difficult to answer. They have focal, fuzzy basal lam-
ina and virtually no pinocytotic vesicles. Rough endo-
plasmic reticulum is moderate in amount and only mildly
dilated. (� 9500) (Permission for reprinting granted by
Hemisphere Publishing, Dickersin GR: The electron mi-
croscopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 11:103–146, 1987.)
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Figure 6.121. Plexiform neurofibroma (femur). This is an-
other field of the same neoplasm as illustrated in Figure
6.120. In addition to at least one neoplastic cell of un-
classified type (*), there are several residual, nonneo-
plastic Schwann cell-axon complexes (S-A). (� 5000)

(Permission for reprinting granted by Hemisphere Pub-
lishing, Dickersin GR: The electron microscopic spec-
trum of nerve sheath tumors. Ultrastruct Pathol 11:
103–146, 1987.)
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Figure 6.122. Neurofibroma (soft tissue of thigh). The cy-
toplasm of this tumor cell is rich in filaments (F) and con-
tains a moderate amount of rough endoplasmic reticu-
lum (RER). A few pinocytotic vesicles (P) also are present.
Both amorphous material and banded collagen (C) bor-

der the cell and comprise the extracellular matrix. 
(� 17,100) (Permission for reprinting granted by Hemi-
sphere Publishing, Dickersin GR: The electron micro-
scopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 11:103–146, 1987.)
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Figure 6.123. Normal sural nerve. Myelinated and un-
myelinated axons (A) are ensheathed by Schwann cells
(S), some of which have their nuclei (N) present at the
level of this section. The myelin (M) consists of many

wrappings of the Schwann cell plasmalemmas. Note the
discrete basal lamina (BL) covering the Schwann cells and
the abundance of mature, banded collagen (C) compos-
ing the extracellular matrix. (� 11,925)
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Figure 6.124. Normal perineurial cell (cutaneous nerve).
These two perineurial cells, a cell body on the left and a
cell process on the right, exemplify the two most char-
acteristic features of this cell type: discontinuous and ir-
regularly distributed basal lamina (BL) and pinocytotic

vesicles (P). (� 58,700) (Permission for reprinting granted
by Hemisphere Publishing, Dickersin GR: The electron
microscopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 11:103–146, 1987.)
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Figure 6.125. Sarcomatoid carcinoma (larynx). Malig-
nant spindle cells have the combined epithelial and 
myofibroblastic features of desmosomes (straight lines),
tonofibrils (arrows), and filaments with dense bodies (ar-
rowhead ). (� 19,000) (Permission for reprinting granted

by Taylor and Francis, Balercia G, Bhan AK, Dickersin
GR: Sarcomatoid carcinoma: An ultrastructural study with
light microscopic and immunohistochemical correlation
of 10 cases from various anatomic sites. Ultrastruct Pathol
19:249–263, 1995.)
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Figure 6.126. Sarcomatoid carcinoma (ureter). In addi-
tion to filaments and dense bodies (arrowheads) and
tonofibrils (arrows), this malignant spindle cell has villous
processes on its free surfaces (*) (� 13,000) (Permission
for reprinting granted by Taylor and Francis, Balercia G,

Bhan AK and Dickersin GR: Sarcomatoid carcinoma: An
ultrastructural study with light microscopic and im-
munohistochemical correlation of 10 cases from various
anatomic sites. Ultrastruct Pathol 19:249–263, 1995.)
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7
Gonadal and

Related Neoplasms

Surface Epithelial–Stromal 
Tumors of the Ovary

Serous Tumors

(Figures 7.1 through 7.14.)
Diagnostic criteria. Epithelial cells lining (1) lumens

and papillae and having (2) microvilli, (3) cilia, (4) junc-
tional complexes, (5) basal lamina, (6) glycogen, and 
(7) secretory granules; stromal cells in varying numbers,
with (8) fibroblastic and/or myofibroblastic differenti-
ation, (9) lipid vacuoles (variable), (10) smooth endo-
plasmic reticulum (variable) and (11) tubular mito-
chondrial cristae (variable).

Additional points. The serous neoplasms include be-
nign, borderline, and malignant cystadenomas; papil-
lary cystadenomas; adenofibromas; cystadenofibromas,
and surface papillary tumors. The frequency of the ep-
ithelial diagnostic criteria depends to some degree on
the level of glandular or papillary differentiation of the
neoplasm. For example, most benign serous tumors are
lined by ciliated epithelium, although diminution in the
number of ciliated cells may also be related to pressure
within cystic portions of a neoplasm. Cilia are charac-
teristic of fallopian tubal differentiation (Figure 7.1), and
because they are not a component of the coelomic
mesothelial lining cells from which serous tumors are
ultimately derived, they are considered to be a meta-
plastic phenomenon in these tumors. The simplest and
most common examples of this metaplastic process are
the surface epithelial inclusion glands and cysts (Fig-
ures 7.2 through 7.5) from which the epithelial compo-
nent of the surface epithelial–stromal tumors directly
derive. In addition to glycogen and secretory granules,
several nonspecific cytoplasmic structures are found in
varying amounts in the epithelial cells of serous cysts
and neoplasms (Figures 7.6 through 7.11). These struc-
tures include microfilaments, Golgi apparatuses, and
lipid droplets. Calcific deposits, including psammoma
bodies, are often present, especially in the malignant
serous tumors. Poorly differentiated tumors may show
irregularly shaped and slit-like glands and complex
papillarity with budding of epithelium.

The stroma between the epithelial components, in
polypoid excrescences of serous tumors, and in other
surface epithelial–stromal tumors is composed of dense
or edematous collagen, with fibroblastic cells showing
varying degrees of smooth muscle differentiation 
(myofibroblasts; Figures 7.12 through 7.14). The stromal
cells are derived from ovarian stroma and may be steroid-
secreting, showing prominence of lipid and smooth 
endoplasmic reticulum as well as tubular cristae in 
mitochondria.
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Figure 7.1. Normal fallopian tube. The epithelial lining cells are of a tall columnar type, with a florid array of mi-
crovilli (V) and cilia (C) on their luminal surface. L � lymphocytes. (� 6000)
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Figure 7.2. Inclusion cyst (ovary). The simplest of all the
ovarian lesions derived from peritoneal surface epithe-
lium is characterized by a central fluid-filled lumen (L)

and a lining of columnar epithelial cells with microvilli
and cilia (C). Some of the cells have a clear cytoplasm,
indicative of glycogen (G). (� 3740)
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Figure 7.3. Inclusion cyst (ovary). The epithelial lining
cells have many microvilli (V), and some cells have cilia
(C). Intercellular junctions and junctional complexes (J)

are prominent, and Golgi apparatuses (G) are large. 
(� 13,500)
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Figure 7.4. Inclusion cyst (ovary). High magnification of several lining cells illustrates long, thin microvilli (V), junc-
tions and junctional complexes (J), and nonspecific cytoplasmic contents. (� 27,800)
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Figure 7.5. Inclusion cyst (ovary). High magnification of
a ciliated lining cells highlights some of the internal struc-
ture of the cilia and basal bodies as well as the contrast

in size and architecture between cilia (C) and microvilli
(V). A pocket of glycogen (G) is visible in the apical cyto-
plasm of one cell. (� 21,900)
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Figure 7.6. Papillary serous cystadenoma (ovary). The
epithelium of this well-differentiated neoplasm is villous
and ciliated and similar to the cells of the ovarian inclu-
sion cysts (Figures 7.2 through 7.5). However, nuclei are

more indented and irregular in shape. (� 6100) (Permis-
sion for reprinting granted by WB Saunders, Dickersin
GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.7. Papillary serous cystadenoma of borderline
malignancy (ovary). The cells in this cluster have some
of the same general features as those in the inclusion cysts

and cystadenomas, but there is an absence of cilia, fewer
microvilli, less differentiation of the cytoplasm, and a
higher nuclear–cytoplasmic ratio. (� 6960)
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Figure 7.8. Papillary serous cystadenoma of borderline
malignancy (ovary). The lining cells are multilayered and
have a relatively high nuclear–cytoplasmic ratio. No cilia
and only a few microvilli are present on the luminal (L)

surface of the cells. (� 4320) (Permission for reprinting
granted by WB Saunders, Dickersin GR: The ultrastruc-
ture of selected gynecologic neoplasms. Clin Lab Med
7:117–156, 1987.)
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Figure 7.9. Papillary serous cystadenocarcinoma (ovary).
The cells are multilayered and have an inconsistent pop-
ulation of microvilli and no cilia. Deep invaginations be-

tween cells produce numerous cytoplasmic pseudolu-
mens, one (*) of which is present in this field. (� 3740)
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Figure 7.10. Papillary serous cystadenocarcinoma (ovary). Another field of the same neoplasm in Figure 7.9 shows
two invaginations (I) of the surface epithelium and two deep cytoplasmic pseudolumens (*). (� 5940)
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Figure 7.11. Papillary serous cystadenocarcinoma
(ovary). Higher magnification of the same neoplasm in
Figures 7.9 and 7.10 highlights a cytoplasmic pseudolu-
men (*) with long junctional complexes (J) along one of

its borders. In addition, the cytoplasmic contents are dis-
cernible, and only one pocket of small secretory granules
(circle) is present. Elsewhere also, the neoplasm had a
paucity of secretory differentiation. (� 10,260)

402 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 7.12. Cortical stroma (ovary). This field is repre-
sentative of nonluteinized stromal cells that may be found
in normal ovaries, between inclusion cysts and as a com-

ponent in surface epithelial–stromal tumors. The cells
have long cytoplasmic processes and are arranged regu-
larly in a matrix of collagen. (� 2940)
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Figure 7.13. Stroma (ovary). The stromal cells are con-
sistent with myofibroblasts—their processes having the
dilated rough endoplasmic reticulum (R) of fibroblasts—

and the filaments (F), pinocytosis (P), and basal lamina
(BL) of smooth muscle cells. (� 42,000)
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Figure 7.14. Stroma (ovary). The cell bodies of two stromal cells show fewer ultrastructural markers for fibroblasts
and smooth muscle cells than do the cell processes, as depicted in Figure 7.13. (� 15,000)

GONADAL AND RELATED NEOPLASMS 405



(Text continued from page 391)

Mucinous Tumors

(Figures 7.15 through 7.20.)
Diagnostic criteria. Epithelial cells lining (1) lumens

and occasional papillae and having (2) microvilli, 
(3) junctional complexes, (4) basal lamina, (5) mucinous
granules.

Additional points. The epithelium of mucinous tumors
is of two main types: endocervical and intestinal. 
Endocervical-type epithelium is characterized as tall,
narrow cells with uniformly small secretory granules
and basal nuclei (Figure 7.15). Membrane-bound fibril-
logranular bodies, a type of secretory granule, are found
near the mucinous granules and Golgi apparatus (Fig-
ure 7.16). Intestinal-type epithelium typically includes
absorptive, goblet, and argyrophilic cells, but other en-
docrine cells (serotonin and peptide-secreting) and
Paneth cells may also be present (Figures 7.17 through
7.20). The absorptive cells have microvilli that contain
a core of filaments that extend into the subjacent cyto-
plasm (Figure 7.18). Goblet cells are characterized by a
cytoplasm filled with varying-sized and coalescent mu-
cous granules (Figures 7.17 and 7.18). Endocrine cells
are located basally in the glands and are identifiable by
their many dense-core granules (Figures 7.19 and 7.20).
Endocervical epithelium is more common in benign
mucinous tumors, and intestinal epithelium is more
common in borderline tumors. Carcinomas may have
either type of epithelium exclusively, a combination of
the two types, or a nondescript type of mucinous ep-
ithelium. Benign tumors usually are lined by a single-
cell layer of epithelium, whereas borderline and malig-
nant tumors have a multilayered cellular lining.
Papillarity and budding are generally similar to what
is seen in serous tumors.

The stroma of mucinous cystadenomas usually is rich
in collagen, and the cells resemble those of ovarian
stroma and serous tumors, including occasionally hav-
ing the luteinized features of lipid vacuoles, prominent
smooth endoplasmic reticulum, and tubular mitochon-
drial cristae. The stroma in malignant mucinous tumors
may be ovarian in type or desmoplastic, and it fre-
quently contains inflammatory cells and pools of mucin.

Endometrioid Tumors

These tumors are composed of epithelium and/or
stroma that have an appearance similar to the corre-

sponding components of primary uterine endometrial
tumors. Ovarian endometrioid tumors are probably 
derived mostly from surface epithelial inclusions and
ovarian stroma and, to a lesser extent, from endo-
metriosis. The epithelial tumors in this group include
endometrioid carcinomas and rare endometrioid 
cystadenomas and endometrioid adenofibromas. Endo-
metrioid stromal tumors, or tumors with a sarcoma-
tous component, include endometrioid stromal sar-
coma, malignant mesodermal mixed tumor, and
adenosarcoma.

Endometrioid Carcinoma
(Figures 7.21 through 7.25.)

Diagnostic criteria. Epithelial cells forming glands
with (1) lumens, (2) microvilli, (3) junctional complexes,
(4) basal lamina, (5) bundles of paranuclear filaments,
and (6) abundant glycogen; stromal cells having (7) a
nondescript cytoplasm or the fibroblastic features of
prominent rough endoplasmic reticulum, with or with-
out (8) the additional myofibroblastic features of fila-
ments and dense bodies.

Additional points. The epithelium of endometrioid
carcinoma of the ovary (Figure 7.21) resembles that of
adenocarcinoma of the endometrium (Figure 7.22) and
normal endometrium (Figure 7.23), although the latter
varies to some extent with the estrous cycle. The cells
are of a tall columnar type and have a well-developed
cytoplasm. Ribosomes, rough endoplasmic reticulum,
and Golgi apparatuses increase in prominence during
the mid and late proliferative phases of the cycle and,
with mitochondria, reach a maximum in the early se-
cretory phase. Perinuclear filaments and glycogen are
abundant in the early and mid secretory phases. Cilia
and tonofibrils (squamous metaplasia) may be present
in well-differentiated neoplasms, and serous cells and
mucinous cells of the endocervical type are seen in
some cases. Oxyphilic cells with numerous mitochon-
dria comprise some endometrioid carcinomas, and a
small but significant number of endometrioid carcino-
mas contain neuroendocrine cells, identifiable by their
cytoplasmic dense-core granules. The stroma of en-
dometrioid carcinoma of the ovary may have the ap-
pearance of normal, luteinized, or fibrous ovarian
stroma (Figures 7.24 and 7.25).

(Text continues on page 418)
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Figure 7.15. Normal endocervix. The epithelial lining cells are single layered, tall columnar, and villous. Most strik-
ing are the many secretory granules in the supranuclear cytoplasm. Nuclei are basal in the cells. (� 3600)
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Figure 7.16. Normal endocervix. High magnification of the apical cytoplasm of several lining cells illustrates innu-
merable mucous granules (M) and intervening fibrillogranular bodies (F). (� 12,500)
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Figure 7.17. Mucinous cystadenoma of borderline ma-
lignancy (ovary). The epithelial lining cells are multilay-
ered and are striking in regard to the copious collection

of mucinous granules in their supranuclear cytoplasm.
Many microvilli, but no cilia, are located on the luminal
surface of the cells. (� 3600)
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Figure 7.18. Mucinous cystadenoma of borderline ma-
lignancy (ovary). High magnification of the microvilli of
the mucous epithelial cells reveals the intestinal type of
anchoring filaments (F) that extend from the core of each

villus into the subjacent cytoplasm. Note also one of the
typical patterns of mucus in the granules (M), in which a
central or eccentric condensate of secretion is surrounded
by a broad halo. (� 61,500)
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Figure 7.19. Mucinous cystadenoma of borderline malignancy (ovary). The base of this neoplastic gland contains an
endocrine cell (A), readily identified by its distinctive dense-core granules. (� 13,500)
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Figure 7.20. Mucinous cystadenoma of borderline malignancy (ovary). High magnification of the endocrine cell in
Figure 7.19 illustrates in detail the dense-core granules. (� 61,600)
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Figure 7.21. Endometrioid carcinoma (ovary). Neoplas-
tic glands are lined by tall columnar cells that have cy-
toplasm with many free ribosomes, a moderate number
of mitochondria (M), and undilated cisternae of rough en-
doplasmic reticulum (R). Glycogen (G, clear zone) is co-

pious in some of the cells. (� 6860) (Negative for pho-
tograph courtesy of Dr. Bruce Mackay.) (Permission for
reprinting granted by WB Saunders, Dickersin GR: The
ultrastructure of selected gynecologic neoplasms. Clin
Lab Med 7:117–156, 1987.)
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Figure 7.22. Adenocarcinoma of endometrium (uterus). Stratified columnar cells have irregularly dispersed, short,
stubby microvilli (V) lining a microlumen (L). (� 5300)
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Figure 7.23. Normal endometrium (39-year-old, midse-
cretory endometrium). The lining cells of this gland are
of the simple columnar type, with basal and midcell nu-

clei, many cytoplasmic organelles, junctional complexes
(J), and microvilli (V). Portions of several stromal cells are
present in the upper left field. (� 4176)

GONADAL AND RELATED NEOPLASMS 415



Figure 7.24. Normal endometrium (late proliferative).
Oval and spindle cells are arranged individually in a
matrix of banded collagen. There is a high nuclear–

cytoplasmic ratio, cytoplasm is scant, and nuclei are in-
dented. (� 5900)
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Figure 7.25. Normal endometrium (late proliferative).
Higher magnification of cells from the same endometrium
as depicted in Figure 7.24 reveals the cytoplasm of one

cell to contain numerous peripherally located filaments
(*) with dense bodies (arrows). (� 8300)
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(Text continued from page 406)

Endometrioid Cystadenoma
The epithelial component of endometrioid cystade-
noma is stratified, nonciliated, and devoid of mucin
granules. It is generally similar to the epithelium of en-
dometrioid carcinoma and to primary uterine endome-
trial tumors and normal endometrium. The stroma,
however, is nondescript and, except focally in some tu-
mors, is not of endometrioid type. Endometrioid cyst-
adenomas are rare tumors, and their main component,
endometrioid epithelium, is illustrated in Figures 7.21
through 7.23.

Endometrioid Adenofibroma
The glandular epithelium in adenofibroma is stratified
or occasionally simple, and it resembles the epithelium
of uterine endometrium (Figure 7.23). Squamous meta-
plasia with tonofibrils may be present. The stroma is fi-
bromatous. This tumor is also very uncommon.

Endometrioid Stromal Sarcoma
(Figures 7.26 through 7.27.)

Diagnostic criteria. Diffuse infiltrate of small cells hav-
ing (1) an oval or fusiform shape, (2) a high nuclear–
cytoplasmic ratio and nondescript cytoplasm, with 
(3) a moderate number of mitochondria, (4) a moderate
to large amount of rough endoplasmic reticulum, (5) in-
frequent small or moderate size Golgi apparatuses, 
(6) scant to many filaments, the latter with (7) dense
bodies, (8) heterochromatic nuclei and (9) large nucle-
oli; (10) focal basal lamina; (11) small junctions; (12) col-
lagenous stroma.

Additional points. The cells of ovarian endometrioid
stromal sarcomas have varying degrees of similarity to
uterine endometrial stromal cells in the proliferative
phase (Figures 7.26 and 7.27). The similarity is more ev-
ident in low-grade tumors and may be less obvious or
absent in high-grade tumors. Fibroblastic and myofi-
broblastic differentiation may be present in some cells.
Other features that may be seen in endometrioid stro-
mal sarcomas are lipid-rich foam cells; cords, clusters,
and tubules of epithelial-like cells; and an extracellular
matrix rich in banded collagen.

Malignant Mesodermal Mixed Tumor
(Carcinosarcoma)
These tumors have a malignant mesenchymal compo-
nent in conjunction with a Müllerian-type carcinoma.
The mesenchymal component may be derived either
from ovarian stromal cells or from heterologous, non-

ovarian type stroma. If originating from ovarian stroma,
the cells have features of fibroblasts or endometrial stro-
mal cells (described in previous paragraph). If heterol-
ogous, the stromal cells may be osteoblasts, chondro-
blasts, lipoblasts, or rhabdomyoblasts. The carcinoma
is usually serous, endometrioid, or undifferentiated, but
squamous cell, clear cell, and mucinous components
may also occur. The ultrastructure of the epithelial and
mesenchymal components of these tumors is illustrated
earlier in this chapter and in Chapter 6.

Adenosarcoma
Adenosarcomas are composed of benign Müllerian ep-
ithelium (endometrioid, serous, mucinous, or clear-cell)
and malignant stroma. The stromal component may 
be of endometrial stromal or fibrosarcomatous types.
Heterologous mesenchymal cells may or may not be
present.

Clear Cell Tumors

These tumors are of Müllerian derivation and are com-
posed of varying combinations of clear cells, hobnail
cells, cuboidal and flat cells, and signet-ring cells with
mucin. The tumors may be benign, borderline, or ma-
lignant, and cellular patterns include papillary, 
tubular/cystic, and solid. Clear cell cystadenocarcinomas
and adenofibrosarcomas are extremely rare. The benign
ones have benign-appearing epithelium, and the bor-
derline ones have malignant-appearing epithelium but
without invasion.

Clear Cell Carcinoma
(Figures 7.28 through 7.30.)

Diagnostic criteria. (1) Cysts, tubules, and papillae
lined by hobnail, cuboidal, or flat cells; (2) solid areas
of polygonal cells; (3) short, blunt microvilli; (4) junc-
tional complexes; (5) abundant glycogen; (6) stacks of
rough endoplasmic reticulum.

Additional points. Other variable features of clear cell
carcinoma include interlocking lateral borders, promi-
nent Golgi apparatuses, numerous mitochondria, and
paranuclear filaments. Nuclei are oval, chromatin is
finely dispersed, and nucleoli are large and have open
nucleolonemas. Clear cell carcinomas are ultrastruc-
turally similar, whether they occur in the ovary, uterus,
or vagina. The clear cells and hobnail cells in these tu-
mors resemble the cells that line normal endometrial
glands during pregnancy.

(Text continues on page 424)
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Figure 7.26. Endometrial stromal sarcoma (metastatic to
lung). Oval and polygonal neoplastic cells are tightly ap-
posed in groups, with small amounts of banded collagen
(C) separating the groups. Nuclear–cytoplasmic ratio is
high, and cytoplasm is scant and nondescript. Nuclei are

heterochromatic and have nucleoli of moderate size. 
(� 6300) (Permission for publication granted by Taylor
and Francis, Dickersin GR, Scully RE: Role of electron
microscopy in metastatic endometrial stromal tumors. Ul-
trastruct Pathol 17:377–403, 1993.)
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Figure 7.27. Endometrial stromal sarcoma (metastatic to
lung). Higher magnification of cells from the same neo-
plasm as depicted in Figure 7.26 illustrates a relatively

nondescript cytoplasm. Banded collagen (C) occupies the
matrix between groups of cells. (� 9100)
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Figure 7.28. Clear cell carcinoma (ovary). Neoplastic
clear cells line a lumen (L) and have irregularly distrib-
uted microvilli (V). Basal lamina (arrows) coats the basal

aspect of the cells. The clearing in the cell cytoplasm is
due to glycogen (G). Nuclei are irregularly oval and eu-
chromatic. (� 5200)
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Figure 7.29. Clear cell carcinoma (cervix). The tissue in
this illustration was processed by a method that preserves
glycogen (G) as electron-dense granules, in contrast to
the open spaces as shown in Figure 7.28. Nuclei (N) are

less electron dense by this technique. (� 7200) (Permis-
sion for reprinting granted by WB Saunders, Dickersin
GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)

422 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 7.30. Clear cell carcinoma (cervix). The neoplas-
tic cells lining the lumen are of the hobnail type. Glyco-
gen (G) is abundant, nuclei are euchromatic, and nucle-
oli are prominent. (� 6080) (Permission for reprinting

granted by WB Saunders, Dickersin GR: The ultrastruc-
ture of selected gynecologic neoplasms. Clin Lab Med
7:117–156, 1987.)
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(Text continued from page 418)

Transitional Cell Tumors 
(Brenner and Non-Brenner Types)

(Figures 7.31 through 7.36.)
The epithelium of these tumors has urothelial fea-

tures and may be benign, borderline, or malignant. In
benign tumors, the urothelial-type cells are arranged in
nests, and the stroma is fibromatous, resembling an
ovarian fibroma. Luteinized cells with lipid droplets are
occasionally present. Borderline and malignant Brenner
tumors contain some benign Brenner tumor elements,
whereas ovarian transitional cell carcinoma does not.
Also, transitional cell carcinoma usually is mixed with
other types of surface epithelial carcinomas, especially
serous cystadenocarcinoma.

Diagnostic criteria. (1) Cysts and solid nests of large,
oval, and polygonal cells; (2) basal lamina around cysts
and nests; (3) increasing gradation in cellular size, cyto-
plasmic volume, and number of organelles, from basal
layer to central or luminal lining cells; (4) wide inter-
cellular spaces lined by villus-like projections; (5) amor-
phous, medium-dense material lining intercellular
spaces; (6) numerous pinocytotic vesicles; (7) short,
stubby microvilli on luminal surface of cells; (8) junc-
tional complexes; (9) numerous small vesicles in the
apical cytoplasm of luminal lining cells and in the lu-
mens; (10) indented nuclei.

Additional points. The cytoplasm of the epithelial cells
contains numerous free ribosomes, many filaments, a
moderate number of mitochondria, a small amount of
rough endoplasmic reticulum, occasional secondary
lysosomes, and a few lipid droplets. There are no mu-
cous or other secretory granules in these urothelial type
cells, but ciliated serous and mucinous epithelial com-
ponents as well as argyrophilic cells with dense-core
granules are found in some Brenner tumors. Squamous
metaplasia may also be seen.

Squamous Cell Tumors (Epidermoid Cyst and
Squamous Cell Carcinoma)

The ultrastructural characteristics of squamous cells
and the cells comprising these tumors are covered in
Chapter 3.

Mixed Epithelial Tumors

These tumors are composed of combinations of various
types of surface epithelial–stromal tumors in which the
minority component(s) composes at least 10% of the to-
tal tumor. Examples include Brenner tumor with a mu-
cinous cystic component, an endometrioid/clear cell
mixture, and an endometrioid/serous combination,
among others. The ultrastructure of the various cellu-
lar components has already been described.

Undifferentiated Carcinoma

There is very little information available about the elec-
tron microscopic appearance of large cell undifferenti-
ated carcinomas of the ovary. The small cell types are
described in Chapter 4 in the section on oat cell (neu-
roendocrine) carcinoma and later in this chapter in the
section on small cell undifferentiated carcinoma of the
hypercalcemic type.

Sex Cord–Stromal Tumors

Sex cord–stromal tumors contain a single cell type or a
combination of cell types, including luteinized or non-
leuteinized granulosa cells and theca cells, Sertoli cells,
Leydig cells, and stromal fibroblasts. The most common
of these tumors are thecomas/fibromas, and granulosa
cell tumors are next in frequency.

Granulosa Cell Tumor

(Figures 7.37 through 7.44.)
Diagnostic criteria. (1) Groups of polygonal (granu-

losa) cells; (2) basal lamina around some of the groups;
(3) intercellular junctions; (4) high nuclear–cytoplasmic
ratio (relatively small amount of cytoplasm) in the adult
form and lower nuclear cytoplasmic ratio (moderate to
large amount of cytoplasm) in the juvenile form; (5) oval
and deeply indented (“grooved”) nuclei in the adult
form and nonindented nuclei in the juvenile form; 
(6) varying numbers of spindle (theca) cells, arranged
individually in a matrix of collagen; (7) the spindle cells
may have abundant rough endoplasmic reticulum (fibro-
blasts); or (8) they may have rough endoplasmic reticu-
lum plus filaments, dense aggregates of filaments (dense
bodies), basal lamina, and pinocytotic vesicles (myofi-
broblasts); or (9) they may have abundant smooth en-
doplasmic reticulum, many lipid droplets, and mito-
chondria with tubular cristae (luteinized thecal cells).

Additional points. In well-differentiated granulosa cell
tumors, a microcystic (Call-Exner-like) or, less com-
monly, a macrocystic pattern is present. Granulosa cells
occasionally may be luteinized in the same way as are
thecal cells (criterion no. 9). Other variable cytoplasmic
features include whorled aggregates of filaments,
medium-size Golgi apparatuses, a small to moderate
amount of rough endoplasmic reticulum, and occa-
sional lipid droplets. Glycogen is scant or absent. In ju-
venile granulosa cell tumors, the granulosa cells and
theca cells both tend to be large and have abundant cy-
toplasm and atypical nuclei. The epithelial cells have
round, nongrooved, heterochromatic nuclei and lipid-
rich cytoplasm. Stromal cells are also rich in lipid. Call-
Exner bodies are rare.

(Text continues on page 439)
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Figure 7.31. Brenner tumor (ovary). A solid nest of neo-
plastic cells with a gradient in shape and size, from basal
zone (next to blood vessel, V) to central region. Wide in-

tercellular spaces (*) are lined by numerous villus-like
projections. (� 2725)
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Figure 7.32. Brenner tumor (ovary). A group of neoplas-
tic cells has a central cyst (L), which at higher power (Fig-
ure 7.35) proves to be a true lumen with microvilli and

junctional complexes. Note again the wide intercellular
spaces with villus-like projections. (� 2440)
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Figure 7.33. Brenner tumor (ovary). A typical neoplastic
cell has a large, indented, euchromatic nucleus, and a
moderate amount of cytoplasm. No particular organelle
predominates, and there are no secretory granules. The

plasma membrane is raised into many villus-like projec-
tions, and the intercellular space is wide. Desmosomes
(D) are numerous and prominent. (� 4500)

GONADAL AND RELATED NEOPLASMS 427



Figure 7.34. Brenner tumor (ovary). High magnification
of the periphery of a nest of neoplastic cells illustrates
well: discrete (B) as well as diffuse (BL) basal lamina, in-

tercellular spaces (*) with villus-like projections, and
amorphous, medium-dense coating. (� 16,500)
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Figure 7.35. Brenner tumor (ovary). The cells lining the
lumen of this cyst have short, stubby microvilli (V) and
junctional complexes (J). Note also (between the arrows)
the interdigitating lateral plasma membranes. Many small
vesicles (*) are located in the apical cytoplasm of the

cells, and in the lumen of the cyst. (� 58,800) (Permis-
sion for reprinting granted by WB Saunders, Dickersin
GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.36. Brenner tumor (ovary). High magnification of an intercellular space depicts the villus-like projections
from the cells, the amorphous coating (*) of the cellular surfaces and a desmosome (D). (� 66,000)
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Figure 7.37. Granulosa cell tumor (ovary). A group of
granulosa cells on the left is sharply demarcated by basal
lamina (BL), barely discernible at this magnification, from
the stroma cells on the right. (� 6570) (Permission for

reprinting granted by WB Saunders, Dickersin GR: The
ultrastructure of selected gynecologic neoplasms. Clin
Lab Med 7:117–156, 1987.)
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Figure 7.38. Granulosa cell tumor (ovary). The granulosa cells are polygonal and closely apposed and have a high
nuclear–cytoplasmic ratio. Nuclei characteristically are indented. (� 5936)
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Figure 7.39. Granulosa cell tumor (ovary). The granu-
losa cells have a relatively small amount of cytoplasm,
the main components of which are ribosomes, mito-
chondria (M), rough endoplasmic reticulum (R), and fil-

aments (F). (� 12,160) (Permission for reprinting granted
by WB Saunders, Dickersin GR: The ultrastructure of se-
lected gynecologic neoplasms. Clin Lab Med 7:117–156,
1987.)
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Figure 7.40. Granulosa cell tumor (ovary). The stromal
(thecal) cells between the islands of granulosa cells are
spindle shaped and individually dispersed in a matrix of
collagen (C). At this magnification, the most prominent
organelle in some of the cells is dilated rough endoplas-

mic reticulum (R), a fibroblastic characteristic. (� 6570)
(Permission for reprinting granted by WB Saunders, Dick-
ersin GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.41. Granulosa cell tumor (ovary). Some of the
stromal cells have the smooth muscle features of micro-
filaments, dense bodies (arrows), and pinocytotic vesicles

(P). (� 14,000) (Permission for reprinting granted by WB
Saunders, Dickersin GR: The ultrastructure of selected gy-
necologic neoplasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.42. Juvenile granulosa cell tumor (ovary). The
granulosa cells are large and have abundant cytoplasm
and many organelles. Filaments (F), mitochondria (M),
cisternae of rough endoplasmic reticulum (R), and lipid

droplets (L) are all numerous. (� 7630) (Permission for
reprinting granted by WB Saunders, Dickersin GR: The
ultrastructure of selected gynecologic neoplasms. Clin
Lab Med 7:117–156, 1987.)
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Figure 7.43. Juvenile granulosa cell tumor (ovary). These
theca cells are consistent with being hormonally active,
being plump and having copious cytoplasm with abun-
dant vesicles and cisternae of smooth endoplasmic retic-
ulum (circles), a moderate number of mitochondria (M),

large Golgi apparatuses (G), and occasional droplets of
lipid (L). (� 7200) (Permission for reprinting granted by
WB Saunders, Dickersin GR: The ultrastructure of se-
lected gynecologic neoplasms. Clin Lab Med 7:117–156,
1987.)
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Figure 7.44. Juvenile granulosa cell tumor (ovary). This
theca cell has an irregular nucleus and a less-active-
appearing cytoplasm than the cells in Figure 7.43; that is,

the cytoplasmic compartment is small, and undilated
rough endoplasmic reticulum (R) is the main organelle.
(� 11,020)
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(Text continued from page 424)

Thecoma

(Figure 7.45.)
Diagnostic criteria. (1) Diffuse arrangement of oval

and fusiform cells with (2) copious cytoplasm; (3) a
varying number of lipid droplets; (4) smooth endo-
plasmic reticulum; (5) oval to elongated nuclei.

Additional points. Thecomas are composed of cells
that resemble theca interna cells and may be luteinized,
having numerous cytoplasmic lipid droplets, with or
without prominent smooth endoplasmic reticulum. The
intercellular matrix is rich in banded collagen.

Fibroma

(Figures 7.46 and 7.47.)
Diagnostic criteria. (1) Oval and spindle cells with 

(2) a high nucleocytoplasmic ratio; (3) scant cytoplasm;
(4) scant organelles except for more conspicuous and
dilated rough endoplasmic reticulum in some cells; 
(5) intercellular matrix of banded collagen.

Additional points. These tumors resemble fibromas in
other tissues (see Chapter 6) and can be cellular and fas-
cicular or hypocellular and edematous. A few lipid
droplets may be present in the cytoplasm of the cells,
but the overall amount of lipid and volume of the cy-
toplasm are less than in thecoma.

Signet-Ring Stromal and Related Tumors

(Figures 7.48 through 7.51.)
Diagnostic criteria. (1) Diffuse arrangement of oval

and spindle nonvacuolated cells and (2) round and oval
signet-ring type cells with large cytoplasmic vacuoles
of variable type and eccentric nuclei; (3) absence of
mucin and lipid.

Additional points. The nuclei and cytoplasm of the
nonvacuolated and vacuolated cells are similar except
for the absence or presence of vacuoles, respectively.
The type of vacuole in any one tumor may consist of hy-
dropic swelling (Figure 7.48), mitochondrial swelling
(Figure 7.49), and pseudoinclusions from the extracel-
lular matrix (Figures 7.50 and 7.51). Although the ma-
jority of these tumors are derived from cells consistent
with an ovarian stromal origin, some tumors may be
“stromal-like” by light microscopy and prove to be ep-

ithelial with junctions, ultrastructurally. The type of 
epithelial cell in these cases is uncertain but is most
likely in the unclassified sex cord category.

Sertoli–Stromal Cell Tumors (Androblastomas)

(Figures 7.52 through 7.55.)
Diagnostic criteria. (1) Solid or hollow tubules (of Ser-

toli cells), surrounded by basal lamina and separated
by a fibrocollagenous stroma; (2) tubular lumens lined
by cuboidal or columnar cells with microvilli and junc-
tional complexes; (3) pseudolumens filled with basal
lamina; (4) interdigitated lateral cell membranes; (5) basally
located nuclei; (6) rare Charcot–Böttcher filaments; 
(7) groups of oval or polygonal Leydig cells having co-
pious cytoplasm; (8) abundant smooth endoplasmic
reticulum; (9) lipid droplets; (10) mitochondria with tu-
bular cristae (11) secondary lysosomes containing
lipochrome pigment; (12) rare crystals of Reinke and
their filamentous precursors; (13) oval nuclei with reg-
ular contours, finely dispersed chromatin, and large 
nucleoli.

Additional points. The ultrastructural features of these
neoplasms depend on their degree of differentiation
and the proportions of the two cell types present. Well-
differentiated tumors form tubules and have lining cells
that resemble closely the Sertoli cells of the normal
testis. Tubular patterns may blend into a diffuse pattern
of similar cells. In addition to the diagnostic criteria
listed in the previous paragraph, well-differentiated
Sertoli cells also have many free ribosomes, a small
amount of rough and sometimes smooth endoplasmic
reticulum, many small mitochondria, filaments, scat-
tered and sometimes numerous lipid droplets, and a
varying number of secondary lysosomes. Leydig cells
in these neoplasms usually are devoid of crystals of
Reinke, perhaps because of incomplete differentiation
or the small size of the sample used for electron mi-
croscopy. The cytoplasmic structures that correlate with
steroid hormone synthesis are smooth endoplasmic
reticulum, tubular cristae in the mitochondria, and lipid
droplets. Some less differentiated Sertoli–stromal cell
tumors have a retiform pattern, and some contain het-
erologous elements such as various mesenchymal cells
and gastrointestinal epithelium, including goblet cells,
Paneth cells, and endocrine cells.

(Text continues on page 451)
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Figure 7.45. Thecoma (ovary). Neoplastic oval cells have
copious cytoplasm, a moderate number of lipid droplets
(L), and a mixture of other cytoplasmic organelles, in-

cluding numerous small vesicles (not well seen at this
magnification) and oval and irregular nuclei. (� 9800)

440 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 7.46. Fibroma (ovary). Oval and spindle cells
have a high nuclear–cytoplasmic ratio and scant cyto-
plasm. One cell has a nuclear pseudoinclusion formed

by invaginated cytoplasm rich in dilated rough endo-
plasmic reticulum (R). The extracellular matrix is rich in
banded collagen (C). (� 7000)
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Figure 7.47. Fibroma (ovary). Higher magnification of
the same neoplasm in Figure 7.46 reveals scant cyto-
plasm and scant organelles, notably less rough endo-

plasmic reticulum than in typical fibroblasts. C � banded
collagen. (� 13,400)
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Figure 7.48. Signet-ring stromal tumor (ovary). These
signet-ring stromal cells contain a single large vacuole
that is not bound by a membrane. Other cells in the tu-
mor and not depicted here had less discrete and less se-

vere cytoplasmic clearing, supportive of a hydropic type
swelling. No particular cytoplasmic organelle was di-
lated, and the clearing appeared to be consistent with in-
crease in cytosol. (� 5200)



Figure 7.49. Signet-ring stromal tumor (ovary). The cells
in this neoplasm show varying degrees of dilatation of mi-
tochondria, the more severe forms resulting in signet-ring-
type cells as illustrated. A gradient in size of mitochon-
dria was evident in some cells, and most cells had a
moderate to large number of mitochondria. M � swollen

mitochondria, with limiting membrane and residual
cristae still being evident. (� 7500) (Permission for
reprinting granted by Taylor and Francis, Dickersin GR,
Young RH, Scully RE: Signet-ring stromal and related tu-
mors of the ovary. Ultrastruct Pathol 19:401–419, 1995.)
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Figure 7.50. Signet-ring stromal tumor (ovary). Expan-
sive intercellular spaces compress and indent the cyto-
plasm of some of the stromal cells, creating a pseudo-

signet-ring form. The cytoplasm of the cell itself is not
vacuolated, but this fact is not appreciable at the light
microscopic level. * � intercellular spaces. (� 5600)
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Figure 7.51. Signet-ring stromal tumor (ovary). In this
neoplasm, pseudo-signet-ring forms were formed by in-
vaginating intercellular spaces (*), similar to the same
phenomenon in the tumor in Figure 7.50. Here, however,
the cells proved to be epithelial rather than stromal, as

evidenced by prominent intercellular junctions (arrow).
(� 7400) (Permission for publication granted by Taylor
and Francis, Dickersin GR, Young RH, Scully RE: Signet-
ring stromal and related tumors of the ovary. Ultrastruct
Pathol 19:401–419, 1995.)
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Figure 7.52. Sertoli–stromal cell tumor (ovary). Tubules
of Sertoli cells are surrounded by basal lamina (B) and al-
though appearing solid at low magnification, often have

a microlumen that can be located by recognizing con-
verging junctional complexes (J). Nuclei are markedly in-
dented. (� 5500)
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Figure 7.53. Sertoli–stromal cell tumor (ovary). Higher
magnification of one of the tubules depicted in Figure
7.52 illustrates several junctional complexes (J) converg-
ing on an inconspicuous microlumen (*). Note also the

marked interdigitation (I) of the lateral cell borders. Mi-
tochondria (M) are numerous, and there are small lipid
droplets (L). Basal lamina (BL) is thick. (� 13,500)
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Figure 7.54. Sertoli–stromal cell tumor (ovary). A group
of Leydig cells is characterized by abundant cytoplasm,
innumerable vesicles of smooth endoplasmic reticulum

(circles), many lipid droplets (L), and oval, evenly con-
toured nuclei with large nucleoli. (� 6240)
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Figure 7.55. Sertoli–stromal cell tumor (ovary). Bundles of tightly arranged filaments make up diagnostic
Charcot–Böttcher “crystalloids” (C) in a Sertoli cell. (� 31,100)
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(Text continued from page 439)

Sex Cord Tumor with Annular Tubules

(Figures 7.56 through 7.58.)
Diagnostic criteria. (1) Tubules (simple and complex);

(2) basal lamina around and in lumens of tubules; (3) ir-
regularly shaped, indented nuclei at basal and luminal
poles of epithelial lining cells; (4) nondescript cyto-
plasm (see next paragraph).

Additional points. Most of the tubules of this neoplasm
are pseudotubules, the lumens of which contain basal
lamina, but true tubules with junctional complexes and
microvilli lining the lumens also may be seen. Further-
more, these structures may blend into tubules that have
a closer resemblance to seminiferous tubules lined by
more typical Sertoli cells; they also may blend into solid
nests of cells resembling granulosa cells. The nonde-
script cytoplasm listed in the diagnostic criteria section
includes a background of free ribosomes, a moderate
amount of rough endoplasmic reticulum, many mito-
chondria, and many lipid droplets. Charcot–Böttcher
crystalloids consisting of bundles of cytoplasmic fila-
ments are a marker for Sertoli cells, but they are rarely
found. A focally diffuse pattern of cells, including is-
lands of lipid-rich cells, may also be present.

Gynandroblastoma

Gynandroblastomas are rare tumors in which at 
least 10% of a Sertoli–stromal cell tumor is composed 
of granulosa–stromal elements or at least 10% of a 
granulosa–stromal cell tumor is composed of Sertoli–
stromal cells.

Sex Cord–Stromal Tumors Unclassified

Sex cord–stromal tumors that are unclassified have cells
and patterns intermediate between granulosa–stromal
cell tumors and Sertoli–stromal cell tumors, or they
have the cells and patterns of both types of tumors.

Steroid (Lipid) Cell Tumors

(Figures 7.59 through 7.62.)
These tumors include stromal luteomas, Leydig cell

tumors (nonhilar type), and hilus cell tumors.
Diagnostic criteria. (1) Cytoplasmic droplets of lipid;

(2) abundant smooth endoplasmic reticulum; (3) mito-
chondria with tubular cristae; (4) microvilli covering

most of the surface of the cells; (5) basal lamina cover-
ing the nonvillous portion of the cellular surface; 
(6) canalicular-like spaces between cells.

Additional points. Characteristic of steroid-type cells
are lipid droplets, smooth endoplasmic reticulum, and
mitochondria with tubular cristae. However, a signifi-
cant proportion of these tumors contain little or no lipid.
Lipochrome pigment in secondary lysosomes may or
may not be present. Possible cells of origin for the
steroid-cell tumor include Leydig and hilus cells, lutein
(thecal or stromal) cells, and adrenal cortical cells. Ley-
dig cells can be specifically identified if Reinke crystals
are present, but most Leydig cell tumors do not contain
them. A large percent of steroid cell tumors cannot be
classified as any of the specific subtypes because of a
lack of a typical pattern or Reinke crystals, and they are
then referred to as steroid cell tumors not otherwise
specified.

Germ Cell Tumors

A large majority of germ cell tumors are dermoid cysts
(mature cystic teratomas). Most malignant germ cell tu-
mors are of a single cell-type, but combinations of var-
ious cell types also occur.

Dysgerminoma (Seminoma)

(Figures 7.63 through 7.65.)
Diagnostic criteria. (1) Large round or polygonal cells

in close apposition; (2) intercellular junctions; (3) large
euchromatic nuclei; (4) prominent and multiple nucle-
oli with open nucleolonemas; (5) poorly differentiated
cytoplasm (mostly free ribosomes, plus a moderate
number of mitochondria, a small number of undilated
cisternae of rough endoplasmic reticulum, and small
Golgi apparatuses); (6) copious cytoplasmic glycogen.

Additional points. The cells resemble primordial germ
cells of the embryo. They are similar, whether occurring
in gonadal, mediastinal, or pineal neoplasms. Lipid
droplets, secondary lysosomes, and annulate lamellae
also may be present in the cytoplasm of the cells. Syn-
cytiotrophoblastic giant cells are found among the germ
cells in rare cases. No cytotrophoblast is present, how-
ever, therefore differing from a choriocarcinoma and a
mixed germ cell tumor. The extracellular matrix in dys-
germinomas usually contains small lymphocytes and
may contain luteinized stromal cells.

(Text continues on page 462)
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Figure 7.56. Sex cord tumor with annular tubules (ovary). Abundant basal lamina (BL) surrounds tubules and fills their
pseudolumens (Ps). Nuclei are often indented and irregular in shape (*). (� 3600)
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Figure 7.57. Sex cord tumor with annular tubules
(ovary). Portions of several tubules are surrounded and
separated by copious basal lamina (BL). Cytoplasm is

moderate in amount and is identifiable at this power as
containing many mitochondria (M) and scattered lipid
droplets. (� 5300)
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Figure 7.58. Sex cord tumor with annular tubules
(ovary). Higher magnification allows the composition of
the cytoplasm to be visualized. In addition to a back-
ground of free ribosomes, there are many mitochondria

(M) and a moderate number of cisternae of rough endo-
plasmic reticulum (R). L � lipid; J � junction; BL � basal
lamina. (� 9500)
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Figure 7.59. Steroid (lipid) cell tumor (luteoma) (ovary).
The most striking features of the cells are the many
droplets of lipid (L) in the cytoplasm and the florid col-
lection of microvilli on the surface and filling intercellu-

lar, canalicular-like spaces (*). Mitochondria (M) are large
and moderate in number. There are occasional second-
ary lysosomes (arrows). (� 10,600)
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Figure 7.60. Steroid (lipid) cell tumor (luteoma) (ovary).
The nuclei of lipid cells are round or oval, have a gener-
ally regular contour, and contain a prominent nucleolus.

Note the large size and abnormal configuration of cristae
of some of the mitochondria (M). (� 9880)
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Figure 7.61. Leydig cell tumor (testis). The cells are
plump and have abundant cytoplasm and round nuclei
with even contours. Lipid droplets (L), vesicles of smooth

endoplasmic reticulum (not well seen at this low power),
and mitochondria (M) are numerous. (� 5720)
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Figure 7.62. Leydig cell tumor (testis). High magnification of the cytoplasm of a neoplastic Leydig cell depicts sev-
eral mitochondria with moderately tubular cristae (arrows). (� 48,400)

458 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 7.63. Seminoma (testis). The cells are large, poly-
gonal, and in close apposition. Nuclei are euchromatic,
and nucleoli are large and have an open nucleolonema.

The cytoplasm contains a background of free ribosomes,
copious glycogen (G, clear open spaces), and few other
organelles. (� 3600)
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Figure 7.64. Seminoma (testis). High magnification il-
lustrates the primitive nature of the cells, with a high 
nuclear–cytoplasmic ratio, finely dispersed chromatin,

open nucleolonemas (N), abundant glycogen (G), and
few cytoplasmic organelles. (� 9500)
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Figure 7.65. Seminoma (testis). This specimen was
processed by a method that preserved glycogen (G) as
electron-dense granules, making possible a more accu-

rate assessment of the large quantity of this inclusion that
is present in the cells. (� 6150)
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(Text continued from page 451)

Yolk Sac Tumor (Endodermal Sinus Tumor)

(Figures 7.66 through 7.72.)
Diagnostic criteria. (1) Epithelial-type cells arranged

along a network of interconnecting spaces (reticular
pattern); (2) profuse basal lamina material coating the
cells and sometimes forming globules and pseudoin-
clusions in the cells; (3) rough endoplasmic reticulum,
sometimes dilated and filled with material of similar
density to that of basal lamina; (4) microvilli on cells lin-
ing some of the spaces (true lumens); (5) narrow, villus-
lined canalicular spaces between the lateral surfaces of
cells; (6) simple papillae with a central blood vessel and
a covering of tall primitive cells, projecting into spaces
lined by flat, cuboidal, or hobnail cells (Schiller-Duval
bodies); (7) abundant cytoplasmic glycogen; (8) occa-
sional lipid droplets; (9) large globular densities; and
(10) large, irregular nuclei with prominent, multiple nu-
cleoli and open nucleolonemas.

Additional points. In addition to the most common
reticular pattern, solid and glandular patterns repre-
sentative of embryonic rather than extraembryonic dif-
ferentiation, also may be present, in part or exclusively,
in yolk sac tumors. Ultrastructurally, these elements are
consistent with hepatic and enteric differentiation. The
former have the polygonal shape, central nucleus, col-
lection of organelles, and even the globular densities of
alpha-1-antitrypsin, characteristic of hepatocytes. The
intestinal type cells are characterized by microvilli hav-
ing a core of anchoring filaments and a covering of gly-
cocalyx. Goblet cells, endocrine cells, Paneth cells, and
gastric parietal cells also may be present. A rare pattern
that may be seen in yolk sac tumors is the endometrioid
variant, in which the glandular pattern is suggestive of
endometrioid carcinoma. Adenofibromatous, parietal
(Reichert’s membrane-like), mesenchymal, solid, and
papillary-carcinoma-like patterns may also be found
rarely.

Embryonal Carcinoma

(Figures 7.73 through 7.74.)
Diagnostic criteria. (1) Large cells in solid, papillary,

or tubuloglandular arrangement; (2) high nuclear–
cytoplasmic ratio; (3) irregularly shaped nuclei with
large nucleoli; (4) in solid areas, cytoplasm has mostly
free ribosomes and mitochondria; (5) in tubular or glan-
dular areas, cytoplasm has additional organelles, in-
cluding vesicles of smooth endoplasmic reticulum and
cisternae of rough endoplasmic reticulum; (6) in tubu-
lar and glandular cells, microvilli on luminal surface,
and junctional complexes are well developed; (7) basal
lamina surround, glands.

Additional points. The cells in the solid arrangements
have a poorly differentiated cytoplasm and a simple
surface structure, whereas those of the glands and
tubules have a cytoplasm with more diverse organelles
and specialized plasmalemmas with microvilli, junc-
tional complexes, and basal lamina. Globular densities,
similar to those seen in yolk sac tumors, may also be
present in the cells of embryonal carcinoma. Syncytial
trophoblastic giant cells may be dispersed among the
other germ cell components in these neoplasms.

Choriocarcinoma and Placental Site Tumor 
(and Normal Placenta)

(Figures 7.75 through 7.80.)
Choriocarcinoma may be gestational or of germ cell

origin, and it is composed of cytotrophoblast and/or in-
termediate trophoblast, interspersed with syncytiotro-
phoblast. Although choriocarcinoma may be the sole
component of a tumor, more frequently it is present
with other germ cell types in a mixed tumor.

Diagnostic criteria. (1) Cytotrophoblastic cells are
round, oval, and polygonal; (2) nuclear–cytoplasmic ra-
tio is high; (3) cytoplasm is scant, with few organelles;
(4) nuclei are euchromatic; (5) desmosomes interconnect
cells; (6) intermediate trophoblastic cells have a single
nucleus that often is indented and segmented and is
predominantly euchromatic; (7) nucleoli are prominent;
(8) cytoplasm is abundant and has numerous or-
ganelles; (9) the free surface of the cells is raised into mi-
crovilli; (10) adjacent cells have intermediate junctions
and desmosomes; (11) syncytial trophoblastic cells have
multiple heterochromatic nuclei and (12) abundant cy-
toplasm with (13) numerous free ribosomes; (14) promi-
nent rough endoplasmic reticulum; (15) large and mul-
tiple Golgi apparatuses; (16) a moderate number of
mitochondria with tubular cristae and (17) varying
numbers of lipid droplets.

Teratoma (Immature and Mature; Monodermal)

Most teratomas are composed of more than one em-
bryonic cell line, but a small percentage is monodermal,
that is, purely ectodermal (e.g, neuroectodermal tu-
mors, sebaceous tumors) or purely endodermal (e.g.,
struma ovarii, carcinoid tumor). If any of the compo-
nents of a teratoma is embryonal, the tumor is classified
as “immature.” “Mature” teratomas are almost all der-
moid cysts. Examples of various mature tissues include
cutaneous, respiratory, and gastrointestinal epithelium,
and examples of embryonal tissues encompass neu-
roectodermal, rhabdomyoblastic, and chondroblastic el-
ements. All these cell types are illustrated in other chap-
ters of this book.

(Text continues on page 478)

462 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 7.66. Yolk sac tumor (vagina). The cells line
spaces and are covered on both sides with thick basal
lamina (BL). (� 5300) (Permission for reprinting granted

by WB Saunders, Dickersin GR: The ultrastructure of se-
lected gynecologic neoplasms. Clin Lab Med 7:117–156,
1987.)
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Figure 7.67. Yolk sac tumor (suprarenal tissue). The spec-
imen was processed to preserve glycogen (G) as electron-
dense granules. Abundant basal lamina (BL), including a

large intracytoplasm pseudoinclusion of it (*), are read-
ily discernible. (� 6480)
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Figure 7.68. Yolk sac tumor (vagina). The large, dense,
cytoplasmic globule (L) in this cell is a secondary lyso-
some. A pseudoinclusion filled with basal lamina (BL) is
located just above it. Notice the Golgi apparatus (*) and
scattered cisternae of rough endoplasmic reticulum (R).

A few microvilli (V) partially cover one surface of the cell,
and a diminutive junctional complex (J) is present. 
(� 13,750) (Permission for reprinting granted by WB
Saunders, Dickersin GR: The ultrastructure of selected gy-
necologic neoplasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.69. Yolk sac tumor (vagina). Another area from
the same neoplasm in Figure 7.68 shows at high power
a cytoplasmic pseudoinclusion (arrow), dilated rough en-
doplasmic reticulum with medium-dense contents (R), a

junctional complex (J), and microvilli (V). (� 20,350)
(Permission for reprinting granted by WB Saunders, Dick-
ersin GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.70. Yolk sac tumor (vagina). In addition to mi-
crovilli (V) and junctional complexes (J), abundant glyco-
gen (G, open spaces) is present in the neoplastic cells.
Nuclei are large and irregularly shaped, and nucleoli are

prominent and multiple and have open nucleolonemas.
(� 5300) (Permission for reprinting granted by WB Saun-
ders, Dickersin GR: The ultrastructure of selected gyne-
cologic neoplasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.71. Yolk sac tumor (mesentery). A Schiller-
Duval body is characterized by a papilla composed of a
central blood vessel (V), a perivascular space with basal
lamina (arrows), a surface layer of columnar epithelial cells

(E) that project into an open peripheral space (S). An ex-
ternal layer of cuboidal epithelial cells (e) is just visible
at the edge of the field. (� 3400)
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Figure 7.72. Yolk sac tumor (mesentery). Another
Schiller-Duval body is shown at higher magnification
than that depicted in Figure 7.71. V � vascular lumen; 

* � perivascular basal lamina; E � surface epithelium of
papilla; S � peripapillary space. (� 4500)
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Figure 7.73. Embryonal carcinoma (testis). Large cells
with large, irregular nuclei, large nucleoli, and poorly dif-
ferentiated cytoplasm are arranged in a solid sheet. The
large, dense, paranuclear body (arrow) is a secondary

lysosome. (� 5500) (Permission for reprinting granted by
WB Saunders, Dickersin GR: The ultrastructure of se-
lected gynecologic neoplasms. Clin Lab Med 7:117–156,
1987.)
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Figure 7.74. Embryonal carcinoma (testis). The same
neoplasm as illustrated in Figure 7.73 shows focal tubule
formation, with the lining cells having microvilli (V), junc-
tional complexes (J), and copious cytoplasm with many

organelles, including annulate lamellae (A). (� 21,460)
(Permission for reprinting granted by WB Saunders, Dick-
ersin GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.75. Normal full-term placenta. A chorionic vil-
lus is covered by syncytial trophoblast and four poorly
discernible underlying cytotrophoblastic cells (C). The cy-
totrophoblast shows fewer organelles in the cytoplasm,
mainly free ribosomes, a few cisternae of undilated rough

endoplasmic reticulum, and a few mitochondria. By con-
trast, the overlying syncytial trophoblast has a rich col-
lection of dilated rough endoplasmic reticulum. Numer-
ous microvilli project from the luminal surface of the cell.
V � blood vessels. (� 4600)
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Figure 7.76. Normal full-term placenta. Higher magnification of the surface of a chorionic villus illustrates syncytial
trophoblast filled with dilated rough endoplasmic reticulum (arrows). (� 7400)
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Figure 7.77. Placental site trophoblastic tumor (tro-
phoblastic pseudotumor) (uterus). The high nuclear–
cytoplasmic ratio, predominantly euchromatic nuclei and

bland cytoplasm characterize these cells as cytotro-
phoblasts. (� 3600)
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Figure 7.78. Placental site trophoblastic tumor (tro-
phoblastic pseudotumor) (uterus). Intermediate tro-
phoblastic cells are dispersed individually and in small

groups in a loose matrix. The cells have abundant cyto-
plasm and numerous organelles. (� 2300)
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Figure 7.79. Placental site trophoblastic tumor (tro-
phoblastic pseudotumor) (metastatic to lung). Intermedi-
ate trophoblastic cells are tightly apposed and have villi
on their free surface (V), irregularly indented and seg-

mented nuclei, prominent nucleoli, and moderately co-
pious cytoplasm. The open cytoplasmic spaces are con-
sistent with glycogen (G). An erythrocyte (E) marks a vas-
cular sinus. (� 6300)
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Figure 7.80. Placental site trophoblastic tumor (trophoblastic pseudotumor) (uterus). High magnification of the same
tumor as that depicted in Figure 7.78 illustrates frequent desmosomes (D) and tonofibrils (T). (� 56,000)
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(Text continued from page 462)

Gonadoblastoma

Gonadoblastoma is a neoplasm composed of a mixture
of germ cells and smaller sex cord stromal cells. The two
cell types are mixed in various patterns within nests,
and the nests are separated by a fibrous stroma that
usually contains lutein and Leydig-type cells. The germ
cells are most commonly of the dysgerminoma type,
and the sex cord cells are immature granulosa or Sertoli
cells. The ultrastructure of the various cell types com-
prising this tumor are illustrated in earlier sections of
this chapter.

Adenomatoid Tumor

(See Figures 3.72 through 3.74.)
Diagnostic criteria. (1) Gland-like and slit-like spaces

lined by low cuboidal and columnar cells, or solid cords
of large, oval, or polygonal cells in a scanty matrix of 
fibroblasts and collagen; (2) long, thin (sometimes
branching) microvilli; (3) copious cytoplasm; (4) glyco-
gen; (5) filaments, including bundles of filaments
(tonofibrils); (6) large nuclei with prominent nucleoli;
(7) prominent desmosomes and junctional complexes;
(8) basal lamina; (9) lateral intercellular spaces.

Additional points. These benign neoplasms represent
peritoneal mesotheliomas of the genital region, and
their ultrastructure is the same as the epithelial (nonfi-
brous) type of mesothelioma found elsewhere in the
peritoneum and pleura (see Chapter 3). The long, thin
microvilli and the absence of secretory granules are the
most characteristic features in distinguishing these neo-
plasms from adenocarcinomas of various organs, such
as the ovary and lung.

Tumors of Uncertain Origin and
Miscellaneous Tumors

Ovarian Small Cell Carcinoma, Hypercalcemia Type

(Figures 7.81 through 7.82.)
Diagnostic criteria. (1) Diffuse sheets (most common

pattern), or nests, cords, and follicle-like groups of small
cells in a sparse collagenous matrix; (2) basal lamina fo-
cally surrounding groups of cells; (3) closely apposed
oval and polygonal cells with intermediate junctions
and desmosomes; (4) high nuclear–cytoplasmic ratio;

(5) slightly elongated, angular, and indented nuclei 
with small amounts of heterochromatin and occasional
large nucleoli; (6) broad cytoplasmic processes with
most of the organelles; (7) numerous free ribosomes; 
(8) moderate number of mitochondria; (9) consistent
prominence of dilated rough endoplasmic reticulum;
(10) paranuclear whorls of filaments (variable).

Additional points. No glycogen has been identified in
the cells of these neoplasms, nor have dense-core cyto-
plasmic granules been found, as would be expected in
neuroendocrine small cell carcinomas. Microacini, lined
by cells with short, blunt microvilli, are found rarely.

Small Cell Carcinoma, Pulmonary Type

(See Figures 4.1 through 4.5.)
Diagnostic criteria. (1) Islands of closely apposed

small oval and spindle shaped cells; (2) high nuclear–
cytoplasmic ratio with scanty cytoplasm; (3) interme-
diate junctions; (4) euchromatic nuclei; (5) predomi-
nance of free ribosomes in cytoplasm; (6) few or no
dense core granules in most cases; (7) filaments and
tonofibrils in a few cells.

Additional points. Golgi apparatuses may be large in
the cells of some tumors, but rough endoplasmic retic-
ulum is not prominent (as distinguished from small cell
carcinoma of the hypercalcemic type). Rarely, these
small cell tumors may contain other elements such as
endometrioid carcinoma, mucinous cysts, squamous
cell carcinoma, and Brenner tumor.

Tumor of Probable Wolffian Origin

(Figures 7.83 through 7.84.)
Diagnostic criteria. (1) Any of several patterns—tu-

bular, cystic, trabecular, and vacuolar; (2) tubular pat-
tern—tubules surrounded by basal lamina and lined by
small epithelial-type cells with (a) microvilli, (b) junc-
tional complexes, (c) rough endoplasmic reticulum, 
(d) many microfilaments, (e) a few lysosomes, and (f) in-
dented nuclei.

Additional points. The ultrastructure of the tubules re-
sembles that of human fetal and adult mesonephric tis-
sues and human mesonephric rests. Characteristic of
Wolffian (as opposed to Müllerian) differentiation are
the formation of tubules, the small size of the cells, in-
terdigitation of lateral cell membranes in association
with infolded basal plasma membranes, absence of
cilia, and paucity of glycogen. The tubules may be
closely arranged or separated by fibrous stroma.

(Text continues on page 483)
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Figure 7.81. Small cell carcinoma (with hypercalcemia;
ovary). The cells are small, oval and polygonal, and
closely arranged. The nuclear–cytoplasmic ratio is high,
the cytoplasm being relatively scant. (� 4465). (Permis-

sion for reprinting granted by WB Saunders, Dickersin
GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.82. Small cell carcinoma (with hypercalcemia;
ovary). This higher magnification of several neoplastic
cells depicts dilated cisternae of rough endoplasmic retic-
ulum (R), a whorl of paranuclear filaments (F), other non-

specific organelles and several junctions (J). (� 21,900)
(Permission for reprinting granted by WB Saunders, Dick-
ersin GR: The ultrastructure of selected gynecologic neo-
plasms. Clin Lab Med 7:117–156, 1987.)
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Figure 7.83. Tumor of probable Wolffian origin (ovary).
The neoplastic cells form a tubule with a true lumen (L)
and a surrounding basal lamina (BL). Nuclei are markedly
indented. The cells are smaller than the surrounding fi-

broblasts (F). (� 7000) (Permission for reprinting granted
by WB Saunders, Dickersin GR: The ultrastructure of se-
lected gynecologic neoplasms. Clin Lab Med 7:117–156,
1987.)

GONADAL AND RELATED NEOPLASMS 481



Figure 7.84. Tumor of probable Wolffian origin (ovary).
Details of a tubular lining cell include irregularly distrib-
uted microvilli, junctional complexes (JC), a thick basal
lamina (BL), and an infolded basal plasmalemma (arrows)
in continuity with interdigitating lateral plasma mem-

branes. (� 13,500) (Permission for reprinting granted by
WB Saunders, Dickersin GR: The ultrastructure of se-
lected gynecologic neoplasms. Clin Lab Med 7:117–156,
1987.)
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8
Central Nervous

System Neoplasms

Meningioma

(Figures 8.1 through 8.10.)
Diagnostic criteria. (1) Long, interdigitating cellular

processes (Figures 8.1 through 8.5); (2) numerous cyto-
plasmic intermediate filaments (Figures 8.3, 8.4, and
8.6); (3) numerous intercellular junctions, including
prominent desmosomes (Figures 8.3, 8.5, and 8.6).

Additional points. The diagnostic ultrastructural cri-
teria apply regardless of whether the light microscopic
type of meningioma is meningothelial, fibrous, or mixed.
The cellular processes often run in parallel, with inter-
digitations being focal (Figures 8.2 and 8.3). The nuclei
of the cells may be elongated (Figure 8.2) or oval (Fig-
ure 8.1). The derivation of the cells comprising most
meningiomas is thought to be from the arachnoid layer
of the meninges, which normally is characterized by
elongated cells with interweaving processes and junc-
tions. The cellular component of the dura mater is the
fibroblast, and those of the pia are fibroblast-like cells
and macrophages. The psammoma bodies that occur so
commonly in meningiomas and normal arachnoid villi
sometimes appear to form on a nidus of degenerative
cellular debris, and other times, as a deposition of hy-
droxyapatite crystals on collagen, resembling the for-
mation of osteoid (Figures 8.7 through 8.9). A number
of rare forms of meningioma exist. Microcystic menin-
giomas are characterized by long cellular processes be-
ing arranged around extracellular spaces, which may
be empty or may contain an amorphous matrix (Figure
8.10). Secretory meningiomas have cells arranged in
gland-like groups, intracellular and extracellular lu-
mens, and lining cells with microvilli and tonofibrils.
The lumens, including the intracellular lumens, may
contain granular material (hyaline inclusions or
“pseudopsammoma bodies,” by light microscopy).
Clear cell meningiomas are composed of the same type of
meningiothelial cell already described, but the cyto-
plasm contains copious glycogen. A group of tumors
formerly designated as angioblastic meningiomas have
been shown by electron microscopy to be heman-
giopericytomas and hemangiomas. The ultrastructure
of these lesions is similar to that of hemangiopericy-
tomas and hemangiomas outside the nervous system
(see Chapter 6, Spindle Cell Neoplasms).
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Figure 8.1. Meningioma, meningotheliomatous type
(cerebrum). Cell bodies contain oval nuclei with pre-
dominantly euchromatin and nucleoli of small to mod-

erate size. Cell processes are innumerable and are char-
acteristically long, thin, and intertwining. (� 5130)
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Figure 8.2. Meningioma, mixed type (cerebrum). Cell
bodies contain elongated nuclei, in contrast to the oval
nuclei seen in Figure 8.1. Cell processes are in parallel

arrangement in many areas and with interdigitations (dot-
ted enclosures) focally. (� 4940)
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Figure 8.3. Meningioma, mixed type (cerebrum). Higher power of cell processes illustrates an intimate interdigita-
tion between two cells (A and B), numerous filaments (F), and several desmosomes (D). (� 15,675)
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Figure 8.4. Meningioma, mixed type (cerebrum). Several neoplastic cells (A through E) are interdigitated and contain
varying amounts of cytoplasmic filaments (F). (� 15,960)
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Figure 8.5. Meningioma, meningotheliomatous type
(cerebrum). High power illustrates the numerous inter-
digitations of cell processes and the frequent intercellu-

lar junctions of several types (arrows), including desmo-
somes (D). (� 25,480)
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Figure 8.6. Meningioma, angioblastic type (cerebrum). Higher power of the intercellular junctions and filaments char-
acteristic of these neoplasms. (� 67,500)
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Figure 8.7. Meningioma, meningotheliomatous type (cerebellum). A concentric whorl of viable meningeal-type cells
may be the future site of formation of a psammoma body. (� 3900)
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Figure 8.8. Meningioma, meningotheliomatous type
(cerebellum). In this concentric whorl (lower right part of
field), the cells are partially degenerated, marked by their
shrunken size and darker nucleoplasm and cytoplasm

(compare with the well-preserved cells in the other parts
of the field). There is no evidence of calcification in the
whorl at this stage. (� 3900)
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Figure 8.9. Meningioma, meningotheliomatous type
(cerebellum). Two psammoma bodies are present in this
field. The one in the lower left (arrow) is well formed and
consists of a ring of electron-dense, crystalline material

and a core of collagen and amorphous substance. The
one in the right center (*) is immature and is composed
of collagen and hydroxyapatite crystals partially sur-
rounded by cells. (� 8840)
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Figure 8.10. Meningioma, microcystic (right frontal meninges). Long cellular processes encircle extracellular spaces
(*) that contain flocculent matrix. (� 5800)
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(Text continued from page 488)

Astrocytoma

(Figures 8.11 through 8.17.)
Diagnostic criteria. (1) Cells usually widely separated

in an amorphous matrix; (2) small cell bodies with oval
or elongated nuclei; (3) innumerable cell processes filled
with intermediate filaments (Figures 8.11 and 8.15).

Additional points. Fibrillary, protoplasmic, and gemisto-
cytic astrocytes are morphologic variants of a single cell
type, with the fibrillary cell having the classic filament-
filled processes, the protoplasmic form being more ir-
regular in shape and having less filaments, and the
gemistocytic variant having many filaments and sec-
ondary lysosomes, in a plump cell body (Figure 8.16).
Piloid astrocytes have broader processes than those of fib-
rillary astrocytes, and the processes interdigitate focally
with one another. The number of filaments in the
processes of piloid astrocytes varies from few to many.
Intercellular junctions are found in astrocytomas, but
they are usually infrequent and small. Rosenthal fibers
are markers for nonneoplastic and neoplastic astrocytes
and are composed of aggregates of electron-dense,
granular material in the midst of cytoplasmic filaments
(Figures 8.13 and 8.14). Whereas most astrocytomas
consist of cells loosely arranged in an amorphous ma-
trix, some tumors are more cellular, with the astrocytes
having a back-to-back arrangement (Figures 8.13 and
8.15). Astroblastomas have a characteristic perivascular
arrangement of cells that mimics the pseudorosette pat-
tern of ependymomas. In addition, the cells may have
microvilli and basal lamina, but cilia and junctions are
less frequent than in ependymomas. Pleomorphic xan-
thoastrocytomas are composed of spindle-shaped cells
and pleomorphic giant cells with numerous intermedi-
ate filaments and a varying number of lysosomes and
lipid droplets (Figure 8.17). Large secondary lysosomes
correlate with the granular bodies seen by light mi-
croscopy. Basal lamina surrounds cells and groups of
cells. Subependymal giant cell astrocytoma, frequently as-
sociated with tuberous sclerosis, is composed of giant
cells that contain numerous intermediate filaments, nu-
merous lysosomes, prominent smooth and rough en-
doplasmic reticulum, occasional membrane-bound
crystals, and nuclear inclusions and pseudoinclusions.

A few dense core granules and microtubules may also
be found in some cells. Infantile desmoplastic astrocytoma
is a rare, collagen-rich, and predominantly paucicellu-
lar neoplasm in which the cells mimic fibroblasts at the
light microscopic level but prove to be astrocytic ultra-
structurally.

Oligodendroglioma

(Figures 8.18 through 8.21.)
Diagnostic criteria. (1) Closely arranged, round or oval

cells (Figure 8.18) with (2) round or oval, predominantly
euchromatic central nuclei; (3) cytoplasm containing
free ribosomes, a few to moderate number of mito-
chondria, and microtubules and a few filaments (Fig-
ures 8.19 and 8.20); (3) occasional cells with short, broad
processes.

Additional points. Oligodendrogliomas may be pure
or mixed with various neoplastic astrocytes. Even when
pure, groups of neoplastic oligodendrocytes often are
interspersed with nonneoplastic astrocytes and preex-
isting neuritic processes. Oligodendrocytes are readily
distinguishable from astrocytes by the former’s round
or oval shape, pale nucleus and cytoplasm, absence of
long, thin processes, and absence of many filaments.
The cytoplasm and nuclei of oligodendrocytes fre-
quently have a watery or washed-out appearance. Nu-
cleoli usually are of moderate size. Microtubules often
are identifiable but in small numbers. Some cells,
“granular cells,” may contain primary and secondary
lysosomes. There are no intercellular junctions or sur-
face microvilli. Oligodendrogliomas may be difficult to
distinguish from central neurocytomas by light micro-
scopy alone, but electron microscopy and immunohis-
tochemistry are usually definitive. Although the cells of
both tumors have microtubules, dense-core granules
and synaptic vesicles are present only in neurocytoma.
In addition, immunohistochemistry for synaptophysin
is positive only in neurocytoma and not in oligoden-
droglioma. The extracellular regions of oligodendro-
gliomas often contain concentric microcalcifications,
but these may also be present in neurocytomas (Figure
8.21).

(Text continues on page 510)
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Figure 8.11. Astrocytoma, well differentiated (cerebellum). This field shows close packing of astrocytic processes (P),
both to each other and to a cell body (A). (� 4940)
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Figure 8.12. Astroblastoma (cerebrum). This field depicts
a portion of a pseudorosette, with astroblastic processes
(P) palisading toward a central blood vessel (V). The

processes contain mostly filaments, not individually iden-
tifiable at this low magnification. (� 3700)
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Figure 8.13. Astrocytoma, grade IV (cerebrum). Closely apposed cells have a high nuclear–cytoplasmic ratio in the
cell bodies, plus numerous polar processes. Rosenthal fibers (R) are present in one of the cells. (� 5900)
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Figure 8.14. Astrocytoma, grade IV (cerebrum). High magnification of the Rosenthal fibers depicted in (Figure 8.13)
reveals their composition to be of a granular, electron-dense material. (� 50,000)
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Figure 8.15. Astrocytoma, grade IV (cerebrum). Cell bodies (C) and processes (P) are closely apposed, and the processes
show characteristic intermediate filaments. (� 13,100)
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Figure 8.16. Astrocytoma, poorly differentiated (cerebrum). High magnification of a gemistocyte illustrates the large
volume of cytoplasm that is occupied by filaments (F). (� 39,000)
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Figure 8.17. Pleomorphic xanthoastrocytoma (cerebrum). A large neoplastic astrocyte has an irregularly shaped, het-
erochromatic nucleus and copious cytoplasm with filaments (F) and a few lipid droplets (L). (� 12,700)
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Figure 8.18. Oligodendroglioma (septum pallucidum
and lateral ventricle). Closely apposed round and oval
cells have irregularly oval nuclei with nucleoli of mod-

erate size. Cytoplasm is moderate in amount, and a few
clusters of processes (P), some of which are neuritic, are
included in this field. (� 6200)
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Figure 8.19. Oligodendroglioma (septum pallucidum
and lateral ventricle). Two oligodendrocytes from the
same neoplasm in Figure 8.18 have cytoplasm contain-
ing predominantly free ribosomes and a few mitochon-

dria (M) and cisternae of rough endoplasmic reticulum
(arrows). The bracketed area is enlarged in Figure 8–20
to show microtubules. (� 13,600)
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Figure 8.20. Oligodendroglioma (septum pallucidum and lateral ventricle). High magnification of the bracketed area
in Figure 8.19 illustrates a few microtubules (arrows). (� 45,000)
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Figure 8.21. Oligodendroglioma-like neurocytoma
(cerebrum). A laminated calcific deposit (arrow) is pres-
ent extracellularly, adjacent to a collection of neoplastic
neuronal cells, which at this low magnification resemble
oligodendrocytes (*). Although this neoplasm was initially

interpreted as an oligodendroglioma, electron micro-
scopy revealed long polar processes and synaptic vesi-
cles (but no dense-core vesicles), and immunohisto-
chemistry disclosed strong reactivity with synaptophysin.
(� 3600)



(Text continued from page 499)

Ependymoma (and Subependymoma)

(Figures 8.22 through 8.29.)
Diagnostic criteria. (1) Small, oval, or elongated cells

forming solid sheets (Figure 8.22), rosettes (Figures 8.23
through 8.25), and pseudorosettes (Figures 8.26 and
8.27); (2) long, intermediate intercellular junctions, and
apical tight junctions; (3) microvilli lining lumens
(rosettes); (4) intracytoplasmic lumens; (5) cilia and
basal bodies (blepharoplasts) in subluminal cytoplasm
of cells; (6) broad cellular processes extending toward
blood vessels (pseudorosettes); (7) numerous filaments
filling the processes.

Additional points. Ependymal cells have combined ep-
ithelial (junctions, microvilli, and cilia) and astrocytic
(processes with filaments) features. Long processes with
filaments are especially prominent in subependymomas,
which also contain astrocytes. Myxopapillary ependymo-
mas are composed of elongated cells with interdigitat-
ing processes and a covering of basal lamina (Figures
8.28 and 8.29). They resemble choroid plexus papillo-
mas (a neoplasm of a related cell), except for having less
well-formed papillae and abundant cytoplasmic fila-
ments. A flocculent extracellular matrix separates
groups of ependymal cell processes and surrounds
blood vessels. Clear cell (vacuolated) ependymomas are
very rare and at the light microscopic level mimic clear
cell oligodendrogliomas, but ultrastructurally they have
the same identifying features described for classic
ependymomas. Tanycytic ependymomas are paucicellu-
lar, with the cells being elongated and having long, fib-
rillar processes in a fascicular arrangement.

Choroid Plexus Neoplasms

(Figures 8.30 through 8.33.)
Diagnostic criteria. (1) Papillae with fibrovascular

cores and a covering of single-layered columnar or
cuboidal cells; (2) microvilli, blepharoplasts, and cilia at
apical surface of epithelial cells; (3) basal lamina sepa-
rating epithelium from subjacent collagenous stroma.

Additional points. The papillomas closely resemble
normal choroid plexus (Figures 8.30 and 8.31), and the
carcinomas range from well-differentiated adenocarci-
nomas to completely undifferentiated adenocarcino-
mas. The choroid plexus forms embryogenetically from
infolded ependymal epithelium, and in fully differen-
tiated brain, the cells from the ependyma and those of
the choroid still have certain features in common. These
features are epithelial in type and include intercellular
junctions, junctional complexes, microvilli, and cilia.
Therefore, neoplasms from these two origins may re-

semble one another; for example, choroid plexus papil-
loma and myxopapillary ependymoma. However,
ependymal cells have the additional trait of sometimes
differentiating along a glial line, resulting in the forma-
tion of many intermediate filaments in their cytoplasm.
These dual astrocytic and epithelial features, when pres-
ent, usually allow ependymomas to be distinguished
from purely epithelial, choroid plexus neoplasms (Fig-
ures 8.32 and 8.33). Rarely, choroid plexus neoplasms
appear by light microscopy to be mucin-producing, but
we are unaware of any electron microscopic studies that
have demonstrated actual mucous granules in the cy-
toplasm of the cells. Another rare occurrence is for
choroid plexus tumors to be pigmented, either with
melanin or with lipofuscin.

Neuronal and Mixed Neuronal Glial
Neoplasms, Including Embryonal Forms

Gangliocytoma (Central Ganglioneuroma)

Gangliocytoma is a neoplasm composed completely or
mostly of mature ganglion cells (see Figures 8.35 and
8.36 in the next section). Cell bodies may be diffusely
scattered within neuropil, or they may occur in clusters
or irregular arrangements in a collagenous matrix.
Varying numbers of glial cells (predominantly astro-
cytes) are present as part of the stroma, and a spectrum
in the number of glial components exists between pure
gangliocytoma and ganglioglioma (see section on gang-
lioglioma). Calcospherites may be present in the stroma
and/or walls of blood vessels.

Ganglioneuroma (Peripheral)

(Figures 8.34 through 8.36.)
Diagnostic criteria. (1) Groups of unmyelinated and

myelinated axons with surrounding Schwann cells; 
(2) scattered ganglion cells with neuritic processes, large
euchromatic nuclei, large nucleoli, and copious cyto-
plasm; (3) numerous cytoplasmic organelles, including
free ribosomes, rough endoplasmic reticulum, promi-
nent Golgi apparatuses, mitochondria, lysosomes, and
dense-core granules; (4) numerous microtubules and in-
termediate filaments; (5) satellite (Schwann-like) cells
surrounding some of the ganglion cells.

Additional points. Peripheral ganglioneuromas in-
volve mostly autonomic nerves and ganglia. They and
central ganglioneuromas (gangliocytomas, see previous
section) are similar neoplasms in regard to the presence
of mature ganglion cells as the main component, but the
surrounding stroma differs with respect to being
Schwannian or glial, respectively.

(Text continues on page 526)
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Figure 8.22. Ependymoma (cerebellum). Closely packed, oval, and molded cells have a high nuclear–cytoplasmic
ratio and form no rosettes or pseudorosettes in this area. (� 5130)
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Figure 8.23. Ependymoma (cerebellum). A group of ep-
ithelial type ependymal cells form a true rosette, with mi-
crovilli from the apical surface of the cells packing a small
lumen (L). Tight junctions (J) around the lumen are promi-

nent and often are useful in locating a very small lumen.
Only three cells border the lumen depicted, and one cell
(*) has a broad process that wraps around one-half of the
circumference of the lumen. (� 8840)

512 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



CENTRAL NERVOUS SYSTEM NEOPLASMS 513

Figure 8.24. Ependymoma (cerebellum). High magnification of a rosette shows an extensive collection of microvilli
(V), cilia (C), and junctional complexes (J) that line the lumen. (� 52,250)
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Figure 8.25. Ependymoma (cerebellum). This rosette has
a larger lumen and fewer microvilli (V) than those de-
picted in Figures 8.23 and 8.24. The lining cells have a

high nuclear–cytoplasmic ratio and cytoplasm that con-
tains mostly ribosomes and mitochondria (M). (� 9350)



Figure 8.26. Ependymoma (cerebellum). A pseudorosette
is formed by ependymal cell processes (P) arranged
around a blood vessel (BV). The processes are filled with

glial-type filaments (pale gray component of cytoplasm).
(� 11,700)

CENTRAL NERVOUS SYSTEM NEOPLASMS 515



Figure 8.27. Ependymoma (cerebellum). High magnification of a pseudorosette highlights a blood vessel (BV) and
surrounding ependymal cell processes (P). (� 12,600)
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Figure 8.28. Ependymoma, myxopapillary type (cauda equina). Innumerable interdigitating processes (P) filled with
filaments and covered by basal lamina (visualized better in Figure 8.29) characterize this ependymoma. (� 12,600)
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Figure 8.29. Ependymoma, myxopapillary type (cauda
equina). Higher magnification of the same neoplasm as
depicted in Figure 8.28 shows the intertwining cellular

processes with the cytoplasmic filaments (F), a covering
of basal lamina (BL), and a flocculent extracellular ma-
trix (*). (� 15,400)
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Figure 8.30. Normal choroid plexus (fourth ventricle).
The cellular architecture and pattern of papillomas of the
choroid plexus are similar to those of the nonneoplastic,
normal counterpart. The cells are of epithelial type, hav-
ing microvilli (V) on their free surfaces, junctions, and

junctional complexes at their lateral and abutting borders
(not discernible at this magnification), and basal lamina
(BL) along their interface with a collagenous stroma. 
(� 5130)
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Figure 8.31. Normal choroid plexus (fourth ventricle). Higher magnification of the same tissue as illustrated in Fig-
ure 8.30 shows several cilia (circle) arising from the villous surface of a cell. (� 47,000)



Figure 8.32. Choroid plexus carcinoma (cerebellopon-
tine angle). This neoplasm had a mixed papillary and
solid pattern, and the photograph is from a solid area. The
cells are closely apposed and have numerous junctions
and intermediate filaments (both of which are seen bet-

ter at higher magnification in Figure 8.33). The filaments
suggest the alternative diagnosis of ependymoma, but the
location and light microscopy of the neoplasm were in
favor of choroid plexus carcinoma. (� 5225)
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Figure 8.33. Choroid plexus carcinoma (right cerebellopontine angle). This higher magnification of several of the cells
in Figure 8.32 shows many junctions (arrows) and innumerable filaments (F). (� 12,150)
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Figure 8.34. Ganglioneuroma (adrenal gland). Low mag-
nification reveals groups of neuritic processes (N) sur-
rounded by Schwann cells (S). One myelinated neurite
(*) is included in the field. The nuclei pictured are those

of Schwann cells. No ganglion cells are present in this
particular field. The extracellular matrix is rich in banded
collagen (C). (� 7000)
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Figure 8.35. Ganglioneuroma (adrenal gland). The huge
size of this ganglion cell is realized when contrasted to
the size of surrounding Schwann cell/neurite complexes

(arrows). The cytoplasm of the ganglion cells is copious
and filled with innumerable organelles (seen better at
higher magnification in Figure 8.36). (� 3300)
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Figure 8.36. Ganglioneuroma (adrenal gland). High
magnification of this ganglion cell reveals a cytoplasm
filled with numerous organelles and cytoskeletal ele-

ments. m � mitochondria; t � microtubules; r � rough
endoplasmic reticulum; L � lipid droplet; n � nucleus;
S � Schwann cell cytoplasm. (� 19,000)
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Figure 8.37. Central neurocytoma (occipital cerebrum).
These cell bodies have a moderate amount of cytoplasm
and irregularly oval nuclei. At this magnification, the cy-

toplasm is composed of a background of free ribosomes
and a moderate number of mitochondria (M). (� 7700)

(Text continued from page 510)

Ganglioglioma

Ganglioglioma is a neoplasm composed of a combina-
tion of ganglion cells and glial cells, the latter more
commonly being astrocytes (Figures 8.11 through 8.16)
but also, to a lesser extent, oligodendrocytes (Figures
8.18 through 8.21).

Central Neurocytoma

(Figures 8.37 and 8.38.)
Diagnostic criteria. (1) Zones of contiguous neuritic

processes (neuropil); (2) microtubules; (3) intermediate
filaments; (4) dense-core granules; (5) clear, synaptic
vesicles; (6) junctions.

Additional points. The cells of neurocytomas tend to
be somewhat more differentiated than those of neuro-
blastomas. Nuclei are more uniform in size and shape,
and cytoplasm often contains synaptic vesicles in
neurocytomas. Homer Wright rosettes, with central
cores of neuritic processes, may be present both in neu-
roblastomas and in neurocytomas. Mitoses and necro-
sis of tumor cells are less common in neurocytomas.

Neuroblastoma

Neuroblastoma, ependymoblastoma, primitive neu-
roectodermal tumor, and medulloblastoma are all clas-
sified as “embryonal” tumors by the World Health Or-
ganization. Neuroblastoma is described and illustrated
in the section on small cell undifferentiated neoplasms
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Figure 8.38. Central neurocytoma (occipital cerebrum).
Higher magnification of the same neoplasm as that de-
picted in Figure 8.37 reveals the cytoplasm to contain
more than just ribosomes and mitochondria; in addition,

there is an abundance of smooth endoplasmic reticulum
(S), a small amount of rough endoplasmic reticulum (R),
numerous dense core granules (brackets), and focal col-
lections of microtubules (T). (� 21,200)



(see Chapter 4, Figures 4.9 through 4.12). Neuroblas-
tomas are generally the same, whether central or pe-
ripheral, although the centrally located lesions are rare,
less likely to show maturation to ganglion cells, and of-
ten mixed with varying numbers of nonneoplastic or
neoplastic astrocytes and oligodendrocytes. Olfactory
neuroblastoma (esthesioneuroblastoma) is composed of
neuroblasts either in a diffuse or a nesting arrangement.
Sustentacular (Schwann-like) cells may be found sur-
rounding groups of cells. The neuroblasts have the
same ultrastructural features already described, but
rosettes, ganglion cells, nuclear pleomorphism, and
necrosis are rare.

Ganglioneuroblastoma

Diagnostic criteria. (1) Neuroblasts with rosettes and
abundant neuropil (see section on neuroblastoma,
Chapter 4, Figures 4.9 through 4.12); (2) scattered gan-
glion cells (see sections on ganglioneuroblastoma, Fig-
ure 4.13, and ganglioneuroma, Figures 8.35 and 8.36);
(3) cells transitional between neuroblasts and ganglion
cells; (4) Schwann cells surrounding groups of un-
myelinated neurites.

Additional points. These are rare neuroblastic tumors
in which neuronal differentiation to intermediate cells
and mature ganglion cells is extensive, as opposed to
neuroblastomas with only focal ganglion cells.

Ependymoblastoma

This tumor is characterized by numerous rosettes and
intervening zones of small undifferentiated cells. The
ependymal cells lining the rosettes are similar to the
cells in classic ependymoma, except that in ependy-
moblastoma the cells are in more than one layer, and
mitoses are frequent (see section on ependymoma, Fig-
ures 8.22 through 8.29).

Primitive Neuroectodermal Tumor

(See Figures 4.19 through 4.21.)
Central primitive neuroectodermal tumors (PNETs)

include a broader group of neoplasms than peripheral
PNETs and, therefore, have a more diverse histology
and ultrastructure. Central PNETs are small cell tumors

of childhood that arise predominantly in the cerebellum
and have the potential for divergent differentiation into
neuronal (neuroblastic), astrocytic, ependymal, muscu-
lar, and melanotic lines. Rare rhabdoid tumors, so-
called atypical teratoid-rhabdoid tumors, may also be
included in the PNET category. In addition to having
small cells with large aggregates of whorled intermedi-
ate filaments as well as neuroepithelial, epithelial, and
mesenchymal elements, these tumors also contain com-
ponents of more typical PNET/medulloblastoma.

Medulloblastoma

(Figures 8.39 through 8.41.)
Diagnostic criteria. (1) Small primitive cell bodies,

with relatively few cytoplasmic organelles and a high
nuclear–cytoplasmic ratio; (2) cells with focal back-to-
back narrow cellular processes (Figures 8.39 and 8.40);
(3) microtubules within cellular processes (Figure 8.41);
(4) small intercellular junctions; (5) elongated, angular,
and indented, heterochromatic nuclei.

Additional points. This cerebellar neoplasm is classi-
fied as a central PNET, which arises in the roof of the
fourth ventricle or in the cerebellum and may be com-
pletely undifferentiated or have neuronal and/or glial
differentiation. Neuronal differentiation consists of long
cellular processes and microtubules, similar to those
seen in neuroblastoma. Homer Wright rosettes and even
ganglion cells may also be present. However, dense-
core granules are usually absent or rare in medul-
loblastomas. Glial differentiation is into astrocytes and
oligodendrocytes. Rarely, medulloblastomas may show
focal striated or nonstriated muscle differentiation
(medullomyoblastomas), or they may be pigmented (mela-
notic medulloblastomas).

Germinoma (and Embryonal Carcinoma,
Choriocarcinoma, and Teratoma)

See the section on germ cell tumors in Chapter 7.
Except for very rare forms, this group of neoplasms

is described in Chapter 7, and the ultrastructure is the
same wherever they occur, in gonads, retroperitoneum,
mediastinum, or pineal region.

(Text continues on page 532)
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Figure 8.39. Medulloblastoma (cerebellum). The cells
have the high nuclear–cytoplasmic ratio of primitive cells,
but the innumerable narrow processes (within dotted line)

between cell bodies are one of the diagnostic features of
neuronal differentiation. Nuclei are elongated, angular
and indented, and heterochromatic. (� 6500)
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Figure 8.40. Medulloblastoma (cerebellum). Innumerable narrow processes create small zones of neuropil (within
dotted lines) between primitive cell bodies. (� 8500)
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Figure 8.41. Medulloblastoma (cerebellum). High magnification of neoplastic cell processes depicts diagnostic mi-
crotubules (arrows). (� 13,500)
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(Text continued from page 528)

Pineocytoma and Pineoblastoma

(Figures 8.42 through 8.49.)
Diagnostic criteria. (1) Groups of oval and polygonal

cell bodies, with the groups being surrounded by basal
lamina (Figures 8.42 and 8.43); (2) cell processes with
varying numbers of intermediate filaments, micro-
tubules, and dense-core granules (Figures 8.47 through
8.49).

Additional points. Rosettes (radially arranged cells
having their processes converge on a central space) and
pseudorosettes (radially directed cells having their
processes converge on a blood vessel) may be present
in more differentiated examples (pineocytomas) of
these neoplasms. Other features to be noted include
prominent intercellular junctions (Figures 8.47 and
8.49), microlumens (Figure 8.44), intracytoplasmic
pseudolumens (Figure 8.42 inset, 8.45), moderate
amounts of cytoplasmic glycogen (Figure 8.45), and a
moderate number of mitochondria (Figures 8.44 and
8.47). In addition to neuronal differentiation, pineocy-
tomas and the less-differentiated pineoblastomas may
also show glial differentiation.

Hemangioma

See the section on angiosarcoma in Chapter 6.
The ultrastructure of the capillary hemangioma 

is similar to the description of this benign lesion in 
Chapter 6.

Hemangioblastoma

(Figures 8.50 and 8.51.)
Diagnostic criteria. (1) A field of thin-walled blood

vessels separated by a cellular stroma; (2) the endothe-
lial cells lining the vessels have junctions, basal lamina,

pinocytotic vesicles, villus-like projections on their lu-
minal surface, and sometimes Weibel-Palade (lysosome-
like) bodies; (3) the stromal cells are plump and usually
possess many lipid droplets and microfilaments in the
cytoplasm (Figures 8.50 and 8.51).

Additional points. The capillaries of hemangioblas-
tomas of the central nervous system (usually the cere-
bellum) are well formed, and the stromal component
comprising a solid sea of large, polygonal cells with co-
pious cytoplasm is unique (Figures 8.50 and 8.51). The
exact line of differentiation of these cells is uncertain.
Some of the stromal cells with the most lipid show
shrinkage and hyperchromatism of their nuclei and
swelling of their membrane-bound, cytoplasmic or-
ganelles, suggesting that the lipid is a degenerative
change. However, intact cells also usually contain some
lipid, albeit apparently less than in the degenerating
cells. Given that the lipid could be a feature of cell
death, a satisfactory classification of the stromal cells of
hemangioblastomas is still lacking. The cells are not
typical of histiocytes, because there is an insufficient va-
riety of cytoplasmic organelles, including lysosomes
and mitochondria. Moreover, they do not take up
metallic stains, as would be expected of histiocytes. 
Pericytes are a possible related cell, because they and
the stromal cells in question have filaments and small
intercellular junction. On the other hand, basal lamina
and a wider matrix between cells would be expected to
accompany more typical pericytes. Endothelial and
glial cells are other theoretical possibilities, but they do
not have a close enough morphologic resemblance to
the stromal cells, and their immunocytochemistry has
been mixed in regard to exhibiting glial fibrillary acid
protein, S-100 protein, and factor VIII, markers for glial,
neural, and endothelial cells, respectively. Finally, the
idea that the stromal cells could represent a stem cell for
the endothelial cells has insufficient evidence to be con-
vincing, and the classification of the stromal cell in he-
mangioblastoma currently goes unanswered.

(Text continues on page 543)
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Figure 8.42. Pineal gland. This specimen was interpreted
as probably a normal pineal gland, adjacent to a neo-
plasm, the two being similar to one another ultrastruc-
turally. Groups of polygonal and elongated parenchymal

cells (*) are surrounded by basal lamina (BL). (� 9500)
The inset shows one or two intracytoplasmic pseudolu-
mens (L) in a parenchymal cell. (� 5400)
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Figure 8.43. Pineocytoma (region of pineal gland). The
cell bodies are oval and polygonal, and some of them are
cut in a plane that allows the origin of their processes (P)

to be seen. The processes extend outward and intertwine
with one another (dotted circle). Basal lamina (BL) sur-
rounds groups of cells. (� 4960)
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Figure 8.44. Pineocytoma (region of pineal gland). This
neoplasm showed more differentiation than the one il-
lustrated in Figure 8.43, characterized by more copious
cytoplasm, more organelles, and formation of microlu-

mens (L). There also is compartmentalization of mito-
chondria (M) and smooth endoplasmic reticulum (circles)
in a supranuclear position. (� 12,600)
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Figure 8.45. Pineoblastoma (pineal body). This specimen
was processed by a method that preserved glycogen (G)
as electron-dense granules. Other structures are less
dense by this technique but are still visible, for example,

nuclei (N), intracytoplasmic pseudolumen (L), and lateral
cell membranes (arrows) with focal interdigitations (cir-
cle). (� 11,250)
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Figure 8.46. Pineoblastoma (pineal gland). Although less
well preserved, this neoplasm was identifiable as being
similar to, but less differentiated than, the pineocytomas
depicted in Figures 8.43 and 8.44. There is a high nuclear–
cytoplasmic ratio, an absence of a grouping arrangement

with surrounding basal lamina, and an absence of lu-
mens, rosettes, and pseudorosettes. Narrow, interdigitat-
ing cell processes are present, however, and are seen bet-
ter at the higher magnification of Figure 8.47. (� 4275)
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Figure 8.47. Pineoblastoma (pineal gland). Higher mag-
nification of the neoplasm depicted in Figure 8.46 illus-
trates the various cytoplasmic organelles, including mi-
tochondria (M), rough endoplasmic reticulum (RER), and

dense-core granules (arrows); nuclear pores (P) cut tan-
gentially; intercellular junctions (J); intertwined cell
processes (broken line enclosure). (� 18,460)
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Figure 8.48. Pineoblastoma (pineal gland). High magnification of the neoplasm shown in Figures 8.46 and 8.47 de-
picts numerous intertwined cell processes (brackets) and scattered dense-core granules (arrows). (� 28,600)
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Figure 8.49. Pineoblastoma (pineal gland). Still higher
magnification of the neoplasm illustrated in Figures 8.46
through 8.48 shows well an intercellular junction (J), sev-

eral dense-core granules (arrows), microfilaments (F), and
sparse microtubules (t). (� 62,250)
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Figure 8.50. Hemangioblastoma (cerebellum). Between the well-formed blood vessels (BV) are back-to-back stromal
cells, most of which contain numerous lipid droplets (L) and microfilaments (F). (� 4940)
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Figure 8.51. Hemangioblastoma (cerebellum). The lipid
droplets (L) are more numerous in degenerating cells (D),
characterized by shrunken nuclei with aggregated chro-

matin and dilated cytoplasmic organelles. A relatively
well-preserved stromal cell (S) contains no apparent lipid,
and microfilaments (F) are abundant. (� 7250)
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(Text continued from page 532)

Pituitary Adenoma

(Figures 8.52 through 8.61.)
Diagnostic criteria. (1) Diffuse sheets of closely

arranged, round, and polygonal cells with intercellular
junctions; (2) varying numbers and sizes of secretory
granules; (3) prominent Golgi apparatuses; (4) rough
endoplasmic reticulum often well developed, including
parallel stacks and whorls (nebenkern); (5) paranuclear
fibrous bodies (globoid aggregates of intermediate fil-
aments).

Additional points. Somatotrophic (growth-hormone
producing) adenomas usually are acidophilic by light
microscopy, correlating by electron microscopy with at
least a moderate number of secretory granules. When
the granules are numerous, they also tend to be large
(300–600 nm), and when they are sparse, they tend to
be smaller (100–250 nm). When the granules are nu-
merous, the Golgi apparatus and rough endoplasmic

reticulum also are prominent. Prolactinomas usually
have only a few small granules (chromophobic or
weakly acidophilic), but in some tumors the granules
may be very large (range, 500 to 800 nm). Adrenocorti-
cotrophic adenomas usually have some granules that are
tear shaped. The cells of these tumors may also contain
large, dense, secondary lysosomes (“enigmatic bodies”)
as well as numerous intermediate keratin filaments, 
including tonofibrils (Crooke’s hyaline, by light mi-
croscopy). Misplaced exocytosis of granules is a char-
acteristic of pituitary adenomas, especially prolactino-
mas, and it consists of extrusion of granules into lateral
intercellular spaces rather than via the normal route
through the cell membranes facing adjacent capillaries.
Granules may be located predominantly subjacent to
the plasmalemma; this is often true of the gonadotrophic,
thyrotrophic, and null cell adenomas, in which granules
are small and sparse. Some adenomas are of a mixed
cell type, as in the combined somatotrophic and pro-
lactin type, and any combination of sparsely and heav-
ily granulated cells may occur.

(Text continues on page 554)
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Figure 8.52. Pituitary gland, normal. The normal paren-
chymal cells are polygonal and in close apposition. Gran-
ules are present in all the cells, but the number and size
of the granules vary widely. The large cell (*) in the cen-

ter of the field has only a few small granules and would
be interpreted by light microscopy to be chromophobic.
(� 5940)
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Figure 8.53. Pituitary adenoma (nonfunctioning). The
neoplastic cells have a moderate number of small gran-
ules, many of which are located close to the plasmalem-

mas. Rough endoplasmic reticulum (R) is prominent and
arranged in stacks. Golgi apparatuses (G) are large, and
mitochondria (M) are numerous. (� 5720)
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Figure 8.54. Pituitary adenoma (nonfunctioning). High
magnification of a cell from the same neoplasm in Figure
8.53 shows the complexity of the cytoplasm. The secre-
tory granules are of the small, dense-core type and ap-

pear to be extruding into the space (*) between two cells.
Other prominent organelles include Golgi apparatuses
(G) and mitochondria (M). (� 20,000)
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Figure 8.55. Pituitary adenoma (prolactin-secreting). At
this magnification, the cells are of uniform size and shape
and are characterized by their small granules, stacks of

rough endoplasmic reticulum (R), and aggregates of
smooth endoplasmic reticulum (S; see Figure 8.56). (�
5940)
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Figure 8.56. Pituitary adenoma (prolactin-secreting).
Higher magnification of a cell of the same neoplasm in
Figure 8.55 shows a large aggregate of smooth endo-

plasmic reticulum (S) as well as a prominent Golgi ap-
paratus (G). (� 20,200)
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Figure 8.57. Pituitary adenoma (nonfunctioning). The
cells are of the oncocytic type, having abundant and
eosinophilic cytoplasm by light microscopy, and many
mitochondria (M) by electron microscopy. Secretory gran-

ules also are present (S), but they are not numerous and
are small and localized to the subplasmalemmal region
of the cytoplasm. (� 6570)
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Figure 8.58. Pituitary adenoma (nonfunctioning). Higher
magnification of the neoplasm shown in Figure 8.57 high-
lights the many mitochondria (M) and the subplas-

malemmal location of the dense-core granules (S). 
(� 23,000)
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Figure 8.59. Pituitary adenoma (corticotrophic). The cells of this neoplasm focally form a villus-lined microacinus
(*), readily identifiable even at low magnification by converging junctional complexes (J). (� 15,340)
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Figure 8.60. Pituitary adenoma (corticotrophic). Many of the cells of this neoplasm are similar to the one depicted,
with a cytoplasm rich in filaments (F). (� 25,900)
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Figure 8.61. Pituitary adenoma (corticotrophic). This
neoplasm appeared oncocytic at light microscopy, but
ultrastructurally the cytoplasm was rich in vesicles of

smooth endoplasmic reticulum (dotted circles) rather than
mitochondria. (� 6150)
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9
Miscellaneous

Neoplasms

Neuroendocrine Neoplasms

See also sections on neuroblastoma, Merkel cell carci-
noma, and oat cell carcinoma in Chapter 4.

The ultrastructural common denominator of neuro-
endocrine neoplasms is the presence of cytoplasmic
dense-core (neurosecretory) granules. Some of the tu-
mors, such as neuroblastoma, medullary carcinoma of
the thyroid, pheochromocytoma, extra-adrenal para-
ganglioma, and Merkel cell tumor are derived from
neural crest cells. Other neuroendocrine neoplasms,
such as pulmonary and gastrointestinal carcinoids and
pancreatic islet cell tumors, are derived from endoder-
mal cells.

Carcinoid/Islet Cell Neoplasms

(Figures 9.1 through 9.8.)
Diagnostic criteria. (1) Oval and/or spindle-shaped

cells, variably with long processes; (2) usually an insu-
lar arrangement of cells with basal lamina surrounding
the islands; (3) islands usually solid but may have lu-
mens with tight junctions and microvilli; (4) intermedi-
ate intercellular junctions and desmosomes; (5) numer-
ous cytoplasmic dense-core granules; (6) variable
intermediate filaments.

Additional points. Usually, carcinoids and islet cell tu-
mors pose no problem in identification because of their
many dense-core granules. However, some tumors,
such as atypical carcinoids, are less well differentiated
and may contain few granules, making diagnosis more
difficult. Carcinoid tumors derived from foregut have
small, round dense-core granules; those from midgut
have predominantly larger, pleomorphic granules; and
tumors from the hindgut have round small and large
granules. Pancreatic islet cells of the alpha-1 (delta) and
alpha-2 types have round dense-core granules of over-
lapping size and cannot be reliably distinguished from
one another. Beta cells, on the other hand, have both
nonspecific type granules and very distinctive ones
with angular crystalline cores (Figures 9.7 and 9.8).

Some neoplasms in this group are composed of a
combination of endocrine and exocrine cells, as in ade-
nocarcinoids of the gastrointestinal tract. Furthermore,
both endocrine and exocrine differentiation may be
found within individual (amphicrine) cells, exemplified
in neoplasms of various organs, such as gastrointesti-
nal (GI) and respiratory tracts.
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Figure 9.1. Carcinoid tumor (ileum). Islands of polygo-
nal cells are dispersed in a matrix of collagen (C). A mi-
crolumen (L) is present in the island in the center of the

field, and one cell contains a cytoplasmic pseudolumen
(*). Most conspicuous are the many electron-dense gran-
ules that occupy the basal cytoplasm of the cells. (� 5500)
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Figure 9.2. Carcinoid tumor (ileum). Higher magnifica-
tion of the neoplasm illustrated in Figure 9.1 reveals the
large and pleomorphic nature of the dense-core granules.

A discrete basal lamina (BL) around the island of cells also
is visible. (� 14,750)
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Figure 9.3. Carcinoid tumor (bronchus). An island of
polygonal and elongated cells depicts many dense-core
granules, and the granules in this foregut-derived neo-

plasm are smaller, more frequently round, and less pleo-
morphic than those of the midgut carcinoid illustrated in
Figure 9.2. (� 7300)
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Figure 9.4. Carcinoid tumor (bronchus). Higher magnification of the neoplasm shown in Figure 9.3 highlights the
round, uniformly sized, dense-core granules that typify foregut-derived carcinoid tumors. (� 21,870)
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Figure 9.5. Carcinoid tumor, spindle-cell type (bronchus). The neoplastic cells have long, narrow processes that run
parallel and in whorls. The diagnostic dense-core granules abound in all the cells. (� 10,260)
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Figure 9.6. Carcinoid tumor (bronchus). In addition to having innumerable dense-core granules, some of the cells
may contain bundles of filaments (tonofibrils) (F). (� 20,000)
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Figure 9.7. Islet (beta) cell tumor (pancreas). The neo-
plastic cell in the center of the field contains numerous
dense-core type granules, some of which have a round,

medium-dense secretory product, and others a round or
angular, crystalline material. (� 19,240)
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Figure 9.8. Islet (beta) cell tumor (pancreas). High magnification of a portion of the cell shown in Figure 9.7 illus-
trates the characteristic beta-type granules. (� 50,300)
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(Text continued from page 560)

Medullary (C-Cell) Carcinoma of the Thyroid

(Figures 9.9 through 9.12.)
Diagnostic criteria. (1) Islands of polygonal cells sur-

rounded by basal lamina; (2) dense-core granules of two
types: type I—large, medium-dense, and no halo, and
type II—small, very dense, and with a halo between the
secretory material and the limiting membrane of the
granule; (3) intercellular collections of nonbranching
fibrils of amyloid may or may not be present.

Additional points. Type I and type II granules may be
present within the same cell, although one or the other
usually predominates. The two types of granules rep-
resent different stages of secretory activity in the cells,
type I being associated with a storage phase and type II
being related to synthesizing and secretory phases. In
cells of the latter type, other signs of secretory activity
are also present, such as prominent Golgi apparatuses
and many cisternae of rough endoplasmic reticulum.

Parathyroid Carcinoma and Adenoma

(Figures 9.13 through 9.16.)
Diagnostic criteria. (1) Trabeculae and islands of poly-

gonal (chief) cells surrounded by basal lamina; (2) in-
tercellular junctions; (3) interdigitation of lateral cell
membranes; (4) dense secretory granules; (5) annulate
lamellae; (6) varying numbers of oncocytes, character-
ized by an overabundance of mitochondria, occurring
in groups among the chief cells.

Additional points. Prominent Golgi apparatuses and
smooth and rough endoplasmic reticulum vary with the
secretory state of the cells. Glycogen is usually present
and, in “clear” cells, is copious. A few droplets of lipid,
less than in normal parathyroid cells, single cilia, lu-
mens, and intracytoplasmic pseudolumens also may be
present. Distinguishing between parathyroid adenomas
and carcinomas is not reliably interpretable from their
ultrastructural features.

Paraganglioma (Chemodectoma), Extra-adrenal

(Figures 9.17 through 9.20.)
Diagnostic criteria. (1) Groups of oval or polyhedral

chief cells (Zellballen) surrounded by basal lamina; 
(2) round dense-core granules; (3) prominent Golgi ap-
paratuses; (4) rarely, sustentacular (Schwann-like) cells,
with filaments, arranged concentrically at the periph-
ery of the groups.

Additional points. Chief cells have interweaving 
cytoplasmic processes and also may have paranuclear
filaments and many mitochondria (oncocytes). Mito-
chondria may be swollen and irregular in shape. Sus-
tentacular cells are found only in highly differentiated

paragangliomas, and they are polygonal, triangular, or
elongate and have long polar processes with interme-
diate filaments. They may contain secondary lysosomes
and lipofuscin. Axons are distributed between, but not
within the groups of cells. Ganglion cells are present in-
frequently.

Pheochromocytoma (Adrenal Paraganglioma)

(Figures 9.21 through 9.23.)
Diagnostic criteria. (1) Groups of polygonal cells sur-

rounded by basal lamina and thin bands of collagen
with thin-walled blood vessels; (2) abundant cytoplasm
with many large, pleomorphic, dense-core granules; 
(3) prominent Golgi apparatuses.

Additional points. The dense-core granules are often
clear or only partly filled by the electron-dense secre-
tory product (Figure 9.22). This feature and the pleo-
morphism (Figure 9.23) of the granules make pheochro-
mocytoma a specifically identifiable member of the
neuroendocrine group of neoplasms. Both epinephrine-
and norepinephrine-containing granules are present in
the neoplastic cells but overlap in their morphologic
features, thus making specific identification of granules
unreliable. Sustentacular cells are not readily discernible
in pheochromocytomas.

Monomorphic Adenoma

These epithelial and myoepithelial neoplasms occur in
salivary, eccrine, apocrine, and mammary glands (see
sections on glandular and ductal epithelial ultrastruc-
ture in Chapter 3, and myoepithelial ultrastructure in
pleomorphic adenoma and adenoid cystic carcinoma in
this section). In the salivary glands specifically, mono-
morphic adenomas may be composed purely of lumi-
nal epithelial cells or dually of epithelial and myo-
epithelial cells. Subtypes of monomorphic adenoma
include papillary cystadenoma lymphomatosum (Warthin’s
tumor, adenolymphoma), oncocytoma, basal cell adenoma,
clear cell adenoma, myoepithelioma, and others. The cells
in Warthin’s tumor are epithelial and oncocytic, con-
taining numerous mitochondria, similar to oncocytic
cells described elsewhere in this book (Chapter 3, Fig-
ure 3.30). Basal cell adenomas may be composed purely
of basal-type reserve cells without differentiation into
myoepithelial cells or glandular epithelial cells, or they
may consist of basal cells mixed with myoepithelial
and/or epithelial cells. Clear cell adenomas and carci-
nomas are composed of epithelial cells with glycogen-
rich cytoplasm.

(Text continues on page 585)
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Figure 9.9. Medullary (C-cell) carcinoma (thyroid gland).
Portions of two islands of polygonal cells are separated
by a collagenous stroma (*). Most striking are the innu-
merable round granules in the cytoplasm of the cells.

Even at this low magnification, the granules can be dis-
cerned as being of two types: large and medium-dense
and small and very dense. (� 5720)
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Figure 9.10. Medullary (C-cell) carcinoma (thyroid
gland). In addition to many granules of both types (large
and medium-dense; small and very dense), numerous

other organelles are found in the cytoplasm of the cells:
Golgi apparatuses (G), rough endoplasmic reticulum (R),
mitochondria (M), and lipid droplets (L). (� 10,260)
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Figure 9.11. Medullary (C-cell) carcinoma (thyroid
gland). The small, dark, type II granules more consistently
have halos around their secretory product than do the

larger, medium-dense, type I granules. M � mitochon-
dria. (� 15,930)
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Figure 9.12. Medullary (C-cell) carcinoma (thyroid
gland). An example of amyloid, frequently found in the
extracellular matrix of medullary carcinomas, consists of

a dense network of nonbranching, 7- to 10-nm diameter
filaments. (� 81,000)
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Figure 9.13. Parathyroid carcinoma (metastatic to lung).
This carcinoma is well-differentiated and consists of is-
lands of polygonal chief cells surrounded by basal lam-
ina (BL). The cytoplasm contains many organelles, in-

cluding many mitochondria (M), and focal inclusions of
glycogen (large clear spaces, G), and a few droplets of
lipid (L). (� 7020)
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Figure 9.14. Parathyroid carcinoma (metastatic to lung).
Higher magnification of several neoplastic cells illustrates
many cytoplasmic organelles, including many small and
dense or empty granules (arrows and circle) and Golgi

apparatuses (g). Lipid (lipofuscin) (L) and glycogen in-
clusions (G), folded lateral plasmalemmas (*), and a dis-
crete basal lamina (BL) also are visible. (� 13,650)
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Figure 9.15. Parathyroid carcinoma (metastatic to lung).
High magnification of the periphery of an island of neo-
plastic chief cells depicts a limiting basal lamina (BL), in-
folded lateral plasmalemmas (*), a prominent junction (J),

many vesicles and cisternae of smooth endoplasmic retic-
ulum (circles), and small membrane-bound granules (g).
(� 7100)
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Figure 9.16. Parathyroid adenoma, oncocytic type. The oncocytes are characterized by innumerable mitochondria
(M) filling their cytoplasm. Scattered lipid droplets (L) also are present. (� 7020)
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Figure 9.17. Paraganglioma (carotid body). Discrete balls of oval and polygonal (chief ) cells are distributed in a ma-
trix of collagen. (� 2440)
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Figure 9.18. Paraganglioma (carotid body). Within this
Zellball a clear distinction is discernible between chief
cells (C) and sustentacular cells (S), the later being spin-

dle shaped and located peripherally and concentrically.
(� 5940)
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Figure 9.19. Paraganglioma (carotid body). This region
of a Zellball illustrates the characteristics of the inter-
weaving cytoplasmic processes (P) of the chief cells. A

moderate number of dense-core granules (circle) is visi-
ble. (� 14,000)
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Figure 9.20. Paraganglioma (carotid body). High mag-
nification of the periphery of a Zellball depicts an en-
wrapping sustentacular cell (S). The dark cytoplasm is re-
lated to innumerable microfilaments. A basal lamina (BL)

is visible focally between the sustentacular cell and the
collagenous matrix (C). A few dense-core granules 
(circles) are present in the cytoplasm of the chief cell.
(� 3380)
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Figure 9.21. Pheochromocytoma (adrenal gland). A
group of polygonal cells is sharply demarcated from the
surrounding collagen (C) and blood vessel (BV). Most

striking are the many electron-dense granules in the cyto-
plasm of the cells. (� 5500)

582 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 9.22. Pheochromocytoma (adrenal gland). Characteristic of the granules in this type of neuroendocrine tumor
are their large size, pleomorphism, and partial emptiness. (� 20,000)
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Figure 9.23. Pheochromocytoma (adrenal gland). In con-
trast to Figure 9.22, most of the dense-core granules in
this cell are filled with secretory product. However, their

large size and pleomorphism are again well exemplified.
(� 43,500)
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(Text continued from page 569)

Pleomorphic Adenoma

(Figures 9.24 through 9.28.)
Diagnostic criteria. (1) Nests or sheets of two types of

cells (epithelial and myoepithelial), in a prominent ma-
trix of banded collagen, amorphous and medium-dense
basal lamina, and clear glassy glycosaminoglycans (Fig-
ure 9.24); (2) flat, cuboidal, or columnar (epithelial) cells
with microvilli and junctional complexes, lining central
acinus-like and duct-like spaces (Figure 9.25); (3) spin-
dle, stellate, or irregularly shaped (myoepithelial) cells
with desmosomes, thin and intermediate filaments, and
dense bodies (dense aggregates of filaments) sur-
rounding the central lining cells (Figure 9.26); (4) secre-
tory granules (serous and/or mucous) in the epithelial
lining cells and secretory products of varying density
in the lumens (Figure 9.25).

Additional points. The epithelial cells lining lumens
usually are single layered, and the myoepithelial cells
surrounding them are multilayered. The myoepithelial
cells may be sharply demarcated from the adjacent ma-
trix by basal lamina, or they may extend irregularly into
the matrix where they become separated, sometimes
widely, and have thin lateral cytoplasmic processes and
focal basal lamina (Figure 9.27). Myoepithelial cells may
be well differentiated, with the desmosomes, filaments,
and dense bodies described in the previous paragraph,
or they may be poorly differentiated (Figure 9.28), or
even metaplastic to squamous epithelial cells with
tonofibrils and keratin cysts and to chondrocytes with
abundant glycogen and numerous dilated cisternae of
rough endoplasmic reticulum.

Adenoid Cystic Carcinoma

(Figures 9.29 through 9.35.)
Diagnostic criteria. (1) Islands of polygonal cells, with

numerous sieve-like spaces scattered through the is-
lands (Figures 9.29, 9.31, and 9.32); (2) basal lamina sur-
rounding the islands and filling some of the spaces
(pseudolumens) (Figures 9.29, 9.31, and 9.32); (3) true
lumens comprising some of the spaces, with epithelial-
type lining cells that have microvilli and junctional
complexes (Figure 9.30); (4) myoepithelial cells, circum-

ferentially arranged at the periphery of the epithelial
cells and characterized by many cytoplasmic filaments,
dense bodies, and hemidesmosomes along the subja-
cent basal lamina; (5) in some tumors, luminal lining
cells that have short, stubby microvilli and many cyto-
plasmic intermediate filaments and tonofibrils (Figures
9.34 and 9.35).

Additional points. The most specific criteria for recog-
nizing this neoplasm are the profuse basal laminar ma-
terial filling some of the spaces and the myoepithelial
cells. The myoepithelial cells show a range of differen-
tiation, with the less differentiated ones not exhibiting
the characteristic filaments and dense bodies. Others
may show squamous metaplasia, with tonofibrils (Fig-
ure 9.33). The ultrastructure of adenoid cystic carcino-
mas is similar wherever they occur—salivary glands,
trachea and bronchi, or breast. The short, blunt type of
microvilli described under the fifth diagnostic criterion
is more characteristic of ductal- than glandular-type ep-
ithelium. Glandular villi are longer and more slender,
and are also found in these and other salivary gland-
type neoplasms.

Mucoepidermoid Carcinoma

(See also Chapter 3, Figures 3.48 and 3.49)
(Figures 9.36 through 9.41.)
Diagnostic criteria. (1) Solid and cystic arrangements

of two types of cells, epithelial and myoepithelial (Fig-
ure 9.36); (2) some epithelial cells contain many mucous
granules (goblet cells) and (3) others are of the luminal
lining type described in pleomorphic adenoma and
adenoid cystic carcinoma (Figure 9.37); (4) purely squa-
mous cells with tonofibrils and no mucous granules; 
(5) tonofibrils in some of the mucous cells (squamous
metaplasia); (6) myoepithelial cells with desmosomes,
filaments, and dense bodies; (7) tonofibrils in myoep-
ithelial cells (squamous metaplasia) (Figures 9.36
through 9.38).

Additional points. The proportion of mucous cells,
squamous cells, myoepithelial cells, and squamous
metaplastic cells varies among neoplasms in the mu-
coepidermoid category. Also, myoepithelial cells may
be absent or difficult to identify with certainty when
there is squamous metaplasia.

(Text continues on page 604)
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Figure 9.24. Pleomorphic adenoma (lung). Islands of
polygonal cells are surrounded by basal lamina (BL) and
separated by a matrix rich in collagen (C). The dark cell

(arrow) at the periphery of one island is oriented circum-
ferentially and represents a myoepithelial cell. (� 5720)
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Figure 9.25. Pleomorphic adenoma (lung). High magni-
fication of the center of an island of neoplastic cells re-
veals a true lumen with junctional complexes (J), mi-
crovilli (V), and intraluminal secretory products (S). Also

discernible in the cytoplasm of the cells are secretory
granules (g), open spaces of glycogen (G), bundles of fil-
aments (F), and pseudolumens (*). (� 10,260)
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Figure 9.26. Pleomorphic adenoma (lacrimal gland). A
myoepithelial cell at the periphery of an island of neo-
plastic polygonal cells is filled with filaments and dense

aggregates (dense bodies) (arrows) of filaments. A thick
layer of basal lamina (BL) borders the myoepithelial cells.
(� 14,600)
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Figure 9.27. Pleomorphic adenoma (parotid gland). An
island of irregularly shaped neoplastic cells is incom-
pletely demarcated from the surrounding edematous

stroma by basal lamina. Most of the cells are separated
from one another, and their lateral borders are raised into
narrow processes. (� 5300)



Figure 9.28. Pleomorphic adenoma (parotid gland).
Higher magnification of the island of cells illustrated in
Figure 9.27 reveals a moderate number of cytoplasmic

filaments (see Inset) but no dense aggregates of them. The
cells are myoepithelial in type but less differentiated than
their nonneoplastic counterpart. (� 12,500) (inset � 24,500)
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Figure 9.29. Adenoid cystic carcinoma (bronchus). Is-
lands of polygonal cells are surrounded by basal lamina
(BL) and contain scattered spaces (*). Even at this low

power the upper space is discernible as being a pseudo-
lumen filled with basal lamina. (� 5720)



Figure 9.30. Adenoid cystic carcinoma (bronchus). This space represents a true lumen (L), characterized by microvilli
(V) and junctional complexes (J). (� 5500)
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Figure 9.31. Adenoid cystic carcinoma (bronchus). Con-
trasted to the true lumen illustrated in Figure 9.30, this
pseudolumen (PL) is filled with basal laminar material,
and the adjacent cells have no microvilli or junctional

complexes. The cells are poorly differentiated myo-
epithelial cells, and although desmosomes (D) are con-
spicuous, cytoplasmic filaments are not prominent. 
(� 9100)



Figure 9.32. Adenoid cystic carcinoma (breast). Islands
of poorly differentiated myoepithelial cells are separated
by irregular cyst-like spaces (S) filled with basal laminar

material (BL). The cells tend to be separated from one an-
other and to have lateral cytoplasmic processes project-
ing into the intercellular spaces (*). (� 5090)
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Figure 9.33. Adenoid cystic carcinoma (bronchus). High
magnification of myoepithelial cells shows a few tonofib-
rils (T), consistent with mild squamous metaplasia. Des-

mosomes (D), basal lamina (BL), and intercellular spaces
(*) also are evident in this field. (� 21,200)
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Figure 9.34. Adenoid cystic carcinoma (breast). The two
cells (A and B) lining the basal-lamina-filled spaces (S) on
the left are consistent with myoepithelial cells, whereas

the ones (C, D, and E) lining the true lumen (L) on the
right have tonofibrils (T), extra-large desmosomes (d), and
many short, blunt microvilli (V). (� 11,000)
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Figure 9.35. Adenoid cystic carcinoma (breast). Higher magnification of the luminal lining cells of Figure 9.34 provides
more detail of the extra-large desmosomes (d) and the short, blunt microvilli (V). T � tonofibrils. (� 15,900)
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Figure 9.36. Mucoepidermoid carcinoma (bronchus). A
solid island of metaplastic squamous cells (S) and a gob-
let-type epithelial cell (E). The tonofibrils (T) mark the

squamous cells, and the mucous granules (M) character-
ize the goblet cell. (� 4880)
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Figure 9.37. Mucoepidermoid carcinoma (bronchus).
This field of myoepithelial (M) and metaplastic squamous
(S) cells illustrates the tendency of the cells to separate

and for the intercellular spaces (*) to be filled by basal
laminar material and lined by villus-like cellular projec-
tions. (� 6960)
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Figure 9.38. Mucoepidermoid carcinoma (bronchus).
Higher magnification of two squamous-type cells reveals
the tonofibrils (T) to have a predilection for a perinuclear,

concentric arrangement. The mitochondria (M) also are lo-
cated predominantly in the perinuclear region. (� 14,500)
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Figure 9.39. Mucoepidermoid carcinoma (bronchus). A
small gland-like space (S) is lined by two types of epi-
thelial cells (A and B), both of which have microvilli, but
only one (A) of which contains mucinous granules (m).

The cells (C) adjacent to the lining cells show mild squa-
mous differentiation (seen better at higher magnification
in Figure 9.40). (� 4880)
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Figure 9.40. Mucoepidermoid carcinoma (bronchus). Another field of the neoplasm depicted in Figure 9.39 reveals
that some of the mucous lining cells also contain tonofibrils (T). (� 6960)
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Figure 9.41. Mucoepidermoid carcinoma (bronchus). High magnification reveals granules of mucus (m) and tonofib-
rils (T) within the same glandular lining cell. (� 23,500)
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(Text continued from page 585)

Alveolar Soft-Part Sarcoma

(Figures 9.42 through 9.45.)
Diagnostic criteria. (1) Small groups of polyhedral

cells with abundant cytoplasm, surrounded by basal
lamina and thin-walled blood vessels (Figures 9.42); 
(2) small junctions; (3) small, villus-like projections fo-
cally between cells, but no true lumens; (4) numerous
mitochondria (Figure 9.42); (5) stacked rough endo-
plasmic reticulum (Figure 9.42); (6) well-developed
Golgi apparatuses (Figure 9.43); (7) small-to-large
round granules, usually in the region of the Golgi (Fig-
ure 9.43); (8) large polygonal, often rhomboid crystals
(Figures 9.43 and 9.44); (9) varying amounts of glyco-
gen (Figure 9.42).

Additional points. The crystals are the most distinctive
feature of the neoplastic cells. They have an internal
structure of parallel filaments with a constant periodic-
ity, and a limiting membrane is often visible. They de-
velop progressively from the round granules, and tran-
sitional forms are usually identifiable (Figure 9.45).
Rough endoplasmic reticulum and glycogen vary in
amount. Some of the groups of cells have central, de-
generating cells that account for the pseudolumens seen
by light microscopy. Morphologic evidence is still in-
complete to prove any of the theories of histogenesis of
alveolar soft-part sarcoma, including smooth muscle,
nonchromaffin paraganglia, and renal juxtaglomerular-
like cells. Theories of origin that probably can be ruled
out are those that suggest skeletal muscle and Schwann
cells.

Chordoma

(Figures 9.46 through 9.50.)
Diagnostic criteria. (1) Round and polyhedral cells

arranged singly and in cords and clusters, in a floccu-
lent (mucopolysaccharide) matrix (Figure 9.46); (2) cy-
toplasmic processes of one cell wrapping around an ad-
jacent cell, leaving an intervening space (Figures 9.47

and 9.48); (3) villus-like projections from portions of the
cell surface (Figures 9.46 to 9.49); (4) basal lamina on
perivascular side of cell; (5) prominent desmosomes
(Figures 9.48 and 9.49); (6) varying number and size of
cytoplasmic vacuoles produced by dilated rough en-
doplasmic reticulum; (7) many mitochondria, often in
one compartment of the cytoplasm; (8) mitochondria–
rough endoplasmic reticulum complexes, in which a
cisterna of rough endoplasmic reticulum arches over
and follows the contour of a mitochondrion (Figure
9.49); (9) large accumulations of glycogen in some cells
(Figures 9.46, 9.47, 9.49, and 9.50); (10) intermediate 
filaments, sometimes in bundles; (11) indentations
(pseudoinclusions) of the nucleus by the cytoplasm; 
(12) invaginations of the cytoplasm by the extracellular
matrix (Figure 9.46).

Additional points. Other cellular features include
varying amounts of smooth endoplasmic reticulum,
prominent Golgi apparatuses (Figure 9.49), and pinocy-
totic vesicles. The stellate and physaliferous cells com-
prising chordomas are the same cell type when viewed
ultrastructurally. Their difference is in the extent of vac-
uolization, and the vacuoles seen at the light micro-
scopic level prove ultrastructurally to be the result of
several factors: dilatation of rough endoplasmic reticu-
lum, cytoplasmic glycogen, and invaginations of the cy-
toplasm by the extracellular matrix. Furthermore, the
intercellular spaces created by one cell wrapping around
another may be discerned as intracellular vacuoles at
the light microscopic level. Although dilated rough 
endoplasmic reticulum filled with medium-dense ma-
terial represents active production of proteinaceous
substances such as collagen, glycosaminoglycan (mu-
copolysaccharide), and glycoproteins, dilated empty cis-
ternae of rough endoplasmic reticulum represent a de-
generative or artifactual change. The dilated reticulum
in physaliferous cells may be of both types, but the
empty type is more usual. Chondroid chordoma is some-
what controversial in regard to cell type(s), but a vari-
ant of chordoma rather than a form of chondrosarcoma
is more probable. Parachordoma, a rare nonaxial and ex-
traskeletal tumor, has the same ultrastructural features
as axial chordoma.

(Text continues on page 613)
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Figure 9.42. Alveolar soft-part sarcoma (soft tissue of
thigh). Groups of closely apposed oval and polygonal
cells are separated by bands of collagenous matrix (C).
The cells have abundant cytoplasm with numerous mi-

tochondria (M), open spaces of glycogen (G), and col-
lections of stacked rough endoplasmic reticulum (R). 
(� 5300)
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Figure 9.43. Alveolar soft-part sarcoma (soft tissue of
thigh). High magnification of one of the neoplastic cells
depicts a large Golgi apparatus (G) with numerous small

clear and dense granules, numerous mitochondria (M),
and numerous angular, crystalline granules (arrows). 
(� 38,000)
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Figure 9.44. Alveolar soft-part sarcoma (soft tissue of
thigh). High magnification of several round granules (ar-
rows) and rhomboid crystalline granules (*) reveals the
latter to have an internal linear pattern. (� 56,000)
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Figure 9.45. Alveolar soft-part sarcoma (soft tissue of
thigh). Ultra-high magnification of two crystals shows one
to be of the round or oval type (arrow) and the other to
be transitional from round to angular type (*). (� 85,000)



Figure 9.46. Chordoma (cervical vertebra). Clusters of
neoplastic cells are distributed in a clear and flocculent
matrix. The cells have numerous complicated processes

(P) and escalloped open spaces of glycogen (G) in the cy-
toplasm. (� 7290)
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Figure 9.47. Chordoma (lumbar vertebra). Round and
polygonal neoplastic cells focally abut one another but
elsewhere are separated by channel-like spaces (*). The
florid villus-like processes are recognized more easily in

the spaces than where adjacent cell borders abut one 
another. The cytoplasm contains many organelles, and 
escalloped clear spaces of glycogen (G) are extensive. 
(� 9880)
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Figure 9.48. Chordoma (lumbar vertebra). Processes (P)
of one neoplastic cell (A) tend to wrap around another
cell (B), creating a channel-like intercellular space (*). Vil-
lus-like projections off the main processes (P) are con-

nected by desmosomes (D) to similar projections from the
enwrapped cell. Nuclei usually are oval and have a small
amount of heterochromatin and nucleoli of moderate
size. (� 7560)
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Figure 9.49. Chordoma (lumbar vertebra). High magni-
fication of a neoplastic cell illustrates several character-
istic features: copious cytoplasmic glycogen (G, the clear,
glassy spaces); mitochondria–rough endoplasmic reticu-

lum complexes (arrows); a prominent Golgi apparatus
(Ga); a pseudolumen (*) produced by an invagination of
the cell by the extracellular matrix; and large desmo-
somes (D). (� 13,000)



Figure 9.50. Chordoma (lumbar vertebra). This specimen was processed to preserve glycogen as electron-dense gran-
ules (G), and the cytoplasm of the neoplastic cells is demonstrated to be rich in this inclusion. (� 6480)
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(Text continued from page 604)

Epithelioid Sarcoma

(Figures 9.51 through 9.53.)
Diagnostic criteria. (1) Groups of tightly apposed,

large, and oval and polygonal cells with (2) round, oval,
or indented nuclei; (3) abundant cytoplasm; with (4) nu-
merous intermediate filaments and tonofibrils; (5) a
moderate number of organelles including free ribo-
somes, mitochondria, and rough endoplasmic reticu-
lum; (6) intercellular junctions, including desmosomes;
(7) inconsistent, focal basal lamina around cellular
groups; (8) flocculent and collagenous matrix separat-
ing epithelioid cellular groups and containing pleo-
morphic fibroblasts, myofibroblasts, and facultative 
histiocytes.

Additional points. Variable other features of the ep-
ithelioid cells are primary and secondary lysosomes, 
inclusions of lipid and glycogen, and filopodia at free
surfaces of cells. Paranuclear whorls of intermediate fil-
aments, creating a rhabdoid appearance both at electron
microscopic and light microscopic levels, may also be
found.

The mesenchymal components of epithelioid sarco-
mas, that is, the fibroblastic family of cells between the
epithelioid groupings, are controversial in regard to be-
ing malignant versus reactive.

Hepatoblastoma

(Figures 9.54 through 9.58.)
Diagnostic criteria. (1) Small, fetal-type hepatocytes in

cords and/or sheets; (2) canaliculi between some cells;
(3) vascular sinuses adjacent to hepatoblasts; (4) a mod-
erate amount of cytoplasm with glycogen, variable
lipid, and few organelles, including free ribosomes and
a moderate number of mitochondria and cisternae of
rough endoplasmic reticulum; (5) round and oval nu-
clei with multiple nucleoli; (6) oval and spindle embry-
onal cells with scanty cytoplasm and few organelles;
and (7) pleomorphic nuclei with large nucleoli.

Additional points. Hepatoblastomas most commonly
are composed of epithelial-type cells, but a mixture of
epithelial and mesenchymal cells also occurs in some
tumors. The epithelial hepatoblastomas are subdivided
into fetal, embryonal, and small cell anaplastic subtypes.
Combinations of cellular subtypes may be found in any
one neoplasm. The fetal component resembles fetal
liver, with cords of two hepatocyte thickness, occasional
canaliculi between cells, and sinuses adjacent to the
cords. Sheets of cells may also be present. No bile ducts
or portal triads accompany the other components. The
embryonic subtype or component of hepatoblastoma is

composed of less differentiated cells, in varying non-
cord arrangements. The nuclear–cytoplasmic ratio is
high, and glycogen is less abundant than in the fetal
type cells. The anaplastic subtype of hepatoblastoma is
composed of small, poorly differentiated cells in vary-
ing arrangements and with heterochromatic nuclei,
scant cytoplasm, and few organelles. The mesenchymal
component of mixed hepatoblastomas consists of oval
and spindle cells that may show fibroblastic, osteoblas-
tic, chrondroblastic, or rhabdomyoblastic differentia-
tion. Focal neuroendocrine differentiation, character-
ized by cells with dense-core granules, may be present
both in mixed and in pure epithelial hepatoblastomas.

Embryonal Sarcoma of Liver

(Figures 9.59 and 9.60.)
Diagnostic criteria. (1) Undifferentiated, primitive

mesenchymal type cells; (2) fibroblasts, myofibroblasts,
and facultative histocytes; (3) variably, leiomyoblastic,
rhabdomyoblastic, lipoblastic, and epithelial (squa-
mous) cells.

Additional points. Other terms for this neoplasm have
been undifferentiated sarcoma, and malignant mesenchy-
moma. The neoplastic cells may contain round, membrane-
bound, electron-dense bodies that correspond to hya-
line bodies visible by light microscopy and that stain for
serum proteins such as alpha-1-antitrypsin.

Gastrointestinal Stromal Tumor

(Figures 9.61 through 9.64.)
Diagnostic criteria. (1) Poorly differentiated spindle

and/or epithelioid cells; (2) dispersed individually or
in tight apposition; with (3) nondescript cytoplasm and
nucleus; or with (4) features of leiomyoblasts, fibro-
blasts, Schwann cells, or autonomic nerve cells.

Additional points. Although many of these tumors are
being diagnosed by light microscopy alone, simply as
“GI stromal tumor,” many of them can be subclassified
by electron microscopy. In our experience, many GI
stromal tumors have either obvious or subtle ultra-
structural features of smooth muscle (see Chapter 6 for
descriptions and illustrations of leiomyoblasts, fibro-
blasts, and Schwann cells).

We have seen one example of a smooth muscle type
of GI stromal tumor with so-called skeinoid fibers, pe-
culiar collagen fibers in a tangled arrangement between
tumor cells (Figure 9.64). These fibers are more often
present in gastrointestinal autonomic nerve (GAN) tu-
mors (see next section) but may also be seen in Schwann
cell tumors and other GI stromal tumors.

(Text continues on page 628)
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Figure 9.51. Epithelioid sarcoma (hypothenar soft tissue).
A group of large, oval and polygonal, tightly apposed
cells is surrounded by a collagenous matrix (C). The cells
have oval and indented nuclei without conspicuous nu-

cleoli. Cytoplasm is abundant and contains a moderate
number of organelles and focal collections of filaments
(f ). (� 7000)
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Figure 9.52. Epithelioid sarcoma (hypothenar soft tissue).
Four large polygonal cells have numerous filaments (f )
filling their cytoplasm. Other organelles include a few mi-

tochondria (M) and a few cisternae of rough endoplas-
mic reticulum (arrows). (� 10,500)



Figure 9.53. Epithelioid sarcoma (hypothenar soft tissue). High magnification of an area of cytoplasm with many fil-
aments reveals the tendency of aggregation of the filaments into bundles or tonofibrils (t). (� 27,000)
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Figure 9.54. Hepatoblastoma, embryonal (liver). A dif-
fuse collection of small oval and elongated cells are
tightly apposed and have a high nuclear–cytoplasmic ra-

tio. Nuclei are pleomorphic and predominantly euchro-
matic, and nucleoli are of moderate size and, in some
cells, multiple. (� 3600)
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Figure 9.55. Hepatoblastoma, embryonal (liver). An island of neoplastic small cells reveals some of the cells to be
elongated and for the cytoplasm to contain numerous mitochondria (brackets). (� 6000)
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Figure 9.56. Hepatoblastoma, embryonal (liver). Slightly
higher magnification of elongated cells from the same
neoplasm in Figure 9.55 again illustrates the numerous

mitochondria as well as intercellular junctions (J). 
(� 6800)
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Figure 9.57. Hepatoblastoma, fetal (liver). The cells in
this fetal type of hepatoblastoma are larger and have more
cytoplasm than those depicted in the embryonal type in
Figures 9.54 through 9.56. Nuclei are oval and usually

regular in contour, and cytoplasm has a mixture of or-
ganelles, including numerous mitochondria (M). Inter-
cellular canaliculi are identifiable focally by the villous
character of the plasma membranes (*). (� 6000)
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Figure 9.58. Hepatoblastoma, fetal (liver). These fetal-
type hepatocytes have a distinct resemblance to normal
hepatocytes and contain numerous mitochondria (M),

open spaces of glycogen (G), scattered lipid droplets (L),
and collections of endoplasmic reticulum (R). (� 5100)
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Figure 9.59. Embryonal sarcoma of liver. Several poorly
differentiated neoplastic cells have pleomorphic nuclei,
large nucleoli, and a mixture of cytoplasmic organelles,

including mitochondria (M), rough endoplasmic reticu-
lum (R), and focal filaments (bracket). (� 3500)
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Figure 9.60. Embryonal sarcoma of liver. High magnifi-
cation of a neoplastic cell depicts dilated rough endo-
plasmic reticulum (R) and peripherally located interme-

diate filaments with associated dense bodies (d), charac-
teristic of a myofibroblast. (� 21,000)
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Figure 9.61. Gastrointestinal stromal tumor, low grade
and nondescript type (jejunum). Neoplastic oval and
elongated cells have long processes that focally aggre-

gate in areas (*) devoid of cell bodies. Although sugges-
tive of neural differentiation, no microtubules, dense-core
granules, or synaptic vesicles were found. (� 5200)
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Figure 9.62. Gastrointestinal stromal tumor, low grade
and nondescript type (jejunum). The neoplastic cells have
a high nuclear–cytoplasmic ratio and long polar pro-

cesses (P). Round-ended nuclei suggest smooth muscle
differentiation, but cytoplasmic features (see Figure 9.63)
are not conclusive for smooth muscle. (� 5200)
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Figure 9.63. Gastrointestinal stromal tumor, low grade
and nondescript type (jejunum). High magnification of
one of the polar processes of a cell reveals numerous fil-
aments (f ) without dense bodies. Rough endoplasmic

reticulum (R) is also moderately prominent, and mito-
chondria (M) are numerous in some compartments of the
cells. (� 22,000)



Figure 9.64. Gastrointestinal stromal tumor, smooth mus-
cle type, with skeinoid fibers (ileum). This tissue was re-
moved from paraffin, and ultrastructural detail is not op-
timally present. However, round-ended nuclei and

innumerable mitochondria (M) are supportive of smooth
muscle differentiation. Between the cells are large ag-
gregates of skeinoid fibers (S). (� 5300) Inset: Higher
magnification of skeinoid fibers (� 25,000)
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(Text continued from page 613)

Gastrointestinal Autonomic Nerve Tumor
(Plexosarcoma)

(Figure 9.65.)
Diagnostic criteria. (1) Spindle and/or epithelioid

cells, loosely or tightly arranged; with (2) oval or elon-
gated nuclei and small nucleoli; (3) long interdigitating,
cytoplasmic processes (axons); with (4) small intercel-
lular junctions; (5) intermediate filaments; (6) micro-
tubules; (7) synaptic boutons and vesicles; and (8) dense-
core granules.

Additional points. GAN tumors probably arise from
submucosal and myenteric plexuses. They may be dif-
ficult to diagnose with certainty, but microtubules and
convincing synaptic vesicles are important criteria.
Schwann cells, with characteristic basal lamina, accom-
pany the neurones in a minority of cases. Skeinoid
fibers, defined in the section on GI stromal tumors, are
more frequently present in GAN tumors (Figure 9.65).

A tumor that may be related to the GAN tumor is one
composed of cells suggesting derivation from the in-
terstitial cells of Cajal, also referred to as GI pacemaker
cells. Ultrastructurally, these cells have some overlap-
ping features of smooth muscle cells and autonomic
nerve cells. They have interdigitating filopodia, basal
lamina, junctions, numerous mitochondria, abundant
smooth endoplasmic reticulum, large Golgi appara-
tuses, varying numbers of thin filaments and dense
bodies, microtubules, and variable dense-core granules
and synaptic vesicles.

Pulmonary Blastoma

(Figures 9.66 through 9.70.)
Diagnostic criteria. (1) Undifferentiated blastema with

a high nuclear–cytoplasmic ratio and sparse cytoplas-
mic organelles; and (2) biphasic epithelial and mes-
enchymal differentiation; with (3) some epithelial cells

being cuboidal and columnar and occurring in solid
and/or glandular and tubular arrangements; and 
having (4) copious glycogen; (5) few cytoplasmic organ-
elles; and (6) other epithelial cells showing differentiation
to Clara cells, type II alveolar cells and neuroendocrine
cells (see Chapter 3); (7) embryonal mesenchymal cells,
elongated and spindle shaped; with (8) a few diminu-
tive junctions; (9) varying lines of cytoplasmic differ-
entiation, including fibroblastic (prominent rough en-
doplasmic reticulum), rhabdomyoblastic (thin and thick
filaments and Z-bands, with sarcomere formations),
leiomyoblastic (thin and intermediate filaments with
dense bodies, etc.), chondroblastic (abundant rough en-
doplasmic reticulum, cytoplasmic glycogen, and escal-
loped plasmalemma), and osteoblastic (abundant rough
endoplasmic reticulum, glycogen, and hydroxyapatite
(see Chapter 6).

Additional points. Epithelial differentiation into Clara
cells is characterized primarily by the cells having api-
cal large, dense, secretory granules. Type II alveolar
cells are identifiable by cytoplasmic lamellar (surfac-
tant) bodies. Other markers for pulmonary epithelium
include cilia and microvilli with GI-type anchoring fil-
aments (see Chapter 3, Figure 3.8).

Juxtaglomerular Cell Tumor

(Figures 9.71 and 9.72.)
Diagnostic criteria. (1) Round and elongated cells;

with (2) surrounding basal lamina; (3) infrequent,
diminutive junctions; (4) prominent Golgi apparatuses;
(5) moderately prominent rough endoplasmic reticu-
lum; (6) round, angular, and rhomboid secretory (renin-
containing) granules; (7) crystalline secretory product
in rhomboid granules; (8) varying numbers of thin fil-
aments; (9) round, mildly indented, euchromatic nuclei,
and small- to medium-sized nucleoli.

Additional points. Mast cells and groups of unmyeli-
nated neurites may be present among the juxtaglo-
merular cells.

(Text continues on page 637)
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Figure 9.65. Gastrointestinal autonomic nerve tumor
(peritoneum, metastatic from stomach). This controver-
sial neoplasm has a number of features, such as polar
processes with microtubules, suggestive of autonomic

nerve origin, but smooth muscle differentiation could not
be ruled out 100%. Shown here is an intercellular group
of skeinoid fibers (S). (� 15,000) Inset: Higher magnifi-
cation of the skeinoid fibers. (� 36,000)
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Figure 9.66. Pulmonary blastoma, blastema (seventh cer-
vical vertebra, metastatic from lung). Undifferentiated
blastema cells have a high nuclear–cytoplasmic ratio, eu-

chromatic and irregularly shaped nuclei, prominent and
multiple nucleoli, and scanty cytoplasm with few organ-
elles. (� 3200)
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Figure 9.67. Pulmonary blastoma, blastema (seventh cer-
vical vertebra, metastatic from lung). Higher magnifica-
tion than pictured in Figure 9.66 shows several blastema

cells demonstrating scanty cytoplasm and few organelles.
Pockets of glycogen (G) are visible in some of the cells.
(� 7000)
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Figure 9.68. Pulmonary blastoma, epithelium and
stroma (lung). A group of epithelial cells (E) is separated
by basal lamina (B) from a mesenchymal type stroma with
widely separated poorly differentiated mesenchymal cells

(M). The epithelial cells are cuboidal and columnar and
contain ribosomes and few other cytoplasmic organelles.
(� 5000)
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Figure 9.69. Pulmonary blastoma, epithelium and
stroma (lung). Peripheral in this group of epithelial cells
are cells containing neuroendocrine type granules (ar-

rows). The stroma is very loose and mesenchymal in ap-
pearance. (� 5800)
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Figure 9.70. Pulmonary blastoma, epithelium and
stroma (lung). In this field, the neoplastic cells are more
blastematous than epithelial appearing and blend subtly

into the adjacent mesenchymal type stroma (S). Glyco-
gen (G) is represented by the open clear spaces in some
of the cells. (� 5800)
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Figure 9.71. Juxtaglomerular cell tumor (kidney). Tightly clustered round and oval cells contain numerous round and
elongated, electron-dense granules (arrows). (� 5500)
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Figure 9.72. Juxtaglomerular cell tumor (kidney). High magnification of one of the neoplastic juxtaglomerular type
cells illustrates round and crystalline, rhomboid and needle-shaped granules in the cytoplasm. (� 13,800)
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(Text continued from page 628)
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10
Infectious Agents

Bacteria

(Figures 10.1 through 10.12.)
Diagnostic criteria (of bacterial rods and cocci, in general).

(1) Outer cell wall (in most genera [Figure 10.5], but ab-
sent in Mycoplasma); (2) presence or absence of loose,
fuzzy, extracellular capsule; (3) presence or absence of
flagella or pili (fimbria) on the outer surface of the cell;
(4) inner cell membrane; (5) central nuclear region (nu-
cleoid), without a limiting membrane; (6) dense cyto-
plasm composed mostly of ribosomes, but also a vary-
ing number of vesicles formed from the inner cell
membrane (mesosomes), storage vacuoles, and en-
dospores; (7) in Whipple’s disease, the rods are free and
within macrophages (Figure 10.4); (8) also in Whipple’s
disease the macrophages contain secondary lysosomes
filled with degenerating bacteria and serpiginous mem-
branes (Figures 10.4, 10.6, and 10.8).

Additional points. Bacteria are prokaryotic cells and,
therefore, have a simple internal structure, including a
nonmembrane-bound nucleus and a lack of membrane-
bound cytoplasmic organelles, such as mitochondria
and endoplasmic reticulum. Gram-positive bacteria
have a thicker outer cell wall than do gram-negative
bacteria, and the latter usually have an additional outer,
wrinkled cell membrane. Although most bacteria are
readily demonstrable by light microscopy, some are
small and, therefore, more visible by electron mi-
croscopy. Legionella pneumophila (2.5–5 �m long and
0.3–1.0 �m in diameter) is an example of one of these
(Figures 10.1 through 10.3). The bacilli found in Whip-
ple’s disease also are small (about 1–2 �m long and 
0.25 �m in diameter) and are barely visible by light mi-
croscopy. They resist usual methods of culturing and,
therefore, were not classifiable before the availability of
newer techniques, such as nucleotide sequencing and
polymerase chain reaction on rDNA and bacterial anti-
sera profiles. Current evidence indicates that the Whip-
ple bacillum represents a single genus and species (Tro-
pheryma whippelii) rather than multiple ones, as was
thought previously. The bacilli have the thick (about 
20 nm) outer cell wall of gram-positive bacilli but, in ad-
dition, have a trilaminar membrane on the external sur-
face of the wall. It is the glycoprotein- or polysaccharide-
rich (PAS-positive) cell walls of degenerated bacteria
that comprise the serpiginous membranes in the classic
Whipple’s macrophages. Bacteria also may be found
less frequently in cells other than macrophages, in-
cluding epithelial, endothelial, smooth muscle, lym-
phocytic, plasmocytic, and mast cells. When organs
other than the intestine are involved in Whipple’s dis-
ease, the same diagnostic ultrastructural findings of 
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Figure 10.1. Bacterial pneumonia, Legionella pneu-
mophilia (lung). Low power of this alveolar exudate
shows intact and degenerating bacterial rods (B), pre-

dominantly within phagocytic cells. P � nuclei of phago-
cytic cells. (� 10,640)



Figure 10.2. Bacterial pneumonia, Legionella pneu-
mophilia (lung). At this higher magnification of the same
lung in Figure 10.1, it is apparent that most of the bacte-

ria (B) are degenerating. Some of the osmiophilic debris,
as is present in the lower part of the field (*), is presumed
to represent completely necrotic organisms. (� 19,240)
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Figure 10.3. Bacterial pneumonia, Legionella pneu-
mophilia (lung). The only substructures of these poorly
preserved bacteria that are discernible are the outer cell

membrane and the cytoplasmic vacuoles. Also, there are
no apparent flagella or pili and no extracellular capsule.
(� 36,700)
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Figure 10.4. Whipple’s disease (jejunum, tissue retrieved
from paraffin). The lamina propria of the jejunal mucosa
contained numerous Whipple’s type macrophages (M �
macrophage nucleus) and bacterial rods (B). Most of the

intact bacilli are extracellular, whereas those in the
macrophage are in various stages of degeneration, in-
cluding the end-stage of serpiginous membranes (*). 
(� 16,500)
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Figure 10.5. Whipple’s disease (jejunum, tissue retrieved from paraffin). High magnification of extracellular bacilli
allows the cell wall (W) and cytoplasmic vacuoles (V) to be seen clearly. (� 45,000)
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Figure 10.6. Whipple’s disease (jejunum, tissue retrieved from paraffin). The cytoplasm is filled with confluent, ser-
piginous membranous bodies (*). (� 15,930)
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Figure 10.7. Whipple’s disease (heart). Endomyocardial
biopsies in this case showed scattered histiocytes filled
with distended, membrane-bound, medium-dense bod-

ies (Ly) that on higher magnification (see Figure 10.8)
proved to be secondary lysosomes with serpiginous mem-
branes and rare bacteria. (� 6750)
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Figure 10.8. Whipple’s disease (heart). High magnification of a myocardial macrophage reveals two secondary lyso-
somes (Ly) containing serpiginous membranes and two bacteria (B). (� 51,900)
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Figure 10.9. Mycobacterium avium-intracellulare (duo-
denum). The lamina propria of the mucosa contains lym-
phocytes (L) and histiocytes (H), the latter of which have

copious cytoplasm, and within the cytoplasm are nu-
merous bacteria (B) in secondary lysosomes. (� 9300)
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Figure 10.10. Mycobacterium avium-intracellulare (duo-
denum). High magnification of bacteria from the same
specimen as depicted in Figure 10.9 shows bacilli (B)
within histiocytic lysosomes (with medium-dense sur-

rounding contents [*] and limiting membranes [arrows]).
The bacilli have a characteristic adjacent clear halo. 
(� 57,000)
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Figure 10.11. Chlamydia trachomatis (culture). An in-
fected host cell contains a large cytoplasmic inclusion
vacuole (V), which harbors numerous chlamydia (ar-
rows). At higher magnification, the inset reveals two
stages in the growth cycle of chlamydia: elementary bod-

ies (E) and reticulate bodies (R). (� 9800; inset � 21,000)
(Epon blocks generously contributed by William Taylor,
M.D., and Lynne A. Farr, B.A., Rhode Island Hospital,
Providence, Rhode Island.)
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intracellular and extracellular bacilli and macrophages
with membrane-filled phagosomes are found.

The morphology of bacteria may vary among species
and within a given genus, for example, Mycobacterium
tuberculosis, M. bovis, M. leprae, M. avium-intracellulare,
and others. The organisms may be straight, curved, or
branched rods, or they may be coccobacilli. They range
from 1–6 �m long and are less than 1 �m in diameter.

M. avium-intracellulare is coccobacillary, or almost coc-
coid (Figures 10.9 and 10.10), and it is characteristically
surrounded by a clear halo. In addition, artifactual open
spaces adjacent to the organisms, secondary to incom-
plete penetration by epoxy embedding medium, are fre-
quently present.

Chlamydia trachomatis is a bacterium that, before 1960,
was thought to be a virus. It has an outer membrane
and resembles gram-negative bacteria. Cytoplasmic in-
clusion bodies in infected host cells are identifiable by



electron microscopy as membrane-bound vacuoles (sec-
ondary lysosomes) that contain elementary bodies,
reticulate bodies, and intermediate forms (Figures 10.11
and 10.12). Elementary bodies represent the infectious
phase of the life cycle of Chlamydia, and they enter the
host cell by endocytosis and phagocytosis. They are

200–350 nm in diameter. Reticulate bodies are the meta-
bolic and replicating phase of the cycle. They replicate
by binary fission and then condense into elementary
bodies. They are 800–1000 nm in diameter. Inclusion
bodies undergo lysis and/or rupture at the end of the
cycle and are then exocytosed from the host cell.
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Figure 10.12. Chlamydia trachomatis (culture). Higher
magnification of an inclusion vacuole illustrates in more
detail the internal structure of elementary bodies (E) with
dense cores, and more diffusely granular reticulate bod-

ies (R). (� 71,000) (Epon blocks generously contributed
by William Taylor, M.D., and Lynne A. Farr, B.A., Rhode
Island Hospital, Providence, Rhode Island.)
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Viruses

(Figures 10.13 through 10.30.)
Diagnostic criteria (of viruses in general). (1) Intracellu-

lar and/or extracellular elliptical, strand-like, round, or
polygonal structures (viruses, viral bodies, virions, nu-
cleocapsids) measuring 20–300 nm in diameter; (2) ba-
sic morphology of the virion consists of a central, electron-
dense core (DNA- or RNA-containing nucleoid) and an
outer shell (capsid), which may have more than one
layer (Figures 10.14 and 10.15); (3) viruses distributed
randomly or in an organized, crystalline, or lattice-like
arrangement (Figures 10.16 through 10.20).

Additional points. Some viruses have a capsule or
complex coat surrounding them. Examples of these are
the herpes (Figures 10.13 through 10.15) and poxvirus
groups, whereas papovavirus (e.g., JC virus that causes
progressive multifocal leukoencephalopathy [Figs.
10.18 and 10.19] and papilloma virus) and adenovirus (Fig-
ure 10.20) exist as naked, unenveloped nucleocapsids.
Papovaviruses tend to have a random, rather than
straight-line arrangement of individual virions, 
whereas the converse is true for adenovirus, which is
usually in paracrystalline arrays. Poxviruses are large 
(220–450 nm long and 140–260 nm in diameter), her-
pes and adenoviruses are intermediate in size (100–150
nm and 70–90 nm in diameter, respectively), and pa-
povaviruses are small (45–53 nm). The herpes viruses
(simplex, varicella-zoster, cytomegalovirus, and Epstein-
Barr) are 120–200 nm in diameter. They are examples of
viruses that replicate in the nucleus of the host cell as
naked nucleocapsids and then pass through the nuclear
envelope, from which they gain their own outer enve-
lope before passing into the cytoplasm of the cell. The
host cells that are infected by viruses undergo nuclear,
cytoplasmic, and plasmalemmal degeneration. The nu-
clear changes consist of central clearing of the nucleo-
plasm and peripheral aggregation of chromatin. In the
cytoplasm there is swelling of organelles and destruc-
tion of their membranes as well as generalized hydropic
swelling of the cell. The plasmalemma disintegrates fo-
cally but progressively, and the cell is lysed.

Morphology is useful in identifying viruses, but
overlapping size and shape among them make other,
more specific diagnostic methods necessary. In situ hy-

bridization, Southern blot analysis, and polymerase
chain reaction for DNA characterization are examples
of these.

Hepatitis B virus (Figures 10.16 and 10.17) is 42 nm
in diameter and consists of a central core (composed of
circular and partially double-stranded DNA and nu-
cleocapsid core antigen), plus an outer shell of surface
antigen. Influenza A and B viruses (Figure 21) are about
80 to 120 nm in diameter, and paramyxoviruses (Figures
10.22 and 10.23) measure about 150–250 nm; they are
round and elongated. Paramyxoviruses include parain-
fluenza, measles, mumps, and respiratory syncytial viruses.
Enteroviruses (Figures 10.24 and 10.25) are in the fam-
ily of Picornaviridae and include polio, coxsackie, and
echo viruses. They measure 24–30 nm in diameter and
are unencapsulated and spherical or polyhedral. The
virions are assembled in the host cell cytoplasm, and
clusters of virions may be found within a membrane-
bound vesicle. Eastern equine encephalitis virus (Figure
10.26) is an alpha virus in the family Togaviridae. It is
an enveloped virus measuring 40–70 nm in diameter.
It multiplies in the cytoplasm and buds from cellular
membranes.

Human immunodeficiency virus (HIV) (Figures 10.27
and 10.28) is a member of the lentivirus family of retro-
viruses. It is spherical and 100–130 nm in diameter, and
it has a characteristic conical dense core (nucleoid) in its
mature form. The virus develops on the cell membrane
and cytoplasmic vacuolar membranes of monocytes/
macrophages and on vacuolar membranes of lympho-
cytes. The outer unit membrane of the virion is derived
from host cell membrane. Surface spikes develop dur-
ing budding and insert into the viral coat. The virus
leaves the cell or vacuolar membrane as an immature
ring form and then develops its core.

Rabies virus, a member of the RNA Rhabdoviridae
family and Lyssavirus genus, is bullet-shaped, 130–220 nm
long, and 60–80 nm in diameter (Figures 10.29 and
10.30). The virions tend to aggregate around or in a
granular, electron-dense material in the cytoplasm of
neurones, the total configuration constituting a Negri
body. Individual virions can be seen budding off 
membrane-bound organelles.
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Figure 10.13. Herpes simplex encephalitis (cerebrum). A nucleus of a neuron contains numerous randomly dispersed
virions (V). (� 28,800)
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Figure 10.14. Herpes simplex encephalitis (cerebrum). Higher magnification of the virions (V) in Figure 10.13 shows
their basic structure of a central dense nucleoid and an outer three-layered capsid. (� 63,800)
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Figure 10.15. Herpes simplex encephalitis (cere-
brum). High magnification of several virions ac-
centuates their basic nucleocapsid structure and
hexagonal shape. (� 155,000)
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Figure 10.16. Hepatitis B virus (liver). Hepatocytes show numerous cytoplasmic droplets of lipid (L), and one nucleus
(N) has a ground-glass appearance, seen at higher magnification in Figure 10.17. (� 3800)
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Figure 10.17. Hepatitis B virus (liver). High magnification of a hepatocyte nucleus reveals a diffusely granular tex-
ture, which in the inset is discernible as innumerable virions. (� 19,000; inset: � 88,000)
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Figure 10.18. Papovavirus, in progressive multifocal
leukoencephalopathy (cerebrum). A degenerating nu-
cleus of an oligodendrocyte shows focal loss of the nu-

clear envelope (arrows), aggregation of chromatin (C),
and packets of virions (V). (� 21,870)
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Figure 10.19. Papovavirus, in progressive multifocal leukoencephalopathy (cerebrum). High magnification of groups
of virions (V), from the same cerebral specimen as in Figure 10.18. (� 66,120)
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Figure 10.20. Adenovirus (tissue culture). The nucleus
of this cultured cell contains numerous packets of virions
in a regular, lattice-like arrangement (arrows). (� 14,000).
The inset shows the virions at higher magnification. 

(� 57,000) (Epon blocks generously contributed by
William Taylor, M.D., and Lynne A. Farr, B.A., Rhode Is-
land Hospital, Providence, Rhode Island.)
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Figure 10.21. Influenza A virus (tissue culture). Three
magnifications (A, B, and C) illustrate round and elon-
gated virions, at and beneath the cell surface. (A,
� 16,000. B, � 34,000. C, � 86,000) (Epon blocks gen-

erously contributed by William Taylor, M.D., and Lynne
A. Farr, B.A., Rhode Island Hospital, Providence, Rhode
Island.)
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Figure 10.22. Paramyxovirus (parainfluenza) (lung). An infected type II pneumocyte is of giant size and has multiple
nuclei with a ground-glass texture. (� 8900)
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Figure 10.23. Paramyxovirus (parainfluenza) (lung). High magnification of one of the nuclei (N) and adjacent cyto-
plasm (C) of the giant cell shown in Figure 10.22 reveals diffusely dispersed virions. * � chromatin. (� 52,000)
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Figure 10.24. Enterovirus (coxsackie A) (tissue culture).
A cultured cell contains three membrane-bound vesicles
(arrows), which at higher magnification (inset) are seen
to contain innumerable spherical virions. (� 10,800; in-

set, � 37,000) (Epon blocks generously contributed by
William Taylor, M.D., and Lynne A. Farr, B.A., Rhode Is-
land Hospital, Providence, Rhode Island.)
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Figure 10.25. Enterovirus (echovirus) (tissue culture). Nu-
merous virions occupy the cytoplasm of this cell, some
being enclosed in membrane-bound vesicles (arrows) and
others lying free in the cytosol (parentheses). (� 65,000)

(Epon blocks generously contributed by William Taylor,
M.D., and Lynne A. Farr, B.A., Rhode Island Hospital,
Providence, Rhode Island.)
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Figure 10.26. Eastern equine encephalitis virus (tissue
culture). Most of these virions are at the cell surface,
where they acquire an outer envelope from the plas-
malemma (arrows, A and B). Outer envelopes are also
acquired from the endoplasmic reticulum when virions
are still in the cytoplasm. Precursor nucleocapsids, not
seen in this photograph, lie free in the cytosol. Possible

precursors may also be present in the nucleus (brackets,
A) late in infection. Some of the virions have been ex-
pressed into the extracellular space (*, B and C). (A,
� 53,000. B, � 46,000. C, � 61,000) (Epon blocks gen-
erously contributed by William Taylor, M.D., and Lynne
A. Farr, B.A., Rhode Island Hospital, Providence, Rhode
Island.)
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Figure 10.27. HIV-1 (cell culture). A vacuole in the cy-
toplasm of a macrophage contains several ring-shaped,
immature HIV-1 particles (arrows) and numerous mature
particles with conical nucleoids (arrowheads). Note that
the appearance of the asymmetric conical nucleoids

varies with their orientation and plane of sectioning. 
(� 104,000) (Photograph generously contributed by Jan
M. Orenstein, M.D., Department of Pathology, George
Washington University Medical Center, Washington,
DC.)
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Figure 10.28. HIV-1 (cell culture). A, Spikes are especially
prominent on the surface of this immature HIV-2 particle
(arrow) budding into a macrophage cytoplasmic vacuole.
(� 190,000) B, Three HIV-1 particles are at different stages
of budding. The virion contains a protease that processes
the gag protein of the immature particle into the mature
conical nucleoid. (� 104,000) C, Several mature virions

are associated with a budding particle on the plasma
membrane (arrow) of a cultured lymphocyte. Note the
variability in size of the virions and their conical nucleoid
with an electron-dense, broad end. (� 170,000) (Pho-
tographs generously contributed by Jan M. Orenstein,
M.D., Department of Pathology, George Washington Uni-
versity Medical Center, Washington, DC.)



Figure 10.29. Rabies virus (cerebellum): The cytoplasm
of this Purkinje cell contains packets of electron-dense,
granule-like structures (arrows), which represent the ra-

bies viral particles, seen in more detail in Figure 10.30.
m � mitochondria; N � nucleus. (� 13,400)
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Figure 10.30. Rabies virus (cerebellum). High magnification of rabies virions (V) illustrates their bullet shape when
captured in longitudinal axis. (� 57,000)
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(Text continued from page 661)

Protozoa

Pneumocystis carinii

(Figures 10.31 through 10.35.)
Diagnostic criteria. (1) Alveolar exudate containing

cysts, trophozoites, and a lesser number of macro-
phages (Figure 10.31); (2) cysts are spherical (intact) and
crescentic (collapsed), are about 4 �m in diameter, have
a wall composed of an outer dense layer and an inner
less-dense layer, and may be empty or enclosing sporo-
zoites (Figures 10.31 through, 10.33); (3) trophozoites
may be intra- or extracystic, are pleomorphic, measure
1.5–12 �m long, have a nucleus and cytoplasm, and
may have elaborate foldings of their plasmalemmas
(Figures 10.33 and 10.34).

Additional points. The life cycle of Pneumocystis carinii
includes the trophozoite (a vegetative form attached to
type I alveolar lining cells), cysts (from enlarging
trophozoites), and sporozoites (developing within en-
larging cysts). The cysts rupture and release the sporo-
zoites, which become trophozoites. The elaborate fold-
ings of the trophozoite and cyst walls is not completely
understood but may represent metabolic membrane ac-
tivity and/or, possibly, the site of viral replication (Fig-
ures 10.34 and 10.35).

Toxoplasma gondii

(Figures 10.36 and 10.37.)
Diagnostic criteria. (1) Ovoid parasites (about 3 �

2 �m), distributed freely and within macrophagic par-
asitophorous vacuoles (12 �m cysts) (Figure 10.36); 
(2) parasites (sporozoites) have a triple-layered cell
membrane and a single posterior nucleus and nonspe-
cific and specific cytoplasmic organelles; (3) character-
istic organelles include a conoid (conical opening) at the
anterior end of the organism, micronemes (convoluted
groups of secretory tubules) also at the anterior end,
and rhoptries (club-shaped storage sacs in the anterior
third), which empty by ducts into the conoid (Figure
10.37).

Additional points. Routine histologic techniques do
not allow a specific identification of Toxoplasma organ-
isms, and electron microscopy is useful in making the
diagnosis. This is especially true when immunologic
methods are not applicable, as in immunosuppressed
patients and in the postmortem state when serologic
testing is not available. Immunohistochemistry and
DNA determination by polymerase chain reaction are
also useful for specific identification of the organisms.

The fine structural features of Toxoplasma, such as the
method of multiplication, its size at various stages, the
number of micronemes (30–50) and the number (5–9),
morphology, and site of rhoptries, allow it to be distin-
guished from other sporozoites in the Apicomplexa gen-
era. By light microscopy, the cysts and organisms of
Toxoplasma gondii are similar to those of Trypanosoma
cruzi, but by electron microscopy the two parasites are
distinctly different. Specifically, conoids and endodyo-
genous division (internal budding into two daughter
cells) are not seen in trypanosomes. In addition, try-
panosomes have a kinetoplast, and Toxoplasma does not.

Cryptosporidium parvum

(Figures 10.38 through 10.43.)
Diagnostic criteria. (1) At low power, 3–4 �m spheri-

cal structures (cryptosporidia) along gastrointestinal
(especially small intestinal) epithelium (Figure 10.38);
(2) at higher power, some spherical structures attached
to the epithelial cells, and some unattached near ep-
ithelial cell surface; (3) attachment site of epithelial cell
usually raised, electron-dense, and devoid of microvilli
(Figures 10.39 and 10.40); (4) epithelial cell surface raised
at edges of attachment site to enclose partially or com-
pletely (parasitophorous vacuole) the spherical struc-
tures (Figure 10.39); (4) spherical parasites of varying
morphology, depending on stage in life cycle, including
macrogametes (with clear polysaccharide granules and
dark dense granules) (Figure 10.43), trophozoites (with
nucleus and cytoplasmic organelles) (Figures 10.41 and
10.42), schizont with daughter organisms (merozoites)
(Figures 10.41 and 10.42); (5) round and elliptical mero-
zoites, extracellular and unattached (following exit
from schizont); (6) secondary lysosomes (phagosomes)
frequently in apical cytoplasm of epithelial cell of at-
tachment site.

Additional points. The life cycle of cryptosporidia in-
cludes trophozoites undergoing three nuclear divisions
to form eight daughter cells. This process is known as
schizogony, the overall organism is the schizont, and
the contained daughter cells are called merozoites. The
merozoites mature, the schizont ruptures, and the
merozoites escape and invade other epithelial cells.
Once in other cells, the merozoites develop into tropho-
zoites, which produce second-generation merozoites.
The merozoites escape the new schizont, invade new
epithelial cells, and this time mature into macrogametes
or microgametes. The gametes form an infectious form
of oocysts, which pass from the body in the feces and
become available to other hosts per orum.

(Text continues on page 694)
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Figure 10.31. Pneumocystis carinii (pulmonary alveolar
exudate). Two thick-walled, crescentic cysts (C) are sur-
rounded by trophozoite processes (T) and vacuoles (V),

the latter of which may represent macrophagic vacuoles.
(� 13,000)
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Figure 10.32. Pneumocystis carinii (pulmonary alveolar exudate). Several empty vacuoles (V) and two crescentic
cysts (C) with internal structure are present in this field. (� 28,840)
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Figure 10.33. Pneumocystis carinii (pulmonary alveolar exudate). Cyst wall shows a florid array of membrane fold-
ing (small circlets at arrows); also seen at higher magnification in Figure 10.34. (� 39,440)
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Figure 10.34. Pneumocystis carinii (pulmonary alveolar
exudate). High magnification of a portion of a cyst high-
lights the elaborate foldings (arrows) of its limiting mem-

brane. The electron-dense cores (C) in some of the folds
suggest virions, but they may represent parts of the lim-
iting membrane that are tangentially cut. (� 112,300)

684 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 10.35. Pneumocystis carinii (pulmonary alveolar
exudate). This exudate contains cytomegalovirus ac-
companying pneumocystis organisms, and the virions (V)

may be replicating in the folded membranes of the pro-
tozoan. (� 62,120)
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Figure 10.36. Toxoplasma gondii (skeletal muscle). An
intramuscular cyst (parasitophorous vacuole) contains nu-
merous sporozoites (S). Daughter cells (merozoites, M)

are present in some of the parasites. Arrows � sarcomeres
in muscle cell; m � mitochondria; V � wall of para-
sitophorous vacuole. (� 11,000)
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Figure 10.37. Toxoplasma gondii (skeletal muscle). Higher magnification of several of the sporozoites shown in Fig-
ure 10.36 illustrates the cell wall (W), rhoptries (R), micronemes (M), and nuclei (N). (� 20,000)
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Figure 10.38. Cryptosporidium (stomach). Spherical microorganisms (A, B, and C) are dispersed along the mucosal
surface, and some (A and B) appear to be intimately attached to epithelial cells. (� 11,780)
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Figure 10.39. Cryptosporidium (jejunum). A trophozoite
(T) is attached to a raised, villous portion (between ar-
rows) of the epithelial cell. The edges of the attachment

site seemingly extend around the trophozoite, forming a
parasitophorous vacuole (PV). (� 48,400)
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Figure 10.40. Cryptosporidium (stomach). High magni-
fication of a trophozoite allows its cellular substructure
to be readily visualized. N �nucleus; nu � nucleolus; 

r � ribosomes; RER � rough endoplasmic reticulum; 
G � Golgi apparatus. (� 29,870)
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Figure 10.41. Cryptosporidium (stomach). Several spherical microorganisms (*), including a schizont (S) with mero-
zoites (M) are evident along the gastric epithelial surface. (� 9450)
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Figure 10.42. Cryptosporidium (stomach). This high-
power field of an epithelial surface contains two tropho-
zoites (T) and a schizont with merozoites (M). (� 35,360)
(Permission for reprinting granted by American Journal of

Medicine, Blumberg RS, Kelsey P, Perrone T, et al: Cy-
tomegalovirus- and cryptosporidium-associated acalcu-
lous gangrenous cholecystitis. Am J Med 76:1118–1123,
1984.)
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Figure 10.43. Cryptosporidium (stomach). A macrogamete is characterized predominantly by its clear, polysaccha-
ride granules (C) and its dark, dense granules (D). (� 25,100)
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(Text continued from page 680)

Trypanosoma cruzi

(Figures 10.44 through 10.45.)
Diagnostic criteria. (1) Oval and elliptical, 10–30 �m

organisms with a nucleus, cytoplasmic organelles, and
characteristic kinetoplast and flagellum (Figures 10.44
and 10.45); (2) kinetoplast is curved, electron-dense
(DNA-containing) structure, at base of basal body of fla-
gellum (Figure 10.45); (3) single long mitochondrion,
coursing subjacent to cell membrane, from kinetoplast
to posterior compartment of cytoplasm (Figure 10.45);
(4) presence or absence of a free (exterior to cell mem-
brane) flagellum.

Additional points. The most characteristic structures
for identifying trypanosomes are the kinetoplast and
flagellum. The position of the kinetoplast in relation to
the nucleus and the length of the flagellum vary with
the stage in the life cycle of the organism. Epimasti-
gotes, promastigotes, and amastigotes have a kineto-
plast and flagellar origin anterior to the nucleus,
whereas trypomastigotes have theirs posterior to the
nucleus. The flagellum exits the cell through a pocket
in the plasmalemma, and, in the amastigote stage, the
flagellum is so short that it does not protrude above the
pocket. In the promastigote stage, the flagellum extends
above the pocket but is short. In the epimastigote and
trypomastigote stages, it is long and courses tightly
against the outer edge of the cell wall before becoming
free at the anterior end of the cell. Intermediate forms
of these various stages in the life cycle of Trypanosoma
also are seen, both in culture and in vivo.

Microsporida (M. enterocytozoon bieneusi and
M. septata intestinale)

(Figures 10.46 through 10.49.)
Diagnostic criteria. (1) Round and oval spores, 0.5–

5 �m in diameter, in apical cytoplasm of host cell (e.g.,
enterocyte); (2) specialized extrusion apparatus in the
form of a single coiled polar tube, in spores; (3) in M.
enterocytozoon bieneusi, the polar tube coil is seen in
cross-sections as a double row in the posterior half of
the spore; and (4) in M. septata intestinalis, the polar tube
coil is a single row; (5) the polar tube straightens in the
anterior half of the spore and connects to an anchoring
disc; (6) ribosomes and lamellar and tubular polarplast
in spore cytoplasm; (7) stacked polarplast surrounds the
straight section of the polar tube; (8) no mitochondria;
(9) single or double nucleus in spore; (10) triple-layered

spore wall; (11) spores in direct contact with cytoplasm
of enterocyte in M. enterocytozoon bieneusi; (12) spores 
in a septated parasitophorous vacuole in M. septata 
intestinalis.

Additional points. Microsporidia spores enter the host
cell (e.g., absorptive enterocytes, biliary duct epithe-
lium, corneal epithelium, etc.) and proliferate (merog-
ony) by binary fission. Meronts are small, round, and
difficult to distinguish from the surrounding cytoplasm
of the host cell because of their thin cell membranes and
relative electron-lucent cytoplasm. Their cytoplasm
contains empty clefts, and there are 1 to 6 nuclei. The
spore-forming phase (sporogony) of the life cycle is
identifiable by the presence of electron-dense discs,
which later aggregate longitudinally to form the polar
tube. Nuclei divide, and the organism enlarges and
breaks into sporoblasts. These mature into spores.
Spores frequently are surrounded by host cell mito-
chondria. Spores infect new cells by extruding their po-
lar tube, which penetrates adjacent cell membranes and
injects infected sporoplasm.

Giardia lamblia

(Figure 10.50.)
Diagnostic criteria. (1) Pear-shaped, dorsally convex

and ventrically concave thophozoites; (2) measuring
9.5–21 �m long and 5–15 �m wide; (3) lying free in lu-
men and crypts of small intestine and in cysts in large
intestine; (4) having rigid cytoskeleton; (5) evenly
spaced microtubules (50–60 nm apart), linked by mi-
croribbons; (6) adhesion disc on ventral surface; (7) two
symmetrically placed nuclei, with prominent karysome;
(8) four pairs of flagella, three posterior and one ven-
tral, posterior to adhesion disc; (9) mid-line, trans-
versely positioned median bodies (compact collections
of microtubules); (10) absence of mitochondria, perox-
isomes, smooth endoplasmic reticulum, and nucleoli.

Additional points. Giardia is a protozoan with three
different morphological types—G. agilus, G. muris, and
G. duodenalis (lamblia). Only the last type is illustrated
here. The life cycle consists of two stages—free tropho-
zoites in the small gut, and cysts in the large gut and fe-
ces. The trophozoites multiply in the small gut by bi-
nary fission. Mature cysts are oval and round and 8–
12 �m long and 7–10 �m wide. They have a dense wall,
a finely granular cytoplasm and a layer of peripheral
vacuoles or tubules. They contain four nuclei, usually
at one pole.

(Text continues on page 702)
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Figure 10.44. Trypanosoma cruzi (in vitro culture). A
low-power field of trypanosomes illustrates their oval and
elliptical (and teardrop) shapes and the presence of a nu-

cleus and various cytoplasmic organelles. Most charac-
teristic of the organisms are the kinetoplasts (K) and fla-
gella (F). (� 12,500)
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Figure 10.45. Trypanosoma cruzi (in vitro culture). High
magnification allows a clear view of the parasites’ inter-
nal structure. K � kinetoplast; F � flagellum; B � basal

body; M � undulating, single mitochondrion; N � nu-
cleus. (� 24,000)
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Figure 10.46. Microspora, enterocytozoon bieneusi (duodenum). These enterocytes are infected with microsporidia
spores (S) and meronts (M). (� 7400)
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Figure 10.47. Microspora, enterocytozoon bieneusi
(duodenum). Higher magnification of portions of two en-
terocytes shown in Figure 10.46 illustrates three spores
(S) and a zone of sporogony where meronts (M) are trans-
forming into spores. The electron-dense discs (arrows),

seen at higher magnification in the inset, will aggregate
to form the future polar tube. Clear clefts (*) are charac-
teristic of the cytoplasm of meronts. (� 20,000; inset:
� 36,000)
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Figure 10.48. Microspora, septata intestinale (duode-
num). Spores are grouped in parasitophorous vacuoles in
the supranuclear cytoplasm of an enterocyte. Septae (ar-

rows) are faintly visible surrounding individual spores.
Secondary lysosomes (L) occupy the subluminal cyto-
plasm. (� 5800)
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Figure 10.49. Microspora, septata intestinale (duode-
num). High magnification of four spores depicts the dou-
ble row of cross-sections of coiled polar tubule (arrows)
in the posterior half of the organism. Note also the straight

part of the polar tubule (*) and the anchoring disc (ar-
rowhead ), in the anterior aspect of the spores. S � sep-
tae, in parasitophorous vacuole (V); E � enterocyte cy-
toplasm. (� 50,000)
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Figure 10.50. Giardia lamblia (tissue culture). An exem-
plary trophozoite is convex dorsally (D) and concave ven-
trally (V). Visible substructures in this plane of section in-
clude cytoplasmic vacuoles (arrows), basal bodies (B),
axonemes (A) of basal bodies/flagella, flagella (F), ventral

adhesion disc (AD), and nucleus (N). Most of the electron-
dense cytoplasm is composed of ribosomes and granules
of glycogen. (� 19,600) (Epon blocks generously con-
tributed by William Taylor, M.D., and Lynne A. Farr, B.A.,
Miriam Hospital, Providence, Rhode Island.)
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(Text continued from page 694)

Fungi

Histoplasma capsulatum

(Figures 10.51 through 10.53.)
Diagnostic criteria. (1) Oval yeast forms, 2–4 �m in

diameter; (2) thin cell wall and no true capsule (see ad-

ditional points in next paragraph); (3) a single nucleus;
(4) extracellular and intracellular (within histiocytes) lo-
cation of organisms.

Additional points. The capsule seen by light mi-
croscopy is an artefact due to shrinkage. When exam-
ined at the ultrastructural level, the organisms have a
clear halo between their visible cytoplasm and their thin
cell wall (Figures 10.51 through 10.53).

(Text continues on page 705)
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Figure 10.51. Histoplasma capsulatum (supraclavicular
lymph node). Electron-dense, oval, and round yeast forms
(arrows) are visible in the cytoplasm of histiocytes. Clear
halos appear to surround the organisms at this magnifi-

cation, but Figures 10.52 and 10.53 prove that the halos
are actually cleared cytoplasm of the parasite, surrounded
by its cell membrane. (� 3600)



Figure 10.52. Histoplasma capsulatum (supraclavicular
lymph node). This histiocyte has copious cytoplasm,
which contains numerous organelles, a moderate num-

ber of lipid droplets (L), and three yeast forms of H. cap-
sulatum (arrows) with clear peripheral cytoplasm. 
(� 8800)
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Figure 10.53. Histoplasma capsulatum (supraclavicular
lymph node). High magnification of parasitic yeast forms
illustrates details of their internal structure. N � nucleus;

* � clear, peripheral, cytoplasmic halo; arrows � para-
sitic cell membrane. (� 20,000)
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(Text continued from page 702)
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11
Genetic and

Metabolic Diseases

Storage Diseases

(Figures 11.1 through 11.27.)
Diagnostic criteria. (1) Cytoplasmic accumulations of

electron-dense material in parenchymal and/or phago-
cytic cells; (2) usually a single membrane surrounds 
the electron-dense material (secondary lysosomes); 
(3) varying types and configurations of the electron-
dense material, depending on subtype of disease.

Additional points. This group of genetically transmit-
ted, autosomal recessive diseases includes several
dozen disorders. Most are lysosomal and result from a
particular lysosomal enzyme being absent or deficient.
Without the enzyme, normally engulfed endogenous
and exogenous material cannot be hydrolyzed, and the
specific substrate accumulates in secondary lysosomes.
The lysosomal overload may lead to cellular injury and
malfunction and ultimately to cell death. Parenchymal
cells so affected may spill their contents into the extra-
cellular space, where phagocytic cells ingest them. To a
lesser extent, other cells, such as endothelial cells, fi-
broblasts, and Schwann cells, also may be involved in
the disease process. Various organs may be affected in
this group of diseases, depending on their particular
metabolic function and need for the missing enzyme.
The ultrastructural common denominator in all the sub-
types of lysosomal storage diseases is an increase in the
quantity and size of secondary lysosomes, and the lyso-
somes contain accumulated substrate. The appearance
of the substrate in the lysosomes often is specific for one
disease or for several diseases of one subtype. Subtypes
include sphingolipidosis (gangliosidosis, as in Tay-Sachs
disease) (Figures 11.1 through 11.3); sulfatidosis (as in
metachromatic leukodystrophy), galactosidosis (as in Krabbe’s
disease and Fabry’s disease) (Figures 11.4 through 11.6);
glucosidosis (as in Gaucher’s disease) (Figures 11.7 and
11.8); sphingomyelinosis (as in Niemann-Pick disease) (Fig-
ures 11.9 and 11.10); mucopolysaccharidosis (as in Hurler’s
syndrome, Hunter’s syndrome, and Maroteaux-Lamy syn-
drome) (Figures 11.11 and 11.12); Morquio’s syndrome
(Figures 11.13 and 11.14); Sanfilippo’s syndrome (Figures
11.15 and 11.16); hyalouronidase deficiency (Figures 11.17
and 11.18); mucolipidosis; neuronal ceroid lipofuscinosis
(Figures 11.19 and 11.20); cholesterol ester storage disease
(Figures 11.21 and 11.22); cerebrotendinous xanthomatosis
(a lipid storage disease) (Figure 11.23); mannosidosis (Fig-
ure 11.24); adrenoleukodystrophy (long-chain fatty acid ac-
cumulation secondary to impaired peroxisomal beta ox-
idation) (Figure 11.25); glycogenosis, type II, or Pompe’s
disease (the other glycogenoses have the glycogen accu-
mulate in the cytoplasm proper, rather than in second-
ary lysosomes) (Figures 11.26 and 11.27).
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Figure 11.1. Tay-Sachs disease (liver). A von Kupffer cell
has cytoplasm filled with distended and confluent sec-
ondary lysosomes (Ly) that contain concentric (ganglio-

side-rich) membranes and other dense osmiophilic ma-
terial. Portions of two adjacent hepatocytes (H) show less
involvement. (� 13,000)



Figure 11.2. Tay-Sachs disease (cutaneous nerve). This
specimen is from the same patient whose liver was illus-
trated in Figure 11.1, and it shows a dermal nerve having

Schwann cells packed with electron-dense membranous
bodies (Ly). (� 10,260)
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Figure 11.3. Tay-Sachs disease (appendix). This speci-
men is from the same patient whose tissues were depicted
in Figures 11.1 and 11.2. Autonomic nerve and ganglia

have Schwann cells filled with intralysosomal osmio-
philic material (Ly). (� 20,000)
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Figure 11.4. Fabry’s disease (jejunum). Smooth muscle cells of this bowel wall contain many electron-dense, lamel-
lar and solid bodies (Ly). (� 5720)
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Figure 11.5. Fabry’s disease (jejunum). Higher magnification of the lysosomal bodies depicted in Figure 11.4 illus-
trates their lamellar character. (� 48,400)
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Figure 11.6. Fabry’s disease (jejunum). This capillary has endothelial cells (E) and pericytes (P) that contain an in-
creased number and size of lysosomes and excessive lysosomal substrate (Ly). L � lumen of capillary. (� 7020)
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Figure 11.7. Gaucher’s disease (bone marrow). This typ-
ical Gaucher cell has copious cytoplasm with innumer-
able, elongated lysosomes with substrate (Ly). The sub-

strate consists of sheaves of tubules (seen better at higher
magnification in Figure 11.8). (� 6720)
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Figure 11.8. Gaucher’s disease (liver). At this magnification, the tubular character of the lysosomal contents (Ly) is
distinctly visible. (� 38,000)
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Figure 11.9. Niemann-Pick disease (liver). Mixed membranous and more solid osmiophilic inclusions (Ly) occupy
much of the cytoplasm of this hepatocyte. (� 20,770)
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Figure 11.10. Niemann-Pick disease (liver). The con-
centric membranous and solid (sphingomyelin-rich) in-
clusions (Ly) are sharply demarcated, but the limiting

membrane of the lysosomes frequently is obscured. 
(� 36,700)
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Figure 11.11. Maroteaux-Lamy syndrome; mucopoly-
saccharidosis type VI (ligamentum flavum). The fibro-
blasts of this ligament and of the spinal dura mater were

packed with inclusions (Ly). The inclusions consist mostly
of open spaces, but whorled membranes and solid os-
miophilic material also are contained. (� 7020)
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Figure 11.12. Maroteaux-Lamy syndrome; mucopoly-
saccharidosis type VI (ligamentum flavum). High mag-
nification of a fibroblast illustrates the mixed open and

electron-dense composition of the lysosomal inclusions
(Ly). (� 22,200)
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Figure 11.13. Morquio’s syndrome (femoral head). Two chondrocytes have cytoplasm filled with lysosomes (Ly), which
contain a flocculent medium-dense material. (� 4500)
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Figure 11.14. Morquio’s syndrome (femoral head). High magnification of the lysosomes (Ly) shown in Figure 11.13
illustrates that they do not represent dilated rough endoplasmic reticulum (brackets). (� 14,800)

724 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 11.15. Sanfilippo’s disease (skin, with smooth
muscle). The cytoplasm of a smooth muscle cell is filled
with membrane-bound lysosomal (Ly) vesicles—most of

which contain a flocculent material. Fibroblasts were
similarly involved. (� 4500)
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Figure 11.16. Sanfilippo’s disease (skin, with smooth
muscle). Higher magnification than in Figure 11.15 illus-
trates normal smooth muscle cells (M) as well as ones

having most of their cytoplasm occupied by lysosomes
(Ly). Most of the lysosomes are distended by a flocculent
substrate consistent with mucopolysaccharide. (� 8000)
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Figure 11.17. Hyaluronidase deficiency (soft tissue of finger). Two connective tissue fibroblasts contain numerous
membrane-bound vesicles (Ly), which have a medium-dense material within them. (� 5000)
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Figure 11.18. Hyaluronidase deficiency (soft tissue of finger). Two connective tissue histiocytes are filled with vesi-
cles (Ly), which contain a medium-dense, flocculent material. (� 9500)
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Figure 11.19. Neuronal ceroid lipofuscinosis (skin). A
dermal endothelial cell contains membrane-bound in-
clusions of varying composition, including medium-
dense amorphous and/or granular material (*), fingerprint-

like lamellar structures (arrows), and myelin-like figures
(arrowheads). M � mitochondria; F � filaments; brackets
� pinocytotic vesicles; V � vascular lumen. (� 47,000)
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Figure 11.20. Neuronal ceroid lipofuscinosis (skin). Endothelial cell inclusions are membrane-bound (m) and of gran-
ular (*), curvilinear (arrows), and whorled tubular structures (arrowheads). (� 65,000)
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Figure 11.21. Cholesterol ester storage disease (liver). Membrane-bound lipid (L) occupies much of the cytoplasm of
hepatocytes. (� 5900)
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Figure 11.22. Cholesterol ester storage disease (liver). Hepatocytic cytoplasm contains numerous membrane-bound
vesicles that have a medium-dense, crystal-like material (arrows) within them. (� 19,000)
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Figure 11.23. Cerebrotendinous xanthomatosis (Achilles
tendon). Numerous droplets of neutral lipid (L) as well as
acicular cholesterol (C) occupy the cytoplasm of histio-

cytes and fibroblasts in this tendon. The postmortem brain
in this case also showed an infiltration of histiocytes with
similar cytoplasmic inclusions. (� 4100)
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Figure 11.24. Mannosidosis (bone marrow). A histiocyte
contains numerous single-membrane-bound vesicles (Ly)
with flocculent interiors. Mitochondria (M), by contrast,

are bound by a double-membrane. E � normoblast. 
(� 47,000) (inset � 5000)
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Figure 11.25. Adrenoleukodystrophy (cerebral white
matter). This brain showed demyelination and inflam-
mation, and macrophages contained numerous cyto-
plasmic inclusions composed of rope-like densities (ar-

rows), consistent with myelin debris, and arrays of linear
and curved lamellae (arrowheads). Lamellae were usu-
ally paired and had a clear space between them. (� 28,000)
(inset � 45,000)
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Figure 11.26. Glycogen storage disease, nonlysosomal
(liver). These hepatocytes have such an excessive amount
of glycogen (open spaces) in the cytoplasm that other or-

ganelles are compressed and inconspicuous. The glyco-
gen is free rather than being membrane bound, as would
be true of type II glycogenosis (Pompe’s disease). (� 5090)
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Figure 11.27. Glycogen storage disease, nonlysosomal
(liver). This specimen was processed by a method that
preserves glycogen as electron-dense granules, and it

substantiates that the open spaces in the hepatocytes of
Figure 11.26 represent that substance. (� 21,060)
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(Text continued from page 710)

Erdheim-Chester Disease
(Fibroxanthomatosis)

(Figures 11.28 and 11.29.)
Diagnostic criteria. (1) Bony and/or soft tissue infil-

trates of lipid-laden histiocytes, fibroblasts, and multi-
nucleated giant cells.

Additional points. This is a rare, focal or systemic dis-
ease characterized by xanthomatous infiltrates and fi-
brosis. Long bones (metaphyseal marrow), soft tissue,
and parenchymatous organs (e.g., lung) may be in-
volved. In some cases, infiltrates of macrophages de-
void of lipid suggest a primary disease of macrophages
rather than of lipid. Although Langerhans-type histio-
cytes have been intermixed with phagocytic type histi-
ocytes in a few of these cases, other morphological, im-
munohistochemical, and clinical features favor the
concept of Langerhans histiocytes and Erdheim-Chester
disease being two separate entities.

Porphyria

(Figures 11.30 and 11.31.)
Diagnostic criteria. (1) Crystalline inclusions in the cy-

toplasm of hepatocytes, ductular epithelium, and Kupf-
fer cells and in bile ductular and canalicular lumens; 
(2) stasis may or may not be present.

Additional points. Porphyria may be an inborn error
in metabolism or acquired. Porphyrins, pigments pres-
ent in hemoglobin, myoglobin, and cytochromes, are
abnormally metabolized and accumulated in various
tissues, such as skin and liver.

Crystals of protoporphyria may be present in the cy-
tosol, in the endoplasmic reticulum, and in secondary
lysosomes. Although crystalline deposits are character-
istic of the disease, they may not be present in early
stages. Other less-specific changes include dilated
smooth and rough endoplasmic reticulum, a variety of
mitochondrial changes, and bile canalicular distention
with blunting of microvilli and bile pigment in lumens.
Only one of five subtypes of porphyria is illustrated
here, congenital erythropoietic protoporphyria.

Alpha-1-Antitrypsin Deficiency

(Figures 11.32 and 11.33.)
Diagnostic criteria. (1) Hepatocytes (periportal) have

smooth and rough endoplasmic reticulum markedly
distended by a homogeneous, finely granular material
of medium electron density (Figures 11.32 and 11.33).

Additional points. Alpha-1-antitrypsin is a protease in-
hibitor that neutralizes elastases, collagenases, trypsin,
chymotrypsin, and other proteolytic enzymes, thus pre-
venting excessive cellular autodigestion. In an alpha-1-
antitrypsin deficiency state, the enzymes accumulate
and ultimately destroy the cells, resulting in cirrhosis.
It may be difficult to discern whether the accumulated
enzyme is in the smooth or rough endoplasmic reticu-
lum because of marked distention and distortion of cis-
ternae. In the lung, alveolar septae undergo elastolysis,
enhancing septal rupture and emphysema.

Pulmonary Alveolar Proteinosis

(Figures 11.34 and 11.35.)
Diagnostic criteria. (1) Intra-alveolar exudate com-

posed of whorled membranous bodies, other vesicular
and amorphous osmiophilic particles, and droplets of
neutral lipid (Figures 11.34 and 11.35); (2) varying num-
ber of histiocytes with engulfed components of the ex-
udate (Figure 11.34).

Additional points. The diagnostic characteristic of the
exudate in pulmonary alveolar proteinosis is the
whorled membranous body, also referred to as a
myelin-like figure, multilamellated structure, and sur-
factant body. It resembles tubular myelin and the sur-
factant body of type II pneumocytes and is composed
of concentric phospholipid membranes and intermem-
branous amorphous protein. Most of the exudate is
acellular, and histiocytes with phagocytosed membra-
nous bodies are not necessary for making the diagno-
sis. Bronchoalveolar lavage fluid is rich in exudate as
well as accessible, and its removal is therapeutic as well
as diagnostic.

(Text continues on page 747)
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Figure 11.28. Erdheim-Chester disease (fibroxanthomatosis) (femur). Fibroblasts (F) and one multinucleated giant cell
(G) contain numerous neutral lipid droplets (L). (� 5600)
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Figure 11.29. Erdheim-Chester disease (fibroxanthomatosis) (femur). High magnification of several fibroblasts shows
distention of their cytoplasm by numerous non-membrane-bound neutral lipid droplets (L). (� 7200)
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Figure 11.30. Erythropoietic protoporphyria (liver).
Poorly preserved hepatocytes in a cirrhotic liver, which
had delayed fixation, contain numerous dilated mito-
chondria (arrows) and several star-burst, crystalline de-

posits (arrowheads). Similar deposits were also present in
von Kupffer cells, bile ductal epithelial cells and lumens,
and bile canalicular lumens. These deposits were auto-
fluorescent, and red with polarized light. (� 4500)
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Figure 11.31. Erythropoietic protoporphyria (liver). High magnification depicts in detail a filamentous crystalline de-
posit. (� 25,000)
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Figure 11.32. Alpha-1-antitrypsin deficiency (liver). The
hepatocytes have markedly dilated cisternae of endo-
plasmic reticulum, which are filled with a medium-dense

material (*). G � open spaces of glycogen; L � droplets
of neutral lipid. (� 5940)
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Figure 11.33. Alpha-1-antitrypsin deficiency (liver). High magnification of a hepatocyte highlights the dilated and
filled endoplasmic reticulum (*). (� 18,500)
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Figure 11.34. Pulmonary alveolar proteinosis (bron-
choalveolar lavage fluid). A mixed alveolar exudate is free
of microorganisms and rich in whorled membranous

structures (arrows). The material is found free and within
macrophages (M). (� 7560)
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Figure 11.35. Pulmonary alveolar proteinosis (bron-
choalveolar lavage fluid). Higher magnification of the
alveolar exudate depicted in Figure 11.34 shows the pre-

ponderance of membranous (surfactant) bodies (arrows).
(� 22,680)
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(Text continued from page 738)

Mitochondrial Abnormalities

(Figures 11.36 through 11.41.)
Mitochondrial abnormalities may involve various

organs but are often indexed under mitochondrial “my-
opathies.” Specifically, the skeletal myopathies are cov-
ered in this book in Chapter 13. In this chapter, we ex-
emplify some of the mitochondrial changes that may be
found in systems other than skeletal muscle. Most of
these disorders are genetic, and the morphological
changes are usually attributable to biochemical abnor-
malities in substrate usage, oxidative phosphorylation,
and/or respiratory chain reactions.

Diagnostic criteria. Various alterations in normal mi-
tochondrial morphology, including (1) clustering; 
(2) enlargement; (3) unusual shapes; (4) increase or de-
crease in number of cristae; (5) unusual directions and
patterns of cristae; (6) increased matrical substance; 
(7) abnormal inclusions (granular matrical globules and
intermembranous or intracristal crystalline structures);
(8) various nonmitochondrial changes, such as cyto-
plasmic inclusions of glycogen and lipid.

Additional points. Leigh’s disease is a rare, progressive
mitochondriopathy that involves the central nervous
system and skeletal muscle as well as a number of other
organs such as heart (myocardium), liver, and kidney.
Mitochondria may be so increased as to produce an on-
cocytic appearance to the cells.

Intestinal pseudo-obstruction, which is often accompa-
nied by ophthalmoplegia, is characterized by lipid vac-
uolar degeneration of myocytes and replacement fibro-
sis in the muscularis externa and muscularis mucosae
of the gut. In some cases, myocytes may also contain cy-
toplasmic inclusions, which by light microscopy are
translucent and PAS-positive, and by electron mi-
croscopy consist of aggregates of myofilaments, which
with time degenerate further into a granular and ho-
mogeneous substance. These changes are in addition to
some of the various mitochondrial changes of the types
enumerated in the section on diagnostic criteria.

Drug toxicity is another cause of mitochondrial ab-
normalities even though most of the mitochondrial dis-
orders are genetic. Some of the drugs in this category
are alcohol, hydrazine, and certain antiretoviral drugs.

The specific mitochondrial changes are among the types
already described in the section on diagnostic criteria.

Wilson’s disease

(Figures 11.42 through 11.44.)
Diagnostic criteria. Early (asymptomatic stage) changes

in hepatocytes include (1) enlarged, pleomorphic mito-
chondria with increased matrical density, increased ma-
trical granules, dilated cristae, dilated intracristal space,
and various crystalline and/or noncrystalline inclu-
sions; (2) increased number, size, and pleomorphism of
peroxisomes; (3) variable increase in vesiculation of
smooth endoplasmic reticulum; (4) increase in neutral
lipid vacuoles. Additional, later (symptomatic stage)
hepatocytic changes include (5) increased lipofuscin, es-
pecially in pericanalicular region; (6) copper deposits
within lysosomes, characterized as multivesiculated
densities.

Additional points. In the early, asymptomatic stage of
Wilson’s disease, copper is diffusely dispersed in the 
cytosol of hepatocytes and is not discernible by electron
microscopy. In the later, symptomatic stage, copper 
is visible in lysosomes and has the characteristic 
morphology described in criterion 6 and illustrated in
Figure 11.43. Other intermediate changes in the liver in-
clude focal necrosis of hepatocytes, cirrhosis, hemo-
siderin deposits, and filamentous deposits of Mallory’s
hyaline.

Amyloidosis

See the section on medullary (C-cell) carcinoma of the
thyroid in Chapter 9 and sections on renal and muscu-
lar diseases in Chapters 12 and 13.

Diagnostic criteria. (1) Extracellular collections of ran-
domly arranged, nonbranching, 7.0–10 nm in diameter
filaments.

Additional points. Amyloid has the same ultrastruc-
tural appearance in whichever organs and sites it is de-
posited, and electron microscopy is useful in demon-
strating small amounts that may be difficult to see by
light microscopy.

(Text continues on page 757)
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Figure 11.36. Mitochondrial abnormality in Leigh’s dis-
ease (heart). This postmortem sample of myocardium
shows myocytes with drop-out of myofibrils (arrows) and

replacement by innumerable, dilated mitochondria (seen
better at high magnification in Figure 11.37). (� 4900)
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Figure 11.37. Mitochondrial abnormality in Leigh’s dis-
ease (heart). Remaining myofibrils vary in size and are
separated by an increased number of mitochondria (M).

The mitochondria are dilated and have altered patterns
of cristae. (� 13,600)
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Figure 11.38. Mitochondrial abnormality in chronic in-
testinal pseudo-obstruction (jejunum). The leiomyocytes
of the muscularis propria have an irregular distribution

and arrangement of mitochondria, which occur in groups
(M) but usually not in the normal paranuclear polar po-
sition. (� 7300)
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Figure 11.39. Mitochondrial abnormality in chronic in-
testinal pseudo-obstruction (jejunum). Higher magnifi-
cation of some of the leiomyocytes shown in Figure 11.38
illustrates mitochondrial aggregation and variation in size

and shape. The inset depicts irregularly shaped mito-
chondria with an abnormal arrangement of cristae. Sim-
ilar changes were present in some of the Schwann cells
of the myenteric plexus. (� 21,000) (inset � 50,000)
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Figure 11.40. Mitochondrial abnormality in (antiretroviral) drug toxicity (liver). Some of the mitochondria (M) of the
hepatocytes are of abnormal size and shape, best exemplified in the cell in the upper right field. (� 6600)
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Figure 11.41. Mitochondrial abnormality in (antiretrovi-
ral) drug toxicity (liver). Higher magnification of several
of the mitochondria seen in Figure 11.40 illustrates their

large size as well as abnormally arranged cristae, often
in tubular arrays. (� 45,000)
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Figure 11.42. Wilson’s disease (liver). A cirrhotic liver in
late-stage Wilson’s disease shows a nodule of hepatocytes
surrounded by fibrocollagenous tissue (C). The hepato-

cytes contain numerous cytoplasmic electron-densities
(arrows), and canaliculi (*) are distended by bile. (� 3500)
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Figure 11.43. Wilson’s disease (liver). Higher magnifi-
cation of a hepatocyte from the same liver as depicted in
Figure 11.42 illustrates the composition of the various cy-
toplasmic electron densities: some are smooth and rep-
resent neutral lipid (L); some are finely granular and rep-

resent hemosiderin (H); some are vesiculated and repre-
sent copper (C). Lipofuscin, shown in Figure 11.44, was
also present in some cells. Note also the enlarged and
pleomorphic mitochondria (M) with decreased and ir-
regularly directed cristae. (� 12,400)
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Figure 11.44. Wilson’s disease (liver). High magnifica-
tion of hepatocytic cytoplasm illustrates well the internal
structure of the various electron densities shown in (Fig-

ures 11.42 and 11.43). L � lipofuscin; H � hemosiderin;
C � copper. (� 39,000)
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(Text continued from page 747)

Amiodarone Toxicity

(Figures 11.45 through 11.47.)
Diagnostic criteria. (1) Histiocytic infiltrates in lung,

liver, and other organs; (2) lysosomal lamellar bodies in
histiocytes and parenchymatous cells.

Additional points. Amiodarone has been used in the
treatment of ventricular arrhythmias, notwithstanding
its possible toxicity to various tissues, especially lung
and liver. Pulmonary changes include interstitial pneu-
monia, foamy histiocytes in alveoli, and lamellar bod-
ies in the histiocytes. In the liver, the drug produces pro-
gressive changes: first, cholestasis and perivenular
infiltration by granular histiocytes; and later, hepato-
cellular necrosis and cirrhosis, with granular histio-
cytes. The histiocytes contain lysosomes with lamellar
bodies. The mechanism of toxicity is by way of inhibit-
ing phospholipase activity, which leads to phospholipid
accumulation in the form of lamellar bodies in lyso-
somes. These toxic effects are more cumulative than
dose related, and lysosomal lamellar bodies are identi-
fiable before any clinical signs become manifest.

Adriamycin Toxicity

(Figures 11.48 and 11.49.)
Diagnostic criteria. (1) Dilatation of myocytic sar-

coplasmic reticulum and transverse tubular system; 
(2) numerous lipid droplets in myocytic cytoplasm; (3) loss
of myofibrils and sarcomeres; (4) nucleolar fragmenta-
tion and segregation.

Additional points. Adriamycin, effectively used in the
treatment of numerous neoplasms, is cumulatively
toxic to the heart. The mechanism of cardiomyopathy
may be through peroxidation of cardiac lipid. The
severity of myocardial damage is increased by previous
or concomitant mediastinal irradiation. In addition, ir-
radiation induces changes in small blood vessels. Cap-
illary endothelial cells show swelling and cytoplasmic
blebs, and arterioles and venules show duplication of
basal lamina.

Hemosiderosis

(Figures 11.50 and 11.51.)
Diagnostic criteria. (1) Extracellular or intracellular, ir-

regularly shaped deposits of loosely dispersed granules
of electron-dense material.

Additional points. Within cells, usually histiocytes, the
hemosiderin deposits are within secondary lysosomes,
but the limiting membrane of the lysosomes may be dif-

ficult to discern because of its close apposition to the
electron-dense hemosiderin. The hemosiderin-laden
lysosomes are referred to as “siderosomes,” and they
may be single or compound. Hemosiderin consists of
multiple aggregates of ferritin, which is composed of an
outer protein shell (apoferritin) and an inner region of
inorganic iron.

Cholestasis

(Figures 11.52 through 11.55.)
Diagnostic criteria. Intrahepatic, intracanalicular,

and/or intraductal deposits of electron-dense substance
(bile), which may have several patterns, including 
(1) finely granular; (2) fibrillar; and/or (3) whorled
lamellar.

Additional points. The granular and fibrillar substance
represents bilirubin, and the lamellar material is con-
sistent with being phospholipid, cholesterol, and con-
jugated bile salts. Secondary hepatocytic changes in
cholestasis include replacement of pericanalicular mi-
crofilaments by an amorphous material, distention and
hypertrophy of Golgi apparatuses, and hypertrophy of
smooth endoplasmic reticulum.

“Melanosis” (Lipofuscinosis) 
Coli and Prostaticus

(Figures 11.56 and 11.57.)
Diagnostic criteria. (1) Apoptosis of surface epithelial

cells (colon); (2) phagocytosed apoptotic structures by
intraepithelial histiocytes (colon); (3) granular, electron-
dense material (lipofuscin), plus droplets of pale or
medium-dense, homogeneous material (neutral lipid)
in round and irregularly shaped vesicles (lysosomes),
in epithelial cells and histiocytes (colon and prostate).

Additional points. The pigment in these conditions
was earlier thought to be melanin or melanin-like, but
more recently electron microscopy and electron-probe
energy dispersive radiography have demonstrated lipo-
fuscin. Histochemical evidence supports the concept
that lipofuscin and ceroid are the same substance but in
different stages of oxidation. Other substances such as
silicates and titoneum, or hemosiderin may also be
found in “melanosis” of the ileum, and iron sulfide in
“melanosis” of the duodenum. In the gastrointestinal
tract and prostate, lipofuscin-laden histiocytes are pres-
ent in the subepithelial stroma as well as in the epithe-
lium. In the prostatic epithelium, the pigment is located
predominantly in a subnuclear position. Both benign
and malignant epithelium may be involved.

(Text continues on page 771)
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Figure 11.45. Amiodarone toxicity (lung). A type II pneumocyte contains numerous cytoplasmic lamellar (surfactant)
bodies (arrows). A � alveolar space; V � septal blood vessels. (� 7200)
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Figure 11.46. Amiodarone toxicity (lung). High magnification of a desquamated type II pneumocyte illustrates an ex-
cessive number of lamellar bodies (arrows) filling the cytoplasm. (� 9700)
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Figure 11.47. Amiodarone toxicity (lung). High magnification of type II pneumocytic cytoplasm depicts clearly the
fine structural detail of several lamellar bodies. (� 45,000)
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Figure 11.48. Adriamycin toxicity (heart). Focal myocytes (*) show a loss of myofibrils and sarcomeres. These changes
are consistent with, but not specific for Adriamycin and/or x-ray effect. (� 5000)
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Figure 11.49. Adriamycin toxicity (heart). High magnification of the abnormal myocyte shown in Figure 11.48 illus-
trates again the myofibril loss. (� 10,500)
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Figure 11.50. Hemosiderosis (lung). Alveolar and septal macrophages contain innumerable electron-dense deposits,
siderosomes (S). (� 7400)
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Figure 11.51. Hemosiderosis (lung). An alveolar space
contains a cluster of hemosiderin-laden macrophages. 
S � siderosomes. (� 4200) Inset: High magnification of

siderosomes in the cytoplasm of an alveolar macrophage
reveals both a smooth and membranous internal pattern.
(� 15,800)
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Figure 11.52. Cholestasis (liver). Hepatocytes contain a moderate number of electron-dense globules of bile pigment
(arrows) in their apical cytoplasm, adjacent to bile canaliculi (C). (� 4000)
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Figure 11.53. Cholestasis (liver). Higher magnification of the same liver illustrated in Figure 11.52 reveals the bile pig-
ment (B) to be smooth, finely granular or heterogeneous, electron-dense material. C � canaliculi. (� 11,000)
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Figure 11.54. Cholestasis (liver). Hepatocytes contain numerous cytoplasmic inclusions of bile pigment, some of
which is membranous (arrows) and others of which are finely granular (arrowheads). (� 10,300)
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Figure 11.55. Cholestasis (liver). Higher magnification of the bile pigment shown in Figure 11.54 illustrates in detail
its membranous (arrows) and granular (arrowheads) textures. (� 22,000)
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Figure 11.56. Melanosis (prostate gland). Prostatic epithelial cells contain numerous electron-dense granules (arrows)
in their cytoplasm. (� 4200)
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Figure 11.57. Melanosis (prostate gland). High magnifi-
cation of several electron-dense granules of the type de-
picted in Figure 11.56 reveals them to be lipofuscin, of-
ten with a pale smooth component of neutral lipid (L) and

a darker globular component. Lysosomal limiting mem-
branes (arrows) are discernible in some of the granules.
(� 33,000)
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(Text continued from page 757)

Primary Ciliary Dyskinesia

(Figures 11.58 through 11.60.)
Diagnostic criteria. Respiratory epithelium with cil-

iary axonemes having (1) an absence or significant de-
crease of outer and/or inner dynein arms (normal av-
erage � two or more per cilium).

Additional points. Primary ciliary dyskinesia, or the
immotile cilia syndrome, includes a heterogeneous
group of hereditary disorders having certain clinical,
functional, and ultrastructural features in common. Re-
peated respiratory tract infections, including combina-

tions of chronic rhinitis, sinusitis, otitis media, bronchi-
tis, and bronchiectasis are characteristic. Dextrocardia
or situs inversus is present in many of these patients.
Kartagener’s syndrome specifically consists of situs in-
versus, chronic sinusitis, and bronchiectasis. Male in-
fertility caused by defective flagella of sperm and ec-
topic pregnancy secondary to faulty cilia of fallopian
tubular epithelium may also be evident in primary cil-
iary dyskinesia. Respiratory tract infections may be ac-
companied by various nongenetic ciliary defects, in-
cluding abnormal numbers and arrangements of
peripheral and central tubules, megacilia, compound
cilia, and defective or absent radial spokes. Decreased
ciliary beat frequency is also a useful measure of a ge-
netic etiology (normal minimum � 10 Hz).
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Figure 11.58. Normal human cilium (diagram). This simplified diagram of a normal cilium depicts nine peripheral
and one central pair of tubules, with outer dynein arms (O), inner dynein arms (I), and spokes (S).



Figure 11.60. Primary ciliary dyskinesia (nasal mucosa). Definite dynein arms are absent in the cilia of this patient,
who also had dextrocardia. (� 150,000)

Figure 11.59. Normal cilia (nasal mucosa). Outer and inner dynein arms (arrows) are apparent in these cilia. Inner
arms are usually blurred and less distinct than outer arms. (� 150,000)
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The contribution of electron microscopy to the study of
normal and abnormal glomerular morphology has been
medically significant. In the early 1960s and 1970s, be-
fore immunofluorescence microscopy was routine in re-
nal biopsy evaluation, many studies provided justifica-
tion for the role of electron microscopy. In the early
1970s, Siegel et al. (1973) conducted a study on 213 na-
tive renal biopsies to show how electron microscopy
provided the diagnosis or additional information in
48% of their cases. In early 1996, Haas (1997) reevalu-
ated the use of routine electron microscopy on 233 na-
tive renal biopsies and showed that 45% of their cases
required EM for diagnosis, confirmation, or additional
diagnostic information. It is not surprising to see that
this figure has not changed, as new features invisible by
light and immunofluorescence microscopy are being
defined and new diseases are being discovered at the
ultrastructural level. All native renal biopsies should be
processed for electron microscopy, although ultrastruc-
tural examination is required chiefly for the glomerular
diseases. In some cases electron microscopy is required
for diagnosis in entities such as minimal change disease,
early diabetic nephropathy, membranous lupus nephri-
tis versus nonlupus membranous glomerulonephritis,
membranoproliferative glomerulonephritis, postinfec-
tious glomerulonephritis, Alport’s syndrome, thin base-
ment membrane disease, fibrillary glomerulopathies,
chronic allograft glomerulopathy, and nephropathy as-
sociated with human immunodeficiency virus (HIV)
versus idiopathic collapsing glomerulopathy. With the
routine use of immunofluorescence, diseases less likely
to require electron microscopy for diagnosis include 
immunoglobulin (Ig)A nephropathy, pauci-immune 
crescentic glomerulonephritis, diffuse proliferative
glomerulonephritis, amyloidosis, and acute interstitial
nephritis. Usually a combination is optimal to arrive at
a confident diagnosis.

In this chapter, the glomerular diseases are grouped
by key ultrastructural appearances, with the intent that
this organization will promote use of the text as a diag-
nostic guide.

The Normal Glomerulus

(Figures 12.1 and 12.2.)
The renal glomeruli are spheroidal structures,

150–200 �m in diameter, that consist of a central tuft of
anastomosing capillaries separated by supporting cells
and matrix (the mesangium) and surrounded by Bow-
man’s capsule (Figure 12.1). Four cell types are present:
the endothelial cells, the visceral epithelium (podo-
cytes), the parietal epithelium (lining Bowman’s cap-
sule), and mesangial cells.
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Figure 12.1. Normal glomerulus. The capillary loops (C)
surround the mesangium (M), comprising mesangial cells
(*) and matrix. The endothelial cells (E) have small
amount of cytoplasm except in the region of the nucleus,
which tends to be on the mesangial side of the capillar-
ies. The fenestrated endothelial cytoplasm appears as a

series of “dashes” (arrowheads) along the inner side of
the glomerular basement membrane (G). The podocytes
(P) are in the urinary space (U) and rest on the outer side
of the glomerular basement membrane by means of foot
processes (arrows). (� 4600)



The glomerular filtration barrier (Figure 12.2) is com-
posed of fenestrated endothelial cells, the glomerular
basement membrane, and the filtration slit pores be-
tween podocyte foot processes, which function as three
progressively finer filters. The mean area per glomeru-
lus of the filtration surface has been reported to be 
0.136 mm2 in humans (Osterby et al. 1980). The
glomerular capillary surface is formed by attenuated,
thin endothelium that appears honeycombed on scan-
ning electron microscopy as a result of the fenestrations
or pores (50–100 nm in diameter). These fenestrae ex-
clude the formed elements in blood; thin diaphragms
have been demonstrated across the pores but are not
significant barriers to macromolecules.

The glomerular basement membrane (GBM) is a con-
tinuous sheet, comprising three layers: the central dense
homogeneous band, the lamina densa, and a zone of

lesser density on either side; the lamina rara externa;
adjacent to the podocytes; and the lamina rara interna,
adjacent to the endothelial cells (Figure 12.2). The GBM
excludes macromolecules 8 nm in diameter (albumin),
particularly those that are negatively charged. The
glomerular extracellular matrix (including GBM and
mesangial matrix) are composed of collagen, noncol-
lagenous structural glycoproteins, and proteoglycans.
Type IV collagen is the major collagenous component
of GBM and mesangial matrix. Six genetically distinct
alpha(IV) collagen chains have been described in base-
ment membranes, with variable distribution in the
glomerulus. The alpha-1(IV) and alpha-2(IV) collagen
chains are diffusely expressed in the mesangium but 
are faint in the GBM. The alpha-3(IV), alpha-4(IV), and 
alpha-5(IV) collagen chains are codistributed in the
GBM. Using electron microscopic immunohistochem-
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Figure 12.2. The renal capillary filtration barrier. A
podocyte (P) extends foot processes (F) along the outer,
urinary space side of the GBM (B). On the opposite, in-
ner side of the GBM, the fenestrated cytoplasm of an en-
dothelial cell lines the capillary lumen (C). The GBM is
uniform in thickness and substructure. The capillary fil-
tration barrier consists of three elements: (1) the en-
dothelial layer with multiple fenestrae 50–100 nm in di-

ameter (arrows); (2) the GBM, which has an inner layer,
the lamina rara interna (i); an outer layer, the lamina rara
externa (e); and a denser central layer, the lamina densa
(d); (3) the filtration slits that are bridged by a thin di-
aphragm (arrowheads), in between the podocyte foot
processes. Cytoplasmic filaments extend from the podo-
cyte cell body into the feet. (� 68,400)



istry in human kidney, Zhu et al. (1994) showed that the
alpha-1(IV) collagen chain was distributed mainly
along the endothelial side of the GBM and the mesan-
gial matrix. In contrast, the alpha-3(IV) collagen chain
was detected throughout the GBM thickness but was
absent in the mesangial matrix. The alpha-6(IV) colla-
gen chain is absent in the GBM. Heparan sulfate and
sialoglycoproteins in the GBM and on the surface of
podocytes and endothelial cells contribute a negative
charge carrier, demonstrable with colloidal iron.

The thickness of the GBM increases up to about age
30 years and then declines somewhat. The adult GBM
mean thickness is 326 �/� 45 nm in women (N � 59)
and 373 �/� 42 nm in men (N � 59; adult range
240–460 nm), measured from the cell membrane of the
endothelial cell to the cell membrane of the epithelial
cell (Steffes et al. 1983). These values are harmonic
means plus or minus standard deviations, calculated by
morphometric techniques (arithmetic means give some-
what higher values). Vogler et al. (1987) found that both
GBM and lamina densa increase rapidly in width dur-
ing the first two years of life; from 169 �/� 32 nm and
98 �/� 23 nm, respectively, at birth; to 245 �/� 49 nm
and 189 �/� 42 nm, respectively, at age two years; af-
ter which the increase in thickness is more gradual,
reaching 285 �/� 39 nm for GBM and 219 �/� 42 nm
for lamina densa by age 11. The GBM may have occa-
sional focal changes that have no known pathologic sig-
nificance, such as scattered subendothelial fibrils, par-
ticulate vesicular debris, membranous ribbons, and
focal irregular thickening. These probably represent in
part the wear and tear of normal function.

The podocytes (Mundel and Kriz 1995) cover the
outer, urinary surface of the GBM and join the parietal
epithelium covering Bowman’s capsule at the glomeru-
lar hilus. The podocytes form secondary and tertiary
processes that branch terminally to form thin, club-
shaped terminal processes called pedicles (or foot
processes) and anchor to the GBM (Figure 12.2). The
foot processes interdigitate in a complicated manner
with similar processes from the same and adjacent cells,
best appreciated by scanning electron microscopy. Be-
cause of three-dimensional orientation and sectioning,
a continuation of each foot process to the podocyte cell
body may not be seen. Foot processes are spread
throughout the capillary loops. Microfibrils, 2–10 nm
wide in the foot processes (Figure 12.2), may have con-
tractile functions. The spaces between adjacent foot
processes are called filtration slits, and at the junction
of foot processes and GBM, the slits are bridged by a
thin diaphragm (slit diaphragm) that has a zipper-like
appearance en face, the final barrier for bulk water flow
(Figure 12.2; [Schneeberger et al. 1975]). The podocyte
luminal membrane and slit diaphragms are covered by

a thick coat rich in sialoglycoproteins such as podoca-
lyxin and podoendin that impart a high surface nega-
tive charge. This surface charge contributes to mainte-
nance of the interdigitating pattern of foot processes.
The podocyte function includes synthesis and mainte-
nance of the GBM and endocytosis of filtered proteins.

The mesangium forms the trunk and branches that
support the glomerular capillaries in continuity with
the juxtaglomerular apparatus at the hilus. The mesan-
gial cells have a small, densely staining nucleus and
long processes that interdigitate between capillary
loops. The contractile apparatus of mesangial cells con-
sist of microfilament bundles located predominately in
mesangial cell processes (Kriz et al. 1990). The thickest
bundles of microfilaments occurs in the juxtacapillary
cell process. No GBM separates the mesangium from
the endothelial cells (Figure 12.1), and thus the
mesangium is in continuity with the subendothelial
space, forming a path of least resistance for particulate
material trapped between the endothelium and the
GBM. Judging from animal studies, some cells in the
mesangium are bone-marrow derived mononuclear
phagocytes. The mesangial cells are surrounded by a
matrix material similar to but not identical to the pe-
ripheral GBM. The mesangial matrix is filled by a
faintly fibrillar material with less electron density than
the lamina densa of the GBM, but both have similar
staining characteristics. It is not uncommon to find oc-
casional amorphous electron-dense deposits in the
mesangium without apparent pathologic significance.

Location of Electron-Dense Deposits

(Figure 12.3.)
Before discussing the various glomerular diseases, a

brief introduction to the four basic types of deposits that
may be encountered in renal glomerular pathology are
illustrated in Figure 12.3. Subepithelial deposits are lo-
cated along the outer urinary aspect of the GBM and
underneath the visceral epithelial cells (podocytes).
These are typical of membranous glomerulonephritis
(idiopathic, secondary forms, or class V lupus nephri-
tis) and postinfectious glomerulonephritis. Subendothe-
lial deposits are located between the inner, capillary side
of the GBM and the endothelium. These deposits are
characteristically seen in type I membranoproliferative
glomerulonephritis and class IV lupus nephritis. Mesan-
gial deposits are present in the mesangial matrix, usually
adjacent to mesangial cells and are classically seen in
IgA nephropathy. Intramembranous deposits are located
within the GBM as exemplified by dense deposit 
disease.
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Diseases with Scant or 
no Glomerular Deposits

Minimal Change Disease (Lipoid Nephrosis)

(Figures 12.4 and 12.5.)
Diagnostic criteria. (1) Widespread effacement (broad-

ening) of foot processes of podocytes over most of the
GBM (Figures 12.4 and 12.5) (Bohman et al. 1984;
Yoshikawa et al. 1982); (2) normal GBM thickness and
appearance; (3) enlarged podocytes with vacuolated 
cytoplasm containing lipid droplets, numerous mito-
chondria, well-developed Golgi apparatuses, rough en-
doplasmic reticulum, and microvilli (villous hypertro-
phy) on the urinary surface (Figure 12.5); (4) no focal,
segmental glomerular scars with tubular atrophy.

Additional points. Microfilaments are condensed at
the base of swollen podocytes. Podocytes may be lifted

from the GBM. Rarely, focal thinning and loosening of
the GBM are present. Occasionally, the lamina rara in-
terna is increased secondary to subendothelial lucency.

Biopsies taken in remission show return of the foot
processes; in fact, the amount of proteinuria is directly
correlated with the extent of foot process loss (Powell
1976). The foot process loss is sometimes called fusion;
however, because the foot processes actually are re-
tracted as the cell body settles down on the GBM, the
term effacement, better defines this foot process loss.
Rapid foot process effacement can be produced exper-
imentally by polycations (protamine) or neuraminidase,
owing to loss or neutralization of the negative charge
on the podocyte surface (Seiler et al. 1977).

By light microscopic examination, the podocytes are
typically somewhat enlarged with a basophilic cyto-
plasm. Proximal tubules contain PAS-positive reab-
sorption droplets and neutral fat (hence the original
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Figure 12.3. Location of electron-dense deposits. 
1 � Subepithelial deposits; 2 � subendothelial deposits;
3 � mesangial deposits; 4 � intramembranous deposits;

P � podocyte; FP � foot processes; GBM � glomerular
basement membrane; E � endothelial cell; M � mesan-
gial cell; C � capillary lumen; U � urinary space.



name, “lipoid nephrosis”). Focal glomerular sclerosis
must be excluded, insofar as possible, by step sections.
Isolated globally sclerotic glomeruli without tubular 
atrophy can be found in normal children and have no
significance. However, tubular atrophy and interstitial
fibrosis (even without glomerular scars) suggest un-
derlying focal glomerular sclerosis. In adults, global
sclerosis and tubular atrophy are found as part of “be-
nign nephrosclerosis.” These tend to be grouped, char-
acteristic of their vascular pathogenesis. The immuno-
fluorescence studies are negative or have small
amounts of mesangial IgM and C3 (a normal finding).
Some classify the latter as IgM nephropathy (see next
section).

IgM Nephropathy

(Figure 12.6.)
Diagnostic criteria. (1) Electron-dense mesangial de-

posits; (2) variable degree of mesangial hypercellular-
ity and increased matrix; (3) effacement of foot pro-
cesses in patients with nephrotic range proteinuria.

Additional points. The deposits are restricted to the
mesangium, and may be ill-defined, merging with the
mesangial matrix. In one report, no deposits were iden-
tifiable by electron microscopy in 36%, despite positive
immunofluorescence (Cohen et al. 1978). Light mi-
croscopy shows mild glomerular changes, with mild to
severe mesangial hypercellularity. These lesions differ

RENAL GLOMERULAR DISEASE 787

Figure 12.4. Minimal change disease (32-year-old man
with nephrotic syndrome). Low power view of a glomeru-
lus with widespread podocyte foot processes effacement
(arrowheads). The podocytes (P) show a mild degree of

villous hypertrophy. The capillary loops (C) contain red
blood cells. The mesangium, endothelium, and GBM are
normal. (� 4028)



from focal sclerosis only in the absence of segmental
scars.

The defining feature is mesangial IgM staining by
immunofluorescence microscopy, which, as noted, can
be a normal finding. Patients who present with pro-
teinuria sometimes also present with microscopic
hematuria. Therefore, many (including the authors)
have not accepted this as a distinct clinicopathologic en-
tity. Most cases probably represent focal glomerular
sclerosis or minimal change disease. About 50% (7/16)
of children with frequent relapsing nephrotic syndrome
had mesangial IgM deposits (Trachtman et al. 1987).
Prominent IgM has been noted in children with mini-

mal change disease who had been resistant to pred-
nisone and responded to prednisolone (Herrin and
Colvin, unpublished).

Focal and Segmental Glomerulosclerosis 
(Primary and Secondary Types)

(Figures 12.7 and 12.8.)
Diagnostic criteria. (1) Effacement of podocyte foot

processes; (2) swollen and vacuolated (lipid and pro-
teinaceous fluid) podocytes with formation of microvilli
on their free surface (Figure 12.7); (3) segmental areas
of glomerular sclerosis with collapse, wrinkling, and

788 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 12.5. Minimal change disease (57-year-old man
with a 2-week history of nephrotic syndrome [6 g/day
proteinuria] and normal renal function). The podocyte (P)
shows effacement of foot processes (arrowhead ), villous

hypertrophy (*), and cytoplasmic lipid accumulation (L).
A red blood cell (RBC) is in the capillary lumen. (� 9180)



Figure 12.6. IgM nephropathy (12-year-old girl with an
8-year history of steroid-dependent nephrotic syndrome
and normal renal function). Extensive effacement of
podocyte foot processes (arrows) and villous hypertrophy
of podocytes (P) are present, indistinguishable from min-

imal change disease or focal glomerular sclerosis. In ad-
dition, amorphous mesangial deposits are present (*).
Mesangial deposits stained for IgM by immunofluores-
cence. The GBM is normal. (� 5400)
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thickening of the GBM, typically beginning at the peri-
hilar region (Figure 12.8A); (4) amorphous hyaline de-
posits, often with lipid droplets, in capillary spaces of
scarred segments (Figure 12.8B), corresponding to the
hyaline seen by light microscopy; (5) increased mesan-
gial cells and matrix may be present.

Additional points. The glomerular basement mem-
brane in nonsclerotic areas may have focal thickening
of the lamina rara interna and occasional splitting with
mesangial interposition. Subepithelial new GBM lami-
nation may be present in segments where the podocyte
has lifted off of the GBM (Figure 12.8A). Scattered electron-
dense deposits may be present in subendothelial, in-
tramembranous, and mesangial location. One of the dis-

tinguishing characteristics of primary, idiopathic focal
segmental glomerulosclerosis (FSGS) is the presence of
widespread foot process effacement over nonsclerotic
otherwise normal-appearing lobules, in addition to
over the sclerotic lobules (D’Agati 1994; Schwartz and
Korbet 1993). Secondary forms of FSGS are commonly
associated with glomerular hypertrophy related to
structural and functional adaptations, including in-
trarenal vasodilation and increases in glomerular cap-
illary pressure and plasma flow, leading to compensa-
tory hyperfiltration (Rennke and Klein 1989). Secondary
focal segmental glomerulosclerosis typically has a dif-
fusely thickened GBM and frequent capillary loops
with intact foot processes (Fig 12.8C).



Light microscopy shows collapse and sclerosis of a
portion of affected glomeruli, particularly adjacent to
the hilum, with deposition of amorphous eosinophilic
material on the inner aspect of capillary loops (hyali-
nosis), adhesions to Bowman’s capsule, foam cells, 
and rarely crescents. The glomerular sclerosis is char-
acteristically more frequent among juxtamedullary
glomeruli. Immunofluorescence shows the presence of
IgM and C3 in sclerotic areas and occasionally in the
mesangium of nonscarred glomeruli accompanied by
other immunoglobulin classes.

The primary form of this disease is caused by a
blood-borne factor, as proved by the rapid and dramatic
recurrence in about 40% of patients who received renal

transplants. Such cases show foot process loss in the
earliest biopsies (1 week) and adhesions and segmen-
tal sclerosis in 4–6 weeks. Cases with prominent
mesangial hypercellularity tend to have a worse prog-
nosis and recur more frequently after transplantation.

Secondary focal segmental sclerosis can be seen in
association with reflux nephropathy, unilateral renal
agenesis (Kiprov et al. 1982), diabetes mellitus, mem-
branous glomerulonephritis, Alport’s syndrome, IgA
nephropathy, and obesity (Verani 1992). These lesions
are believed to arise from hyperfiltration injury, a com-
mon final pathway of end-stage renal disease. Sec-
ondary focal sclerosis rarely, if ever, recurs in trans-
plants. Segmental adhesions between the tuft and
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Figure 12.7. Focal and segmental glomerulosclerosis,
classic type (16-month-old boy with recent-onset
nephrotic syndrome not responsive to a 4-week treatment
with steroids). Segmental collapse of the capillary lumina
with mesangial sclerosis along with podocyte (P) foot

process effacement (arrows) and villous hypertrophy (*)
are present. The mesangium (M) is expanded and con-
tains more cell processes, matrix, and focal electron-
dense deposits. (� 10,500)



A

Figure 12.8. Focal and segmental glomerulosclerosis: A
(69-year-old man with 2.5 g/day proteinuria and micro-
scopic hematuria), the GBM is wrinkled and collapsed
(arrowheads). The podocyte (P) is separated from the
GBM with underlying laminated basement membrane
material and lucency (arrow); foot processes are effaced.

(� 10,260). B (recurrence of FSGS in an allograft), Mas-
sive subendothelial amorphous deposits (H) admixed
with lipid vacuoles (L) are present in the segmental
glomerular scar that correspond to hyaline. Note the
smooth, rounded contours of hyaline deposits (� 9000). 

B
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Bowman’s capsule at the orifice of the proximal tubule
have been termed glomerular tip lesions (Howie and
Brewer 1984). These lesions may have a better progno-
sis than the usual form of focal glomerular sclerosis, al-
though this point is controversial.

Focal Segmental Glomerulosclerosis, Collapsing
Variant, Including HIV-Associated Nephropathy
and Heroin Abuse Nephropathy

(Figures 12.9 through 12.13.)
Diagnostic criteria. (1) Segmental collapse of capillary

loops and often global collapse of the glomerular tuft

(implosive retraction) (Figure 12.9) without expansion,
unlike classic FSGS; (2) wrinkling and folding of the
GBM; (3) widening of Bowman’s space; (4) podocyte
proliferation and marked hypertrophy over the col-
lapsed loops, filling the Bowman’s space, usually with
numerous reabsorption droplets.

Additional points. This distinct, malignant form of
FSGS, now called collapsing FSGS, was originally de-
scribed in patients with HIV infection and acquired
immunodeficiency syndrome (AIDS) (Chander et al.
1987; D’Agati et al. 1989; Cohen and Nast 1988) as HIV
nephropathy (Figures 12.11 through 12.13) and in pa-
tients who abuse heroin (Grishman and Churg 1975) as
heroin nephropathy. Cases without HIV infection or
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Figure 12.8. (continued)
C, Focal segmental glomerulosclerosis, secondary type
(18-year-old male with unilateral renal agenesis, biopsy
of solitary kidney for proteinuria, 1.5 g/day), widespread

GBM thickening. Segmental podocyte foot process ef-
facement (arrowhead) with areas of preserved foot
processes (arrow). C � capillary lumen; E � endothelial
cell; M � mesangium. (� 7400)

C



Figure 12.9. Focal and segmental glomerulosclerosis,
collapsing variant (recurrence, 3.5 months post renal
transplant in a 59-year-old man). Collapsed glomerular

tuft (G) with reactive podocyte hyperplasia (open arrow)
and reactive glomerular parietal epithelial cells (arrow).
BC � Bowman’s capsule; U � urinary space. (� 4600).
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heroin abuse have been recognized (Detwiler et al. 1994)
and represent a distinct entity (idiopathic type); African
American racial predominance has been observed in
this idiopathic type, as well as in HIV and heroin
nephropathy. Endothelial tubuloreticular inclusions
help distinguish HIV from non-HIV cases (Figure
12.12). Subendothelial deposits may be found (Figures
12.12 and 12.13A). Intracapillary foam cells as in classic
FSGS (Figure 12.13A) are seen. Nuclear bodies or vari-
ous intranuclear inclusions have been described in HIV
nephropathy as well as heroin nephropathy (Figure
12.13B). In HIV nephropathy, the nuclei may also show
granulofibrillary changes.

Given the recent rise in the number of cases being di-
agnosed with this rapidly progressive form of FSGS,
possible environmental or infectious factors in geneti-
cally predisposed individuals may play a role. Col-

lapsing glomerulopathy may also occur de novo after
transplant (Meehan et al. 1998). We have also observed
collapsing glomerulopathy in association with cyclo-
sporine toxicity (Figure 12.10) (Mauiyyedi et al. 1999).

Congenital Nephrotic Syndrome

(Figure 12.14.)
Diagnostic criteria. (1) Extensive effacement of

podocyte foot processes; (2) lamina rara interna of the
GBM may be irregularly widened by fine flocculent
electron-dense material with focal duplication of the
lamina densa (Figure 12.14B); (3) thin lamina densa,
compared with age-matched controls, although the
overall thickness of the GBM is within normal limits
(Autio-Harmainen and Rapola 1983); (4) mesangial ma-
trix slight to markedly increased; (5) mesangial cells
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Figure 12.10. Focal and segmental glomerulosclerosis,
collapsing variant (56-year-old female who received cy-

closporine A after heart-lung transplant). Collapsed cap-
illary loop with hyalinosis (H). (� 5500)



Figure 12.11. HIV-associated nephropathy (focal and
segmental glomerulosclerosis, collapsing variant) (30-
year-old male HIV-positive, with proteinuria of 11.6 g/
day). Reactive and swollen podocytes that fill the Bow-
man’s space (open arrows) with diffuse foot process ef-

facement (arrowheads) and segmental collapse of the
capillary loops with wrinkling, duplication, and thicken-
ing of the GBM and scattered subendothelial deposits.
BC � Bowman’s capsule. (� 3900).
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Figure 12.12. HIV-associated nephropathy (same patient
as in Figure 12.11). The podocytes are reactive with foot
process effacement. The GBM beneath the podocyte is
prominently laminated and lucent (open arrow). GBM
duplication with cellular interposition and few suben-

dothelial deposits are present. The endothelial cells are
reactive and contain many tubuloreticular structures (ar-
rows), a higher magnification of which is shown in the
inset. (� 9300) (inset � 30,000).
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with electron-lucent vacuoles; (6) endothelial cells en-
larged with superficial processes projecting in capillary
lumens.

Additional points. The thickness of the GBM varies
from one glomerulus to another. The GBM is formed
during embryogenesis by the fusion of a lamina densa
formed by the endothelial cells and another formed by
the epithelial cells (in some species the layers remain
separate), therefore, the GBM of the fetus may appear
split (Autio-Harmainen 1981). Duplication of the lam-
ina densa in congenital nephrotic syndrome may there-
fore be a sign of immaturity.

This diagnosis can be made on fetal kidneys; the am-
niotic fluid contains high levels of alpha-fetoprotein
owing to fetal proteinuria. The thin lamina densa and
podocyte changes are best seen in the more mature
glomeruli. The normal fetal lamina densa is 49 �/� 4 nm.

The other forms of congenital nephrotic syndrome
have been less well documented. Nonhereditary forms
are characterized by diffuse mesangial sclerosis and by
mesangial hypercellularity. Other types that occur in the

first year of life, but rarely in the first three weeks, are
minimal change disease and FSGS (Habib and Bois
1973).

Diabetic Nephropathy

(Figures 12.15 and 12.16.)
Diagnostic criteria. (1) Diffuse homogeneous thicken-

ing of the GBM; (2) mesangial hypercellularity in the
early stage of lesion; (3) increased intercapillary mesan-
gial matrix (volume and density), which in the later
stage form rounded expansions called Kimmelstiel Wil-
son nodules (Kimmelstiel and Wilson 1936) containing
mesangial fibrils, lipids, and cell debris.

Additional points. No GBM thickness threshold has
been established; 150% of that predicted for age or 450 nm
(99th percentile) will have a few false-positives but not
identify mild cases. Isolated segments (3%) of the GBM
may be thin and laminated (Osterby et al. 1987). The
podocyte foot processes are wider on average in dia-
betes (352 versus 224 nm; [Osterby et al. 1987]), but
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Figure 12.13. HIV-associated nephropathy (same patient
as in Figure 12.11). A, Subendothelial foam cell with
many lipid vacuoles. Adjacent capillary loop with suben-

dothelial pale deposits (� 3700). B, Intranuclear inclu-
sion in nucleus of an endothelial cell (� 7500).

A B
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A

Figure 12.14. Congenital nephrotic syndrome. A, (10-
day-old infant with proteinuria, hypoalbuminemia, and
anasarca), Podocyte (P) foot processes are effaced. The
lamina densa is thin. C � capillary lumen. (� 16,520). 
B (same patient as in A). The lamina rara interna of the

GBM is irregularly widened by fine flocculent laminated
material (arrowhead ). The GBM is wrinkled. Podocytes
show loss of foot processes (arrow) and villous hypertro-
phy. R � erythrocyte. (� 7980)
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Figure 12.15. Diabetic glomerular sclerosis (51-year-old
man with insulin-dependent diabetes mellitus). The GBM
is uniformly thickened, about 950 nm (arrowheads), but

otherwise of normal appearance, with nodular mesangial
expansion (*). Podocytes (P) have segmental foot process
loss. C � capillary lumen. (� 6840)
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there appears to be no correlation between foot process
width and proteinuria. Extensive foot process efface-
ment is not characteristic of diabetic glomerular sclero-
sis. Mesangial cell interposition may be present. Occa-
sional fibrillar subendothelial material (Figure 12.16) or
subepithelial and intramembranous granules may be
present. Immune complexes are rare. Accumulation of
fine granular hyaline material admixed with lipids may
occur on the endothelial side of the GBM (fibrin caps)
and between Bowman’s capsule and the parietal ep-
ithelium (capsular drops). Hyaline deposits in both the
afferent (more extensive) and efferent arterioles are
present in the subendothelial space and media. Tubu-
lar basement membranes also are thickened with a lay-
ered structure (nonspecific).

The increase in mesangial matrix (nodular expan-
sion) and GBM thickening are considered two different
expressions of a fundamental basement membrane ab-
normality (Osterby 1986), that ultimately leads to so-
lidification and loss of capillary surface. Many factors
contribute to the pathogenesis of diabetic glomeru-
losclerosis, including hyperfiltration, hypertension, and
poor metabolic control of glycemia. Three theories con-
sidered in the pathophysiology include (1) changes in
the polyol-inositol metabolism pathway, (2) nonenzy-
matic glycation of proteins, and (3) direct influence of

hyperglycemia on the synthesis of matrix components
(Schleicher and Olgemoller 1992) via cytokines such as
transforming growth factor beta. Immunofluorescence
studies show bright linear deposition of albumin and
IgG along the GBM and tubular basement membrane.
Scattered small deposits of IgM and C3 may be seen in
the mesangium.

Electron microscopy is necessary to exclude other
causes of nodular glomerular lesions such as systemic
light chain deposition disease, amyloidosis, other fib-
rillary glomerulopathies and membranoproliferative
glomerulonephritis. The diffuse thickening of the GBM
was once thought to be pathognomonic for diabetes,
but it has been noted in conditions of physiologic hy-
pertrophy (single kidneys, cyanotic congenital heart
disease [Figure 12.17]).

Thin Glomerular Basement Membrane Disease
(Benign Familial Hematuria)

(Figures 12.18, 12.19, and 12.21B.)
Diagnostic criteria. (1) Diffuse, uniformly thin GBM,

compared with age-matched controls (Basta-Jovanovic
et al. 1990; Hill et al. 1974) due mainly to the decreased
width of the lamina densa (Figures 12.18 and 12.19); 
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Figure 12.16. Diabetic glomerular sclerosis. The GBM is
uniformly thickened but otherwise of normal appearance.
Subendothelial fibrillar material is present, which meas-

ures 8–10 nm in thickness (arrowhead ). This is a non-
specific change seen also in focal sclerosis. C � capillary
lumen; P � podocyte foot process. (� 68,400)



(2) smooth, nonserrated outer and inner contours of the
GBM (Figure 12.21B); (3) absence of diffuse lamination
of the GBM.

Additional points. The width of the GBM can be de-
termined by using a grid overlay and calculating the
harmonic mean of the GBM (from cell surface to cell
surface) where it intersects the grid (Steffes et al. 1983).
Normal values using this methodology were given in
the section on the normal glomerulus. There is no “of-
ficial” threshold for thin basement membrane disease,
although values �240 nm and �280 nm in adults,
women and men respectively, and �150 nm in children
≥ two years old may be used (two standard deviations
below normal). Another approach is that of Milanese et
al. (1984) who found overlap of the mean GBM width
between normal children and those with benign famil-
ial hematuria; discrimination was better using the fre-
quency of GBM measurements �200 nm. A “rule of

toes” is that the normal thickness of the GBM should
not be less than the width of a foot process. Mild, focal
thickening and splitting of the GBM may be present in
some cases, with effacement of podocyte foot processes.
Paramesangial thickening and wrinkling have been
noted. These features are probably related to previous
rupture of the peripheral capillary wall and repair.

Figure 12.21 compares thin GBM disease with Al-
port’s syndrome. Thin GBMs may be a feature of both,
especially in young children. Lamination and basket
weaving of the GBM with thickening, serrated outer
and inner GBM contours are features of Alport’s syn-
drome (see next section) and are absent in thin GBM
disease. In early cases these diseases may have a simi-
lar appearance on electron microscopy. Immunofluo-
rescence microscopy study of the GBM for the alpha-3
chain of type IV collagen, using Goodpasture’s serum,
is helpful in the differential diagnosis; alpha-3 (IV) col-

RENAL GLOMERULAR DISEASE 801

Figure 12.17. Cyanotic congenital heart disease (37-
year-old man with tetralogy of Fallot, still cyanotic after
Blalock procedure). There is marked, diffuse, uniform
thickening of the GBM (600–950 nm) with little or no

lamination, which mimics diabetic nephropathy. Scat-
tered deposits/debris are embedded in the GBM. The
podocytes (P) have little foot process loss. Red cells (R)
are in capillaries (C). (� 6360)



Figure 12.18. Thin GBM disease (16-year-old boy with
a 6-year history of microscopic hematuria). The GBM is
markedly thin, about 171–183 nm (arrowheads), but oth-

erwise normal with relatively smooth contours. Parame-
sangial thickening and wrinkling are also seen. The
podocytes and mesangium are unremarkable. (� 8175)
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lagen staining is present in thin GBM disease and 
absent in Alport’s syndrome. Clinical presentation, fam-
ily history, and evolution become the definitive indica-
tors of diagnosis and prognosis. A thin GBM can be seen
in various nonhereditary glomerulopathies, but only fo-
cally. Light microscopic examination is normal, aside
from red cell casts, and immunofluorescence studies are
generally unremarkable.

Thin basement membrane disease accounts for about
30% of the cases presenting as persistent, asymptomatic
hematuria (Bodziak et al. 1994). In most families, an au-
tosomal dominant inheritance is seen. In some, an au-
tosomal recessive pattern is seen, and sporadic cases
have been noted. Genetic analysis may help more de-
finitive classification. Some cases due to a defect in
COL4A4 presenting with benign familial hematuria
have been described (Lemmink et al. 1996) and may be
heterozygote carriers of autosomal recessive Alport’s
syndrome.

Typically, patients do not develop renal insufficiency.

Alport’s Syndrome (Hereditary Nephritis)

(Figures 12.20 and 12.21A)
Diagnostic criteria. (1) Extensive thickening of the

GBM (up to 800–1200 nm) with distortion of the lam-

ina densa due to lamination, splitting, fragmentation,
and formation of a net-like pattern (basket weaving),
enclosing electron lucent areas that focally contain small
granules or microparticles (Yoshikawa et al. 1981; Spear
1974), approximately 5–10 nm in diameter; (2) segments
of peripheral capillary loops with extreme thinning of
the GBM (Figure 12.15A); (3) serrated outer and inner
contours of the GBM.

Additional points. Podocytes are enlarged and contain
numerous organelles and clear vacuoles; there may be
effacement of foot processes and electron-dense con-
densation of the cytoplasm. The mesangial matrix may
be increased with focal extension of mesangial cells and
matrix along peripheral capillary loops (interposition).
In some cases, fine granular deposits are present in the
mesangium. Electron-dense deposits corresponding
with immune complexes are rare. Rupture of the GBM
with repair by endothelial and epithelial cells may be
seen. Bowman’s capsule and tubular basement mem-
branes show similar focal thickening and splitting, but
lamination at these sites may be seen in other diseases.

Each of these changes, taken as an isolated finding,
is not specific for Alport’s syndrome and may be seen
in several glomerulopathies in the reparative stage, al-
though rarely to the extent in hereditary nephritis (Hill
et al. 1974). When all the GBM changes are present and
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Figure 12.19. Thin GBM disease. The GBM is diffusely thin, about 152–211 nm. (� 11,800)



Figure 12.20. Hereditary nephritis (Alport’s syndrome)
(14-year-old boy with hematuria, proteinuria, and family
history of chronic renal failure). The GBM (G) has vari-
able thickening and thinning, with lamina densa lami-

nations and lucency. Scattered granular microparticles
are present in the GBM. E � endothelial cell. (� 9500).
This case lacked reactivity with sera from patients with
anti-GBM nephritis.
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are widespread, the electron microscopy picture
strongly suggests Alport’s syndrome (Grünfeld 1985;
Gubler et al. 1981; Gregory et al. 1996). Immunofluo-
rescence microscopy for the alpha-3 chain of type IV
collagen shows absence of staining along the GBM in
Alport’s syndrome and is used as a diagnostic test.

Extensive GBM thickening and splitting are present
in 80% of patients with Alport’s syndrome. Other cases
show extreme thinning of the GBM. Splitting of the
GBM is seen in older children and adults, and the de-
gree of splitting and proteinuria increase with age, es-
pecially in men. Classical Alport’s syndrome is inher-
ited in an X-linked manner (85% of the cases), with
clinical features of hematuria, sensorineural deafness,
ocular defects, and a progression to renal failure (Kash-
tan and Michael 1996). Sensorineural deafness, how-

ever, is no longer a prerequisite for diagnosis of Alport’s
syndrome. In 1990, Hostikka et al. (1990) identified an
“Alport gene” located at Xq22 designated COL4A5, en-
coding the alpha-5 chain of type IV collagen, mutations
of which are implicated in pathophysiology. The alpha-
5 chain is necessary for expression of the alpha-3 chain
of type IV collagen. An autosomal dominant form ac-
counts for about 15% of the cases due to mutations in
the COL4A3 and COL4A4 genes on chromosome 2 (Jef-
ferson et al. 1997), encoding the alpha-3 and alpha-4
chains of type IV collagen, respectively. An autosomal
recessive variety has also been described with defects
in COL4A3 and COL4A4 genes (Mochizuki et al. 1994).

By light microscopy, glomeruli usually appear nor-
mal or have mild segmental cell proliferation. Rumpelt
et al. (1992) have described fetal-like glomeruli, smaller
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Figure 12.21. Comparison of hereditary nephritis and
thin GBM disease. A, Hereditary nephritis (29-year-old
male). The GBM is thin with prominent lamination of the
lamina densa, serrated outer and inner contours of the
GBM, and scattered microparticles. (� 20,500) B, Thin
GBM disease (12-year-old male with hematuria and red

blood cell casts in urine). The GBM is thin with relatively
uniform lamina densa, without irregularities of the outer
and inner GBM borders. (� 20,500) Note: Also compare
A and  B with Figure 12.76 where subendothelial (lam-
ina rara interna) laminations can be seen in severe hy-
pertension.

B



capillary loops, and less intense basement membrane
staining in their cases of Alport-type glomerulopathy.
Tubular atrophy often is seen in advanced cases. Im-
munofluorescence studies are negative. Renal trans-
plantation has induced in 20% of reported cases forma-
tion of anti-GBM antibodies sometimes with crescentic
glomerulonephritis, due to the foreign alpha-3 or alpha-
5 antigens in the donor kidney.

Glomerular Diseases with 
Prominent Crescents

Crescentic glomerulonephritis can be categorized into
three types based on pathophysiologic mechanisms: 
(1) immune-complex-mediated, such as postinfectious
glomerulonephritis, Henoch-Schönlein purpura, and
membranoproliferative glomerulonephritis; (2) anti-
body to GBM antigens; (3) pauci-immune glomeru-
lonephritis, antineutrophil cytoplasmic antibody
(ANCA) associated (Davies et al. 1982; Hall 1984; Jen-
nette and Falk 1990), such as Wegener’s granulomato-
sis, microscopic polyarteritis, and similar vasculitides.
The crescent itself is similar in these various rapidly
progressive diseases, although the primary injury to the
GBM (or Bowman’s capsule, perhaps) is different and
categorized into the above by immunofluorescence
studies. The clotting system is involved in the patho-
genesis of crescents. Various cell types accumulate in
Bowman’s space to form crescents, including parietal
epithelial cells (the major component), monocytes/
macrophages, neutrophils, and occasionally multinu-
cleated giant cells. The appearance of crescents is influ-
enced by their duration, but not by the specific type of
glomerular disease. Distortion and fragmentation of the
GBM by the crescentic process or the necrotizing dis-
ease are seen (Bonsib 1988) as well as fibrin deposition
in the early stage.

Wegener’s Granulomatosis

(Figure 12.22.)
Diagnostic criteria. (1) Crescent formation with asso-

ciated fibrin in the urinary space; (2) segmental fibri-
noid necrosis; (3) fragmented GBM; (4) rarely electron-
dense amorphous subendothelial, mesangial, and
subepithelial deposits; (5) breaks in Bowman’s capsule.

Additional points. Fibrin can be present in capillary lu-
mens, blood vessel walls, and interstitium. Granulomas
and arteritis are occasionally found. Other vascular
changes include swelling and detachment of the en-
dothelium with subendothelial fibrin and platelets (not
shown). ANCA is almost always present.

Light microscopy demonstrates a focally necrotizing
glomerulonephritis (Weiss and Crissman 1984) with

some crescents. Granulomatous-type crescents (cres-
cents containing numerous epitheloid histiocytes and
multinucleated giant cells) are not specific for Wegner’s
granulomatosis but are more common than in cases of
microscopic polyarteritis. Yoshikawa and Watanabe
(1984) reported granulomatous crescents in 13 of their
24 cases. Jennette et al. (1989) reported such crescents
more often with C-ANCA-mediated processes rather
than P-ANCA. Vasculitis often is present (Serra et al.
1984). Immunofluorescence studies usually are nega-
tive (hence the “pauci-immune” term).

The diagnosis of Wegener’s granulomatosis relies on
the histologic triad of necrotizing granulomatous in-
flammation of upper or lower respiratory tracts, arteri-
tis, glomerulonephritis, and the presence of ANCA in
the serum. C-ANCA (antiproteinase 3) is present in 90%
of cases, and P-ANCA (antimyeloperoxidase) is present
in most of the others. These antibodies may initiate vas-
culitis by inducing primed neutrophils and monocytes
to release free radicals and lysosomal granules that in-
jure vascular endothelium (van der Woude et al. 1990).
Other diseases with a similar electron microscopy and
immunofluorescence appearance are microscopic poly-
arteritis ( Jennette et al. 1990; D’Agati et al. 1986), which
is usually associated with P-ANCA, and idiopathic cres-
centic glomerulonephritis. These cannot be differenti-
ated on histologic grounds alone, unless granulomas or
vasculitis are present.

Anti-Glomerular Basement Membrane Nephritis
(Goodpasture’s Syndrome)

(Figure 12.23.)
Diagnostic criteria. (1) Crescent formation; (2) frac-

tures of the GBM; (3) collapse of glomerular tuft; 
(4) subendothelial lucency of lamina rara interna and
widening of the GBM; (5) reactive endothelium; (6) ab-
sent or rare small subendothelial deposits.

Additional points. The GBM may be thickened, wrin-
kled, and occasionally interrupted. The GBM disconti-
nuities are oval or circular defects of various sizes in
three dimensions (Bonsib 1985). GBM splitting with in-
terposition of mesangial cells can be present. With pro-
gressive glomerular injury, occlusion of capillary lu-
mens by fibrin and inflammatory cells occurs with
endothelial detachment. This phenomenon is impli-
cated in the pathophysiology of anti-GBM nephritis. By
using immunoelectron microscopic techniques, Sisson
and colleagues have shown the distribution of IgG an-
tibody along the inner aspect of the GBM in the region
of lamina rara interna (Sisson et al. 1982). Focal efface-
ment of podocyte foot processes may be present.

Anti-GBM antibody disease (Bolton 1996; Senekjian
et al. 1980) is a focally necrotizing crescentic glomeru-
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Figure 12.22. Wegener’s granulomatosis (76-year-old
woman with a 2-week history of acute renal failure, ac-
tive urinary sediment, and bilateral pulmonary infiltrate).
Adjacent to the glomerular tuft is a portion of cellular
crescent with reactive epithelial cells (E) with cell junc-
tions, phagocytic macrophages (M), and occasional poly-

morphonuclear neutrophilic leukocytes (N) in close 
contact in a matrix of fibrin. Strands of basement mem-
brane may surround the cell periphery. Arrow � fibrin.
(� 4176). Inset: Subepithelial deposits (arrowheads). 
(� 22,680).
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Figure 12.23. Anti-GBM nephritis (36-year-old female
with necrotizing crescentic glomerulonephritis and cir-
culating anti-GBM antibodies). The glomerular tuft is col-
lapsed (*), and many areas of GBM fragmentation and

discontinuity (arrows) are amid a cellular crescent, giv-
ing a gnarled appearance to the damaged capillary loops.
BC � Bowman’s capsule. (� 4600)
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lonephritis characterized by autoantibodies against an
epitope (Goodpasture antigen) in the GBM. This au-
toantigen (Kalluri et al. 1995) has been identified as the
noncollagenous domain of the alpha-3 chain of type IV
collagen (NC1�3(IV)), encoded by the gene COL4A3 lo-
cated at chromosome 2q35–37 (Hudson et al. 1993).
Goodpasture’s syndrome (Rosenblum and Colvin 1993;
Bazari and Mauiyyedi in press) is the presence of pul-
monary hemorrhage and glomerulonephritis in a pa-
tient with circulating anti-GBM antibodies.

The ultrastructural and light microscopy findings are
nonspecific. The diagnosis requires demonstration of
linear staining for IgG along the GBM by direct im-
munofluorescence and the detection of antibodies di-

rected against the GBM in the serum, or in the renal 
eluate by Western blot analysis and enzyme-linked
immunosorbent assay (McCluskey et al. 1995).

Diseases with Prominent Amorphous
Dense Deposits

Postinfectious Glomerulonephritis

(Figures 12.24 and 12.25.)
Diagnostic criteria. (1) Dome-shaped large subepithe-

lial electron-dense deposits (humps); (2) granulocytes
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Figure 12.24. Acute postinfectious glomerulonephritis.
(13-year-old boy with poststreptococcal glomerulo-
nephritis). A polymorphonuclear neutrophilic leukocyte

(N) invaginates under the endothelium (E). Hump-like
electron-dense deposits are present in subepithelial lo-
cation (arrow). P � podocyte. (� 16,000)
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A B

Figure 12.25. Acute postinfectious glomerulonephritis.
A (same case as Figure 12.24), Subepithelial hump (ar-
rowhead ). (� 42,230) B (same case as Figure 12.24),
Subepithelial hump with partial dissolution. (� 42,230)

C (8-year old boy with acute hypertension and oliguria),
Extensive, confluent subepithelial electron-dense deposits
and atypical humps (arrowheads) on the GBM. C � cap-
illary lumen; P � podocyte. (� 11,240)

C



and monocytes in the capillary lumina and in the
mesangium.

Additional points. Less-extensive subendothelial,
mesangial, or intramembranous deposits can be found,
depending on the stage of disease (Sorger et al. 1982).
The subepithelial deposits are in close contact with vis-
ceral epithelial cells (podocytes). The podocyte cyto-
plasm, immediately adjacent to the deposits, usually is
of increased electron density (due to fibrils), with foot
process effacement (Figure 12.24). This reaction is a gen-
eral response of podocytes in contact with immune
complexes (seen also in membranous glomerulone-
phritis, lupus nephritis, and membranoproliferative
glomerulonephritis). The electron density of deposits
can be variable; the granularity may be coarse to fine
(Churg and Grishman 1972). Areas of lucency are prob-
ably caused by dissolution of deposits (Figure 12.25B).
Occasional cases have particularly large and confluent
subepithelial deposits (atypical humps; Figure 12.25C),
which are associated with a poorer prognosis. The
mesangium is expanded, but more by increased cells and
loose edema than by matrix or sclerosis.

The GBM generally shows no marked abnormalities,
but it may have segmentally one or more of the follow-
ing: simple thickening, affecting the entire profile or rel-
atively lengthy segments; thickening with areas of rar-
efaction; separation of the endothelium from the
luminal side of the GBM by a clear space or, more fre-
quently, by amorphous material of variable density; foci
of complete disarrangement and even rupture of the
GBM. Duplication and mesangial interposition, typical
of membranoproliferative glomerulonephritis and the
glomerulonephritis of chronic infections, are seldom
found.

Cellular crescents and fibrin may be present in Bow-
man’s space. In the healing phase (≥ six weeks), endo-
thelial cell swelling is decreased, the infiltrate is absent,
and the humps usually disappear (Tornroth 1976). The
peripheral GBM may be left with irregular segmental
thickening.

Light microscopic examination shows hypercellu-
larity of the glomerular tuft owing to an increased quan-
tity and swelling of endothelial and mesangial cells and
infiltration by polymorphonuclear neutrophils and
mononuclear cells. An acute interstitial nephritis typi-
cally is present, and red cell casts often are numerous.

Electron microscopic findings correlate with the im-
munofluorescence pattern and stage of disease and
have been described into three types (Sorger 1982). The
starry sky immunofluorescence pattern has a sprinkling
of fine granular deposits in relation to capillary walls
and mesangium. By electron microscopy, subendothe-
lial and mesangial deposits predominate, with rare in-
tramembranous or subepithelial deposits; therefore,
humps are rare. This pattern occurs most frequently in

early phases of the disease (first to third week). The gar-
land immunofluorescence pattern has densely packed,
sometimes confluent deposits located in the region of
the capillary walls. Electron microscopy shows numer-
ous humps. This pattern occurs at various times during
the course of the disease. The mesangial immunofluo-
rescence pattern is associated with EM deposits in that
location and usually is seen in later stages of evolution
of the disease.

These findings are observed in a variety of postin-
fectious glomerulonephritis, including that associated
with group A beta-streptococcus (Tejani and Ingulli
1990), Staphylococcus aureus, and Pneumococcus. The
glomerulonephritis of continued infection (as in shunt
nephritis, subphrenic abscess, or endocarditis) may
show this pattern or, more typically, that of membra-
noproliferative glomerulonephritis, type I.

Membranous Glomerulonephritis

(Figures 12.26 through 12.29.)
Diagnostic criteria. (1) Subepithelial amorphous elec-

tron-dense deposits along virtually all the glomerular
capillaries (Rosen 1971); (2) scant or absent mesangial
or subendothelial deposits (Graham and Nagle 1983).

Additional points. The appearance varies with the
stage of the disease. The sequence of deposition and re-
absorption of deposits has been divided into four stages
(Ehrenreich and Churg 1968). In stage I (Figure 12.26)
isolated, scattered electron-dense deposits are present
on the epithelial side of the GBM. These resemble
humps, except for the early cupping of the deposit with
newly formed basement membrane. Overlying
podocytes have focal effacement of foot processes and
microvillous transformation. Dense fibrils are present
in the cytoplasm of foot processes in contact with the
deposits. In stage II (Figure 12.27), subepithelial deposits
are numerous, evenly distributed over the capillary
loops, and separated by radial extensions of the lamina
densa, forming spikes. In stage III, spikes fuse over the
subepithelial deposits (Figure 12.28A), embedding
them into a thickened basement membrane. The amor-
phous deposits become coarsely granular and some-
what lucent; patches of GBM lucency are seen (Figure
12.28B), representing areas of dissolution. Occasional
mesangial deposits may be present. In stage IV (Figure
12.29), deposits become rarified, and most disappear,
leaving an irregularly thickened lamina densa, which
may return toward normal.

Membranous glomerulonephritis can be seen as a
primary renal disease or secondary to other diseases
(lupus, certain infections, and drug allergy). The sec-
ondary forms of membranous glomerulonephritis gen-
erally have sparser deposits (Graham and Nagle 1983).
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If mesangial and subendothelial deposits are also pres-
ent, the possibility of lupus nephritis should be consid-
ered. Features that are more characteristic of lupus
membranous glomerulonephritis are a fingerprint pat-
tern of deposits and endothelial tubuloreticular struc-
tures. Electron microscopy and immunofluorescence
are useful in early stages of the disease (especially in
stage I), when the light microscopy is similar to mini-
mal-change disease. The presence of fine granular IgG
staining along peripheral capillary loops by immuno-
fluorescence corresponds to the small electron-dense
deposits by electron microscopy and will indicate the
diagnosis. The presence of intracapillary leukocytes
(neutrophils and monocytes) or subendothelial lucent
material suggests superimposed renal vein thrombosis;

the authors have also noted loss of endothelial fenes-
trae in this clinical setting.

By light microscopy, diffuse thickening of the GBM
may be seen, although this may be impossible to detect
in early stages, partly because the deposits themselves
are not PAS-positive. Trichrome stains (for collagen) in
2-� sections are useful in the absence of electron mi-
croscopy (deposits stain red). Immunofluorescence
studies show intense, diffuse granular staining of the
glomerular basement membrane for IgG and C3 and the
other immunoglobulins (IgM, IgA, IgE) to a variable 
degree.

The epimembranous (or subepithelial) pattern of im-
mune complex deposition is not specific for a particu-
lar disease, but rather is a common glomerular pattern
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Figure 12.26. Membranous glomerulonephritis stage I
(15-year-old girl with nephrotic syndrome). Large subep-
ithelial deposits (arrows) are present under the podocyte.
Although no fully formed spikes of basement membrane

are seen, a few fine basement membrane laminae adja-
cent to the deposits form a collar. This reaction helps dis-
tinguish stage I membranous deposits from the humps
found in acute glomerulonephritis. (� 18,500)



Figure 12.27. Membranous glomerulonephritis stage II
(61-year-old female with proteinuria and edema). Nu-
merous subepithelial deposits (*) are regularly scattered
along the GBM. These deposits are separated by spikes

or columns of basement membrane (arrows). The podo-
cytes (P) show marked local reaction to the deposits and
have foot process effacement. The subendothelial space
is widened and lucent. (� 12,000)

RENAL GLOMERULAR DISEASE 813



A

Figure 12.28. Membranous glomerulonephritis stage III.
A (51-year-old male, proteinuria for 6 years, developed
nephrotic syndrome recently, with proteinuria up to 11 g/
day and creatinine of 1.7 mg/dL), Arch of new basement
membrane over the deposits (arrows). * � subendothelial

lucent expansion; C � capillary lumen; P � podocyte. 
(� 25,000). B (52-year-old female with proteinuria and
hypertension), The subepithelial deposits are covered by
a bridge of newly formed GBM (short arrows) and appear
to be undergoing dissolution (long arrow). (� 8500)

B
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of response to a variety of inciting conditions: lupus, 
renal allograft rejection, infection (hepatitis B virus
[Collins et al. 1983], hepatitis C virus, syphilis), chemo-
therapy (gold salts, captopril, or penicillamine), possi-
bly carcinomas and mercury compounds. The proposed
pathogenesis, supported by experimental studies in 
rats with Heymann nephritis, is an autoimmune re-
sponse to an antigen, as yet unknown, on the surface of
the foot processes or planted in the GBM from the blood
(Cavallo 1994).

Membranoproliferative Glomerulonephritis, 
Type I

(Figures 12.30 through 12.32)
Diagnostic criteria. (1) Subendothelial and mesangial

electron-dense deposits; (2) extension of cells (mesan-
gial or mononuclear phagocytes) or their processes

along capillary walls in the subendothelial space (“in-
terposition”) (Figure 12.30); (3) duplication of the GBM
with a new basement membrane layer formed under-
neath the endothelium (Figure 12.30) enclosing the de-
posits; (4) podocyte foot process effacement.

Additional points. In membranoproliferative glomeru-
lonephritis (MPGN) the GBM duplication is due to ex-
tension of mesangial/mononuclear cells along the sub-
endothelial space, splitting the basement membrane
(double contours of capillary walls by light micro-
scopy), hence the term mesangiocapillary glomeru-
lonephritis (Churg et al. 1970; Kincaid-Smith 1973). The
space occupied by the interpositioned cells is delimited
by the old, normal-appearing basement membrane on
the epithelial side and a newly formed basement mem-
brane on the endothelial side. These cells are usually be-
tween the electron dense deposits and the endothelial
cells. Scattered subepithelial deposits are often present.
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Figure 12.29. Membranous glomerulonephritis late stage
III or early stage IV (42-year-old female, history of
nephrotic syndrome since 18 years of age, biopsy-proved
membranous glomerulonephritis 5 years before this

nephrectomy for transplant). The deposits are further em-
bedded in the thickened GBM, with areas of dissolution,
cellular debris, and particles. (� 19,000)



The mesangial cells usually are hyperplastic and hy-
pertrophied, and mesangial matrix is increased. Exten-
sive increase in mesangial matrix may give lobulated
appearance to the glomerular tuft (so-called lobular
glomerulonephritis). Endothelial cells may be increased
in early proliferative lesions. The later biopsies, after
clinical improvement, show less cellularity, fewer de-
posits, and an irregularly thickened GBM. If seen only
at this late, nondescript stage, classification is difficult
or impossible.

Immunofluorescence studies show coarse staining of
the peripheral capillary walls with subendothelial ac-
centuation, predominantly for C3, but also for IgG and

IgM. C3 also may be found in the mesangium. Serum
C3 levels fluctuate and often are low.

MPGN type I is immune-complex mediated in that
the classical complement pathway is activated. The
antigen is unknown (idiopathic/primary MPGN type
I). Many morphologically similar cases of chronic im-
munologic injury such as those associated with chronic
infections (hepatitis C virus, hepatitis B virus, shunt
nephritis, schistosomiasis, candidiasis), systemic dis-
ease (lupus, sickle cell anemia), malignancy, alpha-1-
antitrypsin deficiency, and mixed cryoglobulinemia are
examples of secondary MPGN type I. Johnson et al.
(1993) described eight patients with MPGN type I with
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Figure 12.30. Membranoproliferative glomerulonephri-
tis type I (42-year-old female diagnosed with MPGN I
three years ago; hepatitis C and B virus negative; initially
treated with steroids, cytoxan, and then trial of alpha-in-
terferon therapy; rebiopsied to stage disease). Numerous

subendothelial electron-dense deposits are present (solid
arrows). The GBM is duplicated with new basement
membrane formation (open arrows) toward the endothe-
lial side and cellular interposition (*). The mesangium (M)
is expanded. E � endothelial cell. (� 8300).



hepatitis C virus ribonucleic acid (RNA) detected in
serum. Cryoprecipitate was detected in five patients;
three patients also had cryoglobulin substructure to the
deposits detected by electron microscopy.

Variant patterns have been described in which
subepithelial and intramembranous deposits are pres-
ent (Figure 12.32). Burkholder et al. (1973) noted that
some cases otherwise similar to type I have, in addition,
numerous large subepithelial deposits. Strife et al.
(1977) described a pattern characterized by contiguous
subepithelial and subendothelial deposits, associated
with duplication and layering of lamina-densa-like ma-
terial that gives a disrupted, moth-eaten appearance to

the basement membrane in silver-impregnated sections;
their patients were older and had a more favorable
prognosis. They called this pattern type III MPGN.

The significance of these other patterns and their re-
lationship to MPGN type I is unclear. Many (including
the authors) regard the moth-eaten appearance as part
of the spectrum of type I. The best evidence is that in-
dividual cases may have both patterns in adjacent 
capillary loops (Figure 12.32). Type III may be asymp-
tomatic more often with less classical pathway com-
plement activation. Until distinct pathophysiologic or
clinicopathologic features are identified, the separation
seems artificial and the two patterns appear to be vari-
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Figure 12.31. Membranoproliferative glomerulonephri-
tis type I (same patient as in Figure 12.30; higher magni-
fication). Note the flat edge of the deposits (D) against the

original basement membrane and irregular edge toward
the endothelial side. C � capillary lumen; E � endothe-
lium; P � podocyte. (� 26,000)



Figure 12.32. Membranoproliferative glomerulonephri-
tis types I/III (9-year-old girl with 3 g/day proteinuria,
hematuria, and normal complement studies). At low
power, the numerous electron-dense mesangial (*),
subendothelial (heavy arrow), and subepithelial (arrow-
head ) deposits can be appreciated. The capillary wall is
markedly widened, and newly formed GBM can be seen

under the endothelium (thin arrows), also called dupli-
cation of GBM. A mesangial cell (M) interposes its process
in the widened capillary wall. (� 8640) Inset (same pa-
tient): The GBM is permeated by numerous irregular de-
posits, both subepithelial (arrowhead ) and intramem-
branous (I). C � capillary lumen. (� 5940)
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ants of the same disease ( Jackson et al. 1987). Type II,
dense deposit disease, is a distinct disease discussed
later in this chapter.

IgA Nephropathy (Berger’s Disease)

(Figures 12.33 and 12.34.)
Diagnostic criteria. (1) Amorphous electron-dense de-

posits in the mesangial matrix, usually surrounding the
mesangial cell and frequently contiguous to the GBM;
(2) extension of deposits into the paramesangial suben-
dothelial space with occasional cellular interposition;
(3) focal segmental mesangial cell hyperplasia and in-
crease in matrix.

Additional points. Three types of mesangial cells have
been observed in IgA nephropathy (Ng 1981) Type I—
proliferative mesangial cells with numerous free ribo-
somes, smooth endoplasmic reticulum, mature Golgi
apparatus, and centrioles, found only in the prolifera-
tive forms of IgA nephropathy. Type II—phagocytic
mesangial cells with spinous cytoplasmic processes,
rough endoplasmic reticulum, many dense bodies, and
lipid inclusions, found in all types of IgA nephropathy.
Type III—resting cells with minimal cytoplasm and
poorly developed organelles, found only occasionally
in minimal or focal sclerosing lesions. As the amount of
mesangial deposits increases, the mesangial cells ap-
pear actively phagocytic. Why the deposits preferen-
tially locate in the mesangium and how this leads to
glomerular injury is not clearly understood. The de-
posits contain immunoglobulins (predominately IgA)
and complement. The quantity of deposits is variable
and does not correlate directly with histologic severity.

Deposits seen occasionally in the peripheral capillary
loops may be subendothelial, subepithelial, or, rarely,
intramembranous. Their presence is prognostically un-
favorable and is associated with more severe glomeru-
lar lesions (Lee et al. 1989), proteinuria, and impairment
of renal function when compared with cases without
such deposits (Lee et al., 1982). Deposits in Bowman’s
capsule, and rarely in the tubular basement membrane
have also been described (Hara et al. 1980; Hulette and
Carstens 1985). The deposits reported rarely in arteri-
oles, peritubular capillaries, and venules have not been
proved to be related. Various GBM alterations such as
attenuation, lytic attenuation, disruption garland-
shaped widening, and dome-shaped widening have
been described (Morita and Sakaguchi 1988). GBM
splitting and thinning are also associated with a poorer
prognosis. Podocyte foot process flattening and efface-
ment with villous transformation and endothelial cell
swelling may be observed.

Light microscopy shows a spectrum of possible le-
sions, from essentially normal glomeruli, to the usual

focal or diffuse mesangioproliferative glomerulone-
phritis associated with segmental glomerular scarring,
and to focal crescents.

Diagnosis requires demonstration of copious mesan-
gial deposits by immunofluorescence that contain pre-
dominately IgA (Berger and Hinglais 1968; Berger
1969), usually with C3 and fibrin and often with IgG
and IgM. Henoch-Schönlein purpura has lesions that
are similar to IgA nephropathy although they usually
involve the GBM to a greater degree. Patients with liver
disease may have IgA deposits in the mesangium in the
absence of any marked glomerular disease. Patients
with AIDS also may have a predisposition to IgA
nephropathy (Beaufils et al. 1995).

The IgA deposits usually recur in allografts but
rarely cause loss of the graft. The IgA deposits can be
reabsorbed within a few weeks, as shown in kidneys
transplanted with preexisting IgA deposits.

The specificity of the IgA antibodies is unknown but
is presumed to be either an exogenous antigen (bacter-
ial and viral antigens, food and airborne antigens), a
self-antigen (autoimmune diseases), or an in situ mesan-
gial antigen. The exact pathogenesis of IgA nephropa-
thy is not known. Circulating immune complexes, de-
fects in immune regulation, mesangial or bacterial
antigen, abnormal IgA molecule, mesangial cell dys-
function, mucosal barrier defect, and genetic factors
have all been implicated (Galla 1995).

Henoch–Schönlein Purpura

(Figures 12.35 and 12.36.)
Diagnostic criteria. (1) Electron-dense deposits, mostly

in the mesangium but also in subendothelial and, oc-
casionally, subepithelial locations (Figure 12.35C)
(Heaton et al. 1977); (2) focal thickening and splitting of
the GBM with effacement of podocyte foot processes.

Additional points. Mesangial hypercellularity and in-
creased matrix are usual features. Occasionally, cellular
crescents are numerous.

The light microscopic appearance may vary from
normal to a diffuse proliferative glomerulonephritis
with crescents, although a focal segmental glomeru-
lonephritis is most common. Prognosis is a function of
the extent of crescents, although recovery can occur
even with 75% crescents (Yoshikawa et al. 1981). Im-
munofluorescence demonstrates the presence of IgA in
the mesangium; in late stages of the disease (after a few
months), the immunofluorescence may become nega-
tive (in contrast to IgA nephropathy). The deposits
along the GBM favor Henoch-Schönlein purpura over
Berger’s disease, though not decisively. It is usually the
entire clinicopathological picture of a polysymptomatic
syndrome (vasculitis, purpura, arthralgia, gastroin-

RENAL GLOMERULAR DISEASE 819



Figure 12.33. IgA nephropathy (36-year-old male with
microscopic hematuria). Numerous electron-dense de-
posits (arrows) are seen in the mesangium. M � mesan-

gial cell. Endothelial (E) and epithelial (P) cells are nor-
mal. C � capillary lumen; U � urinary space. (� 5300)
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Figure 12.34. IgA nephropathy (same case as in Figure 12.33). Higher magnification of mesangium; electron-dense
deposits (arrows) surround the reactive mesangial cell (M). (� 16,800)
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Figure 12.35. Henoch-Schönlein purpura. A (6-year-old
girl with purpura, active urinary sediment, and nephrotic
range proteinuria), The mesangium (M) contains numer-
ous irregular, electron-dense deposits (arrowheads). This
pattern is indistinguishable from IgA nephropathy. P �
podocyte; C � capillary lumen. (� 14,800) B (5-year-old

boy with purpura, arthritis, and nephritis for 14 weeks);
Subendothelial deposits (arrowheads). P � podocyte; 
C � capillary lumen; E � endothelial cell. (� 13,570) 
C (same patient as in Figure 12.35B); A subepithelial elec-
tron-dense deposit is present. The overlying podocyte has
microvillous transformation. (� 14,420)

C

A

B
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testinal, and neurologic symptoms) that helps to sepa-
rate Henoch-Schönlein purpura from Berger’s disease,
which otherwise may be indistinguishable morpholog-
ically (Mihatsch et al. 1984). Deposits are sometimes
sparse in Henoch-Schönlein purpura (versus Berger’s
disease). Henoch-Schönlein purpura rarely recurs, in
contrast to IgA nephropathy.

Systemic Lupus Erythematosus

(Figures 12.37 through 12.48.)
Diagnostic criteria. The World Health Organization

(WHO) morphologic classification of lupus nephritis
(LN), with recent modification (Churg et al. 1995), is di-
vided into six classes and is based primarily on light mi-
croscopic appearance. Each class has a distinctive ul-
trastructural appearance by the pattern of deposition of
electron-dense deposits in the glomeruli (Pirani 1985;
Bruijn 1994).

Class I. Normal or minimal disease: (1) Morphologi-
cally normal glomeruli; (2) occasional mesangial widen-
ing with or without electron-dense deposits; (3) focal
GBM thickening; (4) focal podocyte foot process efface-
ment (Hill 1992).

Class II. Mesangial lupus nephritis: (1) Predomi-
nately mesangial electron-dense deposits, usually lo-
cated in peripheral or the paramesangial waist regions
of the mesangium; (2) there may be small subendothe-
lial deposits immediately adjacent to the mesangium;
(3) the GBM is usually not thickened; (4) this class is

subdivided into those without significantly increased
mesangial cellularity (mild, class IIa) and those with a
prominent increase in mesangial cellularity and matrix
(class IIb).

Class III (Figure 12.37). Focal segmental glomeru-
lonephritis: (1) Segmentally proliferative, necrotizing,
or sclerotic lesions involving less than 50% of the
glomeruli, which may go through stages of develop-
ment (Grishman and Churg 1982); (2) mesangial elec-
tron dense deposits with a focal or diffuse increase in
mesangial cells and matrix; (3) scattered subendothelial
and subepithelial deposits; (4) occasionally crescents
with GBM disruption.

Class IV (Figures 12.38 through 12.40). Diffuse prolif-
erative glomerulonephritis: (1) Large subendothelial de-
posits that bulge into the capillary lumens (Figures
12.38 and 12.39), corresponding to the “wireloop” ap-
pearance of the thickened capillary walls; (2) wide-
spread mesangial deposits; (3) diffuse mesangial, endo-
capillary, or mesangiocapillary hypercellularity, involving
more than 50% of the glomeruli, with an increase in
mesangial cells and matrix and proliferation of en-
dothelial cells (Figure 12.40); (4) cellular interposition
(mesangial cell or monocyte) in the subendothelial
space contributing to double contour of GBM with du-
plication and new basement membrane formation, to-
ward the endothelial side; (5) scattered subepithelial
wedge-shaped (Figure 12.48B) or typically penetrating
deposits and intramembranous deposits; (6) podocyte
foot process effacement; (7) inflammatory cell infiltra-
tion (neutrophils and monocytes); (8) tubular basement
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Figure 12.36. Henoch-Schönlein purpura. A (7-year-old
boy), Break in the GBM (arrowhead ). P � podocyte; 
C � capillary lumen; E � endothelial cell. (� 10,100). 

B (same patient as in A), The GBM is focally extremely
thin and laminated, resembling Alport’s syndrome. 
P � Podocyte; C � capillary lumen. (� 13,770).
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membrane deposits (Figure 12.48A) often present
(50%).

Class V (Figures 12.41 through 12.43). Membranous
glomerulonephritis: (1) Abundant subepithelial electron
dense deposits that follow the same stages of develop-
ment as idiopathic membranous glomerulonephritis,
becoming incorporated into the basement membrane in
the later stages; (2) mesangial deposits (usual); (3) few,
if any, subendothelial deposits; (4) diffuse podocyte foot
process effacement. Membranous lupus nephritis is
subclassified into class Va (purely membranous) and
class Vb (associated with class II lesions). It was previ-
ously subclassified into minimally proliferative (classes
Va and Vb) type and those with focal or diffuse prolif-
erative changes (classes Vc and Vd); the latter being as-
sociated with poor prognosis (Adler et al. 1990). The
modified version of WHO lupus nephritis classification
now categorizes classes Vc and Vd in class IV.

Class VI (Figure 12.44). Advanced sclerosing glomeru-
lonephritis in lupus nephritis may have diffusely thick-
ened GBM, with areas of collapse, wrinkling, sclerosis,
and scattered, scant immune deposits.

Tubulointerstitial nephritis. Rare cases of lupus nephri-
tis present with predominant acute and chronic tubu-
lointerstitial inflammation with only minor glomerular
lesions. Electron dense deposits are found along the tu-
bular basement membrane, which is thickened, in the
interstitium, and along the GBM (Singh et al. 1996). Rare
cases with acute tubular necrosis have been noted (Mc-
Cluskey in press). Although tubulointerstitial nephritis
associated with proliferative or active glomerular le-
sions is well known, its predominance in the absence of
significant glomerular lesions is rare and noteworthy.

Distinctive features of lupus nephritis. Several distinc-
tive features of lupus nephritis may be seen in any of the
classes. (1) Fingerprints (Figure 12.45): This substructural
detail of the electron dense deposits is pathognomonic
of lupus nephritis. It was first demonstrated by Grish-
man et al. (1967). These “fingerprints” appear as closely
packed parallel, curvilinear bands with a thickness rang-
ing from about 10–20 nm. The distance between center
of one band to the next one tends to be about 19–33 nm.
The exact nature of fingerprints and the pathogenesis of
its pattern are unknown. It may be related to presence
of cryoglobulins (Kim et al. 1981) or oligoclonal im-
munoglobulin. They are found in about 5% (Alpers et
al. 1984) to 19% (Tojo et al. 1993) cases of lupus nephri-
tis. The authors have also noted unusual microtubular
and paracrystalline substructures in the deposits (Fig-
ures 12.46 and 12.47) that resemble microtubules of im-
munotactoid glomerulopathy rather than the usual fin-
gerprints. These may also be related to (variants of)
cryoglobulins, monoclonal immunoglobulins, or im-
mune complexes (2) Tubuloreticular structures/inclusions
(Venkataseshan 1991) are found in the kidney in the en-

dothelial cytoplasm of glomerular capillaries and the
peritubular capillaries (Figures 12.39, 12.40, 12.42 and
12.51), lymphocytes, peripheral blood mononuclear
cells, and rarely interstitial cells and podocytes. Tubu-
loreticular inclusions are frequently found in lupus
nephritis cases, especially during active disease or ex-
acerbations (see next section) (3) Extra-glomerular electron
dense deposits may be seen along the tubular basement
membrane (Figure 12.48A) in any segment of the tubule
(Schwartz et al. 1982a). Lamination, duplication, and ir-
regularity of the tubular basement membrane (TBM)
with incorporation of deposits and cellular debris sug-
gest immune-mediated tubular damage (anti-TBM an-
tibodies to in situ antigen or immune complex deposi-
tion), followed by repair and thickening of the TBM.
Deposits may also be seen around peritubular capillar-
ies and in the interstitium with associated interstitial
nephritis. (4) Hematoxylin bodies, which are pathogno-
monic of lupus erythematosus are the tissue equivalents
of lupus erythematosus cells. They occur in the mes-
angium or capillary loops and comprise of remnants of
nuclei (clumped chromatin), cytoplasmic components
(vesicles, vacuoles, degenerating granules, and glyco-
gen) (Cohen and Zamboni 1977), and probably electron
dense deposits (Morita and Sakaguchi 1984). They are
found in fewer than 5% of biopsies (5) Microspherical and
microtubular curvilinear structures are seen in visceral ep-
ithelial and tubular cells or along the GBM. They are
present in several renal diseases and may be cell-mem-
brane fragments rather than viral particles (see also sec-
tion on spherical microparticles).

Additional points. Membranous lupus nephritis
(WHO class V) cannot always be differentiated by elec-
tron microscopy from idiopathic membranous glomer-
ulonephritis; certain features help to favor one over the
other. Membranous lupus nephritis more often has me-
sangial hypercellularity; deposition of immune com-
plexes in mesangium (96% in lupus membranous
glomerulonephritis versus 11% in non–lupus membra-
nous glomerulonephritis) ( Jennette 1983), subendothe-
lium, and tubular basement membrane (Schwartz et al.
1982b); IgA (in addition to IgG) in glomerular immune
deposits; and tubuloreticular structures in glomerular
endothelial cells. The subepithelial deposits in lupus
nephritis tend to be wedge shaped and penetrate the
GBM (Figures 12.41 and 12.48B). In membranous lupus
nephritis, the subepithelial deposits tend to be homog-
enous and uniform in size and are distributed diffusely
(type I subepithelial deposits). In contrast, type II sub-
epithelial deposits, associated with proliferative lupus
nephritis, are irregular in size and distribution with
variable density (Schwartz et al. 1982; Hill 1992) and
tend to be smaller.

The glomerular lesions of lupus nephritis are dy-
namic. Transition from one class to another either spon-
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taneously or in response to therapy, have been observed
(Hayslett and Carey 1995). Though overlap between
classes may exist, the worst prognostic features should
be used in the final class designation. Resolution of ac-
tive lupus nephritis may lead to basement membrane
changes and focal segmental glomerulosclerosis. We
have seen a case of membranous lupus nephritis (Fig-
ure 12.43A and B) that after seven years of therapy
showed resolution of deposits, extensive lucency, lam-
ination, and scalloping of the GBM (Figure 12.43C and
D), resembling hereditary nephritis (compare with Fig-
ures 12.20 and 12.21A); focal segmental glomeruloscle-
rosis with mesangial deposits was also seen.

The light microscopic appearance of lupus nephritis
is variable and is the basis for the WHO classification.
Immunofluorescence findings also vary according to
class of involvement and correspond to the location of
deposits seen by electron microscopy. The distinctive
feature of lupus nephritis is a “full house” pattern of
immunofluorescence staining in the glomeruli for IgG,
IgA, IgM, Clq, and C3. Tubular basement membranes,
interstitium, and blood vessels also are sites of local-
ization of immunoglobulins and complement, as extra-
glomerular deposits are detected by immunofluores-
cence in about 50% of cases (Schwartz et al. 1982a).

Pathogenesis and nature of electron-dense deposits in lu-
pus nephritis. The exact pathogenesis of lupus nephritis
is complex, multifactorial, and not entirely explained.
Many investigators have suggested deposition of pre-
formed circulating immune complexes in the glomeruli;
most notable candidates for this hypothesis were de-
oxyribonucleic acid (DNA)/anti-DNA complexes. An-
other hypothesis is the presence of intrinsic glomerular
antigens to which the antinuclear antibodies bind to di-
rectly in situ to form immune deposits. The possibility
that these antinuclear antibodies cross-react with native
antigens (heparan sulfate, laminin, collagen type IV,
and fibronectin) has been proposed (Vlahakos et al.

1992; Budhai et al. 1996). A more recent hypothesis sug-
gests that (1) binding of anti-DNA antibodies to the
GBM is indirect and mediated by nucleosomes, and 
(2) heparan sulfate and collagen type IV act as ligands
for such nucleosome-complexed autoantibodies (Berden
1997). Nucleosomes are short lengths of DNA wrapped
around a histone octamer, anchored by H1 histone, and
linked together with other nucleosomes by histone-free
DNA, giving a “beads-on-a-string” appearance to the
chromatin by electron microscopy at high magnifica-
tion. Nucleosomes may be released into circulation by
apoptosis; an increase of which may suggest defects in
phagocytosis. Using nucleosome-specific monoclonal
antibodies as a probe, van Bruggen et al. (1997) identi-
fied nucleosomes in glomerular deposits in 45% of cases
of class IV lupus nephritis, whereas histones were pres-
ent in 100%. Malide et al. (1993), using specific colloidal
gold and electron microscopic immunocytochemistry,
demonstrated DNA molecules in deposits along the
capillary wall and mesangium and in cell nuclei of lu-
pus nephritis patients, supporting the role of DNA as
an antigenic component of the immune complexes.

It is conceivable that different mechanisms, related
to the nature and amount of the antigens and the au-
toantibodies, influence the location of immune de-
posits, type of glomerular pattern of disease, specific
clinical syndrome, and prognosis. Subendothelial and
mesangial deposits may result from immune complex
deposition. Their contact with circulating inflamma-
tory cells in glomerular capillaries would be more
likely to result in inflammation or necrosis and an ac-
tive urinary sediment (class III and IV). Subepithelial
deposits may form as a result of antibody reaction with
an in situ GBM antigen, thereby disrupting filtration
properties of the GBM and resulting in massive pro-
teinuria (class V).

(Text continues on page 836)
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Figure 12.37. Lupus nephritis, WHO class III, focal pro-
liferative type (30-year-old male with systemic lupus ery-
thematosus and active urinary sediment with positive 
lupus anticoagulant and anticardiolipin antibody). Seg-

mental sclerosis of capillary loops with mesangial promi-
nence and electron dense deposits in mesangial (M),
subendothelial (solid arrows), and subepithelial (open ar-
rows) locations. (� 7800)
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Figure 12.38. Lupus nephritis, WHO class IV, diffuse
proliferative type (23-year-old female with systemic lu-
pus erythematosus since childhood; now has proteinuria,
edema, and hypertension). Numerous large electron

dense deposits are present in subendothelial locations (ar-
rows) with duplication of the GBM; deposits are also pres-
ent in the expanded mesangium (M). U � urinary space;
C � capillary lumen. (� 5500)

RENAL GLOMERULAR DISEASE 827



Figure 12.39. Lupus nephritis, WHO class IV (same pa-
tient as in Figure 12.38). Higher magnification of the
subendothelial deposits (D) lying in between the GBM

and endothelium (E). Note the presence of tubuloreticu-
lar structures (arrow) in the endothelial cytoplasm. 
(� 27,000)
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Figure 12.40. Lupus nephritis, WHO class IV (37-year-
old female). Prominent glomerular endothelial cell (E)
proliferation in a capillary loop; up to four endothelial
cells are seen in this capillary. Tubuloreticular inclusions

are present in endothelial cytoplasm (thin arrows); nu-
merous deposits are in the subendothelial (thick arrow)
region; and there are a few subepithelial deposits (ar-
rowheads) as well. (� 9800)
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Figure 12.41. Lupus nephritis, WHO class V, membra-
nous type (17-year-old female with autoimmune hepa-
titis and nephrotic syndrome since age 9 years; has hypo-
complementemia and proteinuria of 6–10 g/day).
Numerous irregular subepithelial electron-dense deposits

(D) are present, some embedded in the GBM, with spikes
of newly formed GBM in between (arrows) them. 
C � capillary lumen; E � endothelium; U � urinary
space. Diffuse foot process effacement is present. 
(� 9700)
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Figure 12.42. Lupus nephritis, WHO class V (same case
as in Figure 12.41). Higher magnification of subepithe-
lial deposits (D) with intervening spikes (S) and focal fin-

gerprinting (thin arrow). Tubuloreticular structures (open
arrow) in endothelial cell (E). (� 26,000)
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Figure 12.43. Lupus nephritis, transformation from one
class to another. A (30-year-male with WHO class V,
membranous-type lupus nephritis), Widespread subep-
ithelial and subendothelial deposits. (� 2500) B Higher
magnification of area marked by arrow in A, showing the
deposits on both sides of the thickened and irregular
GBM, with fingerprint substructure. (� 23,000) C (same

patient as in A and B, 7 years after chemotherapy), Focal
segmental glomerulosclerosis. (� 1900) D, Higher mag-
nification of the capillary loop marked with an arrow in
C, showing prominent lamination and irregularity of the
GBM, reminiscent of Alport’s syndrome, without any
subepithelial or subendothelial deposits. (� 7700)



Figure 12.44. Lupus nephritis, WHO class VI, advanced
sclerosing type (23-year-old female with history of class
IV, diffuse proliferative lupus nephritis 1 year ago). Wide-
spread irregular thickening of the GBM with hyalinosis

(H) and sclerosis, scattered residual deposits (arrows), and
diffuse podocyte foot process effacement. R � red blood
cell; U � urinary space; P � podocyte; C � capillary lu-
men; E � endothelial cell. (� 5300)
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Figure 12.45. Lupus nephritis, deposit substructure (same
patient as in Figure 12.41). Fingerprinting or curvilinear
pattern of arrangement of microtubules (diameter 18.1 nm)

in the deposits, seen at high magnification, are charac-
teristic of lupus deposits. (� 73,000)
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Figure 12.46. Lupus nephritis, deposit substructure (49-
year-old female with systemic lupus erythematosus and
8 g/day proteinuria over 1 month). Unusual paracrys-
talline microtubular substructural detail of these deposits

(average outer diameter of each microtubule, 23 nm). Al-
though they may represent cryoglobulins, the patient 
did not have detectable cryoglobulins in the serum. 
(� 21,000)
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(Text continued from page 825)

Tubuloreticular Inclusions and 
Tubular Confronting Cisternae

(Figures 12.49 through 12.51; see also 12.39, 12.40, 12.42,
and 12.12.)

Diagnostic features. (1) Tubuloreticular inclusions (TRIs)
(Figure 12.49) are membrane-bound, interlacing fine
microtubular structures (20–25 nm in diameter) found
in the kidney in the cytoplasm of endothelial cells of
glomerular capillaries (Figures 12.39, 12.40, and 12.42)
and peritubular capillaries (Figure 12.51). They have
also been described in lymphocytes (Klippel et al. 1985;
Rich 1981), peripheral blood mononuclear cells (Rich
1981), interstitial cells, and rarely mesangial cells and
epithelial cells. They have been noted in pulmonary
vascular endothelium in patients with systemic lupus
pneumonitis (Lyon et al. 1984). (2) Tubular confronting
cisternae (TCC) (Ghadially 1988) or cylindric con-

fronting cisternae (not shown) are tubular or test-tube-
shaped structures up to 2000 nm in length and 180–
300 nm in diameter (ringed on cross-section) that are lo-
cated in the cell cytoplasm. They appear as two dense
lamellae forming a tubular structure, with cytoplasmic
material in the hollow of the tube. Each dense lamina
(about 20 nm) is sandwiched by two apposing (con-
fronting) rough endoplasmic reticulum cisternae. They
are found in conditions and locations similar to the TRI.

Additional points. Once thought to represent viral par-
ticles (they resemble paramyxovirus), TRIs are now re-
garded as a reaction to alpha-interferon (Rich 1981; Rich
et al. 1986) and may represent aggregates of interferon
molecules. They can be induced in vitro in cells by al-
pha-interferon, but not gamma-interferon (Rich et al.
1983). The interferon (endogenous) in systemic lupus
erythematosus and HIV is an unusual alpha-interferon
in that it is acid labile like gamma-interferon, but is neu-
tralized by antibodies to alpha-interferon. The authors
have seen a case with tubuloreticular inclusions devel-
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Figure 12.47. Lupus nephritis, deposit substructure 
(36-year-old female with systemic lupus erythematosus,
hematuria, proteinuria, and recurrent leucocytoclastic
vasculitis). Another case with unusual paracrystalline mi-
crotubular detail of the deposits at high magnification;

each microtubule has an average diameter of 20.6 nm.
These appear to form an organized sheet-like structure,
unlike the scattered separated microtubules of case in Fig-
ure 12.46. (� 63,000)



oping after exogenous alpha-interferon use (Figures
12.50 and 12.51). Schaff et al. (1973) demonstrated the
presence of primarily phospholipid and acidic glyco-
protein in the inclusions that were not digested by ri-
bonuclease or deoxyribonuclease, arguing against a vi-
ral origin. Many have also considered TRIs as cell
degenerative products. The exact nature of TRIs is not
known as they have not yet been purified or character-
ized at the molecular level. More recently, Rich (1995)
demonstrated in Raji and Daudi cell lines that alpha-
interferon induces tubuloreticular inclusions in associ-
ation with a 36-kD protein (p36), a candidate protein for
further characterization. Although not specific, TRIs are
most frequent in systemic lupus erythematosus and
HIV infection/AIDS (Figure 12.12); they can also be
seen with exogenous alpha-interferon therapy, as men-
tioned earlier.

TCC (intracytoplasmic) have been found in lym-
phocytes, monocytes/macrophages, and endothelium
in various diseases such as adult T-cell leukemia, mul-
tiple sclerosis, hepatitis C virus (HCV) infection in ani-
mal models and in human lupus nephritis (Venkatase-
shan et al. 1991) and viral infections (HCV and HIV).
TRIs and TCC may be created by the same stimulus,
possibly viral induction, and the latter may be derived
from TRIs (Luu et al. 1989).

In lupus nephritis, TRIs and TCC are associated with
active glomerular and tubulointerstitial lesions con-
taining abundant deposits, in clinically active recent-
onset disease or during exacerbation (Venkataseshan et
al. 1991).
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Figure 12.48. Lupus nephritis. A, Electron-dense deposits
in tubular basement membrane. Deposits (arrow) are be-
tween the tubular epithelial cell (T) and the tubular base-
ment membrane. Others are in the tubular basement mem-
brane or the interstitium (*). (� 21,630) B (33-year-old
female with lupus nephritis WHO class IIB; prominent

mesangial deposits and increased mesangial cellularity [not
shown], Wedge-shaped subepithelial deposits (arrows);
such triangular, wedge-shaped subepithelial deposits, usu-
ally more elongated and penetrating (not shown), are fre-
quently seen in association with lupus nephritis. U � uri-
nary space; C � capillary space. (� 15,800)

A B

Figure 12.49. Tubuloreticular inclusions or structures (ar-
rowhead ). These inclusions are present in the endothe-
lial cytoplasm and consist of anastomosing microtubules
20–25 nm in diameter with a limiting membrane that is
continuous with endoplasmic reticulum. These are seen
in association with high levels of circulating alpha-inter-
feron. (� 41,200)



Figure 12.50. Tubuloreticular inclusions (same case as
in Figure 12.30; patient with MPGN type I, who was
given exogenous alpha-interferon therapy). Capillary loop

(C) with numerous tubuloreticular inclusions in endo-
thelial cytoplasm (arrows). P � podocyte. (� 26,000)
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Diseases with Distinctive 
Ultrastructural Deposits

Electron microscopy is necessary to detect and define
deposits with unusual ultrastructure.

Dense-Deposit Disease (Membranoproliferative
Glomerulonephritis, Type II)

(Figures 12.52 through 12.54.)

Diagnostic criteria. (1) Dense-deposit disease (Galle
1962; Berger and Galle 1963; Churg et al. 1979) is char-
acterized by accumulation in the GBM of uniquely 
electron-dense material in a continuous, elongated, 
ribbon-like pattern or in small nodular aggregates
within the irregularly thickened lamina densa (Figures
12.52 and 12.53). These dense deposits usually involve
long segments of basement membrane, but occasionally
only a few loops are involved; (2) the same type of de-
posit is characteristically also present in the mesan-
gium, Bowman’s capsule (Figure 12.52), tubular base-
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Figure 12.51. Tubuloreticular inclusions (same case as
in Figure 12.30). Tubuloreticular inclusion bodies (ar-
rows) in a peritubular capillary (P) endothelial cell cyto-

plasm. IN � interstitium; TBM � tubular basement mem-
brane; T � tubule cell. (� 9800) Inset shows higher mag-
nification of the inclusions (� 31,000)



Figure 12.52. Dense deposit disease (MPGN type II) (17-
year-old girl with nephrotic syndrome and hypocomple-
mentemia). Extensive elongated, broad, and continuous
deposits of highly electron-dense material are present in
the GBM in an intramembranous location (arrowheads).

The mesangial cells (M) are hyperplastic, and the mes-
angium is expanded with scattered deposits. C � capil-
lary lumen. Deposits along Bowman’s capsule are seen
in the lower left corner. (� 3600)
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Figure 12.53. Dense-deposit disease (MPGN type II). 
A (8-year-old boy), Irregular electron-dense deposits (ar-
rowheads) permeate the GBM. C � capillary lumen. 
(� 17,000) B (6-year-old girl with early dense deposit dis-

ease; father had classical dense-deposit disease), Small,
irregular electron-dense deposits (arrowheads) occupy
the GBM. P � podocyte, E � endothelium. (� 24,400)
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ment membranes (Figure 12.54), and occasionally in the
walls of arterioles and peritubular capillaries; (3) simi-
lar dense deposits have been noted in splenic sinusoidal
basement membranes (Thorner and Baumal 1982) and
in the eye involving the choriocapillaris basement mem-
branes and Bruch’s membrane (Duvall-Young et al.
1989). Retinal pigment alterations have also been de-
scribed (Michielsen et al. 1990–1991).

Additional points. On scanning electron microscopy
of acellular GBMs from patients with dense-deposit dis-
ease, Weidner and Lorentz (1986) found the GBM to be
uniquely rigid and thickened, corresponding to areas
containing the dense intramembranous deposits. They
also found scattered crater-like deformities along the
epithelial side of the GBM, corresponding to subep-
ithelial deposits. Variable proliferation of mesangial
cells with increased mesangial matrix may be present.
Foot processes may be effaced. Occasionally wide-
spread crescents may be seen, simulating rapidly pro-
gressive glomerulonephritis. In the early stages of the
disease, there may be neutrophils in capillaries and fine
granular subepithelial deposits similar in shape and
electron density to humps, resembling postinfectious
glomerulonephritis. Spikes rarely are formed by the
glomerular basement membrane. These amorphous
subepithelial deposits are less dense than the “dense
deposits.” The disease recurs in 90% of transplants;
characteristically, the dense deposits precede detectable
C3 accumulation, suggesting that C3 deposition is a 
secondary event.

The exact nature of these dense deposits is not
known. Controversy exists whether these represent true

deposits or lamina densa alterations. Various factors
have been implicated in their composition, including
glycoproteins, properdin, and N-acetylglucosamine.
They do not, however, contain immune complexes,
complement components, collagen, or the C3 nephritic
factor. This material does not react with Goodpasture
antibodies. Muda et al. (1988) suggest the presence of a
highly osmiophilic lipid component in these dense de-
posits without any glycoprotein alterations. They
showed that the electron density of dense deposits was
higher than normal lamina densa, due to the stronger
osmium affinity of the former. Support for a systemic
factor in the etiology of this disease comes from pres-
ence of extrarenal deposits and very high recurrence
rate after transplant as well as its association with par-
tial lipodystrophy (disease of lipid metabolism).

By light microscopy, there usually is refractile thick-
ening of the GBM, with a variable increase in mesangial
cellularity and matrix. The membranoproliferative pat-
tern is not found in all the cases, and the histology is
variable; Sibley and Kim (1984) described focal seg-
mental, necrotizing glomerulonephritis in 5 of 16 pa-
tients with dense-deposit disease. Ultrastructurally, the
dense deposits in this group were in paramesangial
GBM and mesangium. Davis et al. (1977) described two
cases of a form of mesangial proliferation associated
with hypocomplementemia. Irregular intramembra-
nous electron-dense deposits, separated by varying
lengths of normal-appearing basement membrane,
were present primarily in the lamina densa (Figure
12.53B). Subendothelial deposits, mesangial interposi-
tion, and GBM splitting were not observed, and it was
thought that when present, these features probably
were variants of dense-deposit disease. This disease is
thus better classified as dense intramembranous de-
posit disease (distinct from both MPGN type I and III)
rather than MPGN type II.

Immunofluorescence shows the presence of C3 in pe-
ripheral capillary loops, usually as double linear or rail-
road-track-like staining of the borders, but not the de-
posit itself. C3 staining may be seen in the mesangium
(mesangial rings), along the tubular basement mem-
brane or Bowman’s capsule. Occasionally IgM, IgG, or
IgA may also be noted. Occasional cases are familial,
and some may be related to infection (e.g., meningo-
coccus) or to acquired partial lipodystrophy (Swainson
et al. 1983). In terms of natural history, McEnery and
McAdams (1988) showed, in four of six pediatric pa-
tients followed for an average 14 years, movement of
dense deposits from lamina densa toward lamina in-
terna (“dropping off”) and then toward mesangial ma-
trix where it was cleared by mesangial cells. The ap-
pearance of new lamina densa further suggested
normal slow turnover of GBM.
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Figure 12.54. Dense-deposit disease (MPGN type II) (14-
year-old girl with low C3, hematuria, and proteinuria).
Electron-dense material in tubular basement membrane
(arrowhead ). T � proximal tubular cell. (� 8000)



Amyloidosis

(Figures 12.55 through 12.58A.)
Diagnostic criteria. Numerous haphazardly arranged,

nonbranching fibrils about 7.5–10 nm in diameter and
up to 1 � in length (Figure 12.58A) (Dikman et al. 1981).
Because other fibrils may resemble amyloid, a positive
Congo red stain by light microscopy is required for 
diagnosis.

Additional points. The fibrils may have a beaded ap-
pearance with a periodicity of 5.5 nm; however, this fea-
ture is usually not seen. The fibrils may be loosely ar-
rayed or form haystack-like organization perpendicular
to basement membranes. Amyloid deposition is pre-
dominately extracellular. Amyloid deposits may be
found in glomeruli, blood vessels, interstitium, and
peritubular basement membrane (Jones et al. 1986). In
the glomerulus, amyloid fibrils are deposited in the mes-
angium and later extend from the mesangium along and
into the GBM (Figure 12.55). Fibrils in the subepithelial
space often are arranged in parallel arrays or bundles,
perpendicular to the GBM (haystacks) (Figure 12.56A)
and have silver affinity by light microscopy appearing
as long, irregular “spikes.” These spikes or spicules are
different from those in membranous glomerulonephri-
tis, where the GBM in between the deposits form the
shorter and more regular spikes that stain with silver.
The argyrophylic subepithelial spicular amyloid de-
posits may be a result of amyloid interaction with renal
epithelial basement membrane glycoprotein (Notling
and Campbell 1981). Such spicules may also be present
in Bowman’s capsule or inside the tubular basement-
membrane (Notling and Campbell 1981), sites where
spikes are not seen in membranous glomerulonephri-
tis. Podocyte foot process effacement and loss of en-
dothelial cell fenestrae, especially adjacent to deposits,
are readily identified. Amyloid deposits in glomeruli
distort the normal architecture, leading to expansion of
mesangium, widening of basement membranes, and
subsequent obliteration of capillary lumens and cells.
In later stages, sclerosis results with residual deposits.

Tubular amyloid deposits are seen along the tubular
basement membrane (Figure 12.57), most prominently
along distal tubules and loops of Henle. Associated in-
terstitial and vasa recta deposits contribute to eventual
tubular atrophy. Certain rare hereditary forms have
longer and more irregular, predominantly tubulointer-
stitial deposits. Vascular amyloid deposits involve the
media and adventitia, relatively sparing the intima and
lumens initially, but later obliterating the lumens. Ar-
teries and veins of any caliber may be affected. For a
comparison between the different types of fibrils and
microtubules seen in amyloid and nonamyloid glomer-
ulopathies, see Figures 12.58 and 12.59.

The light microscopy for renal amyloidosis parallels
the location of deposits, forming nodular masses
and/or capillary wall thickening in the glomeruli with
or without associated tubular basement membrane and
vascular wall thickening. The characteristic homoge-
neous, eosinophilic amyloid deposits by hematoxylin
and eosin (H&E) stain appear orange-red by Congo red
stain and show apple-green birefringence on polariza-
tion. X-ray crystallography demonstrates a cross-beta-
pleated sheet structure for the fibrils. Amyloid deposits
are weakly PAS-positive but silver-negative. Immuno-
fluorescence studies using antisera against amyloid-
associated protein (AA) and light chains help catego-
rize the subtype of amyloid.

Recent classifications define amyloidosis by the
chemical nature of the precursor protein [WHO-IUIS
Subcommittee 1993; Falk, et al. 1997; Gilmore et al. 1997)
and are divided into systemic, localized, and hereditary
groups. To date, about 18 different amyloid fibril pro-
teins have been described in humans. Though diverse
in protein composition, the unifying four features of all
types of amyloid are (1) fibrils, 7.5–10 nm in diameter,
(2) cross-beta-pleated sheet structure; (3) Congo-red-
induced birefringence; and (4) presence of amyloid P-
component. Amyloid P-component, derived from
serum amyloid P-component, consists of donut-shaped
pentameric units stacked together at right angles to the
amyloid fibrils, probably conferring stability. Biochem-
ically, amyloid is composed of about 95% fibril proteins,
about 5% P-component and probably lesser amounts of
other substances such as heparan sulfate (Moss et al.,
1994) and apolipoprotein E. The differing fibril proteins
and therefore type of amyloid are categorized into AL
(light chain amyloid, primary, which may be localized
or systemic), AA (amyloid-associated protein, in sec-
ondary amyloidosis and familial Mediterranean fever),
ATTR or A-transthyretin (prealbumin, in familial amy-
loid polyneuropathy, or senile cardiac amyloidosis), 
A-beta-2-microglobulin (hemodialysis associated), beta-
2-amyloid protein (Alzheimer’s disease), A-IAPP (islet
amyloid polypeptide), and A-calcitonin (medullary thy-
roid carcinoma). In general, AL and AA types are most
frequent.

In renal amyloidosis, AA type accounts for about half
the cases, and the AL type accounts for most of the re-
maining cases (Noel et al. 1987); rare cases are attrib-
uted to ATTR (familial amyloid polyneuropathy of
Finnish type). AL amyloid is associated with plasma cell
dyscrasias, multiple myeloma, and Waldenström’s
macroglobulinemia. AL amyloid contains monoclonal
light chains or light chain fragments and is more fre-
quently associated with lambda (�) light chains, espe-
cially of the lambda variable region (V) subgroup VI
type (V�VI), found exclusively in AL(�) amyloidosis
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Figure 12.55. Amyloidosis (84-year-old female, 5-year
history of hypertension, new-onset nephrotic range pro-
teinuria of 6.7 g/day with associated loss of filtration).

Amyloid deposits (arrows, A) in the mesangium and along
the capillary loops in this glomerulus are obliterating the
normal architecture. (� 4500)
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Figure 12.56. Amyloidosis (same case as in Figure
12.55). A, Bundles of amyloid fibrils arranged haphaz-
ardly, tend to form “haystacks” perpendicular to the GBM
(arrows). P � podocyte. (� 15,000) B, Haphazardly

arranged amyloid fibrils along the GBM (*). Note that the
fibril diameter or thickness (8 nm) is very close to that of
the actin filaments in podocytes (arrow), a useful internal
measure. P � podocyte. (� 21,000)
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(Ozaki et al. 1994). The reason for lambda predomi-
nance is not exactly known, but it has been suggested
that certain amyloidogenic Bence Jones proteins may
have a unique amino acid sequence that allows cleav-
age of the variable segment forming amyloid fibrils
(Glenner 1980). Similarly, certain serum-amyloid-
associated proteins would be amyloidogenic. AA is de-
rived from the precursor serum-amyloid-associated
protein.

Fibrillary Glomerulonephritis

(Figures 12.60 and 12.58B.)
Diagnostic criteria. (1) Widespread fibrillary deposits

in glomeruli that are in the GBM, subepithelial or
subendothelial regions, mesangium, and Bowman’s
capsule; less frequently around tubules (Churg and

Venkataseshan 1993); (2) fibril diameter about 13–20 nm,
without periodicity or branching, are larger (Duffy et
al. 1983) and slightly straighter than amyloid fibrils; (3)
fibrils are randomly scattered against a lucent back-
ground expanding the mesangium or glomerular cap-
illary wall.

Additional points. Amorphous electron-dense de-
posits are usually absent, and diffuse podocyte foot
process effacement is usually present. At first glance,
the fibrils resemble amyloid fibrils; however, at higher
magnifications the thicker diameter and straighter fib-
rils help to separate the two. The distinguishing factor
is complete absence of staining by Congo red and
thioflavin T stains at light microscopy in these “non-
amyloid” fibrillary deposits. They differ from im-
munotactoid deposits by the lack of thicker, obviously
microtubular structures. At extremely high magnifica-

Figure 12.57. Amyloidosis (same case as in Figure
12.55). Interstitial deposits of amyloid fibrils (*) with in-

terspersed collagen fibers (arrow). Amyloid fibrils also
permeate the tubular basement membrane (T). (� 9800)
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Figure 12.58. Comparison of amyloidosis and fibrillary
glomerulonephritis. A, Amyloidosis (same case as in Fig-
ure 12.55). Haphazardly arranged amyloid fibrils that are
about 6–8 nm in diameter. Congo red stain was positive.

(� 45,000) B, Fibrillary glomerulonephritis (same case as
in Figure 12.60). Straighter and slightly thicker fibrils,
about 12–16 nm in diameter in a lucent background.
Congo red stain was negative. (45,000)
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Figure 12.59. Comparison of immunotactoid glomeru-
lopathy and mixed cryoglobulinemia. A, Immunotactoid
glomerulopathy. These microtubules have a diameter of
48–55 nm, with an electron-lucent center. They are much
thicker than the amyloid fibrils. (� 45,000) B, Mixed
cryoglobulinemia (same case as in Figure 12.62). Straight
or curved microtubules, about 20–24 nm in diameter,

also have a lucent center. On cross-section, they have
8–12 spokes emanating from the perimeter, making the
cross-sectional outer diameter about 33 nm. (� 45,000)
Note that unlike amyloidosis and fibrillary glomeru-
lonephritis, the background of these deposits appears
amorphous and electron dense.
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Figure 12.60. Fibrillary glomerulonephritis (54-year-old
female with nephrotic syndrome and hyperlipidemia who
is negative for hepatitis B or C viruses). A, shown are three
capillary loops with expansion of the capillary wall by
fibrillary deposits (*) that are also present in the mes-

angium (M). (� 5400) B, higher magnification shows ir-
regularly arranged fibrils, about 12–16 nm, against a lu-
cent background. A Congo red stain was negative. 
(� 24,500)
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tions, though, even these thinner fibrils may in fact have
a microtubular appearance. A negative serum cryo-
globulin test is required for the diagnosis because cryo-
globulin deposits can be morphologically indistin-
guishable from fibrils of fibrillary glomerulonephritis.

Light microscopy is variable and shows mesangio-
proliferative pattern, crescentic glomerulonephritis or
membranous thickening of the glomerular capillary
walls. By immunofluorescence, in the majority of cases
IgG and C3 staining are found; IgG4 is the dominant
subclass (Iskandar et al. 1992). The majority have poly-
clonal IgG; the few monoclonal deposits have been IgG
kappa. Yang et al. (1992) have shown the fibrils them-

selves contain immunoglobulins (heavy and light
chains) and C3 by immunoelectron microscopy. They
also observed presence of amyloid P component along
or in the fibrils, but not heparan sulfate, collagen type
IV, fibronectin, or fibrillin in the deposits. Some cases of
fibrillary glomerulonephritis without detectable im-
munoglobulin content have also been reported (Churg
1993), suggesting variety of precursors.

In most of these cases, a specific underlying systemic
disease is not found. Occasional cases have elevated an-
tinuclear antibodies, multiple myeloma (Fogo et al.
1993), or hepatitis C infection (Coroneos et al. 1997;
Markovitz et al. 1998). The fibrillary deposits are lim-

Figure 12.61. Immunotactoid glomerulopathy. A, At low power, the glomerulus is filled with dense deposits that are
principally subendothelial and mesangial. (� 4000). 
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ited to the kidney in most cases (in contrast to amyloid-
osis); rare cases of extrarenal involvement (lung and
liver) have been reported.

Immunotactoid Glomerulopathy

(Figures 12.61 and 12.59A.)
Diagnostic criteria. Microtubular deposits of 16–90 nm

diameter (Fogo et al. 1993) with hollow, electron lucent
centers and thick walls, typically arranged in organized
parallel arrays, sometimes with a lattice-like pattern
along the GBM in subepithelial, subendothelial, or in-
tramembranous locations and in the mesangium.

Additional points. In comparison to fibrillary glomeru-
lonephritis, immunotactoid fibrils are thicker, with an
outer diameter usually around 30 nm, and have a
prominent microtubular or cylindrical structure. Podo-
cyte foot processes are usually effaced.

By light microscopy, proliferative, lobular, or mem-
branous patterns of glomerular involvement have been
described, usually without crescents. Immunofluores-
cence shows granular staining for IgG and C3 along the
capillary loops and the mesangium in most cases, and
rarely IgA and IgM. Congo red stains are negative. In
the majority, glomerular immunoglobulin deposits
have a single light chain.

The exact pathogenesis of immunotactoid glomeru-
lopathy is not entirely known. None have cryoglobu-
linemia. Many cases are associated with serologic gam-
mopathy or a lymphoproliferative disorder (Alpers
1992), in contrast to fibrillary glomerulonephritis. Fogo
et al. (1993) observed the association of lymphoplas-
macytic disorders, for example, chronic lymphocytic
leukemia and Sjögren’s syndrome with immunotactoid

glomerulopathy. Lai et al. (1989) described a case of
mixed connective tissue disease with immunotactoid
glomerulopathy and fingerprint deposits. We have ob-
served a case of systemic lupus erythematosus with
immunotactoid deposits in the subepithelial regions
(Figure 12.59A). Few cases have elevated antinuclear
antibodies.

Immunotactoid glomerulopathy was originally in-
troduced by Schwartz and Lewis (1980) and applied to
crystalline rod-like particles (tactoids) with an im-
munoglobulin content (immuno-) deposited in an or-
dered, nonrandom orientation in the glomeruli. The
term was later expanded (Korbet et al. 1985) to include
cases with fibrillary glomerulonephritis (FGN) as de-
fined by Duffy et al. (1983). As the number of cases of
both type accumulate, comparison of clinicopathologic
features has led many observers to consider these as
two distinct entities (Fogo et al. 1993; Alpers 1993); oth-
ers believe them to be variations of one disease (Korbet
et al. 1994; Schwartz 1993). This controversy will remain
until the pathogenesis is better understood.

Cryoglobulinemic Glomerulopathy

(Figures 12.62 through 12.64; 12.59B.)
Diagnostic criteria. (1) Glomerular endocapillary pro-

liferation with leukocytes, predominately mononuclear
phagocytic cells (monocytes) and fewer neutrophils; 
(2) cellular interposition (monocytes) in between en-
dothelium and GBM or the subendothelial deposits; 
(3) duplication of the GBM; (4) electron-dense deposits,
predominately in the subendothelial region, often mas-
sive and sometimes forming intraluminal pseudo-
thrombi; (5) characteristic substructure of deposits,
which differs with the type of cryoglobulin involved.
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Figure 12.61. (continued)
B and C, The substructure is revealed at higher power,
with characteristic lattice and tubular arrangements.
Outer diameter of the microtubules about 23–25 nm. 

(� 60,000) (Photomicrographs kindly provided by Dr.
Charles Alpers and Dr. Eleonora Galvanek, Brigham and
Women’s Hospital, Boston, Mass.)
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Figure 12.62. Mixed cryoglobulinemia (49-year-old
woman with mixed IgM-IgG, type II, cryoglobulinemia).
Large mesangial (*) and subendothelial (long arrow) 
electron-dense deposits are present. Podocytes have seg-
mental foot process effacement. The mesangium (M) is
expanded and contains many active-appearing mononu-

clear inflammatory cells (open arrows). Similar mononu-
clear inflammatory cells are also seen in subendothelial
regions (see Figure 12.64). Flocculent aggregated mate-
rial (short arrow) in capillary lumens have microtubular
structures similar to the cryoglobulins. (� 5500)
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Figure 12.63. Mixed cryoglobulinemia (same case as in
Figure 12.62). A, Deposits are composed of randomly
arranged microtubules with an amorphous granular back-
ground (in comparison, amyloid and fibrillary glomeru-
lonephritis tend to have a lucent background; see Figures
12.58 and 12.59). (� 26,000). B, Higher magnification

of deposits to show microtubular profiles (22–24.6 nm)
and annular, centrally hollow cross-sections that are sur-
rounded by a wall from which 8–12 spokes emanate
(about 33.8 nm) (arrows). (� 65,000). Higher magnifica-
tion is shown in inset. (� 120,000)
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Mixed cryoglobulinemia, type II, monoclonal IgM
(rheumatoid factor), and polyclonal IgG (Figures 12.62
through 12.64). (a) The glomerular deposits usually have
a microtubular substructure with slightly curved cylin-
ders in pairs, each about 25 nm in diameter (Figure
12.63); (b) in cross-section, the cylinders appear like 
annular structures with an electron-lucent (hollow) cen-
ter around which 8–12 spokes project (Figure 12.63B) 
(Cordonnier et al. 1983; Feiner and Gallo 1977; Stoebner
et al. 1979).

IgG Cryoglobulinemia, type I, monoclonal immunoglob-
ulin subclass (not shown). (a) two types of deposits have
been described, the first being straight fibrils (each 9–
12 nm) forming bundles, 80 nm wide; in cross-section,
the bundles appear cross-hatched; (b) the second type
of deposits are tubular structures in a fingerprint-like 
array.

Additional points. Deposits can also be in the mes-
angium, but rarely in the subepithelial space. The back-
ground of the microtubular deposits may contain amor-
phous material, probably representing degenerating or
degrading crystalline structures. Mononuclear cells
(monocytes) with ingested electron-dense material are
commonly found in glomerular capillaries (Figure
12.64A); phagolysosomes with engulfed cryoglobulin
structures (Figure 12.64B) have been observed, sup-
porting the role of monocytes in clearing the deposits.
Aggregates of these microtubular structures similar to
the deposits, have also been observed in capillary lu-
mens (Monga, et al. 1987). Similar or identical ultra-
structural features can be observed in the serum cryo-
precipitates and corresponding glomerular deposits
(Szymanski et al. 1994). Rhomboid crystals may be seen
in the cytoplasm of endothelial cells, mesangial cells,
and occasionally podocytes. These crystals can be in-
tracellular or extracellular, with a suggestion of a peri-
odicity at the edges. Podocyte foot processes are usu-
ally effaced. The endothelium is reactive.

Light microscopy shows endocapillary proliferation
with monocytic infiltration and, often, thickening and
splitting of the GBM. This morphology has been termed
exudative MPGN or cryoglobulinemic glomerulone-
phritis in cases of mixed IgG-IgM cryoglobulinemia.
The massive monocytic infiltration is characteristic and
not seen to this degree in the other glomerulonephri-
tides. Gesualdo et al. (1997) have shown increased
glomerular synthesis of monocyte chemotactic peptide-
1. Hyaline pseudothrombi, formed by the large sub-
endothelial deposits containing the cryoglobulins, may
occlude the capillary lumens. In some cases, mild seg-
mental mesangial proliferation or lobular glomeru-
lonephritis with less monocytic infiltration may be seen.
Tubulointerstitial nephritis may be present.

Glomerular involvement is most frequent and dis-
tinctive in type II cryoglobulinemia. Glomerular in-
volvement is rare in type I cryoglobulinemia, and only
few cases have been reported. Review of literature
shows cases of type I cryoglobulinemia (usually IgG)
with morphology and deposit substructures as de-
scribed earlier. A rare case of monoclonal IgM kappa
cryoglobulinemia (type I) has been reported (Tomiyoshi
et al. 1998), with fibrils (forming bundles of 7–20 fibrils)
in glomerular macrophages but not in the amorphous
subendothelial deposits. In another case of IgG kappa
type I cryoglobulinemia (Ishimura et al. 1995), the
glomerular capillary lumens were occluded by electron-
dense material without fibrils or crystals with few
subendothelial deposits. Type III cryoblobulinemia
(polyclonal IgG and polyclonal IgM) is found in het-
erogeneous immunologic and infectious diseases and
rarely, if ever, has distinct glomerular pathology.

Cryoglobulins are immunoglobulins that precipitate
in cold environment. They may have a single mono-
clonal immunoglobulin component (type I; usually IgG
or rarely IgM) or may have two or more immunoglob-
ulins (mixed). The mixed cryoglobulins are divided into
type II where a monoclonal immunoglobulin (usually
IgM kappa) acts as an antiglobulin against a polyclonal
IgG. In type III cryoglobulinemia, both the IgG and the
antiglobulin components are polyclonal. Type I cryo-
globulinemia is associated with multiple myeloma,
Waldenström’s macroglobulinemia, and other lympho-
proliferative disorders. Types II and III cryoglobulin-
emia are associated with viral (especially hepatitis C
virus, as discussed next), bacterial, parasitic infections;
autoimmune diseases such as systemic lupus erythe-
matosus, Sjögren’s syndrome, rheumatoid arthritis,
scleroderma; lymphoproliferative disorders such as
chronic lymphocytic leukemia; glomerulonephritis and
chronic liver disease.

Most cases of essential (idiopathic) mixed cryoglob-
ulinemia, types II and III, (about 30% cases of mixed
cryoglobulinemia overall) are hepatitis C virus related
(Angello et al. 1992; Bloch 1992; Fornasieri and D’Am-
ico 1996; Miescher et al. 1995; Szymanski et al. 1994); up
to 91% cases in one report (Ferri et al. 1995). Angello et
al. (1992) found HCV RNA in the cryoprecipitate of four
patients with anti-HCV antibodies. HCV has been re-
cently considered oncogenic and may induce an ab-
normal proliferation of B-lymphocytes (Ferri et al.
1995), leading to cryoglobulinemia. Bloch (1992) has
suggested that HCV may be involved in the pathogen-
esis of Sjögren’s syndrome associated with mixed cryo-
globulinemia (type II). Cryoglobulinemic HCV-related
glomerulonephritis may recur in renal allografts, in a
MPGN pattern or with more advanced changes.

854 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 12.64. Mixed cryoglobulinemia (same case as in
Figure 12.62). A, Mononuclear phagocytic cells are
closely associated with subendothelial deposits and con-
tain abundant phagoytosed electron-dense material and
reactive cytoplasm. (� 5500) B, Higher magnification of

another similar area to show cryoglobulins within
phagolysosomes (arrow) of monocyte cytoplasm, in close
association with the subendothelial cryoglobulin de-
posits. U � urinary space. (� 20,100)
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Systemic Light Chain Deposition Disease

(Figures 12.65 and 12.66.)
Diagnostic criteria. (1) Fine or coarse granular, osmio-

philic, electron-dense deposits along the tubular base-
ment membrane (TBM) and GBM, which aggregate to
form a line running along the outer aspect of the TBM
(Figure 12.66B) and inner aspect of the GBM (Figures
12.65 and 12.66A); (2) finely granular electron-dense
mesangial deposits, similar to those in criterion 1; (3) in-
crease in mesangial matrix components in cases with
prominent mesangial nodules (Bruneval et al. 1985)
with scattered microfibrils and GBM-like material, dif-
ferent from the deposits; (4) granular deposits in the
basement membranes around smooth muscle cells of
arteries and arterioles (Tubbs et al. 1981; Kirkpatrick et
al. 1986).

Additional points. Increase in mesangial cellularity
also may be noted. Podocyte foot process effacement
may be present. The tubular deposits are predomi-
nantly found in the distal tubules and collecting
tubules, but in later stages may also involve the proxi-
mal tubules. The TBM may become extremely thick-
ened with tubular atrophy. Older deposits tend to give
a laminated appearance, sometimes with basement
membrane duplication. The tubular deposits may be
more prominent than the glomerular deposits, which
may be absent altogether in some cases. Myeloma casts
rarely have been noted. Deposits around peritubular
capillaries, interstitium, and Bowman’s capsule may be
noted. Extrarenal deposits are found in almost any or-
gan, more frequently involving heart, liver, and spleen,
similar to the distribution of secondary amyloidoses.
The disease recurs in renal allografts (Figure 12.66A).

The first description of systemic light chain deposi-
tion disease was by Randall et al. in 1976, who con-
firmed the monoclonal light chain content (kappa light
chain in both patients) of these lesions in the kidney and
many other organs (Randall et al. 1976). Numerous 
reports have followed since then (Strom et al. 1994;
Bangerter and Murphy 1987; and others). In the major-
ity of cases, the granular deposits are attributed to
monotypic light chains only (light chain deposition dis-
ease, LCDD). Few cases also show associated heavy
chain deposition (light and heavy chain deposition dis-
ease, LHCDD), and more recently, very rare cases of
only heavy chain deposition (HCDD) without a light
chain component have been described. Many authors
have proposed using the term monoclonal immuno-
globulin deposition disease (MIDD), Randall’s type, to
describe LCDD, LHCDD, and HCDD (Preud’homme et
al. 1994; Ronco et al. 1997). The unifying factors in
LCDD, LHCDD, and HCDD are finely granular, non-
fibrillar, electron-dense deposits that do not contain the
amyloid P component and are Congo-red-negative.

These features are in contrast to AL amyloid, as dis-
cussed earlier.

By light microscopy, the glomeruli show mesangial
nodules in about 60% of the cases, resembling nodular
diabetic glomerulosclerosis. The glomeruli may be nor-
mal or have slight mesangial increase or lobularity. The
TBM appears thick in spite of relatively normal-ap-
pearing tubular epithelium, or tubular atrophy may be
seen. Congo red stain is negative. Direct immunofluo-
rescence shows linear monotypic staining for the light
chain. The mesangial nodules may or may not show
staining, while GBM staining is variable.

In the majority of MIDD cases, the underlying
process is multiple myeloma (53–93%, various series).
In 15–30% cases of MIDD, an “M” component is not de-
tected, which may be due to low levels of production,
rapid tissue deposition, or increased degradation. In
those cases, especially LCDD without demonstrable
myeloma, a predominance of one light chain type may
be found in the bone marrow plasma cells. In about 80%
of cases of LCDD (or rather MIDD), monotypic kappa
light chains are found in the deposits, whereas lambda
light chains are seen in most of the remaining cases.
These kappa light chains are more frequently of the
kappa variable region subgroup IV (VKIV type, which
are not exclusive to LCDD and can be found in multi-
ple myeloma without renal disease. In HCDD, lambda
light chains are associated with the heavy chain in
serum. The probable pathophysiology of these light
chains (and/or heavy chains) forming such granular
deposits (rather than fibrils) includes structural anom-
alies, glycosylation, or affinity for extracellular con-
stituents. The absence of amyloid P component from
these granular deposits (in contrast to fibrillar amyloid
deposits) has been consistently seen by immunohisto-
chemical methods and may be an important factor in
the mechanism of deposition and nonfibril nature
(Gallo et al. 1988). Interestingly, multiple myeloma pa-
tients without LCDD initially, develop it after therapy
with melphalan, which is known to induce mutations
in the light chains. Occasional cases of combined LCDD
in the kidney and amyloidosis (focal) elsewhere (Bux-
baum 1992) have been observed and raise questions
about the same light chain present in two forms under
different physicochemical conditions versus the pres-
ence of two separate proliferating B-cell clones.

Monoclonal Gammopathy

Monoclonal immunoglobulins or their fragments (light
chains or heavy chains) when present in serum and/or
urine or CSF are referred to as “M” component or para-
proteins. These paraproteins are usually elaborated by
B-cell lymphoproliferative disorders, such as plasma
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Figure 12.65. Systemic LCDD (54-year-old woman with
kappa LCDD). Extensive deposition of extremely elec-
tron-dense, finely granular material in a band-like fash-

ion is seen along the GBM (arrowheads) and in the
mesangium (*). P � podocyte; C � capillary lumen. 
(� 3480)
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Figure 12.66. Systemic LCDD. A (recurrent in the allo-
graft of patient illustrated in Figure 12.65), High magni-
fication of the glomerular capillary wall shows fine gran-
ular electron-dense material (arrowheads) permeating the
GBM. (� 19,000) B (81-year-old woman with kappa

LCDD), High magnification of base of tubule shows fine
granular electron-dense deposits in tubular basement
membrane. N � nucleus of a tubular cell. Newly formed
tubular basement membrane is between the deposit and
the epithelium (arrowheads). (� 10,608)
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cell myeloma, Waldenström’s macroglobulinemia, or
chronic lymphocytic leukemia as well as certain au-
toimmune diseases such as lupus and rheumatoid
arthritis, and may be deposited in tissues, especially the
kidney. Depending upon their structure, chemical prop-
erties, and interaction with tissues, these paraproteins
may form fibrils (light chain amyloidosis, fibrillary
glomerulonephritis), microtubules (cryoglobulinemic
glomerulonephritis, immunotactoid glomerulopathy),
or granular deposits (systemic light chain deposition
disease), as discussed earlier. These deposits may some-
times occur in the absence of an identifiable “M” com-
ponent, probably due to rapid tissue deposition. The
above deposition diseases can occur in the absence of
typical multiple myeloma and may be seen in indolent
myeloma, monoclonal gammopathy of undetermined
significance (MGUS), or in benign monoclonal B-cell
proliferations.

In multiple myeloma, in addition to the above de-
scribed deposits, the paraproteins may form casts
(myeloma cast nephropathy) or crystals (myeloma-as-
sociated Fanconi’s syndrome), leading to tubulopathies.
The term “myeloma kidney” therefore is inclusive of
many morphologically distinct processes affecting the
kidneys in multiple myeloma and should not be re-
stricted to myeloma cast nephropathy.

Nail Patella Syndrome 
(Hereditary Osteo-onychodysplasia)

(Figure 12.67.)
Diagnostic criteria. (1) Bundles of cross-striated, type

I collagen fibers (Morita et al. 1973), with a periodicity
of about 40–60 nm and varying lengths (Taguchi et al.
1988) deposited in the lamina densa and rarae interna
and externa; (2) irregular thickening of the GBM, usu-
ally without cellular interposition; (3) electron-lucent
spaces in the lamina densa, referred to as a “moth-eaten
appearance” of the GBM; (4) presence of collagen fibers
within the lucent areas.

Additional points. Collagen fibers or bundles may also
be found in the subendothelial space, mesangium, and
rarely peritubular interstitium; the mesangial areas are
less affected than the glomerular capillary loops (this is
in contrast to collagen type III collagenofibrotic glom-
erulopathy, discussed in the next section). Amorphous,
subendothelial, and subepithelial deposits have been
described in rare cases. Podocyte foot process efface-
ment may be seen. The presence of type I collagen fibers
in the basement membrane is not specific for this dis-
ease and can be found in sclerotic glomeruli in other
diseases; however, type I collagen fibers are not found
in otherwise normal areas of GBM as a nonspecific find-

ing. It is not known whether the deposited collagen is
synthesized locally or deposits from plasma.

Early stages of the disease may be manifested only
by proteinuria with normal-appearing glomeruli by
light microscopy, but with ultrastructural changes. Cap-
illary wall thickening may be present. Later, sclerosis
occurs and in some cases leads to extensive glomerular
obsolescence. Immunofluorescence results are nonspe-
cific, with focal deposits of IgM and C3 along periph-
eral capillary walls.

Nail patella syndrome is a rare, autosomal dominant,
pleiotropic disorder characterized by nail hypoplasia,
hypoplastic or absent patellae, dysplasia of radial head,
iliac horns, and nephropathy in about 30% of the cases.
Ultrastructural glomerular lesions of nail patella syn-
drome in the absence of a clinical renal syndrome have
been described (Taguchi et al. 1988). The exact identity
and location of the nail patella syndrome gene (NPS
gene) is unknown. Linkage of the NPS gene locus to
chromosome 9q34 has been shown (Campeau et al.
1995; McIntosh et al. 1997).

Collagen Type III Collagenofibrotic
Glomerulopathy

(Figures 12.68 and 12.69.)
Diagnostic criteria. Abundant collagen fibers (type III)

(1) are deposited in the expanded mesangium and
subendothelial space, without involving the lamina
densa; (2) are spiral shaped, curved, or frayed (but not
straight) on longitudinal section, and comma shaped or
worm-like (but not circular) on cross-section; (3) have a
banding periodicity (distance between the transverse
striations) of about 40–60 nm; (4) are arranged in ir-
regular bundles.

Additional points. The lamina densa is intact, and the
GBM is of normal thickness, without the moth-eaten ap-
pearance seen in nail patella syndrome. GBM duplica-
tion and cellular interposition may be seen. Such colla-
gen deposits have not been found in extraglomerular
locations such as tubules, blood vessels, or interstitium.
These type III collagen fibers are different from the
normal type III collagen fibers found in the renal inter-
stitium and blood vessels, which are straight. In addi-
tion, the normal GBM and mesangium lack type III col-
lagen. These fibers are distinctly different from the
microtubular structures of immunotactoid glomeru-
lopathy or cryoglobulinemia and microfibrils of amy-
loid or fibrillary glomerulopathy. Amorphous electron-
dense deposits are absent. Podocyte foot process
effacement is usually present.

By light microscopy, a lobular or MPGN-like archi-
tecture is noted but without significant hypercellular-
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Figure 12.67. Nail patella syndrome (16-year-old female
with episodic low-grade proteinuria and hematuria). A,
GBM thickening with areas of lucency (arrows) appear-
ing “moth-eaten.” (� 6100) Inset shows higher magnifi-
cation of GBM marked by brackets in A showing lucent
foci and collagen fibers. (� 22,000) B, Higher magnifi-

cation of GBM in another region showing subepithelial
deposits of collagen fibers (arrows) with individual fiber
width of 37 nm and periodicity of 42 nm. Associated
podocyte foot process effacement is seen. C � capillary
lumen. (� 29,000)

B

A

860



Figure 12.68. Collagen type III collagenofibrotic
glomerulopathy (24-year-old male with microscopic
hematuria, low-grade proteinuria of 800 mg/day, and a
normal creatinine clearance). Mesangial deposits of
abundant collagen fibers (arrows). Subendothelial regions

(arrowheads) also contain some collagen fibers. Note the
lack of moth-eaten appearance of the original GBM that
is seen in nail patella syndrome. C � capillary lumens;
U � urinary space; M � mesangial cell. (� 10,500).
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Figure 12.69. Collagen type III collagenofibrotic
glomerulopathy (same case as in Figure 12.68). A, De-
position of collagen in the mesangium (*), mesangial cell
(M), endothelial cell (E), and podocyte (P). (� 11,900) 

B High magnification of mesangial collagen fibers that
are thick (21–29 nm) and wavy and have cross striations
or periodicity (42 nm) and that are variably bundled. 
(� 38,000)
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ity. The capillary lumens are reduced in size. The ex-
panded mesangium may show very pale PAS and sil-
ver staining material, strong aniline blue staining has
also been described. Immunofluorescence may show
minimal IgG and C3. Specific immunofluorescence for
collagen type III is strongly positive in areas corre-
sponding to deposition of the abnormal fibers.

Glomerulopathy with deposition of type III collagen
was first described by Ikeda et al. in 1990 and subse-
quently was named collagenofibrotic glomerulopathy
(Arawaka and Yamanaka 1991). It is a rare, relatively
new glomerular disease (Abt and Cohen 1996; Imbas-
ciati et al. 1991). Patients have isolated renal involve-
ment, without the extrarenal abnormalities of nail,
patella, and the skeletal system that are usual in the nail
patella syndrome. Cases with similar clinicopathologi-

cal features were described in Japanese and English lit-
erature but without immunohistological documenta-
tion of type III collagen. This disease appears to be fa-
milial, with an autosomal recessive mode of inheritance
(Tamura et al. 1996); sporadic cases have been de-
scribed. The source of type III collagen is unknown but
may be extraglomerular, because serum procollagen
type III peptide (pIIIp) is markedly elevated. Serum 
pIIIp is a useful noninvasive indicator of type III col-
lagenofibrotic glomerulopathy (Gubler et al. 1993).
Slight nonspecific elevations of pIIIp may be seen in a
variety of diseases from stimulated collagen synthesis.

Fabry’s Disease

(Figures 12.70 and 12.71.)
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Figure 12.70. Fabry’s disease. Numerous densely
stained, large, laminated inclusion bodies, each sur-
rounded by a unit membrane, are present in the
podocytes (arrowhead ) and endothelial cells (arrow).
These inclusions are almost always in lysosomes and sur-
rounded by a unit membrane. C � capillary lumen. 

(� 1800) (Permission for reprinting granted by the Asso-
ciation des Medecins de Langue Francaise du Canada,
Paquin JG, Camirand P, Mandalenakis N, et al: Fabry’s
disease: Histologic and ultrastructural study. Union Med
Can 104:1377–1382, 1975.)



Figure 12.71. Fabry’s disease. Higher magnification of a
glomerular segment shows large, rounded, concentrically
laminated inclusions (myelin bodies) in podocyte cyto-
plasm (*). The endothelium also shows these inclusions;
here they appear more ovoid with parallel laminations

(L) (zebra bodies). The difference in lamination may re-
flect orientation of these inclusions. Their fine structure
appears to be glycolipid. (� 15,000) (Courtesy of Dr.
Nicolas Mandalenakis, Hospital du Sacre-Couer, Mon-
treal, Quebec, Canada.)
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Diagnostic criteria. Electron-dense inclusions (1) in all
types of glomerular cells, most abundant in podocytes;
(2) laminated, usually 300–1000 nm in diameter (even
up to 10 �); (3) usually surrounded by a single-unit
membrane, although some appear to be free in the cy-
toplasm (Faraggiana et al. 1981; Gubler et al. 1978).

Additional points. Two types of inclusions are seen.
The most common ones are coarsely laminated, usually
round with a central onion-skin structure called “my-
elin bodies,” or ovoid with a parallel arrangement of
dense layers (Gubler et al. 1978; Pacquin et al. 1975)
called “zebra bodies.” The alternating light and dark
layers have a periodicity of 4–5 nm. These inclusions
are particularly abundant in podocytes (Figure 12.71).
The second type of inclusions are denser, more compact
electron-dense deposits, some of which contain para-
crystalline arrays (Burkholder et al. 1980). This type is
more frequent in glomerular capillary endothelial and
mesangial cells as well as in parietal epithelial cells of
Bowman’s capsule. 

Inclusions are also present in tubular epithelial cells,
especially in distal tubules, endothelial and smooth
muscle cells of arteries, and interstitial cells, and can be
detected in the urine (Tubbs et al. 1981).

The GBM often shows segmental wrinkling and
thickening, with widening of the lamina rara interna by
electron-lucent, fluffy, slightly fibrillary material. Adja-
cent podocytes have extensive effacement of foot
processes. In advanced cases of the disease, there is col-
lapse and sclerosis of glomerular tuft, but vacuolated
cells may still be present.

By light microscopy, the most characteristic change
is fine vacuolization of the cells of the glomerular tuft,
most noticeable in podocytes but also in parietal ep-
ithelium of Bowman’s capsule, endothelial cells, and
mesangial cells. Immunofluorescence studies show fo-
cal deposits of IgM and C3 in arterial walls. Heterozy-
gotes may have normal renal morphology or lesions
similar to homozygotes, although milder (Gubler et al.
1978).

Fabry’s disease is an X-linked disorder caused by a
deficiency in the lysosomal enzyme alpha-galactosidase
A, which leads to the accumulation of sphingolipids
(ceramide) in cells. Recurrence in allografts is detectable
by electron microscopy but is usually not clinically 
significant.

Cystinosis

(Figure 12.72.)
Diagnostic criteria. Crystalline or irregular cytoplas-

mic inclusions, corresponding to cystine; (1) predomi-
nately in interstitial cells (probably macrophages), also
in epithelial cells of glomeruli and tubules, endothelial

cells of capillaries, arterioles and glomeruli, and in
smooth muscle cells of arterioles (Spear 1974); (2) some-
times surrounded by a unit membrane or seen in lyso-
somes; (3) rectangular, hexagonal, or triangular in form
(Scotto and Stralin 1977); (4) dark cells, laden with cys-
tine, predominately affecting interstitial cells (probably
macrophages) and visceral epithelial cells; (5) multinu-
cleated podocytes (Spear 1974).

Additional points. Dark cells are rarely also seen in ep-
ithelial cells of the loop of Henle and collecting ducts
(Spear et al. 1971). The darkening of the “dark cells” is
due to fine granular material in the cytoplasm, and nu-
cleus, and the dark cytoplasmic inclusions, where the
granules probably represent the reaction product of os-
mium tetroxide with cystine (a sulfur-containing amino
acid), as postulated by Spear et al. (1971). By electron
probe study they found high sulfur content, in sulfide
form, in dark cells and therefore postulated that the ma-
terial was most likely cystine, which reacted intensely
with osmium tetroxide (used in fixation). Light micro-
scopic examination shows progressive glomerular scle-
rosis, chronic interstitial nephritis with tubular degen-
eration, swan-neck atrophy of proximal tubules with
vacuolization, multinucleated podocytes, and crystals
or spaces. Cystinosis usually does not recur in the renal
allograft; however, cystine crystals and dark cells pre-
dominately in interstitial cells and the mesangium have
been found, probably in host-derived leukocytes (Spear
et al. 1989).

Cystinosis is the most common of a group of lysoso-
mal transport disorders, with a defect in cystine trans-
port out of the lysosomal membranes. The cystinosis
gene (CTNS) has been mapped to chromosome 17p13
(Cystinosis Collaborative Research Group 1995; Town
et al. 1998). CTNS encodes an integral membrane pro-
tein, cystinosin, with features of a lysosomal membrane
protein. Eleven different mutations, most commonly
deletion, are described and predict loss of protein func-
tion (Town et al. 1998).

Glomerulopathy of Sickle Cell Disease/Trait

(Figure 12.73.)
Diagnostic criteria. (1) Few scattered, mesangial and

subendothelial amorphous electron dense deposits; 
(2) increase in mesangial cellularity and matrix; (3) dou-
ble contour of GBM and mesangial cell interposition; 
(4) abnormal morphology of red blood cells forming
sickle shapes with characteristic microfibrillary hemo-
globin S crystals.

Additional points. The diagnostic criteria describe the
rare membranoproliferative variant (McCoy 1969;
Pardo et al. 1975) of sickle cell disease/trait involving
the glomerulus. More commonly, patients show con-
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Figure 12.72. Cystinosis (7-year-old boy with cystinosis
and end-stage renal failure). Scattered cells in the inter-
stitium contain rectangular (arrowheads) and hexagonal

(*) profiles of crystals. These spaces appear empty on rou-
tine electron microscopic processing. (� 9990)
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Figure 12.73. Sickle cell disease/trait associated MPGN
(19-year-old male with long-standing history of protein-
uria). A, Mesangial deposits without any substructure. 
(� 3900) B, Subendothelial deposit and duplication of
the GBM (arrow). Sickle-shaped red blood cell in a cap-

illary loop at top of figure. (� 3900). C, Higher magnifi-
cation of a capillary loop containing the characteristic
sickle red blood cells containing fibrillar crystals (about
12–16 nm) of hemoglobin S. (� 12,200)

A B
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gestion of glomerular capillaries and peritubular capil-
laries, often containing sickle-shaped red blood cells.
Podocyte foot processes may be focally effaced. By light
microscopy, many glomeruli appear hypertrophied
(Bernstein and Whitten 1960). Renal cortical infarctions
and papillary necrosis are seen and may be associated
with tubular necrosis, especially in acute cases. Focal
segmental or global glomerulosclerosis or mesangial
hypercellularity have been described in sickle cell dis-
ease (homozygous SS genotype), and therefore hyper-
filtration injury has been invoked in the pathophysiol-
ogy. Iron deposits may also be found in the mesangium
and have been considered in the pathogenesis of this le-
sion by some (McCoy 1969) but not others (Pardo et al.
1975). Some investigators have proposed intracapillary
erythrocyte fragmentation (Antonovych 1971; Elfenbien
et al. 1974) in the pathophysiology leading to glomeru-
lar injury.

Diseases with Endothelial Reaction

Thrombotic Microangiopathy 
(in Hemolytic Uremic Syndrome, 
Thrombotic Thrombocytopenic Purpura,
Scleroderma, Malignant Hypertension, 
Rejection, and Cyclosporine Toxicity)

(Figures 12.74 through 12.79.)
Thrombotic microangiopathy (TMA) is the morpho-

logical description of a lesion characterized by mi-
crovascular (capillaries and arterioles) thrombosis with
accompanying basement membrane changes and en-
dothelial injury. It is usually a systemic condition with
prominent glomerular involvement. Thrombotic mi-
croangiopathy thus encompasses both hemolytic ure-
mic syndrome and thrombotic thrombocytopenic pur-
pura. TMA is also described in association with acute
phase of scleroderma, systemic lupus erythematosus,
malignant hypertension, preeclampsia/eclampsia (dis-
cussed separately), allograft rejection, and cyclosporine
toxicity. These diseases have similar light and electron
microscopic features and their differential diagnosis is
based primarily on clinical findings. Distinction of eti-
ologies on pathologic grounds alone is not yet feasible.
The ultrastructural features (Hsu and Churg 1980; Sin-
clair et al. 1976) are as follows.

Diagnostic criteria. (1) Swollen, vacuolated, and fo-
cally detached glomerular endothelial cells with loss of
fenestrations (Figure 12.75) so that capillaries are oc-
cluded by the endothelial cell; (2) creation of a suben-
dothelial space that accumulates fine granular or fibril-
lar electron-dense and lucent material composed of
fibrin, fragments of erythrocytes and platelets, and the
cytoplasmic processes of endothelial and mesangial
cells (Figures 12.74 and 12.79); (3) thickened GBM with
double contours and/or wrinkling; (4) fibrin, red blood
cells, and platelets in glomerular, arteriolar, and arterial
lumina or in their walls (Figures 12.77 and 12.78).

Additional points. The subendothelial region of the
GBM may show lamination (Figure 12.76), especially in
a case of severe hypertension. The mesangium may be
expanded and permeated by proteinaceous material
similar to that seen in capillary loops (Figures 12.74 and
12.79). Podocyte foot process effacement may be seen.
The arteriolar and arterial endothelium appears reac-
tive and swollen. Arterial intimal thickening results
from the accumulation of myoepithelial cells and ma-
trix. Myoepithelial cells migrate from the media; they
are spindle shaped with smooth muscle differentiation
manifested by the presence of a basement membrane,
pinocytotic vesicles, cytoplasmic myofilaments, dense
bodies, and subplasmalemmal dense plaques. The ma-
trix may be mature collagen, fibrillar material without
periodicity, electron-dense granules, or electron-lucent
areas. Late changes in the glomeruli include prominent
duplication of the GBM and mesangial hypercellular-
ity. Severe cases may have renal cortical necrosis (he-
molytic uremic syndrome) or focal infarction (sclero-
derma and malignant hypertension).

By light microscopy, interlobular arteries and arteri-
oles have moderate to severe thickening of their wall
secondary to marked expansion of the intima or to in-
traluminal thrombi. Fibrinoid necrosis predominates in
the smallest interlobular arteries and arterioles.
Glomeruli have swollen endothelial cells and thickened
peripheral capillary walls. The glomerular lesion pro-
gresses to give a fibrillar appearance to the tuft and,
eventually, sclerosis. Immunofluorescence shows the
presence of fibrin in vessel walls and glomeruli, with
inconsistent admixture of immunoglobulins, especially
IgM and C3.

(Text continues on page 875)
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Figure 12.74. Thrombotic microangiopathy, hemolytic
uremic syndrome. The subendothelial space is diffusely
widened and filled with fine granular material (arrow-
heads). The endothelial cell (E) is reactive with abundant

cytoplasmic organelles and loss of fenestrations. Mes-
angium appears edematous. C � capillary lumen; P �
podocyte. (� 9000) (Courtesy of Dr. Walter Schurch, 
Hotel-Dieu, Montreal, Quebec, Canada.)



Figure 12.75. Thrombotic microangiopathy associated
with malignant hypertension (33-year-old male with ma-
lignant hypertension, proteinuria, and dysmorphic red
blood cells on a peripheral blood smear). Glomerulus

with wrinkling of the GBM and focal duplication 
(arrowhead ). The endothelium (E) is reactive with loss of
fenestrae (arrow). P � podocyte; C � capillary loop. 
(� 3500)
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Figure 12.76. Thrombotic microangiopathy of malignant
hypertension (50-year-old female with microscopic
hematuria, proteinuria, and hypertension). High magni-
fication of a glomerular capillary loop shows reactive en-
dothelium (E) with increase in the number of cytoplasmic

organelles and loss of fenestrae (arrowhead ). The GBM
in the subendothelial region is laminated and fragmented
(arrows). (� 21,400) Note how this differs from Alport’s
syndrome (Figures 12.20 and 12.21).
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Figure 12.77. Thrombotic microangiopathy of malignant
hypertension (same case as in Figure 12.75). Section of
an artery that shows medial hypertrophy and intimal pro-
liferation, with lipid accumulation in the myointimal cells

(arrows). Collagen fibers traverse between the myocytes.
Fibrin (F) is in the intima, and the endothelium (E) is
swollen. (� 3900)
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Figure 12.78. Thrombotic microangiopathy of malignant hypertension (higher magnification of Figure 12.77). En-
dothelial swelling (E) with subendothelial lamination and lucency (arrow) and fibrin deposition (F). (� 7500)
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Figure 12.79. Scleroderma nephropathy, acute (27-year-
old woman with acute renal failure, hypertension, and
4� proteinuria; subsequent skin biopsy showed sclero-
derma). Capillary loops are collapsed and their lumina
filled with lucent, amorphous granular-fibrillar matrix-like

material (*) and cell processes. Epithelial cells are en-
larged and have effacement of foot processes (arrow-
head ). (� 6750) Inset: Fibrin strands are present in the
subendothelial space, admixed with fine granular back-
ground material. (� 10,640)
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(Text continued from page 868)

Eclampsia/Preeclampsia

(Figure 12.80 through 12.82.)
Diagnostic criteria. (1) Markedly swollen endothelial

cells, with narrowing of capillary lumens known as
glomerular capillary endotheliosis (Spargo et al. 1959);
(2) loss of endothelial fenestrae; (3) amorphous and fib-
rillar subendothelial deposits, with expansion of the
lamina rara interna (Figure 12.81) (Tribe et al. 1979;
Gaber et al. 1994); (4) swollen mesangial cells and in-
creased mesangial matrix; mesangial cell interposition
contributes to duplication of GBM (Tribe et al. 1979); 
(5) focal podocyte foot process effacement.

Additional points. The capillary loops have a cigar-
shaped appearance with ballooning of the tips (Gaber
et al. 1994) (Figure 12.81) secondary to the endothelial
swelling and subendothelial accumulation of material.
In addition, endothelial cytoplasmic vacuolization and
hypertrophy of organelles, especially lysosomes with
accumulation of neutral lipids, has been described. The
mesangium may have electron-dense deposits. Cres-
cents have been noted in rare instances. Tubulointersti-
tial lesions are usually not seen. Arterial lesions are vari-
able and related to the severe hypertension.

Light microscopy shows diffusely enlarged, blood-
less glomeruli, with endothelial swelling and narrowed
capillary lumens, without hypercellularity (Sheehan
1980). The swollen glomerular compartments leads to
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Figure 12.80. Glomerulopathy of preeclampsia (30-year-
old female presented at 28 weeks’ gestation with pro-
teinuria of 7.3 g/day and rising blood pressures). Elon-

gated glomerular capillary loops (C) that show podocyte
foot process effacement (arrowheads). The endothelial
fenestrae are lost (arrow): M � mesangium. (� 7400)



Figure 12.81. Eclampsia/preeclampsia (20-year-old fe-
male developed hypertension and proteinuria at 10
weeks’ gestation; renal biopsy at 20 weeks’ gestation with
creatinine � 1.6 mg/dL, 3 g/day proteinuria, and positive
antiphospholipid antibody). High magnification of a 
cigar-shaped glomerular capillary loop with a small lu-

men (C) and swollen endothelium (*). Amorphous 
electron-dense deposits (arrows), fibrillar and flocculent
material, and cell debris accumulate under the endothe-
lium. (� 12,000) (Electron micrograph kindly provided
by Dr. A. R. Esparza, Rhode Island Hospital, Providence,
Rhode Island.)



herniation of tufts into the proximal tubule, also called
“pouting” (Sheehan and Lynch 1973). Intraglomerular
thrombosis is rare in preeclampsia, and when present,
usually implies another superimposed process such as
antiphospholipid syndrome, endotoxic shock, or other
obstetrical complications. Immunofluorescence usually
shows the presence of immunoglobulins (IgM), fibrin,
and complement in glomeruli. The material in the
subendothelial space is believed to be fibrin and related
products, cell debris, and possibly immune complexes.

An association between preeclampsia/eclampsia
and consequent development of focal segmental
glomerulosclerosis (Figure 12.82) with tubular atrophy,
interstitial fibrosis, and arteriosclerosis has been de-

scribed in the literature in patients who were biopsied
postpartum (Lee and Kim 1995; Kida et al. 1985).

The Renal Allograft

Acute Allograft Glomerulopathy

(Figure 12.83.)
Diagnostic criteria. (1) Diffusely swollen and reactive

glomerular endothelial cells that contain abundant or-
ganelles and have enlarged open nuclei with prominent
nucleoli (Colvin 1998); the cells almost occlude the cap-
illary loops (Figure 12.83); (2) a thin layer of basement-
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Figure 12.82. Preeclampsia associated focal segmental
glomerulosclerosis (21-year-old female with history of
preeclampsia at 34 weeks’ gestation and persistent high-
grade proteinuria postpartum). Segmental collapse of

capillary loop (open arrow) with GBM duplication (ar-
row). Note also the loss of endothelial fenestrae: C � cap-
illary lumen; E � endothelial cell. (� 4300)



Figure 12.83. Acute allograft glomerulopathy. The en-
dothelial cells (E) are enlarged with abundant organelles
and fill the glomerular capillaries. Numerous lympho-

cytes (L) are in close association with the endothelial
cells. Fine laminated material (*) is evident. (� 5088)
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membrane-like material close to the surface of the en-
dothelial cell corresponds to the PAS-positive webs seen
by light microscopy (Richardson et al. 1981); (3) reactive
lymphocytes and monocytes in glomeruli; (4) few or no
electron-dense deposits.

Additional points. Capillary loops with fibrin, focal
necrosis of endothelial cells, neutrophils, and platelets
also may be present. Occasional endothelial cells are
separated from the GBM by an accumulation of amor-
phous material with an electron density similar to that
of plasma. The mesangium is somewhat expanded and
appears to have the matrix fibrils separated by edema.
Monocytes may invade the mesangium. Occasional
electron-dense deposits are found. Podocyte foot
process fusion is focal. No viral particles are present. In
more chronic cases, duplication and cellular interposi-
tion may also result, and the features of thrombotic mi-
croangiopathy may be seen.

By light microscopy, the glomeruli are hypercellular
with endocapillary proliferation and infiltration by
mononuclear cells, predominately T-lymphocytes (Tu-
azon et al. 1987), which are chiefly CD8�. In addition,
PAS-positive webs on 2-� sections are the most defini-
tive. Most or all of the glomeruli are involved. When
only a minority are affected, the diagnosis is uncertain.
Intimal invasion by mononuclear cells (endarteritis) is
commonly associated (�90% of cases) (Colvin et al.
1983). The interstitial infiltrate varies and may be min-
imal in some cases. Immunofluorescence shows seg-
mental fibrin in glomeruli, with scant IgM and C3 in the
mesangium.

Acute allograft glomerulopathy is present in about
4% of renal transplant biopsies and is a form of cell-me-
diated rejection characterized by the above findings dis-
cussed earlier. Glomeruli are typically spared in typical
acute cellular rejection. This glomerulopathy has been
associated with cytomegalovirus (CMV) viremia in
some series [Richardson], but the lesion has been de-
scribed in patients with no obvious CMV infection and
does not occur in autologous kidneys in CMV-infected
patients (Colvin 1995). Therefore, the lesions are a form
of rejection triggered by CMV and probably other stim-
uli such as HCV infection (Cosio et al. 1996), perhaps
through the enhanced HLA expression induced by 
interferon.

Thrombotic Microangiopathy and 
the Renal Allograft

(Figure 12.84.)

Diagnostic criteria for thrombotic microangiopathy
in renal allografts are same as those discussed in the
previous section on thrombotic microangiopathy. Ad-
ditionally, in renal allograft rejection and some cases of
cyclosporine toxicity, the lesions may be localized to the
kidney. Thrombotic microangiopathy in renal allografts
has also been found in association with increased anti-
cardiolipin antibodies in hepatitis-C-virus positive pa-
tients (Baid et al. 1999).

Acute Humoral Rejection

(Figures 12.85 through 12.88.)
Diagnostic criteria. (1) Neutrophils or mononuclear

cells in glomerular capillary loops that may contain fib-
rin and adherent platelets; (2) fibrinoid necrosis of the
arterioles or arteries; (3) neutrophils in dilated peri-
tubular capillaries; (4) severe and extensive endothelial
injury and denudation; (5) acute tubular necrosis (Hal-
loran et al. 1990).

Additional points. Reactive endothelial changes, in-
cluding loss of fenestrae, swelling, and subendothelial
lucency, are seen in glomerular, arterial, and peritubu-
lar capillaries (Colvin 1998; Trpkov et al. 1996). The ab-
sence of significant interstitial mononuclear inflamma-
tory infiltrate is noteworthy. The peritubular capillaries
are damaged, and they may disappear with consequent
interstitial fibrosis and tubular atrophy.

Acute humoral rejection is a type of delayed-onset
antibody-mediated rejection, usually due to circulating
anti-HLA class I antibodies (Halloran et al. 1992; 
Trpkov et al. 1996). Antibodies to HLA class II and en-
dothelial alloantigens have also been implicated. Im-
munofluorescence for conventional immunoglobulins
and complement are not helpful in separating acute hu-
moral rejection (AHR) from acute cellular rejection
(ACR). Recently, the authors found (Collins et al. 1999)
staining for C4d in peritubular capillaries of renal allo-
grafts with AHR but not ACR, supporting classical
pathway activation and antibody-mediated injury.
Early detection and aggressive management are key to
improved survival.
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Figure 12.84. Thrombotic microangiopathy associated
with acute and chronic rejection (29-year-old female sta-
tus post cadaveric renal transplantation 6 years ago with
creatinine elevation up to 6.5 mg/dL and hepatitis-C virus
serology positive). High magnification of a capillary loop

showing thickening, wrinkling, and duplication of the
GBM. The GBM shows fine laminations (arrows). The
foot processes are effaced (arrowhead ). The endothelial
fenestrae are lost (open arrow): C � capillary lumen.
(� 10,100)
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Figure 12.85. Acute humoral rejection (57-year-old fe-
male who underwent living related (daughter) renal trans-
plantation and recently developed signs of graft failure
with rise in creatinine and cross-match-positive for anti-
donor HLA antibodies). Segment of a glomerulus with fib-
rin thrombus (F) in a capillary loop, another shows

platelets (arrow) adherent to the endothelium. The en-
dothelial fenestrae are lost. Another capillary loop is con-
gested with red blood cells (R): M � mesangium; 
P � podocyte; U � urinary space E � endothelial cell.
(� 5700)



882 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 12.86. Acute humoral rejection (same case as in Figure 12.85). A glomerular capillary loop with luminal fib-
rin (F) and neutrophil (N). Loss of endothelial fenestrae (arrows). (� 11,500)
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Figure 12.87. Acute humoral rejection (another patient). Numerous platelets are present in the capillary lumen; some
are adhering to the endothelium. The endothelial fenestrae are lost. (� 7500)
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Figure 12.88. Acute humoral rejection (same case as in Figure 12.85). A peritubular capillary contains neutrophils.
TBM � tubular basement membrane; T � tubular epithelium. (� 5000)



(Text continued from page 879)

Chronic Allograft Glomerulopathy

(Figures 12.89 through 12.91.)
Diagnostic criteria. (1) Prominent thickening and du-

plication of the GBM (Colvin 1998; Briner 1987); (2) fine
amorphous granular material in the subendothelial re-
gions, eventually involving long segments of the GBM
(Figure 12.89); (3) lucent lamina rara interna expansion
containing fragments of interposed cells (Figure 12.90),
vesicular structures, membranous profiles, fibrin, and
microfibrils; (4) laminated appearance of the GBM 
in advanced cases; (5) increased mesangial cellularity
and matrix (Figure 12.91A), sometimes with mesangi-
olysis; (6) effaced foot processes in patients with heavy 
proteinuria.

Additional points. The endothelium generally dedif-
ferentiates, as manifested by a loss of fenestrations (Fig-
ure 12.89). This alteration should decrease the filtration
rate. Electron-dense deposits of all types have been de-
scribed but are seldom extensive. The GBM is thickened
and duplicated from the interpositioned cell processes
mentioned in the diagnostic criteria. A distinct pattern,
MPGN-type transplant glomerulopathy, is also de-
scribed (Peng Fei et al. 1988), where lobular architec-
ture, mesangial increase, and cellular interposition
closely resemble type I MPGN, but lack immune de-
posits. The presence of abundant subendothelial de-
posits in such a case would then suggest a diagnosis of
MPGN secondary to HCV, (Cosio et al. 1996; Baid et al.
1999).

The GBM may have abnormal structures or deposits
that have been categorized into five ultrastructural
types (Olsen et al. 1974): Type I, electron-lucent, suben-
dothelial flocculent material is common and also seen
in acute rejection. Type II, granular electron-dense de-
posits, similar to immune complexes in other diseases
and typically subendothelial or mesangial. The small
(type III) and large (type IV) vesicular particles once
thought to be viruses, are probably cell debris. Type V,
membranous ribbons that may be remnants of the slit
diaphragms. Similar basement membrane changes are
seen outside the glomerulus, including splitting and
multilayering of the peritubular capillary basement
membranes (Figure 12.91B) (Monga et al. 1990;
Drachenberg et al. 1997) and thickening and lamination
of the tubular basement membrane (Nadasdy et al.
1988). Chronic rejection lesions may also take the form
of de novo membranous glomerulonephritis (see section
on other lesions in renal transplants).

By light microscopy, GBM duplication and thicken-
ing are discerned. The glomeruli may show global or

segmental sclerosis with patchy interstitial fibrosis and
tubular atrophy. In cases of chronic rejection, the arter-
ies show intimal proliferation or fibrosis with a mono-
nuclear cell infiltrate. Immunofluorescence shows im-
munoglobulin and C3 along the GBM in a segmental
granular pattern.

The pathogenesis of chronic allograft glomerulopa-
thy is multifactorial. The disease is probably related to
histoincompatibility, since it rarely occurs in HLA iden-
tical renal allografts. Chronic allograft glomerulopathy
is usually seen in association with chronic rejection
(Figure 12.91A). T-cells and antibodies may be involved
with reactivity to the endothelium; support for the lat-
ter comes from animal models. We have recently iden-
tified the presence of C4d staining (immunofluores-
cence microscopy) in 60% of chronic rejection cases with
chronic allograft glomerulopathy, also supporting the
role of humoral antibody (Mauiyyedi et al. 1999).
Chronic allograft glomerulopathy can also occur as a
sequelae of acute allograft glomerulopathy. Similar le-
sions may arise secondary to chronic hepatitis C virus
infection or drugs (cyclosporine).

Other Lesions in Renal Transplants

Diabetic Nephropathy

(Figure 12.92.)
Diagnostic criteria. (1) Diffuse thickening of the GBM

without lamination or cellular interposition; (2) mesan-
gial matrix increase and hypercellularity.

Additional points. Diabetic nephropathy tends to re-
cur in almost all allografts and typically occurs 6–8
years post transplant, although the hyaline arteriopa-
thy and GBM changes (thickening) can occur in 2 years
(Lundgren et al. 1985). De novo diabetic glomeruloscle-
rosis, though rare, has been described (Kelly et al. 1992;
personal observation) and is usually due to the dia-
betogenic effects of steroids, cyclosporine, or tacrolimus
in a predisposed patient. Differentiating diabetic glom-
erulosclerosis from chronic allograft glomerulopathy
should not be difficult ultrastructurally. The former has
diffusely thickened GBM that is otherwise unremark-
able, whereas in the latter there is prominent duplica-
tion and lamination of the thickened GBM along with
cellular interposition. Full-blown nodular diabetic
glomerulosclerosis has been described 5–10 years after
transplant. Simultaneous pancreas transplant often pre-
vents this complication.

(Text continues on page 891)
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Figure 12.89. Chronic allograft glomerulopathy (second
cadaveric renal transplantation 4 years ago, with recent
progressive rise in creatinine). The subendothelial space
is widened and lucent with lamination and scattered mi-

croparticles (solid arrow). The thickened GBM is dupli-
cated (thin arrow). Endothelial cells (E) show loss of their
fenestrations (open arrow). Podocytes (P) show hypertro-
phy and segmental foot process effacement. (� 6000)
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Figure 12.90. Chronic allograft glomerulopathy (same
case as in Figure 12.89). A capillary loop with marked
thickening and duplication of the GBM with cellular

(mesangial or monocyte) interposition (arrows) and areas
of fine granular material (*). (� 10,400)
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Figure 12.91. Chronic rejection (33-year-old male, who
is 9 years post cadaveric renal transplant; has chronic re-
jection with creatinine of 4.7 mg/dL, hypertension, and
3 g/day proteinuria). A, Chronic allograft glomerulopathy

with widespread GBM duplication (arrows), cellular in-
terposition, and subendothelial lucency. Increase in
mesangium (*) is present. C � glomerular capillary lu-
men; U � urinary space. (� 3400) 

A
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Figure 12.91. (continued)
B (same case as A), Peritubular capillary with circumfer-
ential lamination and multilayering of the basement

membrane (arrow). E � endothelial cell of peritubular
capillary; T � tubule; I � interstitium. (� 7700)

B



Figure 12.92. Allograft with recurrent diabetes (37-year-
old male underwent living related renal transplant 14
years ago; in past year has developed proteinuria, edema,

and microscopic hematuria). Segment of a glomerulus
with diffusely thickened GBM (823–1176 nm) and podo-
cyte foot process effacement. (� 8500)
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(Text continued from page 885)

Membranous Glomerulonephritis

(Figure 12.93.)
Diagnostic criteria. Subepithelial deposits as described

in the previous section on membranous glomeru-
lonephritis in native kidneys.

Additional points. Membranous glomerulonephritis
has an overall incidence of about 1–2% after transplant,
of which de novo type accounts for the majority (75%).
Both de novo and recurrent membranous glomeru-
lonephritis are detected in early stages of the disease. In
recurrent disease post transplant, the deposits tend to
be more irregularly distributed by electron microscopy.
In de novo disease, features of chronic rejection are usu-
ally seen, and may be a consequence of chronic allograft
glomerulopathy (Truong et al. 1989), thus suggesting a
special type of rejection. This lesion can be found in the
native kidneys of bone marrow transplant recipients,
but not in other transplant recipients (heart, lung, liver).
The pathogenesis of de novo membranous glomeru-
lonephritis post transplant is believed to be an alloan-
tibody response to a non-MHC antigen on the podo-
cyte. The authors have seen one case of donor-derived
membranous glomerulonephritis in an allograft lost 3
days post transplant with acute infarction and renal
vein thrombosis. Another case of donor-derived mem-
branous glomerulonephritis with good graft survival is
reported in the literature (Parker et al. 1995).

BK Virus (Polyomavirus)

(Figure 12.94.)
Diagnostic criteria (Colvin 1998). (1) Intranuclear in-

clusions in tubular epithelial cells; (2) consisting of
spherical viral particles with a diameter of 30–45 nm;
(3) arranged in a paracrystalline array.

Additional points. The infected tubular epithelial cell
contains a large dark nucleus with loss of nuclear chro-
matin pattern secondary to the viral inclusions. Usually
one or a few cells in a tubule are affected. Associated in-
terstitial mononuclear cell infiltrate, including promi-
nent plasma cells, is found.

BK virus is a polyomavirus, a member of the papo-
vaviridae family of small, nonenveloped viruses, with
a covalently closed circular double-stranded DNA
genome. Polyomaviruses are ubiquitous in nature and
can be isolated from a number of different species, in
humans ( JC, BK), in monkeys (SV40, CPV), and mice
(mouse polyoma virus, K virus) (Demeter 1995). BK and
JC virus share 75% homology at the nucleotide se-

quence level, and each is 70% homologous to SV40
(Khoury et al. 1975). Our illustrated case is a polyoma
virus infection (CPV) in a primate kidney (Figure 12.94)
that is similar morphologically to the BK virus. BK virus
infection most commonly occurs as a consequence of re-
activation, rather than primary infection in the recipi-
ent or from donor kidney or ureter. Reports of ureteral
ulceration and stenosis (Coleman et al. 1978), hemor-
rhagic cystitis, and interstitial nephritis are described in
renal transplant recipients infected with BK virus. BK
virus has also caused interstitial nephritis in nontrans-
plant patients who are immunosuppressed.

By light microscopy, infected tubular epithelial cells
have large, irregular, dark, glassy, lavender nuclei ac-
companied by peritubular mononuclear cell infiltrate
and plasma cells. Urine cytology is a useful noninva-
sive method in detecting and screening these patients,
with presence of viral inclusion bearing cells also called
“decoy” cells. Diagnosis is confirmed by demonstration
of polyoma virus antigens (large T-antigen).

Cyclosporine Nephropathy

(Figures 12.95 and 12.96.)
Diagnostic criteria. Three types of cyclosporine toxic-

ity can be seen in the kidney (Colvin 1998). Acute lesions:
(1) fine isometric vacuolization of tubular epithelial
cells; (2) arteriolar smooth muscle cell necrosis/ apop-
tosis (not shown). Chronic lesions: arteriolopathy, with
hyaline-like material replacing necrotic smooth muscle
cells, forming bead-like, amorphous electron-dense de-
posits along the media of arterioles and protruding into
the adventitia (Figure 12.95). Glomerulopathy and throm-
botic microangiopathy: (1) reactive glomerular endothe-
lium with vacuolization of the cytoplasm and loss of
fenestrae (Figure 12.96); (2) other lesions of thrombotic
microangiopathy (Young, et al. 1996) in glomeruli (as
discussed in section on thrombotic microangiopathy in
renal allografts).

Additional points. It is sometimes difficult to distin-
guish acute cyclosporine toxicity from ischemia and re-
jection. Tubular vacuolization may occur in ischemia;
however, the arteriolar smooth muscle changes though
uncommon, are pathognomonic. Sacchi et al. (1987) ob-
served microdilation and microvacuolization of smooth
and rough endoplasmic reticulum in proximal tubular
cells with scattered lipid droplets in some tubules. Few
of their cases also showed increased numbers and size
of mitochondria.

(Text continues on page 896)
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Figure 12.93. Allograft with de novo membranous
glomerulonephritis (26-year-old male who developed de
novo membranous glomerulonephritis 3 years after kid-
ney transplant). A and B, This biopsy, 2 years later, shows
persistence of subepithelial deposits (arrowheads), for-

mation of spikes (thin arrows), and podocyte foot process
effacement. Focal segmental glomerulosclerosis was also
present (not shown): E � endothelial cell; N � neutrophil;
BC � Bowman’s capsule; C � capillary lumen. (A,
� 5,300; B, � 14,700)
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Figure 12.94. Polyomavirus infection (shown is a case
of polyomavirus infection in a primate kidney, which is
homologous to BK virus; this tissue was retrieved from
paraffin). A, Low magnification of tubule showing one in-
fected cell containing dark, viral-inclusion-bearing nu-
cleus (arrow). (� 5600) B, Higher magnification of an-

other nucleus showing the intranuclear spherical viral
particles. (12,100) C, Higher magnification that shows
compact electron-dense virus particles, each with a di-
ameter of about 31–33 nm, that are in a paracrystalline
arrangement. (� 42,000)
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Figure 12.95. Cyclosporine toxicity (52-year-old male
status post liver transplant 5 years ago, with rising crea-
tinine). Arteriolopathy; beaded hyaline-like material (ar-

rows) is present in the media replacing apoptotic myo-
cytes. M � residual myocyte; E � swollen endothelial
cell; T � tubular epithelium. (� 6200)
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Figure 12.96. Cyclosporine toxicity (56-year-old female
who developed cyclosporine toxicity effects in the kid-
ney, status post heart-lung transplantation immuno-
suppression schedule). Glomerular capillary loops with

swollen, reactive endothelial cells (*) and loss of fenes-
trae. GBM is thickened and focally duplicated. BC �
Bowman’s capsule; C � capillary loops; P � podocyte;
M � mesangium. (� 3700)
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(Text continued from page 891)

By light microscopy in the chronic form, tubuloin-
terstitial fibrosis, striped form, with tubular atrophy is
present (Myers et al. 1984; Mihatsch et al. 1995), with a
variable degree of mononuclear cell infiltrate. This
process begins in outer medulla, radiating into the cor-
tical medullary rays that are perpendicular to the renal
capsule; it may be a consequence of vascular pathology
and therefore nonspecific. The characteristic lesion as-
sociated with cyclosporine is the arteriolopathy de-
scribed above (Mihatsch 1995) predominately affecting
afferent arterioles, with narrowing or complete luminal
obliteration. The presence of interstitial fibrosis and this
type of arteriolopathy together are consistent with cy-
closporine nephropathy. The arteriolopathy is usually
seen after 4–6 months of drug administration. Focal seg-
mental glomerulosclerosis or global glomerulosclerosis
with variable-sized nonsclerosed small and hypertro-
phied glomeruli are observed in association with the ar-
teriolopathy (Bertani et al. 1991). Collapsing glomeru-
lopathy (Figure 12.10) may also be seen (Mauiyyedi
1999). With prolonged exposure to cyclosporine, pro-
gressive increase in arteriolopathy and percentage of
globally sclerosed glomeruli has been observed (Falken-
hain et al. 1996). GBM wrinkling and thickening may
become prominent and difficult to distinguish from
chronic allograft glomerulopathy.

The pathophysiology (Bennett et al. 1996) of 
cyclosporine-associated nephropathy includes pre-
glomerular arteriole vasoconstriction, obliterative arte-
riolopathy, and chronic ischemia. Various candidates
suggested in the literature are thromboxane A2, platelet-
derived growth factor, endothelin, angiotensin II, acti-
vation of renal sympathomimetic nerves, and reduced
nitric oxide and vasodilatory prostaglandins. Others
have observed an increase in collagen synthesis (in
vitro) with small nontoxic cyclosporine doses (Ghiggeri
et al. 1994) and production of cytokines that lead to re-
nal interstitial scarring. Early macrophage infiltration
and upregulation of macrophage chemoattractant, os-
teopontin, in proximal tubules (Young et al. 1995); in-
hibition of calcineurin phosphatase (mechanism of cy-
closporine immunosuppression); transforming-growth-
factor-beta-mediated mechanisms (Shihab et al. 1996);
and inhibition of p-glycoprotein transporter (leading to
nephrotoxicity) have also been implicated in the patho-
physiology.

Tacrolimus (FK 506) causes a similar spectrum of
morphological changes as described for cyclosporine
(Randhawa et al. 1993), suggesting that the ultimate
mechanism of injury must be closely related.

Miscellaneous Lesions

Microparticles in Deposits

(Figure 12.97.)
Diagnostic criteria. (1) Aggregates of small spherical

microparticles present along the GBM in subepithelial,
subendothelial, and rarely intramembranous and mes-
angial locations; (2) usually limited by a membrane
around the cluster of microparticles.

Additional points. These microparticles are rounded
to oval and appear solid or vesicular (clear center). They
may be derived from degenerating cells or represent a
nonspecific cellular response to glomerular injury. Some
investigators include a viral nature to these particles.
The authors have noted their presence in association
with electron dense deposits (Figures 12.29, 12.42, and
12.46), especially in membranous glomerulonephritis,
lupus nephritis, and chronic allograft glomerulopathy
with focal segmental glomerulosclerosis (Figure 12.97).
Burkholder et al. (1973) reviewed 476 cases by electron
microscopy and found these spherical microparticles in
55 cases. They found the highest incidence in membra-
nous glomerulonephritis, lupus, and focal segmental
glomerulonephritis. They believed that the majority of
the particles were nonviral (microvesicles from degen-
erating cells or lipoprotein crystalline bodies) but in
some instances could be virus related. Yoshikawa et al.
(1982) looked at the ultrastructure of nonsclerotic
glomeruli in children with nephrotic syndrome. They
found microparticles, striated bodies, and microfila-
ments more frequently in focal segmental glomeru-
losclerosis than in minimal change disease or focal
global sclerosis.

Various descriptive terms have been used in the lit-
erature to describe these microparticles, including virus-
like particles, spherical microparticles, extracellular
bodies, and lead shots. Using immunogold labeling
methods, Nakajima et al. (1991) localized complement
components (C3d, C9 and C1s) in these microparticles.
Their origins and nature are still unknown.

Gentamicin Bodies

(Figure 12.98.)
Diagnostic criteria. Laminated rounded myeloid bod-

ies in tubular epithelium that may or may not be asso-
ciated with acute tubular injury. These myeloid bodies
are an ultrastructural alteration of lysosomes by phos-
pholipids. They are associated with gentamicin or
aminoglycoside use, even without clinical toxicity. Be-
cause gentamicin is the most common aminoglycoside
used in clinical practice, these structures can also be
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Figure 12.97. Allograft with subepithelial deposits (26-
year-old female, second allograft 6 years ago, now has
chronic allograft glomerulopathy on biopsy with focal
glomerulosclerosis, subepithelial deposits, and arteriolar
hyalinosis). A and B, These subepithelial deposits have a
microparticulate substructure, where each rounded mi-

croparticle measures about 45 nm and up to 80 nm. The
nature of these microparticles is unknown and may rep-
resent podocyte cell debris. (A, � 44,000; B, � 15,000)
C (first allograft of the same patient), Note similar subep-
ithelial deposits. (� 26,000)
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Figure 12.98. Gentamicin bodies. Large whorled crystalline inclusions (arrows) in tubular epithelium associated with
gentamicin treatment. (� 3800)
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called gentamicin bodies. Houghton et al. (1978) found
these myeloid bodies by electron microscopy in proxi-
mal tubules of 19 cases (N�109), with a history of gen-
tamicin use in 15. Nephrotoxicity was present in only
one case. Animal studies have also shown their pres-
ence in distal and collecting tubules, but less frequently
than in the proximal tubules (Toubeau et al. 1986).

Acute Tubular Injury

(Figure 12.99.)
Diagnostic criteria. (1) Decreased tubular epithelial

brush border microvilli; (2) increased cytoplasmic blebs

or swelling; (3) increased cytosomes (Jones 1982), which
may be osmotic (clear) or autophagic (containing os-
miophilic rounded bodies, see Figure 12.99 inset); (4) de-
creased basal and lateral plasma membrane interdigi-
tations; (5) contraction of microfilamentous attachment
bodies; (6) apoptotic cells.

Additional points. These lesions may be found in prox-
imal or distal convoluted tubules. Acute tubular injury
or acute tubular necrosis may be secondary to a variety
of causes, including ischemia, metabolic abnormalities,
drugs, radiocontrast material, and other toxins without
specific lesions. Associations such as “isometric vac-
uolization” of tubular epithelium with cyclosporine or

RENAL GLOMERULAR DISEASE 899

Figure 12.99. Tubular vacuolization associated with
magnesium deficiency (61-year-old female has magne-
sium wasting syndrome and hypokalemia). The tubular

epithelium shows numerous vacuoles, many of which
contain electron-dense material surrounded by a unit
membrane (inset). (� 8400) (inset � 18,000)



tacrolimus toxicity, though widely described, are not
specific. The identification of certain crystals (e.g., uric
acid), casts (myeloma), or deposits (light chain deposi-
tion disease) allude to a particular etiology. Other le-
sions are seen in magnesium wasting syndrome and hy-
pokalemia with acute renal failure. Prominent acute
tubular injury was noted with numerous scattered au-
tophagic cytosomes in tubular epithelium (Figure
12.99). Schneeberger et al. (1965) in a rat model of ex-
perimental magnesium deficiency describe tubular le-
sions, including destructive epithelial calcification,
swollen mitochondria, focally calcified lysosomes or
free calcium in cytoplasm (rather than mitochondrial
calcification as seen in potassium deficiency), and vari-
able vacuoles. Further discussion of the electron mi-
croscopy of tubular lesions is beyond the scope of this
chapter. Acute tubular injury cases are usually not biop-
sied unless of idiopathic origin or associated with
glomerular lesions.
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13
Diseases of

Skeletal Muscle and
Peripheral Nerve

Umberto De Girolami
Douglas C. Anthony

This chapter is divided into two sections that discuss
the pathology of illnesses that affect skeletal muscle and
those that involve peripheral nerve. Within each section,
there is a brief introduction to the general reactions to
injury as seen with the electron microscope, followed
by an account of important diseases which affect each
tissue. The discussion of the most each disease, or cat-
egory of disease, is divided under three headings: clin-
ical manifestations, diagnostic criteria, and etiology. Gen-
eral reference texts and reviews are cited in the
introductory comments within each section; in addi-
tion, selected recent publications and noteworthy arti-
cles dealing with specific aspects of a particular disease
entity are referenced in the text.

Skeletal Muscle

(Figure 13.1.)
The normal light microscopic and electron micro-

scopic structure of skeletal muscle is discussed in stan-
dard textbooks (Sternberg 1992; Engel and Franzini-
Armstrong 1994); several illustrations are given here as
a starting point to orient the reader (Figure 13.1). The
basic responses of skeletal muscle to injury visible with
the electron microscope can be subdivided into the fol-
lowing categories: (1) alterations in sarcolemma (e.g.,
discontinuities of plasma or basement membrane); 
(2) alterations in myofilaments (e.g., degeneration and
loss of myofilaments, central cores and target forma-
tion, ring fibers, sarcoplasmic masses, and contraction
bands); (3) Z-band alterations (e.g., streaming and ne-
maline bodies); (4) nuclear changes (e.g., abnormal lo-
cation of the nucleus within the muscle fiber and inclu-
sions); (5) mitochondrial changes (e.g., abnormalities in
number, size, and structure; intramitochondrial inclu-
sions); (6) abnormalities of sarcoplasmic reticulum and
T-system (e.g., tubular aggregates); (7) abnormal accu-
mulations of metabolites (e.g., glycogen and lipid); 
(8) abnormal cytoplasmic structures (e.g., vacuoles, cy-
toplasmic bodies, tubular and filamentous inclusions,
zebra bodies, concentric laminated bodies, fingerprint
bodies, curvilinear bodies).

In general, many of these ultrastructural abnormali-
ties are not specific for a single disease. Electron mi-
croscopy can be a valuable adjunct to help the patholo-
gist arrive at a proper interpretation of a muscle biopsy
when taken together with all other available clinical,
electrophysiologic, and histopathological data. In ad-
dition to the pathologic changes that might involve the
muscle fibers themselves, many diseases of muscle also
simultaneously affect adjoining connective tissue com-
ponents, blood vessels, and intramuscular nerves. It is,
therefore, important to pay particular attention to these
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structures when examining muscle with the light and
electron microscope. For general reference citations that
include discussions of the ultrastructural pathology of
skeletal muscle, the reader is referred to the references
listed at the end of this chapter. These include chapters
in textbooks and comprehensive treatises dealing
specifically with the pathology of diseases of skeletal
muscle (Engel and Franzini-Armstrong, 1994; Carpen-
ter and Karpati 1978; Neville 1979; Dubowitz 1995; De
Girolami and Beggs 1997).

A simple classification of diseases of skeletal muscle
recognizes two major groups: disorders in which the
muscle fiber itself is the primary site of injury—my-

opathies—and diseases in which dysfunction of the mus-
cle cell is secondary to an abnormality of its innerva-
tion—neurogenic atrophy. The myopathies can be sub-
classified as follows: (1) hereditary disorders with
known or suspected genetic abnormalities, including
the muscular dystrophies and the congenital my-
opathies; (2) hereditary or acquired metabolic and toxic
myopathies; and (3) infectious and noninfectious in-
flammatory myopathies. In the text that follows, the
principal light and ultrastructural alterations seen in se-
lected diseases are discussed.

(Text continues on page 920)
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Figure 13.1. Normal muscle. A, Transverse section of
frozen section of skeletal muscle stained with H&E show-

ing normal polygonal contour of adult muscle fibers.
(H&E, � 200) 

A
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Figure 13.1. (continued)
B, Electron micrograph of longitudinal section of normal skeletal muscle showing organization of sarcomere. (� 11,000)
C, Muscle spindle. (H&E, � 200) 

C
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Figure 13.1. (continued)
D, Electron micrograph of muscle spindle of guinea pig
muscle. Note intrafusal fibers surrounded by several lay-

ers of capsule cells. (Courtesy of Dr. I. Joris, University 
of Massachusetts Medical School, Worcester, Mass. 
(� 5000) 
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Figure 13.1. (continued)
E, Neuromuscular junction endings of intercostal muscle
of the rat (Ranvier gold chloride method). (Courtesy of Dr.

R. D. Adams, Massachusetts General Hospital, Boston,
Mass.) 

E
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Figure 13.1. (continued)
F, Electron micrograph of neuromuscular ending. Note folding of muscle cell at ending and overlying axon terminal.
(� 10,600) 

F
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Figure 13.1. (continued)
G, Electron micrograph of satellite cell. Note nucleated cell enclosed within basement membrane of underlying mus-
cle cell with well-developed sarcomere structure. (� 20,000) 

G
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Figure 13.1. (continued)
H, Electron micrograph of muscle capillary. Note abundant pinocytotic vesicles and junctions between endothelial
cells. (� 28,000)

H



(Text continued from page 913)

Muscular Dystrophy and Congenital Myopathy

Duchenne Muscular Dystrophy
(Figure 13.2.)

Clinical manifestations. The two most common forms
of muscular dystrophy are X-linked: Duchenne muscu-
lar dystrophy (DMD) and Becker muscular dystrophy
(BMD). DMD is the most severe form; the disease be-
comes clinically manifest by the age of 5 years with
weakness that progresses relentlessly until death by the
early 20s. Boys with DMD are normal at birth, but walk-
ing is delayed. The muscle weakness begins in the
pelvic girdle muscles and then also affects the shoulder
girdle. An important clinical manifestation of the dis-
ease is pseudohypertrophic enlargement of the calf
muscles, due, in part, to deposition of connective tissue
in and around the damaged muscle fibers. The disease
also affects the heart muscle, and patients may develop
heart failure or arrhythmias. Death results from respi-
ratory insufficiency, pulmonary infection, and cardiac
decompensation.

Although BMD involves the same genetic locus as
DMD, it is less common and much less severe than
DMD. The onset occurs later in childhood or in adoles-
cence and is accompanied by a slower and more vari-
able rate of progression. Cardiac disease is rare.

Diagnostic criteria. Many of the histopathologic alter-
ations seen in muscle biopsies of patients with DMD are
also observed in muscle in the muscular dystrophies as
a group. The characteristic light microscopic abnor-
malities include (1) greater than normal variation in the
cross-sectional diameter of muscle fibers due to the in-
termingling of muscle fibers that are smaller than nor-
mal and of greatly enlarged muscle fibers; (2) migration
of the sarcolemmal nuclei from their normal subsar-
colemmal location to the interior of the fiber; (3) split-
ting, degeneration, necrosis, and phagocytosis of muscle
fibers; (4) regeneration of muscle fibers; and (5) pro-
liferation of endomysial connective tissue. An addi-
tional feature, especially characteristic of the X-linked
(Duchenne and Becker) muscular dystrophies, is the
presence of enlarged fibers that appear rounded and
hyaline on transverse sections and have abnormally
spaced cross-striations on longitudinal sections. Histo-
chemical stains show no selective fiber type involve-
ment and often poor definition of muscle fiber typing.

Electron microscopic examination of skeletal muscle
biopsies in DMD and other muscular dystrophies dis-
closes fibers in various stages of degeneration and re-
generation. Early changes: The nature of the earliest
changes and the exact sequence of events leading up to
muscle fiber degeneration and necrosis are not com-

pletely understood. Some observers have suggested
that the earliest ultrastructural change consists of lo-
calized defects in the plasma membrane (Engel and
Franzini-Armstrong 1994). Another important abnor-
mality seen in muscle biopsies of patients with DMD is
the absence of dystrophin immunohistochemically and
by immunoelectronmicroscopy. Later changes: As mus-
cle fiber degeneration advances, several different pat-
terns of ultrastructural change become evident. There
is severe overcontraction of the muscle such that sar-
comeres lose their normal organization, forming dense
clumps of packed myofilaments that alternate with
zones of discontinuity and rarefaction of the myofila-
ments. These probably correspond to the round, hya-
line fibers seen on light microscopy. There may be pref-
erential loss of Z- and I-bands, or of A-bands, resulting
in discontinuity of sarcomeres. There may be complete
disorganization of thick and thin myofilaments and Z-
bands. These changes may involve the entire muscle
fiber or may be confined to a segment of the fiber. The
various patterns of degeneration also may coexist at dif-
ferent sites in the same fiber. With further progression
of muscle fiber degeneration, various nonspecific
changes occur. Dissolution of myofilaments and Z-
bands becomes more advanced and there is shrinkage
of mitochondria. The sarcoplasmic reticulum becomes
swollen, and intracytoplasmic vacuoles form. Eventu-
ally there is breakdown of the cell membrane and ly-
sis of nuclei, and the dead cell becomes engulfed by
phagocytes. Regenerating muscle fibers are recog-
nized on light microscopy (hematoxylin and eosin
[H&E] preparations) because they have slightly ba-
sophilic cytoplasm and large vesicular nuclei with
prominent nucleoli. Ultrastructurally, the regenerating
fiber can be identified by (1) its large nucleus and nu-
cleolus, the nucleus sometimes occupying an internal
position in the fiber; (2) large areas of the fiber that
may show myofilaments poorly organized into my-
ofibrils; (3) clusters of short thick and thin myofila-
ments on each side of a thickened Z-band that may be
strewn about haphazardly; (4) cytoplasm with an in-
creased number of free ribosomes. In practice, it may
be difficult to distinguish ultrastructurally between
early degenerating and regenerating muscle fibers.
Abnormalities of basement membrane structure
(thickening, interruption of continuity) have been
demonstrated in some dystrophies.

Etiology. The muscular dystrophies are a heteroge-
neous group of inherited disorders, often beginning in
childhood, and are characterized clinically by progres-
sive muscular weakness and wasting. The gene for
DMD and BMD is very large (2.5 � 106 base pairs with
more than 80 exons) and is located in the Xp21 region,
encoding a 427-kD protein, termed dystrophin (Straub
and Campbell 1997). Dystrophin is normally located ad-
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Figure 13.2. Duchenne muscular dystrophy. A, Variation
in fiber size and enlarged round hyaline fiber. (H&E, �
200) B, Electron micrograph of dystrophic fiber. There is

severe dissolution of normal myofibrillar structure. Note
internal nucleus. The basement membrane and sar-
colemmal membrane of this fiber are intact. (� 11,000) 

B
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Figure 13.12 (continued)
C, Hypercontracted fiber. Note abnormally structured and shortened sarcomeres to the left of the fiber. (� 3800) 

C
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Figure 13.2. (continued)
D, Muscle fiber regeneration. Note internalized nucleus and prominent nucleolus. (� 30,000)

D
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jacent to the sarcolemmal membrane in myocytes (Wor-
ton 1995). Muscle biopsies from patients with DMD
show greatly diminished or absent dystrophin by both
immunohistochemical staining and biochemical meas-
urements (Western blot).

Closely akin to the dystrophin-related muscular dy-
strophies are the limb girdle muscular dystrophies
(LGMD). In many of the LGMD syndromes, there are
mutations involving proteins of the sarcolemma, in-
cluding a group of proteins, the sarcolgycans, that in-
teract with dystrophin (Bönnemann et al. 1996; Lim and
Campbell 1998). The phenotypes of the LGMD range
from severe autosomal recessive disorders similar to
DMD to more chronic myopathies that present in late
adulthood with mild weakness. Also related to this
group of diseases are the congenital muscular dystro-
phies (CMD). In some patients with CMD, there is a
malformation of the brain (especially common in Japan
and known as Fukuyama CMD) or involvement of the
eye (Walker-Warburg CMD and muscle-eye brain dis-
ease). In contrast, CMD without clinical involvement of
the central nervous system or eye has been identified to
have two subtypes: merosin-negative and merosin-pos-
itive. In the merosin-negative CMD, there are mutations
of the merosin (alpha-laminin) gene, and merosin is not
expressed in the basal laminae surrounding individual
myocytes. Electron microscopy has demonstrated some
discontinuities of the basal lamina in some of these pa-
tients (Moretti et al. 1996). These patients with merosin-
positivity have no mutations of the merosin gene and
express merosin normally. The genetic basis of merosin-
positive CMD is not yet understood.

Myotonic Dystrophy
(Figure 13.3.)

Clinical manifestations. Myotonic dystrophy is an au-
tosomal dominant illness characterized clinically by
myotonia, the sustained involuntary contraction of a
group of muscles. The disease begins in late childhood
with progressive distal weakness first manifested as
gait difficulties, followed by involvement of the intrin-
sic hand muscles and the muscles of the face. Associ-
ated clinical findings include cataracts, frontal balding,
and cardiac conduction abnormalities. Gonadal atro-
phy, smooth muscle involvement, decreased plasma im-
munoglobulin (Ig) G, and an abnormal glucose toler-
ance test may also be present.

Diagnostic criteria. Light microscopic examination of
skeletal muscle in myotonic dystrophy shows many of
the typical features of a dystrophic myopathy, although
necrosis, phagocytosis, and regeneration are encoun-
tered less often than in DMD. Characteristic features in-
clude a marked increase in the number of internalized
nuclei, which form conspicuous chains when viewed

on longitudinal sections. Histochemical stains show at-
rophy of type 1 fibers. A distinctive feature of this dis-
order is the presence of ring fibers (synonyms include
Ringbinden, striated annulets). This is an abnormality
of the muscle fiber characterized by a circumferential
orientation of a portion of the diseased fiber around it-
self. Both light and electron microscopy show that ring
fibers have an outer rim of sarcoplasm where the an-
nulet myofibrils are oriented tangentially relative to the
direction of the myofibrils in the principal portion of the
fiber. Electron microscopy may be of value in demon-
strating the ring fibers when they are not easily visible
by light microscopy. Ring fibers are sometimes associ-
ated with poorly defined regions of disrupted sarco-
plasm extending outward from the ring—sarcoplasmic
masses. Ultrastructurally, sarcoplasmic masses consist
of disorganized myofilaments, nuclei, cytoplasmic or-
ganelles, and dilatation of the T-tubule system and sar-
coplasmic reticulum.

Etiology. The gene for myotonic dystrophy, localized
to 19q13.2-13.3, encodes a protein kinase termed my-
otonin-protein kinase. The disease phenotype is corre-
lated with amplification of a trinucleotide repeat 
located in the 3� untranslated region of the gene, con-
sisting of (CTG)n. The severity of disease correlates
with the magnitude of this expansion. In normal sub-
jects, fewer than 30 trinucleotide repeats are present,
whereas in severely affected individuals several thou-
sand may be present. The mutation is not stable within
a pedigree; with each generation, more repeats accu-
mulate. This molecular event appears to correspond to
the clinical phenomenon of anticipation, whereby the
disease tends to increase in severity and come on at a
younger age in succeeding generations.

Figure 13.3. Myotonic dystrophy. A, Ring fiber in cen-
ter of field. Adjacent fibers contain many internal nuclei.
(H&E, � 100) 

A
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Figure 13.3. (continued)
B, Ring fiber. Myofibrils oriented perpendicular to the length of the fiber in longitudinal section can be observed be-
neath the sarcolemma. (� 16,400) 

B
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Figure 13.3. (continued)
C, Ring fiber. Transverse section of fiber showing myofibrils of central portion of fiber cut in cross-section and sar-
comeres cut in longitudinal section at the periphery of the fiber. (� 19,000)
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Congenital Myopathies

Clinical manifestations. The congenital myopathies com-
prise a heterogeneous group of disorders, often genet-
ically determined and usually manifest clinically in
early life. The clinical course of the illness is ordinarily
nonprogressive or slowly progressive. In infancy, pa-
tients may present with hypotonia (floppy baby); in
childhood the clinical features that distinguish one ill-
ness from another are imprecise in many cases. Defini-
tive diagnosis has rested on the demonstration of dis-
tinctive structural features identified in the muscle
biopsy. Some of these morphologic abnormalities are
difficult to visualize by light microscopy; ultrastructural
examination is, therefore, an essential part of the eval-
uation of the skeletal muscle in patients suspected clin-
ically of having one of the congenital myopathies. Mol-
ecular characterization of some of these illnesses has
advanced rapidly in recent years. The more common
forms are described in the next sections.

Central Core Disease
(Figure 13.4.)

Diagnostic criteria. Light microscopy of transverse
sections discloses a rounded, centrally placed, amor-
phous core in many fibers. With histochemical stains,
the cores, which are confined to type 1 fibers, lack ox-
idative and glycolytic enzyme activity. Ultrastruc-
turally, the cores show (1) a disorganized sarcoplasmic
pattern; (2) degeneration of myofilaments and Z-bands;
and (3) diminution or loss of mitochondria, sarcoplas-
mic reticulum, glycogen, and T-system. Cores have
been subdivided further into structured and unstruc-
tured types, depending on the degree of abnormality
present. The differential diagnosis generally includes

target fibers; however, central cores are homogeneous
and involve a much larger length of the myocyte. The
clinical context is usually that of congenital myopathy
rather than abrupt denervation. Central cores may 
also be detected in patients susceptible to malignant 
hyperthermia.

Etiology. The gene for central core disease has been
mapped to 19q13.1, and it now appears that most pa-
tients have mutations in the ryanodine receptor-1 gene.
Not all patients with malignant hyperthermia have cen-
tral cores or mutations in the ryanodine receptor-1 gene.

Centronuclear (Myotubular) Myopathy
(Figure 13.5.)

Diagnostic criteria. Light microscopy demonstrates a
centrally placed nucleus in the majority of muscle
fibers. The central nuclei often are surrounded by a clear
area that is devoid of adenosine triphosphatase (AT-
Pase) activity. Ultrastructurally, the paranuclear clear
area shows: (1) absence of myofilaments; (2) numerous
mitochondria; (3) glycogen accumulation. In some
cases, especially those in infancy, the central clear zone
may be more evident than the internalized nuclei when
examining the tissue in cross sections.

Etiology. There are at least two separate genetic loci
associated with myotubular myopathy, and these have
different clinical phenotypes. The more severe form, X-
linked infantile myotubular myopathy, is linked to
Xq28, and rapid clinical progression with death before
age 2 is common. The gene (MTM1) encodes a protein
of at least 620 amino acids known as myotubularin. Au-
tosomal dominant forms of myotubular myopathy, of-
ten with later clinical presentation (juvenile) and prob-
ably autosomal recessive forms, are also known.
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Figure 13.4. Central core disease. A, Muscle fibers con-
tain centrally placed cores showing absence of oxidative
enzyme activity. (NADH-TR, � 300) 
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Figure 13.4. (continued)
B, Muscle fibers with unstructured core. Central area of fiber shows disorganization and loss of myofilaments and ab-
normal clump of Z-band material. (� 11,000)

B
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Figure 13.5. Centronuclear (myotubular) myopathy. 
A, The majority of the small fibers contain centrally
placed nuclei. (H&E, � 150) B, Muscle fiber with de-

generated central nucleus. Note absence of myofilaments
and accumulation of glycogen in the paranuclear region
to the right. (� 15,000)

B
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Nemaline (Rod Body) Myopathy
(Figure 13.6.)

Diagnostic criteria. The pathologic hallmark of this
disorder is the nemaline or rod body. These are the
darkly staining, ovoid, or bacilliform structures with a
tendency to be located in the subsarcolemmal region of
the muscle fiber. They can be difficult to see with H&E
and usually are seen more clearly with the modified Go-
mori trichrome method performed on cryostat sections.
The number of fibers containing rod bodies can vary
from case to case, irrespective of the severity or dura-
tion of the disease. Their definitive identification rests
on electron microscopy, which shows them as moder-
ately electron-dense, lattice-like structures with periodic
lines oriented parallel and perpendicular to their long
axis. They closely resemble normal Z-bands and can be
observed in continuity with them. Biochemically, like
the Z-disc, nemaline bodies have been shown to consist
primarily of alpha-actinin, and antisera are available to
demonstrate them on frozen sections by immunohisto-
chemistry. Mutations in tropomyosin-3, alpha-actin,
and nebulin have been identified in different families.
(Wallgren-Pettersson et al. 1999).

Congenital Fiber-Type Disproportion
(Figure 13.7.)

Diagnostic criteria. The pathologic diagnosis of this
condition rests primarily on the enzyme histochemical
findings. These show uniformly small type 1 fibers, rel-
atively large type 2 fibers, and type 1 fiber predomi-
nance. Ultrastructurally, the small fibers show loss of
the normal sarcomeric pattern, with disorganization
and loss of the myofilaments, Z-bands, and other or-
ganelles; these findings are similar to those seen in 
neurogenic atrophy. The large fibers are normal 
ultrastructurally.

Other Congenital Myopathies
In addition to the four types of congenital myopathy
defined earlier, several other rare forms have been de-
scribed that show distinctive structural abnormalities
in muscle fibers: multicore or minicore myopathy, fin-
gerprint inclusion myopathy, reducing body myopathy,
sarcotubular myopathy, zebra body myopathy, and 
myopathy with trilaminar fibers (Engel and Franzini-
Armstrong 1994).

Multicore (minicore) myopathy is an uncommon,
slowly progressive or nonprogressive, congenital my-
opathy, in which electron microscopic detection of mini-
cores is an important part of the diagnosis. Most fami-
lies have shown autosomal recessive inheritance, and
the condition is usually characterized clinically by prox-
imal muscle weakness in a child, often with external
ophthalmoplegia. Light microscopy may reveal small

cores, especially on reduced nicotinamide adenine
dinucleotide (NADH), which may reach the size of cen-
tral cores infrequently, but are usually more ill-defined
multiple regions with lack of NADH staining within the
fiber. By electron microscopy, longitudinal sections
demonstrate short (several sarcomere lengths) cores of
disorganized filaments and Z-band streaming within
the fibers, with exclusion of mitochondria from the
minicores.

Metabolic Myopathies

The metabolic myopathies represent clinically hetero-
geneous diseases affecting skeletal muscle. They are
grouped together for purposes of classification based
on the notion that there are diseases in which a meta-
bolic abnormality is known to play an important or pre-
dominant role in their pathogenesis. Some are associated
with a genetically determined, hereditary biochemical
defect; in others the metabolic abnormality is acquired,
as is the case with endogenous or exogenous toxins. The
major diseases included in this category are the ion
channel myopathies, glycogen storage diseases, lipid
storage myopathies, mitochondrial myopathies, and the
endocrine myopathies.

Ion Channel Myopathies
(Figure 13.8.)

Clinical manifestations. The ion channel myopathies
(channelopathies) are a group of autosomal-dominant fa-
milial diseases that include the periodic paralyses, a
group of illnesses characterized by short episodes of
hypotonic paralysis induced by vigorous exercise, cold,
a high carbohydrate meal, or combinations of these. Hy-
potonia variants of periodic paralysis are recognized
that are associated with elevated, depressed, or normal
serum potassium levels at the time of the attack—hy-
pokalemic, hyperkalemic, and normokalemic periodic
paralysis.

Malignant hyperpyrexia (malignant hyperthermia)
is a rare autosomal dominant clinical syndrome char-
acterized by a dramatic hypermetabolic state (tachy-
cardia, tachypnea, muscle spasms, and later hyper-
pyrexia) triggered by the induction of anesthesia
(ordinarily, halogenated inhaled agents and succinyl-
choline). This clinical syndrome may also occur in pre-
disposed individuals with hereditary muscle diseases,
including congenital myopathies, dystrophinopathies,
and metabolic myopathies. The only reliable method of
diagnosis of the disease using muscle biopsy tissue is
the in vitro demonstration of muscle contracture upon
exposure to anesthetic; ultrastructural study of a mus-
cle biopsy obtained during a hypotonic event shows di-
latation of the sarcoplasmic reticulum.
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Figure 13.6. Nemaline neuropathy. A, Clusters of rod-
shaped structures can be seen in the subsarcolemmal re-
gion of the majority of the muscle fibers. (modified Go-

mori trichrome, � 200) B, Muscle fiber with subsar-
colemmal electron-dense nemaline body. (� 19,500)
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Figure 13.7. Congenital fiber-type disproportion. A, Note
two populations of fibers. The small (dark) fibers are ex-
clusively type 1. (NADH-TR, � 100) B, Small fiber (be-
low) shows disruption of the normal sarcomeric pattern

with disorganization and loss of myofilaments, Z-bands,
and other organelles. The larger fiber above shows nor-
mal ultrastructure. (� 12,000)

B

A
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Figure 13.8. Hypokalemic periodic paralysis: A, Two
fibers contain large intracytoplasmic vacuoles. The mus-
cle also shows variation in fiber size and increased num-
bers of internal nuclei. (H&E, � 300). B, Muscle fiber

containing small tubular aggregate. Each tubule consists
of an electron-dense outer ring and an inner ring that may
be less clearly defined. (� 100,000)

B

A
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Diagnostic criteria. The pathologic findings in all
forms of periodic paralysis are qualitatively similar but
tend to be most pronounced in the hypokalemic vari-
ant. The principal abnormality is the presence of vari-
able amounts of vacuoles within muscle fibers. Ultra-
structurally, the vacuoles represent dilatations of the
terminal cistern of the sarcoplasmic reticulum. The vac-
uoles seen in the muscle fibers by light microscopy tend
to be most prominent during the attacks of paralysis,
but ultrastructural evidence of dilatation of the sar-
coplasmic reticulum may be found even between at-
tacks. Another important associated ultrastructural
change are tubular aggregates. By light microscopy, tu-
bular aggregates appear as faintly basophilic deposits
found both in the interior and periphery of muscle
fibers, well demonstrated with nicotinamide adenine
dinucleotide dehydrogenase–tetrazolium reductase
(NADH-TR) but not with succinic dehydrogenase. Ul-
trastructurally, they consist of aggregates of parallel,
double-walled, straight tubules with a 60–90 nm di-
ameter; on cross-section they form hexagonal profiles.
The tubules sometimes can be observed in continuity
with the dilated terminal cistern of the sarcoplasmic
reticulum, from which they are thought to originate.

Etiology. Different defects on the same gene on chro-
mosome 17 cause hyperkalemic periodic paralysis and
paramyotonia congenita. The gene controls the pro-
duction of a sodium channel protein, which regulates
the entry of sodium in muscle during contraction. Hy-
pokalemic periodic paralysis is not related to the
sodium channel gene on chromosome 17; it results from
mutations, in some families, in the gene encoding a
subunit of a specific calcium channel (Ptacek et al. 1994).
Both the dominant and recessive forms of myotonia
congenita are channelopathies linked to the human
skeletal muscle chloride channel on chromosome
(Scriver et al. 1995).

Glycogen Storage Diseases
(Figure 13.9.)

Clinical manifestations. The glycogen storage diseases
are a group of genetically determined enzymopathies
in which there are defects in the availability and in-
tegrity of specific enzymes necessary for the metabo-
lism of glycogen, resulting in variable clinical expres-
sion depending on the extent of tissue damage caused
by glycogen excess in cells. The most commonly en-
countered glycogen storage diseases that affect skeletal
muscle are type II glycogenosis—acid maltase (alpha-1,4-
glucosidase) deficiency—and type V glycogenosis—
myophosphorylase deficiency (McArdle disease).

The infantile form of acid maltase deficiency
(Pompe’s disease) is first noted at about 1 month of age,
with severe hypotonia, weakness, and heart failure.

There is enlargement of the heart, liver, and tongue.
Death occurs by 2 years of age from cardiac and respi-
ratory failure. The childhood form of acid maltase de-
ficiency has a later onset. There is a delay in reaching
motor milestones, followed by progressive weakness of
proximal limb and trunk muscles. The liver and tongue
may be enlarged but cardiomegaly is rare. Death occurs
before the end of the second decade from respiratory
insufficiency. In the adult form of the disease, symp-
toms begin in the third or fourth decade, with slowly
progressive weakness and wasting of proximal limb
and trunk muscles with sparing of bulbar musculature.
Respiratory muscle weakness may occur and rarely re-
sults in death from ventilatory failure. The heart and
liver are not affected. The adult variant can present as
a limb girdle dystrophy, polymyositis, or spinal mus-
cular atrophy. Serum levels of creatine kinase are ele-
vated in most patients.

Myophosphorylase deficiency (McArdle disease) is
caused by a deficiency, restricted to skeletal muscle, of
phosphorylase activity. Early in the course of the dis-
ease, the clinical manifestations are characterized by
easy fatiguability and mild weakness. Later, vigorous
activity is accompanied by painful cramps in the exer-
cising muscles. In about one half of patients, muscle
necrosis and myoglobinuria occur; renal failure may en-
sue and is a life-threatening complication of the disease.
The ischemic forearm exercise test is very useful in mak-
ing the diagnosis; it shows that the peak level of venous
lactate that normally occurs within 3 to 5 minutes after
exercise does not occur because patients with the dis-
ease are unable to break down glycogen.

Diagnostic criteria. In Pompe’s disease, the muscle
fibers appear coarsely vacuolated and contain abundant
periodic acid–Schiff (PAS)–positive, diastase-labile ma-
terial. Characteristically, the vacuoles also are highly 

Figure 13.9. Pompe’s disease (acid maltase deficiency).
A, The muscle fibers appear coarsely vacuolated. With
PAS stain, deposits (glycogen) can be demonstrated in
the vacuoles. (H&E, � 500) 

A
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Figure 13.9. (continued)
B, The muscle fibers contain excessive amounts of glyco-
gen, which is present both free in the cytoplasm and in

membrane-bound vacuoles as electron-dense granules.
Some of the vacuoles, which may be autophagic, also
contain other cytoplasmic degradation products. (� 5000) 

B



reactive for the lysosomal enzyme acid phosphatase. By
electron microscopy, increased glycogen is present both
free in the cytoplasm as well as in distinctive mem-
brane-bound vacuoles, some of which are considered
to be lysosomes. There also may be separation and
eventual loss of myofibrils. Some fibers contain in-
creased numbers of lipid droplets. In McArdle’s dis-
ease, free glycogen (i.e., not membrane bound) accu-
mulates predominantly in the subsarcolemmal region
of most muscle fibers. These glycogen deposits may be
visible on light microscopy as PAS-positive blebs in the
periphery of fibers.

Etiology. Both the severe and more benign forms of
acid maltase deficiency are inherited as autosomal re-
cessive traits and are due to alterations of the gene that
encodes for the enzyme on chromosome 17. There are
no molecular genetic data at this time that explain the
different phenotypic expressions of the disease.

In most cases of McArdle disease, the illness is inher-
ited as an autosomal recessive trait, although autosomal
dominant transmission has been reported. The gene that
encodes for myophosphorylase was initially localized to
the long arm of chromosome 11; multiple genetic muta-
tions have been demonstrated (Scriver et al. 1995).
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Figure 13.9. (continued)
C, Electron micrograph showing cytoplasmic and membrane-bound glycogen. (� 70,000)

C



Lipid Storage Myopathies
(Figure 13.10.)

Clinical manifestations. Carnitine deficiency may be lim-
ited to muscle (myopathic carnitine deficiency) or may
be secondary to diminished systemic levels (systemic
carnitine deficiency). The cardinal symptom of the my-
opathic form of disease is weakness; the age at onset is
variable. Systemic carnitine deficiency may result from
impaired renal reabsorption of carnitine, but more of-
ten is secondary to the disorders of beta-oxidation of
fatty acids, most commonly medium-chain acyl-CoA
dehydrogenase (MCAD) deficiency. Carnitine palmitoyl
transferase deficiency (CPT deficiency) often presents as re-
current myoglobinuria and is the most common inher-
ited disorder of lipid metabolism affecting muscle. The
usual form (CPT II deficiency) presents in teenagers and
young adults with episodic acute myonecrosis (rhab-
domyolysis) following prolonged exercise and leads to
the release of myoglobin into plasma, which when 
excreted gives the urine an alarmingly dark color 
(myoglobinuria).

Diagnostic criteria. Staining with oil red O often
shows a marked increase in the number of lipid
droplets, especially in type 1 fibers. Ultrastructurally,
these fibers contain variably sized lipid vacuoles often
arranged in parallel rows or large groups. Alterations
in mitochondrial structure may sometimes be present.

Etiology. In order to undergo beta-oxidation, cyto-
plasmic long-chain fatty acyl-CoA esters are conjugated
with carnitine through the action of CPT, transported
across the outer and inner mitochondrial membranes,
re-esterified to acyl-CoA esters, and catabolized to
acetyl-CoA units by the acyl-CoA dehydrogenases. De-
ficiencies affecting the carnitine transport system or de-
ficiencies of the mitochondrial dehydrogenase enzyme
systems can lead to the accumulation of lipid droplets
within muscle (lipid storage myopathies). CPT II defi-
ciency results from mutation of the CPT II gene locus at
chromosome 1p32; the gene product is located on the
inner mitochondrial membrane. In contrast, CPT I (lo-
cus 11q13) is associated with the outer mitochondrial
membrane, and deficiency of CPT I may lead to hypo-
glycemic hypoketotic coma. The disease is treatable by
the administration of medium-chain triglycerides,
which do not require the CPT system for crossing the
mitochondrial membranes (Scriver et al. 1995).

Mitochondrial Myopathies

(Figure 13.11.)
Clinical manifestations. The mitochondrial encephalo-

myopathies are a set of heterogeneous disorders with
many clinical manifestations and a wide variety of mo-
lecular pathogenic mechanisms and patterns of inheri-

tance. Specific mitochondrial disorders for which spe-
cific mutations have been identified include MERRF
(myoclonic epilepsy and ragged red fibers), MELAS
(mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes), NARP (developmental delay, re-
tinitis pigmentosa, dementia, seizures, ataxia, proximal
neurogenic muscle weakness, and sensory neuropathy),
and KSS/CPEO (Kearns-Sayre syndrome/chronic pro-
gressive external ophthalmoplegia). The Kearns-Sayre
syndrome is a nonfamilial neurologic disorder charac-
terized clinically by onset in the second decade, pro-
gressive external ophthalmoplegia, pigmentary retinal
degeneration, and heart block and pathologically by the
finding of ragged red fibers. Additional clinical mani-
festations include ataxia, hearing loss, dementia, en-
docrinologic disturbances, and peripheral neuropathy.
Familial cases (maternally inherited via a mitochondri-
al genetic abnormality or autosomal dominant) of pro-
gressive external ophthalmoplegia have been reported.

Diagnostic criteria. These disorders share in common
the presence of structurally abnormal mitochondria.
Histologically, particularly with the use of frozen sec-
tions stained with the modified Gomori trichrome stain,
the abnormal mitochondria can be seen as subsar-
colemmal aggregates in type 1 muscle cells; with severe
involvement they may extend throughout the fiber.
They impart a blotchy red appearance to the muscle
fiber; furthermore, the muscle fiber contour becomes ir-
regular on cross-section (ragged red fibers). The major
ultrastructural changes involving the mitochondria in-
clude (1) increased numbers of mitochondria; (2) en-
larged and abnormally shaped mitochondria; (3) pro-
liferation and abnormal orientation of cristae, including
concentric cristae; and (4) various mitochondrial inclu-
sions, particularly paracrystalline bodies.

Etiology. The underlying mechanism of disease is due
to defective oxidative phosphorylation, resulting in de-
ficient production of adenosine triphosphate (ATP).
MERRF is a maternally transmitted disease that has
been associated with a mutation in a mtDNA gene for
a mitochondrial-specific tRNA, resulting in altered
function of several of the oxidative complexes. A simi-
lar type of mutation of a tRNA gene has been found in
MELAS. In Kearns-Sayne syndrome, mtDNA deletions
have been found but not in familial chronic progressive
external ophthalmoplegia. In the autosomal dominant
variant of chronic progressive external ophthalmople-
gia, multiple mtDNA deletions are found.

Inflammatory Myopathies

The inflammatory myopathies can be subdivided into
two major groups of diseases: infectious myositides
(e.g., viral myositis, trichinosis, bacterial myositis) and
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Figure 13.10. Lipid storage myopathy. A, Muscle fiber in
center of field shows excessive number of lipid droplets.
(oil red O, � 300) B, A large number of irregular elec-

tron-lucent lipid vacuoles are present in the intramyofib-
rillar region of this muscle fiber. (� 23,000)

B
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Figure 13.11. Mitochondrial myopathy. A, Ragged red
fiber. Several fibers contain prominent subsarcolemmal
deposits of granular material that stains red with the mod-
ified Gomori trichrome stain. (trichrome, � 600) B, Elec-

tron micrograph of ragged red fiber showing subsar-
colemmal accumulation of abnormal mitochondria. 
(� 5000) Inset: Abnormal mitochondria containing
paracrystalline inclusions. (� 50,000) 

B
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idiopathic or noninfectious inflammatory myopathies
where immune mechanisms play an important part in
the pathogenesis. The ultrastructural characteristics of
specific infectious diseases and viral and bacterial in-
fectious agents have been described elsewhere in this
text. The discussion that follows will address exclu-
sively the noninfectious inflammatory myopathies;
these include idiopathic polymyositis/dermatomyosi-
tis and inclusion body myositis.

Polymyositis/Dermatomyositis

(Figure 13.12.)
Clinical manifestations. Polymyositis (PM) begins in-

sidiously with asymmetric proximal muscle weakness
variably associated with pain in the arms or, less often,
leg muscles (difficulty climbing stairs; difficulty raising
the arms for combing hair or grooming). Dysphagia oc-
curs in about one third of cases, and weakness of neck
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Figure 13.11. (continued)
C, Electron micrograph showing a range of structurally abnormal mitochondria. (� 70,000)
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Figure 13.12. Inflammatory myopathy (polymyositis). 
A, Necrotic muscle fiber invaded by phagocytic inflam-
matory cells. (H&E, � 150) B, Mononuclear phagocytes

can be observed within the cytoplasm of this necrotic
muscle fiber. (� 6500) 

B

A
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Figure 13.12. (continued)
C, Inflammatory cells adjacent to regenerating muscle fiber. A relatively normal fiber is seen at the bottom right. 
(� 3500) 

C
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Figure 13.12. (continued)
D, Endothelial cell with tubuloreticular inclusion in juvenile dermatomyositis. (� 35,900)

D



flexors is commonly noted. Adult dermatomyositis
(DM) is characterized by progressive proximal muscle
weakness with erythematous skin lesions that may pre-
cede, coincide, or follow the weakness and is accompa-
nied by ungual telangiectases. The facial skin rash be-
gins in the face (periorbital, malar, perioral regions),
anterior neck, and chest regions as well as the extensor
surfaces of the joints. The skin lesions progress to scal-
ing, brown discoloration, and induration. In both PM
and DM, electrocardiographic abnormalities have been
described. Case studies from centers in different parts
of the world indicate that the incidence of malignancy
in middle-aged or elderly patients with PM/DM ranges
from 10–40%. Both PM and adult DM may be associ-
ated with collagen-vascular diseases such as rheuma-
toid arthritis, scleroderma, polyarteritis nodosa, Sjö-
gren’s syndrome, lupus erythematosus, and mixed
connective tissue disease. Laboratory studies show that
creatine kinase is elevated, and electromyography
(EMG) discloses short, polyphasic potentials with fib-
rillations, positive waves, and pseudomyotonic bursts.
The typical clinical picture of childhood dermato-
myositis consists of erythematous malar violaceous; he-
liotrope rash, also involving the skin over the extensor
surfaces of the joints; and muscle weakness of insidious
onset relentlessly progressing over a period of weeks or
months. In some cases, other associated manifestations
include subcutaneous calcifications, gastrointestinal
bleeding, and respiratory insufficiency.

Diagnostic criteria. The salient light microscopic fea-
tures include degenerating and regenerating muscle
fibers and mononuclear inflammatory cell infiltrates.
On ultrastructural examination, the changes observed
in the degenerating and regenerating fibers are similar
to those described in the section on muscular dystro-
phy. The predominant inflammatory cells have the ul-
trastructural characteristics of activated or transformed
lymphoid cells. These are seen mainly in the intersti-
tium between the muscle fibers and around small blood
vessels. Similar-appearing cells may also be found in-
ternal to the basement membrane, sometimes in contact
with muscle fibers. Occasionally, these cells are found
within the muscle fiber itself. Other types of inflamma-
tory cells are also present, including histiocytes, plasma
cells, and occasionally neutrophils. Nonspecific changes
have been described in the small blood vessels in
polymyositis: thickening and reduplication of the base-
ment membrane, swelling of endothelial cells, and var-
ious inclusions (e.g., autophagic vacuoles and multi-
vesicular bodies). Several reports have described
virus-like inclusions in cases of polymyositis. These
have usually consisted of 5–7 nm filaments and 8–25 nm
filamentous microtubules resembling paramyxovirus
nucleocapsids. With few exceptions, viruses have not

been isolated from such cases, and the nature of these
inclusions remains to be established.

In childhood dermatomyositis there is a characteristic
“atrophy” of muscle cells at the periphery of the fascicle.
These small fibers often show regenerative changes. The
inflammatory infiltrates tend to occur around blood
vessels, and myophagocytosis is less common than in
polymyosistis. A particular type of inclusion known as
a tubuloreticular inclusion characteristically has been
seen in endothelial cells.

Etiology. The mechanisms of fiber damage in these
diseases have yet to be completely defined, but there is
much evidence to implicate immunologic factors (De
Bleecker and Engel 1995). In PM, a cell-mediated im-
munopathogenesis of the muscle fiber destruction is
suggested by the available evidence. The predominant
inflammatory cells have been demonstrated to be 
T-cells (about 70%) and macrophages. The T-cells are
mostly cytotoxic/suppressor CD8� and some CD4�
cells. MHC-I expression is demonstrable on and in af-
fected fibers. The focal invasion and destruction of mus-
cle fibers by T-cells and macrophages suggests previous
sensitization to muscle-fiber-surface-associated anti-
gens, but no target antigen has yet been identified. Vi-
ral infection has long been suspected to be the inciting
factor that triggers the immune response, but there is
little evidence for this hypothesis in spite of active
search. The possible contribution of the humoral 
immune system in the development of the disease is 
unresolved at this time. In patients with PM, im-
munoglobulin deposits have been visualized by im-
munofluorescence within the walls of small intramus-
cular blood vessels, but these observations have not
been consistent or specific, and therefore such exami-
nations have largely been abandoned as a useful ad-
junct to diagnosis. In adult DM, humoral immunity ap-
pears to play an important part. The inflammatory
infiltrate is composed mainly of B-cells and helper 
T-cells, although macrophages and cytotoxic/suppres-
sor T-cells are also present. In support of the notion that
DM is an immune-mediated vasculopathy is the obser-
vation that the complement system has been found to
be deposited, bound, and activated to completion
within the intramuscular microvasculature of patients
with childhood DM (to a lesser extent in adult DM). In
childhood DM, microcirculatory abnormalities and
necrosis and thrombosis of capillaries, small arteries,
and venules has been found, especially in those vessels
at the periphery of muscle fascicles, presumably ac-
counting for the perifascicular “atrophy.” In PM asso-
ciated with scleroderma, an immunologic response me-
diated by T-cells appears to be directed against a
connective tissue or vascular element and not against
the muscle fiber.
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Inclusion Body Myositis
(Figure 13.13.)

Clinical manifestations. Inclusion body myositis (IBM)
is a distinct inflammatory myopathy that differs clini-
cally from polymyositis in several respects. The disor-
der comes on in a somewhat older, particularly male,
patient population; skin manifestations are not a feature
of the illness; the distribution of the weakness tends to
be both distal and proximal; the course of the illness is
perhaps more protracted. Creatine kinase levels are ei-
ther in the normal range or mildly elevated, though or-
dinarily not above levels that are commonly seen in PM
and DM. EMG findings are, for the most part, myo-
pathic. The disease appears to be refractory to cortico-
steroid treatment and other therapeutic measures that
are utilized for PM and DM. An association with con-
nective tissue diseases has been noted in a minority of
cases, and some familial cases are on record.

Diagnostic criteria. The histopathologic findings on
muscle biopsy include sparse or entirely absent inter-
stitial chronic inflammatory cell infiltrates of lympho-
cytes (largely CD8� T-cells surround the nonnecrotic
fibers) and macrophages, and rarely, myophagocytosis
and regenerating fibers. In addition, some muscle fibers
contain small vacuoles, known as rimmed vacuoles, be-

cause they are lined by basophilic granules. Electron mi-
croscopy demonstrates aggregates of closely packed
11–18 nm diameter tubular filaments in the cytoplasm
and nuclei. Collections of cytoplasmic membranous
bodies and abnormal mitochondria with paracrystalline
inclusions are also seen within areas of disintegration
of the myofibrillar architecture corresponding to the
vacuoles seen by light microscopy. Virus-like tubular
filaments, 15–18 nm wide, have been noted scattered in
the disrupted cytoplasm or within neighboring nuclei.
Beta-amyloid has been colocalized to the filaments in
both sporadic and familial cases, but it is premature to
attribute significance to this finding. The filamentous
inclusions do not appear to be specific for IBM. Recent
observations have also reported the presence of ubiq-
uitin, but the overall pathogenetic significance of this
observation is unknown.

Etiology. Muscle biopsies from patients with IBM, as
in PM/DM, have been studied carefully for evidence of
paramyxovirus infection, but although studies have
demonstrated the presence of virus in some affected in-
dividuals, such evidence is lacking in most others (Car-
penter 1996). There is a strong possibility that au-
toimunity plays a role in the disease (Oldfors and
Lindberg 1999).
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Figure 13.13. Inclusion body myositis. A, Muscular fiber containing rimmed vacuole in center of sarcoplasm. 
(trichrome, � 1600) 
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Figure 13.13. (continued)
B, Nucleus of muscle fiber contains aggregates of 11–18 nm
diameter tubular filaments. (� 26,000) C, Electron 

micrograph of content of rimmed vacuole showing 
broken-down myofibrillar architecture and cytoplasmic
membranous bodies. (� 40,000)
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Toxic Myopathies

(Figure 13.14.)
Clinical manifestations. Myopathy may be seen in as-

sociation with the administration of a wide variety of

drugs (e.g., colchicine, antimalarials, cholesterol-
lowering agents, antiviral agents) (Engel and Franzini-
Armstrong 1994). The histopathology of the lesions in
these cases are characterized by a monophasic mixed
acute and chronic inflammatory reaction with variable
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Figure 13.14. Toxic myopathy. A, Colchicine myopathy. Note focal destruction of the myofibrillar organization and
membranous whorls. (� 5800) 

A



948 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 13.14. (continued)
B, Chloroquine myopathy. Note dense collections of lyso-
some-like structures beneath the sarcolemma. (� 14,400)

C, AZT myopathy. Note large collections of abnormally
shaped mitochondria. (� 6000)

C

B



and multifocal necrosis of muscle fibers. Ultrastruc-
turally, colchicine and chlororoquine myopathies are
characterized by extensive deposits of membranous
whorls and lysosomes along with focal disintegration
of the myofibrillar architecture; in azathioprine my-
opathy vacuolization of the sarcoplasm and abnormally
formed mitochondria predominate.

Neurogenic Atrophy

(Figure 13.15.)

General considerations and etiology. The term neurogenic
atrophy refers to the pathologic reactions that develop
in skeletal muscle secondary to interruption of normal
innervation. The principal clinical manifestation of de-
nervation is weakness or paralysis of the affected mus-
cle group. Neurogenic atrophy can ensue after damage
to the motor neurons within either the anterior horn of
the spinal cord or the cranial nerve motor nuclei in the
brain stem, injury to the motor axon, or abnormalities
in the neuromuscular ending. The diseases that produce
such injuries include all categories of pathologic pro-
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Figure 13.15. Neurogenic atrophy. A, Group atrophy.
Note the clusters of atrophic fibers. (H&E, � 200) B, At-
rophic fiber showing loss of normal sarcomeric structure.

The sarcoplasm contains a few disorganized myofibrils
with Z-bands and other organelles. The plasma and base-
ment membranes are intact. (� 21,000) 

B
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cesses ranging from hereditary degeneration, to infec-
tion, neoplasm, neurotoxicity, and demyelination. De-
nervation of muscle leads to downregulation of myosin
and actin synthesis, with a decrease in cell size and re-
sorption of myofibrils; cells remain viable, however,
and can resume normal shape and function upon 
reinnervation.

Diagnostic criteria. The light microscopic features of
neurogenic atrophy are very distinctive. In cross-sec-
tion, the atrophic fibers are smaller than normal. They
lose their normal polygonal contour and develop a tri-
angular (rather than the normal polygonal) shape. In
early stages of denervation, the atrophic process is ran-
dom and affects single fibers. As the disease progresses,
and following reinnervation and subsequent denerva-
tion of the reinnervated groups of fibers, the atrophic
fibers cluster together, a process known as group atro-

phy. Histochemical preparations of muscle in neuro-
genic disease demonstrate three distinctive phases in
the evolution of the disease: (1) in early denervation
there is randomly distributed atrophy of both type 1
and type 2 fibers; (2) with reinnervation, there is dis-
ruption of the normal checkerboard distribution of in-
termingled type 1 and type 2 fibers, such that there is
now grouping of many normal-sized, contiguous fibers,
all with the same histochemical properties (both type 1
and type 2 type grouping occurs); (3) with denervation
of the reinnervated groups there is grouping of type 1
or type 2 atrophic fibers.

On ultrastructural examination, the principal change
affecting the denervated fiber is loss of the myofibrils.
The loss of myofilaments begins at the periphery of the
fiber. In the early stages of myofibrillar disintegration,
there is an apparently concurrent dissolution of thick
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Figure 13.15. (continued)
C, Target fiber. Note disorganization of central portion of fiber and surrounding accumulation of mitochondria and
other organelles. (� 2500)
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and thin myofilaments and of Z-bands. The nucleus is
unremarkable, and the number of cytoplasmic organ-
elles is roughly of normal proportion. The sarcolemmal
membrane remains intact, although there may be some
convolution and reduplication of the basement mem-
brane. In time, as the muscle fiber shrinks, the normal
myofibrillar organization is no longer recognizable, and
there are aggregates of haphazardly oriented units com-
posed of thickened Z-bands from which streamers of
filaments of variable thickness emanate, interspersed
with loose myofilaments. These ultrastructural features
are not entirely specific for denervated fibers, since they
also may be seen in atrophic fibers resulting from dis-
use of muscle or other causes.

Another pathologic change that may be observed in
denervation is the target fiber. This change is best rec-
ognized on frozen sections stained for oxidative en-
zyme such as NADH-TR. These fibers show a central
area of decreased or absent oxidative enzyme activity
surrounded by a narrow rim of increased activity,
which, in turn, is surrounded by the normally staining
fiber. These three distinct zones are also evident on elec-

tron microscopic examination. The innermost or central
zone shows disruption of myofilaments, with loss of the
normal banding pattern and smearing of the Z-band.
There is a paucity of mitochondria in this region. This
ultrastructural appearance is not unlike that seen in the
unstructured central core (see the section on central core
disease). The central area of myofibrillar disorganiza-
tion is encircled by cytoplasmic reticulum and mito-
chondria. The myofilaments are only mildly disrupted.
The outermost region consists of normal-appearing
muscle.

Peripheral Nerve Disease

The normal light microscopic and electron microscopic
structure of peripheral nerve is discussed in standard
textbooks (Sternberg 1992; Peters et al. 1991; Dyck et al.
1993). Several illustrations are given here as a starting
point to orient the reader (Figure 13.16). The ultra-
structural changes detected in peripheral nerve include
either the general pathologic responses of peripheral
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Figure 13.16. Normal nerve. A, Light micrograph of 
plastic-embedded sural nerve cut at 1 micron thickness
and stained with toluidine blue. Note range of myelinated

fiber sizes enclosed within the perineurial connective tis-
sue strands. (� 146) 
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Figure 13.16. (continued)
B, Electron micrograph of normal sural nerve showing centrally placed myelinated fiber and groups of unmyelinated
fibers to the left. (� 75,000)
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nerve to injury or the specific pathologic changes asso-
ciated with a specific disease entity. The general patho-
logic processes involving peripheral nerve can be sub-
divided into two broad categories: those that indicate a
process primarily affecting the axon—axonal neuropa-
thy—and those that indicate a process primarily affect-
ing the Schwann cell or its myelin sheath—demyelinat-
ing neuropathy. These are diagramatically presented in
Figure 13.17. When one of these processes occurs in iso-
lation, it implies that the target of the neuropathy—the
primary pathogenetic event—attacks either the axon or
the Schwann cell. Not uncommonly, both processes oc-
cur concurrently, especially in chronic neuropathies.
There are also diseases that cause peripheral neuropa-
thy through damage to the connective tissue elements
of peripheral nerves (e.g., inflammatory and metabolic
neuropathies). Examination of peripheral nerve biop-
sies by electron microscopy, therefore, must include
evaluation of the axons, myelin and Schwann cells, and
the interstitium. Tumors of peripheral nerve (such as
Schwannoma and neurofibroma) are discussed in
Chapter 6. In this chapter, the ultrastructural findings
in the two basic reactions of peripheral nerve (axonal
degeneration and demyelination) are discussed with
note made of which conditions are most often associ-
ated with each type; selected neuropathies character-

ized by involvement of connective tissue components
are also discussed briefly. This is followed by a discus-
sion of specific peripheral neuropathies that have char-
acteristic electron microscopic findings.

For general reference citations that include discus-
sions of the ultrastructural pathology of peripheral
nerve, the reader is referred to the references listed at
the end of this chapter. These include chapters in text-
books and comprehensive treatises dealing specifically
with the pathology of diseases of the peripheral nerv-
ous system (Dyck et al. 1993; Bradley 1974; Asbury and
Johnson 1978; Ouvrier et al. 1990; Bouche and Vallat
1992; Midroni and Bilbao 1995; Richardson and De
Girolami 1995).

Axonal Degeneration and Regeneration

Acute degeneration of the distal portion of an axon was
originally described in experimental studies involving
nerve transection (Wallerian degeneration), but it is
now recognized that this basic pathologic process oc-
curs in a variety of human diseases involving disinte-
gration of an axon. The process involves a single axon
at a time and begins at one point of the axon to involve
all points distal to it. Both the axon and its myelin
sheath break down and undergo phagocytosis. Chronic
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Figure 13.17. Schematic diagram of normal nerve, Wal-
lerian degeneration, segmental demyelination, and ax-
onal degeneration. (Permission for reprinting granted by

WB Saunders, Asbury AK, Johnson PC: Pathology of Pe-
ripheral Nerve, 1978.)
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axonal degeneration (or chronic axonal loss) occurs af-
ter a prolonged insult directly on the axon or the cell
body of that axon, lasting months or years. In both acute
and chronic axonal degeneration, because the injury
does not necessarily result in the death of the parent
neuronal cell body, regeneration of the axon may occur,
beginning with sprouting of small processes from the
tip of the axon (or growth cone) and growing forward
from that point toward the target of innervation.

Wallerian Degeneration
(Figure 13.18.)

Clinical manifestations. After the transection of a
nerve, transmission of voluntary impulses ceases, and
there is a complete loss of motor and sensory modali-
ties in the distribution of that nerve. The distal axon is
still intact immediately after transection, and, although
disconnected from its cell body, it is capable of con-
ducting externally applied impulses for several days af-
ter transection. However, beyond that period, the dis-
tal nerve stump loses its ability to conduct impulses as
it undergoes the process of Wallerian degeneration.

Diagnostic criteria. In the first days after transection
of a peripheral nerve, there is (1) initially swelling of
axon with disintegration of tubules and filaments in the
distal segments; (2) retraction and disintegration of
myelin at nodes of Ranvier; (3) accumulation of vesicles
and degenerating mitochondria at the proximal stump;
and (4) progressive disintegration of both the axon and
myelin at all points distal to the site of transection. Sub-
sequently, but within the first weeks after transection of
a peripheral nerve, there is (5) phagocytosis of axon and
myelin debris by macrophages; (6) regeneration, con-
sisting of thinly myelinated axonal sprouts; and (7) pro-
liferation of Schwann cells along the course of the dis-
integrated axon.

Etiology. The sequence of structural changes that fol-
low nerve section, now called Wallerian degeneration,
were described by Waller in 1850 in the glossopharyn-
geal and hypoglossal nerves (Waller 1850). Wallerian
degeneration specifically refers to degeneration of the
distal segments of a peripheral nerve after severance of
the axons from their cell bodies. When the nerve is
crushed, the basement membrane of the Schwann cell
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Figure 13.18. Axonal degeneration. A, Longitudinal section of nerve showing acutely disintegrating myelin. (� 50) 
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Figure 13.18. (continued)
B, Transverse section of plastic-embedded nerve showing disintegrated myelinated fibers. (� 500) 
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Figure 13.18. (continued)
C, Electron micrograph showing complete disintegration
of the axon and its myelin sheath. Remnants of degener-

ating fiber consist of vesicular and membranous lamellar
structures, including myelin figures. Part of the original
Schwann cell still remains (bottom). (� 12,000) 
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Figure 13.18. (continued)
D, Electron micrograph showing longitudinal section of
degenerating axon with myelin “ovoids,” that is, linear

arrangement of oval vacuoles of axonal and myelin de-
bris. Note nucleus of Schwann cell between ovoids. 
(� 10,000)

D
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is preserved, allowing regeneration within the endo-
neurial tube. In contrast, when the nerve is sectioned,
the endoneurial tube (composed of denervated Schwann
cells and extracellular matrix) may not be appropriately
aligned with the regenerating axons. Axonal regenera-
tion is therefore less efficient after nerve degeneration
after sectioning than after crush injuries.

Axonal Degeneration
(Figure 13.19.)

Clinical manifestations. Axonal degeneration may re-
sult from any pathologic process in which the primary
insult is directed toward the axon itself or the cell body

of the axon. Often, especially early in the course of the
disease process, damage occurs to only a portion of the
axon or affects some axons while sparing others. Fur-
thermore, acquired or hereditary axonopathies may
preferentially involve sensory, motor, or autonomic 
axons. The diminished number of conducting axons re-
sults in a diminished amplitude of the conducted im-
pulse when measured electrophysiologically. In gen-
eral, the extent of the axonal degeneration is greatest in
the more distal portions of the peripheral nervous sys-
tem, and consequently, clinical symptoms are most se-
vere distally, in the hands and feet (known as stocking-
glove distribution). With progression of the axonal
degeneration to involve more axons and more proximal
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Figure 13.19. Axonal degeneration. A, Schwann cell
containing myelin ovoid. There has been considerable
shrinkage and disintegration of the central axoplasm, al-
though the surrounding myelin sheath still retains its nor-
mal laminated structure. The Schwann cell cytoplasm

contains some vesicular and membranous structures. The
ultrastructural features of axonal degeneration are gen-
erally indistinguishable from those of Wallerian degen-
eration. (� 15,000) 

A
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Figure 13.19. (continued)
B, Nonmyelinated axon with accumulation of organelles and intact Schwann cell. (� 27,000) 
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regions of axons, clinical evidence of motor and sensory
deficits are manifest as a gradual advance of clinical
symptoms to involve more proximal regions of the 
extremities.

Diagnostic criteria. Features of axonal degeneration
include (1) involvement of the most distal portions of
the longest nerves; (2) initial increase in neurofilaments
followed by (3) decrease of axonal organelles; (4) re-
traction of the axon from the myelin sheath; (5) disinte-
gration of the axon and myelin sheath; (6) Schwann cell
proliferation in distal portions of axons; (7) variable re-
generation in the form of axonal sprouting.

Etiology. Sometimes referred to as “dying back
polyneuropathy” (Cavanagh 1979) to emphasize the
distal-to-proximal progression of the degeneration
process, axonal degeneration is described in a wide va-
riety of chronic slowly progressive, symmetric, toxic,
and metabolic polyneuropathies. The gradual evolution
of the pathologic process to involve proximal portions
of the peripheral nervous system appears to be the ba-
sis for the clinical manifestations. The pathogenesis is
not certain, but dysfunction of the metabolism of the
neuron rendering it incapable of supporting the axon
or a direct effect on axoplasmic flow within the axon
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Figure 13.19. (continued)
C, Axonal degeneration with massive accumulation of axonal organelles. (� 10,000)
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have been proposed as hypotheses. Axonal degenera-
tion is a prominent component in many neuropathies,
including those due to toxic exposures, metabolic dis-
ease, nutritional deficiencies, inflammatory disorders,
and ischemic diseases.

Axonal Regeneration (“Sprouting”)
(Figure 13.20.)

Clinical manifestations. Regeneration of the distal axon
may occur in the peripheral nervous system, if the in-
citing cause is identified and removed. Best studied af-
ter transection and crush injuries of peripheral nerve,
regeneration of the axon occurs by sprouting of the
proximal nerve stump and proceeds anterograde at the
rate of about 1 mm/day. This rate of axonal regenera-

tion can be used clinically to determine the approximate
amount of time that recovery of clinical function will
occur after repair of a transected nerve.

Diagnostic criteria. Axonal regeneration typically
shows (1) several thinly myelinated axons or axons with
undetectable myelin in a cluster; (2) clustered axons
with similar diameter sizes and myelin thickness; 
(3) collagen fibrils interspersed among the myelinated
and unmyelinated axons; and (4) a basal lamina tube,
which had previously enclosed a healthy axon, sur-
rounding the complex of clustered axons. Aggregates
of myelinated fibers that are not completely surrounded
by a basal lamina may represent a more advanced stage
of axonal regeneration.

Etiology. In chronic axonal neuropathies, it is com-
mon for cross-sections of nerve biopsies to show evi-
dence of axon loss (reduced number of myelinated

DISEASES OF SKELETAL MUSCLE AND PERIPHERAL NERVE 961

Figure 13.20. Axonal regeneration. Cluster of four small,
thinly myelinated regenerating axons. Only focal small

remnants of the basement membrane that originally sur-
rounded the cluster complex still remain. (� 13,000)



fibers), axon degeneration (profiles of axonal degener-
ation), and axonal regeneration (axonal clusters). The
groups or clusters of thinly myelinated fibers appear to
arise as the proximal axonal stump sprouts multiple
small neuritic processes, all of which are surrounded
within the Schwann tube of the original axon. Such for-
mations are referred to as regeneration clusters, and are
common in cross-sections of nerve biopsies taken from
patients with toxic or metabolic neuropathies. Soon af-
ter nerve crush or transection (24 hours in experimen-
tal animals), regeneration commences in the axons
proximal to the site of injury. An axonal growth cone
gives rise to multiple axonal sprouts that advance
through the site of the injury. Distal to the lesion,
Schwann cells begin dividing, filling the endoneurial
sheath (which had been previously occupied by an

axon) and arranging themselves into cellular tubes
known as bands of Büngner. If axonal regeneration does
not occur, Schwann cells distal to the injury gradually
undergo atrophy, with an increase in endoneurial col-
lagen. In cases of nerve transection, axons that are not
appropriately aligned with the distal Schwann cell tube
may form sprouts that become misdirected, resulting in
a tangled mass of neuritic processes known as a “trau-
matic neuroma.” Axon regeneration also is a prominent
feature of many toxic and metabolic neuropathies, such
as the neuropathies in drug and chemical intoxication,
uremia, diabetes, vitamin deficiency, and malignancy.
In these conditions, the major pathologic process is dis-
tal axonal degeneration (distal axonopathy). Regenera-
tion is dependent on whether the toxic or metabolic ab-
normality can be reversed.
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Figure 13.21 Segmental demyelination. Remyelinating axon surrounded by thin myelin sheath. (� 11,000)



Segmental Demyelination of Nerve Fibers
(Figures 13.21 and 13.22.)

Clinical manifestations. Demyelination refers to the
primary degeneration of the myelin sheath, with preser-
vation of the axon. This results from an insult that is di-
rected toward the Schwann cell body or its cytoplasmic
process, namely the myelin sheath. The reparative or re-
generative process involves a proliferation of Schwann
cells, which encircle the denuded axon and begin to
elaborate myelin, resulting in remyelination of the in-
jured internodes. Because the reparative process (re-
myelination) begins soon after demyelination, most
cases of demyelinating peripheral neuropathies include
active remyelination. Although demyelinating neu-
ropathies have a tendency clinically to also involve dis-
tal regions of the axon, most likely due to summation
of conduction disturbances along the length of the axon,
the electrophysiology of demyelinating neuropathies is
usually quite different than axonal neuropathies. In de-
myelinating neuropathies, the amplitude of conduction
may be relatively well preserved, but the conduction
velocity is usually markedly slowed.

Diagnostic criteria. During segmental demyelination,
there is (1) disintegration of myelin with preservation
of the axon; (2) absence of central chromatolysis; 
(3) early changes in myelin sheaths detected at nodes of
Ranvier (paranodal retraction); (4) insertion of macro-
phage cell processes between myelin sheath and axon
may occur. Regenerative changes include (1) prolifera-
tion of Schwann cells at sites of demyelination; (2) re-
myelination of demyelinated segments, with shorter in-
ternodes and thinner myelin sheaths; (3) Schwann cell
hyperplasia (redundant Schwann cell processes around

individual axons) as a result of repeated episodes of de-
myelination and remyelination; (4) progressive onion-
bulb formation with multiple concentrically arranged
Schwann cell processes surrounding a thinly myeli-
nated axon.

Etiology. Demyelination in the peripheral nervous
system is a segmental process, involving a single in-
ternode at a time, and compared with Wallerian de-
generation, Schwann cell proliferation is minimal and
confined to the segment where remyelination occurs.
The segmental process is best demonstrated in the lon-
gitudinal plane. As a result, it is usually easier to
demonstrate segmental demyelination on teased nerve
fiber preparations. After the myelin surrounding an in-
ternode degenerates, the length of axon originally en-
circled by one Schwann cell may be remyelinated by
two or more newly divided Schwann cells, resulting in
a decrease in the internodal length and an increase in
the number of internodes. Segmental demyelination is
seen typically in the Guillain-Barré syndrome, chronic
inflammatory demyelinating polyradiculoneuropathy
(CIDP), some hereditary neuropathies, experimental al-
lergic neuritis, and certain toxic neuropathies (such as
lead and diphtheria).

Specific Peripheral Neuropathies

Peripheral neuropathy is a very common clinical con-
dition, with an annual incidence of nearly 400 cases per
million population (Midroni and Bilbao 1995) and a
prevalence in the population that is even higher. The
reader is referred to standard texts for a detailed ac-
count on the classification and the range of clinical man-
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Figure 13.22 Hypertrophic neuropathy. A, Nerve in transverse section demonstrating numerous onion-bulb forma-
tions and increased endoneurial connective tissue. (H&E, � 100) 

A



964 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS

Figure 13.22. (continued)
B, Onion-bulb formation. Thinly myelinated (remyelinating) central axon is surrounded by concentric Schwann cell
processes separated by collagen fibers. (� 6500) 

B
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Figure 13.22. (continued)
C, Schwann cell hyperplasia (early onion bulb formation)
with redundant basement membrane and circumferen-

tially arranged Schwann cell processes surrounding
myelinated axon. (� 30,000)
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ifestations of peripheral neuropathies (Dyck et al. 1993;
Vinken and Bruyn 1970). In this chapter, discussion is
limited to peripheral neuropathies showing important
ultrastructural changes: acquired and hereditary meta-
bolic neuropathies, inflammatory neuropathies, infec-
tious neuropathies, and neuropathies associated with
neoplasia and dysproteinemias.

Metabolic Neuropathies Associated with
Diabetes Mellitus

(Figures 13.23 and 13.24.)
Clinical manifestations. The prevalence of peripheral

neuropathy in patients with diabetes mellitus varies
from 10–60% as assessed by clinical criteria, and up to
100% when evaluated by nerve conduction studies.
This in turn, is dependent on the duration of the dis-
ease; in a recent series, 7% of patients with diabetes mel-
litus had clinical peripheral neuropathy at the time of
diagnosis of the diabetes, and 50% had peripheral neu-
ropathy 25 years after diagnosis. Approximately 17 mil-
lion people with diabetes in the United States and Eu-
rope have peripheral neuropathy.

Although the generic term “diabetic neuropathy” is
used widely, it encompasses several distinct clinico-
pathologic disorders of the peripheral nervous system
that occur in diabetes mellitus, often with overlapping
features (Dyck and Giannini 1996). The most common
type is a chronic progressive symmetric distal sensori-
motor peripheral neuropathy. Other patients, however,
may develop an asymmetric neuropathy, involvement
of multiple single nerves (mononeuritis multiplex), or
paralysis of a single nerve (mononeuropathy), espe-
cially the third cranial nerve. In each type, vascular
changes are usually present, evidenced by thickening
of the walls of capillaries. In peripheral nerve biopsies,
this vasculopathy appears as a prominent reduplication
of the basal lamina that surrounds the endoneurial cap-
illaries. Similar findings are also seen in the microcir-
culation of skeletal muscle.

Diagnostic criteria. A distal chronic symmetric senso-
rimotor neuropathy is the most common peripheral
neuropathy in diabetic patients, and it is an axonal neu-
ropathy characterized by (1) diminution of myelinated
fibers of different calibers; (2) diminution of unmyeli-
nated fibers; (3) absence of specific axonal dystrophic
features beyond what is described as characteristic of
axonal degeneration (Englestad et al. 1997); (4) an in-
crease in endoneurial connective tissue and Schwann
cells later in the course of the neuropathy; and (5) a mi-
croangiopathy with thickening of the basal laminae of
blood vessels and a similar thickening of basal laminae
of perineurial cells.

Etiology. The etiology of the chronic distal neuropa-
thy in diabetes mellitus is unclear; chronic ischemia re-
lated to the microangiopathy and direct metabolic ef-
fects have been proposed. The more acute or subacute
onset of mononeuritis multiplex appears to be related
to vascular insufficiency within the vasa nervorum; ar-
teriolar occlusion and nerve infarction have been
demonstrated in some cases of mononeuropathy with
abrupt onset.

Considerable attention has been devoted to descrip-
tions of the basal laminae of blood vessels and 
perineurial cells, including well-documented morpho-
metric analysis of the thickness of the basal laminae.
The significance of these changes in the basal laminae
in the pathogenesis of diabetic neuropathy remains con-
tested. In many cases, Schwann cell destruction leading
to segmental demyelination is present in addition to the
axonal neuropathy. This pattern of injury is independ-
ent of axonal damage and is characterized by (1) disin-
tegration of myelin sheaths; (2) retraction of myelin
from the node of Ranvier; and (3) increased quantities
of Schwann cell processes. These mixed axonal and de-
myelinating pathologic changes correlate well with
mixed electrophysiologic changes on nerve conduction
studies. Both axons and Schwann cells may be affected
in diabetes mellitus.

Sensorimotor Neuropathies Associated with
Hereditary Metabolic Disease

Clinical manifestations and diagnostic criteria. Several
hereditary metabolic diseases have characteristic ultra-
structural abnormalities on peripheral nerve biopsy. Al-
though central nervous system (CNS) symptoms are of-
ten the dominant clinical feature, nerve biopsies may be
performed either because early involvement of the pe-
ripheral nervous system is noted or the peripheral
nerve represents a more accessible site for biopsy. When
a specific storage disorder is suspected clinically, how-
ever, biopsy may be unnecessary since biochemical or
genetic detection is usually possible.

Krabbe Disease (Globoid Cell Leukodystrophy)
Diagnostic criteria. Characteristic findings in patients
with Krabbe disease are (1) demyelinating peripheral
neuropathy in infants with leukoencephalopathy; 
(2) occasional Schwann cell hyperplasia; (3) storage ma-
terial, usually limited to Schwann cells, appearing as
plate-like electron-lucent inclusions. Confirmation is
achieved with detection of deficiency of the galacto-
cerebrosidase activity. Globoid cells, which are the hall-
mark of the disease in the CNS, are not present in the
peripheral nervous system (PNS).
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A

Figure 13.23. Diabetic neuropathy. A, One-micron-thick
section of nerve showing loss of myelinated fibers. A de-
generating axons is present in the center of the field. (tolu-

idine blue, � 1400) B, A thickened blood vessel is pres-
ent beneath the perineurium. (toluidine blue, � 1400)
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Figure 13.24. Diabetic neuropathy. A, Small endoneurial vessel surrounded by redundant, thickened basement 
membranes. (� 6500) 
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Figure 13.24. (continued)
B, Endomysial capillary with thickened basement membranes. (� 14,000)
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Adrenoleukodystrophy (X-Linked Deficiency of
Peroxisomal Catabolism of Very Long Chain 
(�24 Carbon) Fatty Acids)

(Figure 13.25.)
Diagnostic criteria. Characteristic findings in adreno-

leukodystrophy are (1) demyelinating peripheral neu-
ropathy in children with leukoencephalopathy; (2) oc-
casional Schwann cell hyperplasia; (3) needle-shaped
electron-lucent inclusions, largely limited to Schwann
cells and bounded by leaflets (Mosser et al. 1993; Pow-
ers and Moser 1998). Note that the inflammatory com-
ponent, which is often prominent in the childhood cere-
bral demyelination, is not usually present in the PNS.
Although peripheral nerve involvement may occur in
young males with the homozygous (X-linked) disease,
peripheral neuropathy is more often clinically sympto-
matic in heterozygous females and is accompanied by
involvement of the long tracts of the spinal cord, adre-
nal insufficiency, and elevated levels of very long chain
fatty acids (adrenomyeloneuropathy).

Metachromatic Leukodystrophy (Autosomal
Recessive Deficiency of Arylsulfatase A Activity)
(Figure 13.26.)

Diagnostic criteria. In metachromatic leukodystrophy,
there is (1) a demyelinating neuropathy with thin my-
elin sheaths; (2) proliferation of Schwann cells, at times
forming onion bulbs; (3) prismatic, zebra body, and tuff-
stone storage inclusions. The clinical course is related
to the age of onset, with a more rapid course in patients
presenting in infancy.

Hereditary Neuropathies

Hereditary neuropathies may involve predominantly
motor and sensory functions (hereditary motor and sen-
sory neuropathies [HMSN]) or sensory and autonomic
functions (hereditary sensory and autonomic neuro-
pathies [HSAN]). Only the electron microscopic find-
ings in the most common forms of hereditary periph-
eral neuropathies are discussed (see review by Guzzetta
et al. [1995]).

Charcot-Marie-Tooth Disease, Hypertrophic Form
(HMSN I, CMT 1)
(Figure 13.27.)

Clinical manifestations. Charcot-Marie-Tooth disease,
hypertrophic form (HMSN I, CMT 1) is the most com-
mon hereditary neuropathy and is typically an autoso-
mal dominant slowly progressive distal, symmetric
neuropathy. Symptoms first appear in early adulthood,
and due to the marked atrophy of calf muscles, the term

“peroneal muscular atrophy” is often used. In addition
to weakness, there are sensory deficits and secondary
complications such as pes cavus and neurogenic ulcers.

Diagnostic criteria. The pathologic features of HMSN
I include (1) a demyelinating neuropathy; (2) prominent
onion bulbs, but they may be less prominent in proxi-
mal nerve and in childhood. In young adults, most ax-
ons show a diminished amount of myelin surrounding
large caliber fibers and onion bulbs surrounding a large
proportion of the axons.

Etiology. Nerve conduction velocities have been use-
ful in classifying patients with CMT, since slowing of
nerve conduction velocity is typical of the hypertrophic
form of disease (HMSN I, CMT 1), but is not typical of
the neuronal form (HMSN II). The clinical course is
slowly progressive and often impedes ambulation;
however, life span is normal.

Identification of the genetic loci now allows molec-
ular subclassification. The majority of HMSN I patients
(HMSN IA) have a duplication of a large region of
17p11.2-p12, resulting in “segmental trisomy” of the du-
plicated region. The duplicated segment includes one
of the major proteins of peripheral nerve myelin, pe-
ripheral myelin protein-22 (PMP-22). HMSN 1B is the
second common form of HMSN 1, and involves a mu-
tation of a Schwann cell protein, Po myelin protein, lo-
cated on chromosome 1. An X-linked form of hyper-
trophic Charcot-Marie-Tooth disease (CMT 1X) has
been identified, localized to Xq13.1 and encoding the
protein connexin-32 (Cx32), a gap junction subunit
(Bennett 1994).

Hereditary Neuropathy with Liability to 
Pressure Palsies
(Figure 13.28.)

Clinical manifestations. Hereditary neuropathy with
liability to pressure palsies (HNPP) (also known as
tomaculous neuropathy) is an autosomal dominant
neuropathy with the distinctive clinical feature of sus-
ceptibility to numbness and muscular weakness in-
volving a single nerve following minor nerve trauma
or compression. The disorder is often detected after
several episodes of compression mononeuropathies,
and many patients with HNPP are asymptomatic.
However, detailed clinical history may reveal a history
of compression neuropathy in other members of the
family.

Diagnostic criteria. Pathologically, HNPP shows (1) a
demyelinating neuropathy; (2) occasional Schwann cell
hyperplasia; and (3) focal hypermyelination, which con-
sists of concentric hypermyelination of some fibers or
eccentric inner or outer layers of myelin that have a re-
dundant folded pattern. Regardless of whether the 

(Text continues on page 976)



DISEASES OF SKELETAL MUSCLE AND PERIPHERAL NERVE 971

Figure 13.25. Adrenoleukodystrophy. Note abnormal accumulations of lipid and needle-shaped electron-lucent 
inclusions. (� 40,000)
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Figure 13.26. Metachromatic leukodystrophy. A, Tuffstone inclusions within Schwann cell cytoplasm. (� 36,000) 

A
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Figure 13.26. (continued)
B, High magnification of tuffstone inclusions showing the ridges of volcanic-like stone in the inclusion. (� 118,000)

B
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Figure 13.27. Charcot-Marie-Tooth Disease, type I
(HMSN I). A, Light micrograph of plastic-embedded trans-
verse section stained with toluidine blue showing reduc-

tion in the number of myelinated fibers and onion bulbs
around thinly myelinated fibers (� 200) 

A
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Figure 13.27. (continued)
B, Electron micrograph showing nerve with marked depletion of axons replaced with abundant collagen and promi-
nent onion bulbs. (� 2500)

B



(Text continued from page 970)

hypermyelination is concentric or eccentric, the typical
electron microscopic finding is the presence of multiple
layers of myelin that loop back, a pattern referred to as
“reversal of myelin layers.”

Etiology. The locus is for HNPP involves the same site
on chromosome 17 as HMSN I; however, instead of du-
plication of the region, there is a large deletion of
17p11.2-p12. The concordance of the region that is
deleted in HNPP and duplicated in HMSN I suggests
that these conditions represent complementary genetic
alterations resulting from an unequal crossover event
during meiosis. It has been argued that the distinct clin-
ical phenotypes represent a gene dosage effect of PMP-
22, a major protein component of peripheral nerve
myelin, so that elevated gene dosage occurs with the
duplication, or “regional trisomy,” in HMSN I, and that
there is an effect of diminished gene dosage in the “re-
gional monosomy” of HNPP.

Charcot-Marie-Tooth Disease, Neuronal Form
Clinical manifestations. Although less prevalent than

HMSN I, the neuronal form of CMT accounts for up to
25% of the total number of cases of Charcot-Marie-
Tooth disease. Clinical presentation of type 2 CMT is
similar to HMSN I, although the onset is often slightly
later and progression is slightly slower.

Diagnostic criteria. Pathologic features of CMT 2 in-
clude (1) diminished numbers of large caliber axons; 
and (2) paucity, or more often, absence of onion bulbs
(Ben Othmane et al. 1993).

Etiology. Genetic analysis of CMT 2 has revealed that
in some families (CMT 2A), the disease phenotype is
linked to a marker on chromosome 1p35-p36 (Engel and
Franzini-Armstrong 1994). In other families, the phe-
notype is not linked to this region of chromosome 1, nor
to any of the loci identified for CMT 1, suggesting that
there are additional genetic loci, as yet unidentified, in
CMT 2.
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Figure 13.28. Hereditary neuropathy with liability to pressure palsies (HNPP). A, Teased nerve fiber preparation show-
ing sausage-like expansion of the myelin. (� 760) 

A
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Figure 13.28. (continued)
B, Expanded “hypermyelinated” region with lack of concentric arrangement of myelin, or “reversal of myelin layers.”
(� 24,000)

B



Déjerine-Sottas Disease
(Figure 13.22.)

Clinical manifestations. Déjerine-Sottas disease is a se-
vere hypertrophic neuropathy affecting infants or chil-
dren, and often presents with delay in the onset of walk-
ing or difficulty with running and jumping. This disease
is distinguished from CMT by its earlier onset and re-
cessive inheritance pattern. Nerve conduction is slow,
and peripheral nerves are so large as to be palpable on
physical exam (hypertrophic). Gradual progression of
weakness may lead to wheelchair confinement in young
adult life.

Diagnostic criteria. The pathologic findings in HMSN
III include (1) prominent onion bulb formation, affect-
ing virtually every axon; (2) attenuated, or absent myelin
sheaths of large caliber axons; (3) diminished number of
axons, especially in later stages of the disease.

Etiology. Just as Déjerine-Sottas disease (HMSN III)
and hypertrophic CMT disease (HMSN I) share patho-
logic and ultrastructural abnormalities, they share 
molecular features. Mutations in PMP-22 and MPZ
have been identified in Déjerine-Sottas disease, the
same genes involved in HMSN IA and IB, respectively.
For both the PMP-22 and the MPZ genes, the mutations
identified in Déjerine-Sottas disease were point muta-
tions that arose de novo, suggesting that sporadic oc-
currence may also be common in HMSN III.

Infantile Neuroaxonal Dystrophy 
(Schindler Disease, Seitelberger Disease)
(Figure 13.29.)

Clinical manifestations. Neuroaxonal dystrophy (NAD)
is characterized by enlarged abnormal axons through-
out the nervous system. The most common form is the
infantile form (Seitelberger disease), although juvenile
and adult forms also occur. In the infantile form, there
is usually normal early development, followed by pro-
gressive neurologic deterioration, resulting in death
during childhood.

Diagnostic criteria. The pathologic findings in nerve
biopsies are (1) axons with greatly distended contours;
(2) secondary demyelination may occur around the dis-
tended axons; (3) intra-axonal tubulovesicular struc-
tures, sometimes appearing as prominent membranous
structures. Dystrophic axons may also be identified in
skin biopsies, and similar dystrophic axons are present
throughout the brain.

Etiology. The biochemical basis for one subset of pa-
tients with infantile NAD has been identified as a de-
creased activity of alpha-N-acetylgalactosaminidase 
(alpha-NAGA), a lysosomal enzyme. The gene for this
enzyme is located on chromosome 22q and has shown

mutations. The subset of infantile NAD with alpha
NAGA deficiency has been designated Schindler dis-
ease, but other cases of infantile NAD have normal al-
pha-NAGA activity, and the molecular basis in these
cases is not yet determined.

Giant Axonal Neuropathy
Clinical manifestations. Giant axonal neuropathy (GAN)
usually arises in infancy or early childhood with an ap-
parent autosomal recessive pattern. Presentation is of-
ten from 5–10 years of age with a gradually progressive
peripheral neuropathy. Symptoms include weakness,
diminished sensation, and absent reflexes. Nerve con-
duction studies usually show diminished amplitudes,
but may also show diminished velocity due to second-
ary demyelination. Many children with the disorder
have unusually curly hair.

Diagnostic criteria. The pathologic findings in GAN
are (1) markedly enlarged axons, within both the pe-
ripheral and central nervous system, (2) secondary de-
myelination may occur around the enlarged axons; 
(3) densely packed neurofilaments completely filling
the distended axons.

Etiology. The etiology of GAN of childhood is not yet
determined, but appears to involve intermediate fila-
ments in many cell types. It has been linked to chro-
mosome 16q24.1 (Flanigan et al. 1998). In addition to
the accumulation of neurofilaments in the nervous sys-
tem, abnormal aggregates of intermediate filaments oc-
cur in other cells, including aggregates of glial fibrillary
acidic protein in astrocytes and vimentin in fibroblasts.

Hereditary Sensory and Autonomic Neuropathies
Clinical manifestations. There are three major forms of 
the hereditary sensory and autonomic neuropathies
(HSANs), defined on clinical grounds but having
pathologic findings that reflect the predominant fiber
type affected.

Ulcerating and Mutilating Acropathy (HSAN 1)
Diagnostic criteria. (1) Degenerating axons and axonal
loss in peripheral nerve; (2) predominant involvement
of larger caliber axons; (3) relative sparing of unmyeli-
nated axons. Phenotypic variability suggests that mul-
tiple genes may be involved; however, no chromosomal
or genetic linkage has been identified. Clinically, the
principal symptom is numbness, with a slow progres-
sion of sensory deficits. Ulcers of the feet may be com-
plicated by osteomyelitis and thrombophlebitis. The
disease usually presents in adolescence or young adult-
hood with symmetric sensory symptoms and minimal
autonomic involvement.

978 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



Figure 13.29. Infantile neuroaxonal dystrophy. Note greatly distended axon with intra-axonal tubulovesicular 
structures. (� 93,000)
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Congenital Sensory Neuropathy (HSAN 2)
Diagnostic criteria. (1) Complete absence of large and
small myelinated fibers in peripheral nerve; (2) relative
preservation of unmyelinated axons. The onset is con-
genital with a severe sensory deficit, but autonomic fea-
tures are mild or moderate. Inheritance appears to be
autosomal recessive, and the gene is not yet identified.
There is progressive involvement of both upper and
lower extremities with suppurative lesions developing
in the insensitive limbs, but it may be nonprogressive.

Familial Dysautonomia 
(Riley-Day Syndrome, HSAN 3)
Diagnostic criteria. (1) Loss of neurons and neuro-
nophagia involving the autonomic ganglia; (2) periph-
eral nerve with a dramatic loss of unmyelinated fibers,
(3) relative preservation of myelinated fibers. The dis-
ease has been linked to markers on chromosome 9q31-
q33. The clinical syndrome typically involves congeni-
tal presentation, most commonly in Ashkenazi Jewish
families. Autonomic symptoms predominate, including
cardiac instability and absence of tears, and the disease
is progressive, with death often occurring in infancy.

Amyloid Neuropathy

(Figure 13.30.)
Clinical manifestations. When peripheral neuropathy

occurs as a result of amyloidosis, it is usually as a pro-
gressive, distal, symmetrical, sensorimotor neuropathy,
often with prominent autonomic dysfunction. In the im-
munocyte-derived form of amyloidosis, there may be
damage to other organ systems in addition to periph-
eral nerve, such as the kidney with nephrotic syndrome,
intestines with malabsorption and diarrhea, and heart
with congestive cardiac failure. Weakness is usually less
of a complaint than sensory symptoms, and on physi-
cal examination, it is often pain and temperature sen-
sations that are more affected than touch, vibration, and
position. Autonomic signs such as postural hypoten-
sion, bladder and bowel hypofunction, impotence, and
anhidrosis can be severe.

Diagnostic criteria. Pathologic findings in amyloid
neuropathies include (1) a marked reduction in the to-
tal number of myelinated fibers; (2) evidence of acute
axonal degeneration; (3) a severe reduction in the
amount of unmyelinated fibers, leaving many stacks of
flattened Schwann cell processes devoid of unmyeli-
nated fibers; (4) amyloid deposits within vessel walls or
in the interstitium consisting of rigid aggregates of non-

branching fibrils with hollow cores, 7.5–10 nm wide
and of indefinite length.

Etiology. The neuropathy in amyloidosis tends to in-
volve the small myelinated and unmyelinated fibers
more than large myelinated ones. This preferential 
involvement of smaller fibers correlates with greater
dysfunction in pain, temperature, and autonomic
modalities (all mediated by thinly myelinated and un-
myelinated axons) than touch, vibration, position sen-
sation, and motor function (all mediated by large myeli-
nated fibers).

Amyloid is composed of protein with a twisted beta-
pleated sheet conformation, assembled into fibrils of
7.5–10 nm diameter and deposited in extracellular lo-
cation. The fibrils, due to their repeating beta-pleated
sheet protein subunit arrangement, bind Congo red dye
in a periodic array, producing the characteristic apple
green birefringence when examined under polarized
light. There are two major types of amyloidosis that in-
volve peripheral nerve: a systemic form of amyloidosis
and a localized form. Systemic immunocyte-derived
amyloidosis (also known as amyloidosis associated
with B-cell dyscrasia, or primary amyloidosis) results
from deposition of amyloid fibrils derived predomi-
nantly from immunoglobulin light chains, more often
lambda than kappa light chains. In immunocyte-
derived amyloidosis, common sites of involvement in-
clude the heart, gastrointestinal tract, tongue, skin, and
peripheral nerves in up to 15% of cases. Peripheral neu-
ropathy is uncommon in reactive systemic amyloidosis
(also known as secondary amyloidosis) which results
from the deposition of AA (amyloid associated) protein
derived from the serum protein, SAA (serum amyloid-
associated protein).

The second major type of amyloidosis involving pe-
ripheral nerve is localized amyloidosis, in which the
amyloid fibrils are derived from the serum protein,
transthyretin. Transthyretin-derived amyloid deposition
is responsible for most of the familial amyloid polyneu-
ropathies (FAPs), a group of inherited amyloidoses that
predominantly affect the peripheral nervous system,
though other tissues such as heart or kidney may some-
times be involved. Molecular genetic analysis has re-
vealed over 30 different point mutations in transthyretin
(each causing amino acid substitutions), spanning all
four exons of the gene, located on chromosome 18q11.2-
q12.1. The FAPs were originally classified by geographic
designation, recognizing the sites where the affected
families were first recognized. However, they may also
be classified on the basis of the gene involved and the
site of mutation. For example, FAP of theGerman/
Maryland type has a histidine to leucine substitution at
position 58 (L58H) of the transthyretin protein.
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Figure 13.30. Amyloid neuropathy. A, One-micron-thick
section of nerve showing large deposit of amyloid next

to endoneurial vessel. (toluidine blue, � 500) B, Endo-
neurium contains numerous amyloid fibrils. (� 38,400)

B

A



Immune-Mediated Neuropathies

Guillain-Barré Syndrome
Clinical manifestations. Guillain-Barré syndrome (also
known as acute inflammatory demyelinating poly-
radiculoneuropathy (AIDP) or Landry-Guillain-Barré-
Strohl syndrome) is an acute or subacute demyelinat-
ing peripheral neuropathy, often following a viral
infection (cytomegalovirus, Epstein-Barr virus [mono-
nucleosis], vaccinia, variola, varicella-zoster, measles),
Campylobacter infections, surgery, or vaccination. It has
also been reported at increased frequency in association
with acquired immunodeficiency syndrome (AIDS). It
is a common form of peripheral neuropathy, with an an-
nual incidence in the United States of 1 to 2 per 100,000,
and although the mortality was as high as 25% in the
past, the ability to support respiration during the acute
phase of the illness has diminished mortality to less
than 5% of cases. Usually there is complete recovery;
however, up to 15% of patients may have permanent
residual neurologic deficits, especially if the onset was
particularly rapid or the course was particularly severe.

Diagnostic criteria. Pathologic findings in Guillain-
Barré syndrome include (1) acute demyelination affect-
ing a small proportion of fibers on any given cross-
section of nerve, but often including both thinly myeli-
nated axons and some axons denuded of myelin; (2) in-
flammatory infiltrates, often perivascular but variable
in intensity and distribution, usually T-cells, with CD4
helper cells outnumbering CD8 cells when markers
have been employed); (3) axonal degeneration of vari-
able severity, most prominent in fatal, or other severe
cases (Feasby et al. 1993; Griffin et al. 1996); (4) insinu-
ation of macrophage processes beneath the Schwann
cell basal lamina, interdigitating between myelin lay-
ers. These macrophages may contain myelin debris in
the cytoplasm, but the characteristic appearance is the
presence of cell processes between the myelin layers or
between myelin and the axon.

Etiology. The pathogenesis of Guillain-Barré syn-
drome involves an immune-mediated response to pe-
ripheral nerve myelin (Hartung et al. 1998). This idea is
largely supported by the similarities between Guillain-
Barré syndrome and experimental allergic neuritis
(EAN), an animal model of acute demyelination of pe-
ripheral nerve in which T-cell mediated demyelination
has been established. In EAN, an acute demyelinating
peripheral neuropathy develops approximately ten
days following inoculation with P2 myelin protein. The
intensity of inflammatory infiltrates in peripheral nerve,
and the degree of demyelination are dependent on the
amount of P2 inoculum, and axonal degeneration may
be seen with high doses. An abortive neuropathy may
be induced in naive animals by transfer of sensitized T-

cells from inoculated animals, supporting that the dis-
order is mediated by T-cells sensitized to myelin pro-
tein.

Although the pathologic changes in Guillain-Barré
syndrome are very similar to EAN and support a T-cell
mediated demyelination, sera from patients with Guil-
lain-Barré syndrome may initiate the breakdown of
myelin in cell cultures. Patients respond clinically to
plasmapheresis, suggesting that there may be a hu-
moral factor involved.

Chronic Immune-Mediated Demyelinating
Polyneuropathy
Chronic immune-mediated demyelinating polyneu-
ropathy (CIDP) is a chronic peripheral neuropathy with
an insidious onset, in contrast to the abrupt onset of
Guillain-Barré syndrome. The course is characterized
by a symmetric sensorimotor neuropathy with weak-
ness and areflexia in the lower and upper extremities
that progresses for at least several months. Nerve con-
duction velocities are slowed, usually to less than 70%
of the lower limit of normal, and CSF protein is usually
elevated above 0.45 g/L. Since steroid therapy and
plasma exchange have been used with some success in
the treatment of CIDP, recognition of this peripheral
neuropathy has received a great deal of attention.

Diagnostic criteria. Pathologic findings in CIDP in-
clude (1) chronic demyelinating neuropathy, including
myelin sheaths of variable thicknesses; (2) often promi-
nent Schwann cell hyperplasia, with the formation of
occasional onion bulbs; (3) inflammatory infiltrates in
either the endoneurial or epineurial spaces, often in a
perivascular distribution, and variably present in indi-
vidual cases.

Etiology. CIDP is thought to be related to Guillain-
Barré syndrome in its immune-mediated pathogenesis
and selective demyelination, and it has been referred to
as “chronic Guillain-Barré syndrome” by some.

Peripheral Neuropathy and Systemic Immune-
Mediated Disorders
Peripheral neuropathy may occur in patients with other
immune-mediated disorders, including rheumatoid
arthritis, systemic lupus erythematosus (SLE), and 
Sjögren syndrome. There are four basic forms of pe-
ripheral neuropathy in these conditions: (1) vasculitic
neuropathy, associated with an abrupt onset of an
asymmetric neuropathy, or mononeuritis multiplex; 
(2) acute ascending motor neuropathy clinically and
pathologically indistinguishable from typical Guillain-
Barré syndrome; (3) a distal, symmetric, sensorimotor
neuropathy of unknown etiology occurring in patients
with SLE; (4) a pure sensory neuropathy resulting from
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inflammation in the dorsal root ganglia associated with
Sjögren syndrome.

Infectious Neuropathies

Herpes Infections
Clinical manifestations. The most common viral infec-
tions of the peripheral nervous system are those caused
by members of the herpes virus family: herpes varicella-
zoster, herpes simplex, and cytomegalovirus.

After acute chicken pox infection, varicella-zoster
virus (VZV) resides latently in ganglia and may become
reactivated at a later time. The predominance of zoster
within dermatomes of the face and chest, areas most in-
volved in varicella eruptions, suggests that ganglia with
the highest initial infection may be more susceptible to
reactivation. The incidence of shingles, which overall is
1/1000 per year, is higher in patients with malignancy,
especially lymphomas and leukemias, as well as in pa-
tients with AIDS. Although usually limited to a single
dermatome, in 2–10% of cases it is disseminated, espe-
cially in patients who are immunocompromised.

Herpes simplex is characterized by recurrent vesic-
ular eruptions of the oral or genital mucosa. Latency of
type 1 HSV has been documented within trigeminal
ganglia in 50% of asymptomatic individuals coming to
postmortem examination. In experimental models, re-
activation of latent virus is enhanced by nerve injury.

Cytomegalovirus (CMV) is a member of the herpes
family of DNA viruses, and it may cause a polyradicu-
loneuropathy in AIDS patients. The typical clinical syn-
drome consists of low back pain with radiation into the
leg, asymmetric weakness, and sensory deficits of the
lower extremities. This syndrome is a reflection of in-
volvement of the cauda equina; disturbances in blad-
der and bowel functions are common.

Diagnostic criteria. The pathologic findings in pe-
ripheral nerve involved by the herpes family of viruses
are (1) inflammation of ganglia and nerves; (2) axonal
degeneration distally; (3) typical intranuclear inclusions
may be difficult to find; (4) encapsulated virus with a
core 70 nm in diameter, surrounded by a lucent rim and
a 100-nm electron-dense capsid. Immunohistochem-
istry has been helpful in identifying viral antigen.

Leprosy
(Figure 13.31.)

Clinical manifestations. Although uncommon in the
United States, lepromatous neuropathy is the most
common infectious peripheral neuropathy worldwide.
The infection is caused by Mycobacterium leprae and
presents with superficial skin lesions and a peripheral
neuropathy that is dominated by sensory symptoms

with a proclivity to involve multiple superficial nerves,
leading to patchy areas of sensory deficit.

Diagnostic criteria. The pathologic findings are dif-
ferent in the different forms of lepromatous involve-
ment of peripheral nerve. In the lepromatous form, the
findings include (1) numerous acid-fast bacilli within
macrophages, connective tissue, Schwann cells and,
rarely, axons; (2) progressive destruction of myelinated
and unmyelinated fibers with active phagocytosis; 
(3) paucity of inflammatory cells; and (4) marked in-
crease in endoneurial collagen. In the tuberculoid form,
the findings include (1) well-formed tuberculoid gran-
ulomata throughout the nerves and (2) rare acid-fast
bacilli.

Etiology. The initial lesion results from invasion of the
skin and cutaneous sensory and motor nerves by M. lep-
rae. The clinical expression of the disease is dependent
on the resistance of the host: it may become aborted, or
may progress to tuberculoid leprosy, lepromatous lep-
rosy, or borderline forms (Weddell and Pearson 1975).
The distribution of the involvement appears to be re-
lated to the temperature dependence of the organism,
with a predilection for the cooler locations of the hands,
feet, and superficial face.

Lyme Disease
Clinical manifestations. The initial finding in Lyme dis-
ease is a red macule surrounding the site of a prior tick
bite. The gradual enlargement of this macular region,
known as erythema migrans, is characteristic of the ini-
tial stage of the infection. There is a subsequent systemic
phase, with symptoms of malaise, fever, chills, and
headache as the spirochetes disseminate. Meningismus
and meningoencephalitis may also occur during this
phase and may be accompanied by focal neurologic
deficits related to cranial nerves. Up to 50% of patients
with Lyme meningoencephalitis have cranial neu-
ropathies, among which the facial nerve is frequently
targeted with abrupt symptomatology suggestive of
Bell palsy. Other patients develop radicular pain and
sensory dysfunctions. The pain usually begins acutely
or subacutely; approximately 4 weeks thereafter motor
weakness may become evident in a radicular distribu-
tion. Still later, a diffuse, distal neuropathy may de-
velop, producing sensory symptoms predominantly in
a stocking-glove distribution.

Diagnostic criteria. The typical pathologic alterations
are (1) perivascular lymphocytic infiltrate in nerve
(Meier et al. 1989); (2) sometimes, extension of inflam-
matory infiltrates into the vessel walls with thrombo-
sis; (3) axonal degeneration with a predilection for large
fibers. The organism has not been demonstrated in pe-
ripheral nerve.
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Figure 13.31. Lepromatous Ieprosy. A, Light micrograph
of paraffin-embedded nerve cut in longitudinal plane and
stained for acid-fast bacilli showing intracellular darkly
staining structures. (� 150) B, An unmyelinated nerve

fiber and cross-sections of five Mycobacterium leprae are
present in the Schwann cell cytoplasm. Note absence of
phagosomal membrane around the organism. (� 30,000) 

B
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Figure 13.29. (continued)
C, A myelinated axon shows cross-sections of two M. lep-
rae within a phagosome inside the axon. (� 50,000) 
D, Intraneural macrophage containing a large vacuole

with a longitudinal section of M. leprae. (� 30,000) (Elec-
tron micrographs courtesy of Dr. C. K. Job, National
Hansen’s Disease Center, Carville, La.)
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Etiology. Lyme disease is caused by infection with the
spirochete Borrelia burgdorferi, which is transmitted by
the deer tick. It is most common in the northeastern
United States, northern Europe, China, and Japan. As
many as 80% of the ticks in endemic areas of the United
States harbor B. burgdorferi. It appears that the cranial
nerve and meningoencephalitic involvement is caused
by direct invasion by the spirochete, which has been de-
tected in these sites and occurs during the acute dis-
semination of the spirochete. However, the inability to
identify the organism in peripheral nerve, the chronic-
ity of the peripheral neuropathy, and the presence of a
shared antigenic determinant by the organism and pe-
ripheral nerve have led to the hypothesis that the 
peripheral neuropathy may be immune mediated.

AIDS Neuropathy
Clinical manifestations. Thirty percent of patients with
AIDS have symptoms of peripheral neuropathy; there
are at least four distinct neuropathies associated with
AIDS (Griffin et al. 1994). A vasculitic neuropathy and
Guillain-Barré syndrome are two forms that are indis-
tinguishable from non-AIDS patients with these disor-
ders. The third type of neuropathy in AIDS patients is
the cauda equina radiculopathy due to CMV infection
(discussed earlier).

The most common neuropathy syndrome in AIDS
patients is a distal symmetric axonal neuropathy char-
acterized by sensory symptoms having onset with pain
in the soles of the feet, and subsequently spreading to
involve the lower leg. The pain may be so severe as to
create difficulty in walking, and although clinically lim-
ited to the legs, the neuropathy may have a wider dis-
tribution by electrophysiological studies. In contrast to
the severe sensory symptoms, motor weakness may be
minimal although reflexes may be diminished.

Diagnostic criteria. The pathologic findings include
(1) loss of large caliber myelinated fibers in the early
stages of the disease; (2) axonal degeneration with se-
vere distal axonal loss. In later stages of the disease, at
distal sites, there may be few remaining myelinated
fibers and the residual often show active axonal de-
generation. Neurons of the dorsal root ganglia may
show some degeneration, but are generally less severe
than the distal axonopathy.

Neuropathy Associated with Paraneoplastic
Syndromes and Dysproteinemias

Paraneoplastic Neuropathy
Clinical manifestations. Diffuse paraneoplastic peripheral
neuropathy is evident clinically in up to 5% of patients
with lung carcinoma (and up to 20–40% by electro-

physiologic testing). Paraneoplastic neuropathy may be
either purely sensory or may involve both sensory and
motor modalities. Sensory paraneoplastic neuropathy,
which may be detected up to 1 year before the detection
of the carcinoma, usually presents subacutely and in-
cludes numbness and pain, but it may also be associ-
ated with loss of position and vibration sensations. The
amplitude of conduction is reduced in sensory nerves,
but not motor nerves electrophysiologically. Most pa-
tients with sensory paraneoplastic neuropathy have
small cell carcinoma of the lung. The sensorimotor para-
neoplastic neuropathies are more common than the
purely sensory neuropathy and may occur subacutely
or chronically with a progressive or intermittent course.
They are most often associated with lung carcinoma,
but they may also be seen with carcinomas of the stom-
ach, breast, or gastrointestinal tract.

Diagnostic criteria. The pathologic findings in para-
neoplastic neuropathy include (1) severe axonal loss in
the peripheral nerve biopsies; (2) active axonal degen-
eration. The sensory paraneoplastic neuropathy is also
characterized by severe neuronal loss in dorsal root
ganglia, with an inflammatory ganglionitis composed
of lymphocytes and plasma cells and accompanied by
a proliferation of satellite cells. The axons of the dorsal
root ganglion cells degenerate, resulting in axonal loss
not only in the peripheral nervous system, but also in
the posterior columns of the spinal cord.

Etiology. Paraneoplastic neuropathy is thought to re-
sult from an immune response to tumor antigens that
cross-reacts with similar neuronal antigens (Mokri and
Engel 1975). Specificity for the dorsal root ganglia may
be explained by the entry of immunoglobulins across
the incomplete blood nerve barrier of the ganglia. It is
clear that these patients have circulating anti-Hu anti-
bodies that recognize a 35-kD protein expressed in both
the tumor and in neurons (Hughes et al. 1996).

Neuropathy Associated with Dysproteinemias
(Figure 13.32.)

Clinical manifestations. Patients with monoclonal
gammopathy, Waldenstrom’s macroglobulinemia, or
osteosclerotic form of multiple myeloma may develop
a peripheral neuropathy that is predominantly de-
myelinating. The course is slowly progressive, and the
symptoms include distal, symmetrical motor weakness
and impairment of sensory modalities of light touch, vi-
bration, and position sense. In these neuropathies, the
cerebrospinal fluid protein often is increased, and elec-
trophysiologic studies disclose slowing of nerve con-
duction velocity, typical of a demyelinating neuropathy.
Approximately 10% of patients with idiopathic periph-
eral neuropathy have a monoclonal gammopathy
(MCG), usually in the absence of overt B-cell neoplasia.
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Figure 13.32. Neuropathy associated with parapro-
teinemia. A, Myelinated fibers showing separation of
myelin lamellae. (� 47,100) B, High magnification of
myelin sheath showing opening of the intraperiod lines.

(� 122,550) (Permission for reprinting granted by Mas-
son Publishing USA, Vital C, Vallat JM: Ultrastructural
Study of the Human Diseased Peripheral Nerve, 1980.)
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In most of the patients with neuropathies and mono-
clonal gammopathy, the immunoglobulin is IgM.

Diagnostic criteria. The pathologic findings include
(1) mild-to-moderate axonal loss; (2) thinly myelinated
large caliber axons and Schwann cell hyperplasia, typ-
ical of a chronic demyelinating neuropathy; (3) sparing
of unmyelinated axons; (4) noncompacted myelin lay-
ers; and (5) sometimes, separation of the myelin lamel-
lae by opening of the intraperiod line, especially in the
outer layers. Perivascular mononuclear infiltrates in
epineurial and perineurial connective tissues may also
be present.

Etiology. The pathogenesis of the dysproteinemic
neuropathies is still uncertain, but there is evidence to
suggest that the neuropathy results from immunologi-
cally mediated deposition of the monoclonal protein
within nerve. In 50–90% of patients with IgM para-
proteins and neuropathy, the monoclonal protein has
specificity for peripheral nerve, and especially the
myelin-associated glycoprotein (MAG). A particularly
interesting observation is that those patients with
widening of myelin lamellae have been demonstrated
to have deposition of anti-MAG IgM in the spaces be-
tween the myelin layers. The antibody-antigen interac-
tion, therefore, appears to be established in this neu-
ropathy, with remaining questions involving whether
the binding is a primary or secondary event in the
pathogenesis of this neuropathy (Smith et al. 1983).
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Acid maltase deficiency, 934,
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gastrointestinal system, 35, 62
general features, 27, 62
kidney, 54–57, 63
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prostate, 58, 59, 63
with squamous metaplasia, 65
thyroid, 28, 29, 62
uterus, 414
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ovary, 418
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clear cell, 569
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gonadotrophic, 543
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null cell, 543
parathyroid, 569, 577
pituitary, 543, 544–553
pleomorphic, 585, 586–590
thyroid, 28, 29, 62
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Adenomatoid tumor, 478
Adenosarcoma, ovary, 419
Adenovirus, 661, 669
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hibernoma, 295, 319
liposarcoma

dedifferentiated, 295
myxoid, 295, 306–314
pleomorphic, 295, 317, 318
round cell, 295, 315, 316
well differentiated, 295
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adenocarcinoma, 60, 61, 63–65
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HIV-associated nephropathy,
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ropathies (FAPs), 843, 980

Amyloidosis, 844–847
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localized, 980
reactive systemic, 980
secondary, 843, 980
senile cardiac amyloidosis, 843

Androblastoma, ovary, 439,
447–450
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494

Angioendothelioma, 341
Angiofibroma, 341
Angiolipoma, 295, 341
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Angioma, 341
Angiomatoid malignant fibrous

histioicytoma, 264, 273–277
Angiomyolipoma, 295, 341
Angiosarcoma, 341–353
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808, 811
Antineutrophil cytoplasm anti-

body (ANCA), 806
Antiretroviral drug toxicity, 747,

752, 753
Apicomplexa spp., 680
Appendix, Tay-Sachs disease, 

713
Askin tumor, 161, 167, 168
Astroblastoma, 499
Astrocytes, 499
Astrocytoma, 499, 500–506

infantile desmoplastic, 499
pleomorphic xanthoastrocy-

tomas, 499, 506
subependymal giant cell, 499
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Axonal degeneration and regener-
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960–961
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961–962, 961, 962
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963, 963–965
Wallerian degeneration, 953,

954–957, 958
Axonal neuropathy, 953
AZT myopathy, 948
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Chlamydia trachomatis, 659–660,
659, 660
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Legionella pneumophila, 648,

649–651
Mycobacterium avium-intracellu-

lare, 657, 658, 659
Mycobacterium leprae, 983
Tropheryma whippelii, 648,

652–656
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B-cell lymphoproliferative disor-

des, 856, 859

Becker muscular dystrophy
(BMD), 920

Bednar tumor, 247, 369
Bence Jones proteins, 846
Benign familial hematuria,

800–801, 802–803, 803
Benign nephrosclerosis, 787
Berger’s disease, 819, 820, 821
Bile duct carcinoma, (cholangio-

carcinoma), 39, 40, 62
BK virus, 891, 893
Black adenoma, 61, 65
Blastoma, pulmonary, 628,

630–634
BMD. See Becker muscular dystro-

phy
Bone, reactive parosteal, 291, 

292
Bone marrow, see leukemias
Borrelia burgdorferi, 986
Breast

adenocarcinoma, 33, 34
adenoid cystic carcinoma, 594,

596, 597
phyllodes tumor, 30, 31

Brenner tumor, 424, 425–430
Bronchioloalveolar cell carcinoma,

51–53, 63
Bronchus

adenoid cystic carcinoma,
591–593, 595

carcinoid tumor, 147, 152,
563–566

mucoepidermoid carcinoma, 75,
77, 598–603

squamous cell carcinoma, 65, 66,
67

C
Carcinoid tumor

bronchus, 152, 563–566
general features, 147
ileum, 561, 562
lung, 147, 152, 560
origin of, 560

Carcinoma
adenocarcinoma, 27, 28–61,

62–64, 64, 65
adenoid cystic, 585, 590–597
bile duct, 39, 40, 62
breast, 30, 31, 62
cholangiocarcinoma, 39, 40, 62
choroid plexus, 511, 521, 522
clear cell, 418, 421–423
embryonal, 528

of ovary and testis, 462,
470–471

kidney, 54–57, 63
liver, 36–40, 62
mucoepidermoid, 65, 585,

598–603
nasopharynx and paranasal si-

nuses, 65
neuroendocrine, 147, 148–154
pancreas, 41–47, 62–63
parathyroid, 569, 574–576
spindle cell (sarcomatoid), 369,

378, 379
squamous cell, 65, 66–77, 424
thymic, 65
thymoma, 65
transitional cell (urothelial), 65,

78–87
undifferentiated, 88, 90–92

Carcinosarcoma, 418
Carnitine deficiency, 937
Carnitine palmitoyl transferase

deficiency (CPT deficiency),
937

Carotid body tumor, paragan-
glioma, 578–581

Cartilaginous neoplasms, 278,
279–286

chondromyxoid fibroma, 278
clear cell condrosarcoma, 278,

282
mesenchymal chondrosarcoma,

209, 209, 210, 278
myxoid chondrosarcoma, 278,

279, 280, 284
Cauda equina radiculopathy, 983,

986
C-cell carcinoma (medullary carci-

noma), thyroid, 560, 569,
570–573, 843

Cell sap, 1
Cell structure and function, nor-

mal
attachment sites, 5
cytoplasmic inclusions, 4
cytoskeleton, 1, 4
diagram, 2
organelles, 1–4

Central core disease, 927, 
927–928

Central ganglioneuroma, 510
Central nervous system

adrenoleukodystrophy, 735
herpes simplex encephalitis,

662–664
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papovavirus, 667, 668
rabies virus, 678, 679

Central nervous system neo-
plasms

astrocytoma, 499, 500–506
choroid plexus neoplasms, 511,

521, 522
ependymoma, 510, 511–518
hemangioblastoma, 532, 541, 542
hemangioma, 532
meningioma, 488, 488–498
nerve sheath. See Nerve sheath

neoplasms
neurocytoma, 161, 509, 526, 527
neuronal neoplasms. See Neu-

ronal neoplasms
oligodendroglioma, 499, 507–509
pineoblastoma, 532, 536–540
pineocytoma, 532, 534, 535
pituitary adenoma, 543, 544–553
Schwannoma, 359, 360, 363, 364

Central neurocytoma, 526, 526, 527
Centrioles, 3
Centroblasts, 89
Centrocytes, 89
Centronuclear myopathy, 927, 929
Cerebrotendinous xanthomatosis,

710, 733
Cervix, normal, 407, 408
Channelopathies, 930, 933, 934
Charcot-Böttcher filaments, 439,

450
Charcot-Marie-Tooth disease

hypertrophic form, 970, 974–975
neuronal form, 976

Chemodectoma, extra-adrenal,
569, 578–581

Chlamydia trachomatis, 659–660,
659, 660

Chloroquine myopathy, 948, 949
Cholangiocarcinoma, 39, 40, 62
Cholestasis, 757, 765–768
Cholesterol ester storage disease,

710, 731, 732
Chondroblast, 278, 283
Chondroid chordoma, 604
Chondromyxoid fibroma, 278
Chondrosarcoma

clear cell, 278, 282, 283
mesenchymal, 209, 209, 210, 278
myxoid, 278, 279, 280, 284

Chordoma
chondroid, 604
general features, 604
parachordoma, 604

vertebra, 608–612
Choriocarcinoma, 463, 528
Choroid plexus, normal, 519, 520
Choroid plexus neoplasms, 511,

521, 522
Chromatin, 4
Chromophobe cell carcinoma, kid-

ney, 56, 57, 63
Chromosome 17 defects, 934
Chromosomes, 4
Chronic axonal degeneration,

953–954
Chronic Guillain-Barré syndrome,

982
Chronic inflammatory demyeli-

nating polyradiculoneuropa-
thy (CIDP), 963, 982

Cilium
normal, 661, 771
primary ciliary dyskinesia, 771,

772
Clara cells, 628
Clear cell adenoma, 569
Clear cell carcinoma

cervix, 422, 423
features, 418
kidney, 54, 55, 63
ovary, 421

Clear cell chondrosarcoma, 278,
282

Clear cell meningioma, 488
Clear cell sarcoma, 88, 100, 101
CMD. See Congenital muscular

dystrophies
Coelomic lining, 11, 24, 25
Colchicine myopathy, 947, 949
Collagen type III collagenofibrotic

glomerulopathy, 859, 861,
862, 863

Collapsing focal segmental
glomerulosclerosis (FSGS),
792, 793–794, 794, 795–797

Congenital fiber-type dispropor-
tion, 930, 932

Congenital muscular dystrophies
(CMD), 924

Congenital myopathies, 297
central core disease, 927,

927–928
centronuclear myopathy, 927,

929
congenital fiber-type dispropor-

tion, 930, 932
minicore myopathy, 930
multicore myopathy, 930

myotubular myopathy, 927, 929
nemaline (rod body) myopathy,

930, 931
Congenital nephrotic syndrome,

794, 796, 797, 798
Congenital sensory neuropathy

(HSAN 2), 980
Coxsackie virus, 661, 673
CPT deficiency. See Carnitine

palmitoyl transferase defi-
ciency

Cranial neuropathy, 983
Crooke’s hyaline, 543
Cryoglobulinemia, 848, 851, 852,

853, 854, 855
Cryoglobulins, 824, 854
Cryptosporidium parvum, 680,

688–693
Cyanotic congenital heart disease,

800, 801
Cyclosporine toxicity, 868, 891,

894, 895, 896
Cystadenocarcinoma

clear cell, ovary, 418
mucinous, pancreas, ovary, 406,

402–440, 441–443, 444–412
papillary serous, ovary, 391,

400–402
Cystadenoma

endometrioid, ovary, 418
mucinous, ovary, 409–412
pancreas, 44, 62
papillary serous, ovary, 391,

397–399
Cystinosis, 865, 866
Cytomegalovirus, 661, 983
Cytoplasm

cytoskeleton, 1, 4
inclusions, 4
matrix, 4
organelles, 1–4

Cytoskeleton, 1, 4

D
Dedifferentiated liposarcoma, 

295
Déjerine-Sottas disease, 978
Demyelinating neuropathy, 953
Dendritic cell lesions, 117

follicular, 124, 128–132
interdigitating, 124
Langerhans’ cell histiocytosis

(histiocytosis X), 124,
125–127

Dense bodies, 4
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Dense-deposit disease, 839,
840–842, 842

Deposits, glomerular. See
Glomerular deposits; Renal
glomerular disease

Dermatofibrosarcoma protuber-
ans, 247, 254–257, 369

Dermatomyositis, 940, 944
Desmoplastic small round cell tu-

mor, with divergent differen-
tiation, 197, 204–206

Desmosome, 5
Diabetes mellitus

nephropathy, 797, 799, 800, 801
renal transplants and, 885, 890

neuropathy, 966, 967–969
Diaminobenzadine (DAB) reac-

tion, 217, 223, 224, 227
Diffuse proliferative glomeru-

lonephritis, 823, 827
Distal axonopathy, 962
Drug toxicity

adriamycin toxicity, 757, 761, 762
amiodarone toxicity, 757,

758–760
antiretroviral drugs, 747, 752,

753
AZT myopathy, 948
chloroquine myopathy, 948, 949
colchicine myopathy, 947, 949
cyclosporine toxicity, 868, 891,

894, 895, 896
myopathy with, 947, 947–948,

949
Duchenne muscular dystrophy,

920, 921–923, 924
Duodenum

microsporidia, 694, 697–700
Dying back polyneuropathy, 960
Dynein arms, 771, 771, 772
Dysgerminoma, 451, 459–461
Dysproteinemias, neuropathy and,

986, 987, 988
Dystrophin, 920, 924

E
Eastern equine encephalitis, 661,

675
Echo virus, 661, 674
Eclampsia, 868, 875, 875–877
Elastofibroma, 247, 258
Embryogenesis

differentiation, 7–8, 11
intermediate mesoderm, 7, 10,

10–11 

lateral mesoderm, 7, 11
paraxial mesoderm, 7, 9, 9

fertilization through 14th day, 7,
8

Embryonal carcinoma
general features, 528
of ovaries and testis, 462,

470–471
Embryonal rhabdomyosarcoma,

11–12, 169-180
spindle cell, 320, 339, 340

Embryonal sarcoma, liver, 613,
622, 623

Enchondroma, 278, 281
Endocervix, normal, 407, 408
Endocytosis, 3
Endodermal sinus tumor, 462,

463–469
Endometrial and endometrioid

carcinoma, 406, 413, 414
Endometrioid adenofibroma, 418
Endometrioid cystadenoma, 418
Endometrioid stromal sarcoma,

418, 419, 420
Endometrium, normal, 406,

415–417
Endothelioma, angioendothe-

lioma, 341
“Enigmatic bodies,” 543
Enteroviruses, 661, 673, 674
Ependymoblastoma, 528
Ependymoma, 510, 511–518
Epithelioid angioendothelioma,

341
Epithelioid angiosarcoma, 341
Epithelioid fibrosarcoma, 247,

261–263, 264
Epithelioid leiomyosarcoma, 320,

330
Epithelioid sarcoma, 613, 

614–616
Epstein-Barr virus, 661
Erdheim-Chester disease, 738, 739,

740
Erythroblasts, 227
Erythrocytic leukemia, 227, 232,

233
Erythropoietic protoporphyria,

738, 741, 742
Esthesioneuroblastoma, 161
Ewing’s sarcoma

general features, 161
nucleolonemas, 162–166

Exocytosis, 3
Extra-adrenal paraganglioma, 560

F
Fabry’s disease, 710, 714–716, 863,

864, 865
Fallopian tube, normal, 391, 392
Familial amyloid polyneu-

ropathies (FAPs), 843, 980
Familial dysautonomia (HSAN 3),

980
Familial Mediterranean fever, 

843
Fanconi’s syndrome, myeloma-as-

sociated, 859
Fibrillary glomerulonephritis, 846,

847, 849, 850–851
Fibroblasts, 247, 295

in neurofibroma, 369
Fibroma

chondromyxoid, 278
elastofibroma, 247, 258
sex cord-stromal cell tumors,

439, 441, 442
Fibrosarcoma, 247, 248–257

epithelioid, 247, 261–263, 264
Fibrous neoplasms, other

dermatofibrosarcoma protuber-
ans, 247, 254–257, 369

elastofibroma, 247, 258
epithelioid fibrosarcoma, 247,

261–263, 264
general features, 247
giant cell reparative granuloma,

247, 259
mesothelioma, fibrous 12
solitary fibrous tumor, 260, 264

Fibroxanthomatosis, 738, 739, 
740

Filaments, 4
Fingerprints, 824
Focal segmental glomerulonephri-

tis, 823
Focal and segmental glomeru-

losclerosis
primary, 788–790, 790, 791
secondary, 789, 790, 792, 792

Focal segmental glomerulosclero-
sis (FSGS), 789

collapsing variant, 792, 793–794,
794, 795–797

Follicular dendritic cell lesions,
124, 128–132

FSGS. See Focal segmental
glomerulosclerosis

Fukuyama CMD, 924
Fungi, Histoplasma capsulatum, 702,

702–704

994 DIAGNOSTIC ELECTRON MICROSCOPY: A TEXT/ATLAS



G
Galactosidosis, 710
GAN. See Gastrointestinal auto-

nomic nerve tumor; Giant
axonal neuropathy

Gangliocytoma, 510
Ganglioglioma, 526
Ganglioneuroblastoma, 160, 161,

528
Ganglioneuroma, 161

central, 510
peripheral, 510, 523–525

Gangliosidosis, 710
Gap junction, 5
Garland immunofluorescence pat-

tern, 811
Gastrointestinal autonomic nerve

tumor (GAN), 628, 629
Gastrointestinal carcinoids, origin

of, 560
Gastrointestinal stromal tumor

(GIST)
colon, 336
general features, 320, 613
ileum, 627
jejunum, 624–626

Gastrointestinal system, adenocar-
cinoma, 35, 62

Gaucher’s disease, 710, 717, 718
Gemistocytic astrocytes, 499
Genetic and metabolic diseases

alpha-1-antitrypsin deficiency,
738, 743, 744

amyloidosis, 747, 843, 844–847,
846, 980

cholestasis, 757, 765–768
Erdheim-Chester disease, 738,

739, 740
fibroxanthomatosis, 738, 739, 740
hemosiderosis, 757, 763, 764
lipofuscinosis, 757, 769
lysosomal storage diseases

adrenoleukodystrophy, 710,
735

cerebrotendinous xanthomato-
sis, 710, 733

cholesterol ester storage dis-
ease, 710, 731, 732

diagnostic criteria, 710
Fabry’s disease, 710, 714–716,

863, 864, 865
galactosidosis, 710
gangliosidosis, 710
Gaucher’s disease, 710, 717,

718

glucosidosis, 710
glycogenosis, 710
glycogen storage disease, 

710, 736, 934, 934–935, 
936

Hunter’s syndrome, 710
Hurler’s syndrome, 710
hyalouronidase deficiency,

710, 727, 728
Krabbe’s disease, 710, 966
lipid storage disease, 710
mannosidosis, 710, 734
Maroteaux-Lamy syndrome,

710, 721, 722
metachromatic leukodystro-

phy, 710, 970, 972–973
Morquio’s syndrome, 710, 723,

724
mucolipidosis, 710
mucopolysaccharidosis, 710,

721, 722
neuronal ceroid lipofuscinosis,

710, 729, 730
Niemann-Pick disease, 710,

719, 720
Pompe’s disease, 710, 934,

934–936, 936
San Filippo’s syndrome, 710,

725, 726
sphingolipidosis, 710
sphingomyelinosis, 610
sulfatidosis, 710
Tay-Sachs disease, 710,

711–713
“melanosis” (lipofuscinosis) coli

and prostaticus, 757, 769
mitochondrial abnormalities,

747, 748–753
intestinal pseudo-obstruction,

747, 750, 751
Leigh’s disease, 747, 748, 749

porphyria, 738, 741, 742
primary ciliary dyskinesia, 771,

772
pulmonary alveolar proteinosis,

83, 745, 746
Wilson’s disease, 747, 754–756

Gentamicin bodies, 896, 898, 899
Germinoma, 528
Giant axonal neuropathy (GAN),

978
Giant cell reparative granuloma,

247, 259
Giant cell tumor of bone, 247
Giardia lamblia, 694, 701

GIST. See Gastrointestinal stromal
tumor (GIST)

Globoid cell leukodystrophy, 966
Glomerular deposits, 824, 825. See

also Renal glomerular disease
intramembranous, 785, 786
mesangial, 785, 786
subendothelial, 785, 786
subepithelial, 785, 786, 896, 897

Glomerular disease. See Glomeru-
lonephritis; Renal glomeru-
lar disease

Glomerulonephritis
fibrillary, 846, 847, 849, 850–851
membranoproliferative

Type I, 815–817, 816–818, 819
Type II, 839, 840–842, 842
Type III, 817, 818

membranous, 811–812, 812–815,
815

postinfectious, 809, 809, 810, 811
Glomerulus, normal, 782, 783, 784,

785–786
deposits, 785, 786, 824, 825, 896, 897
fenestrae, 784
filtration slit pores, 784
foot processes, 785, 786
glomerular basement membrane

(GBM), 783, 784–785, 786
glomerular filtration barrier, 

784
mesangial matrix, 785
mesangium, 785, 786
pedicles, 785
podocytes, 783, 784, 785, 786
Type IV collagen, 784

Glomus tumor, 320, 331, 332
Glucosidosis, 710
Glycogen, 4
Glycogenosis, 710
Glycogen storage disease, 710, 736,

934, 934–935, 936
Golgi apparatus, 3
Gonadoblastoma, 478
Gonadotrophic adenomas, 543
Goodpasture’s syndrome, 806,

808, 811
Gram-negative bacteria, 648
Gram-positive bacteria, 648
Granular cell carcinoma, kidney,

55, 63
Granular cell leiomyoblastoma,

320, 333–335
Granular cell Schwannoma, 359,

367, 368
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Granules, in leukemic cells, 217,
227

Granulosa cell tumor, 424, 431–439
Group atrophy, 950
Guillain-Barré syndrome, 963, 982,

986
Gynandroblastoma, 451

H
Hairy cell leukemia, 234, 240–243
HCDD. See Heavy chain deposi-

tion disease
Heart

amiodarone toxicity, 757, 761, 762
cyanotic congenital heart dis-

ease, 800, 801
Leigh’s disease, 747, 748, 749
Whipple’s disease, 648, 655, 656,

659
Heavy chain deposition disease

(HCDD), 856
Hemangioblastoma

central nervous system, 532, 541,
542

general features, 341, 532
Hemangioepithelioma, 345, 346
Hemangioma

capillary hemangioma, 532
general features, 341, 342–344,

532
Hemangiopericytoma, 341,

354–359
Hematoxylin bodies, 824
Hemolytic uremic syndrome,

thrombotic microangiopathy
with, 869

Hemophagocytic syndrome, acute
lymphocytic leukemia,
119–121

Hemosiderin, 4
Hemosiderosis, 757, 763, 764
Henoch-Schönlein purpura, 821,

822, 823, 823
Hepatitis B virus, 661, 665, 666
Hepatoblastoma, 613, 617–621

anaplastic, 613
embryonic, 613
fetal, 613 

Hepatocellular carcinoma, 36-40,
62

Hereditary motor and sensory
neuropathies (HMSN), 970

Charcot-Marie-Tooth disease
hypertrophic form, 970,

974–975

neuronal form, 976
Déjerine-Sottas disease, 978
giant axonal neuropathy (GAN),

978
hereditary neuropathy with lia-

bility to pressure palsies
(HNPP), 970, 976, 976–977

infantile neuroaxonal dystrophy,
978, 979

Schindler disease, 978, 979
Hereditary nephritis with deaf-

ness, 803, 804, 805, 805–806 
Hereditary neuropathy with liabil-

ity to pressure palsies
(HNPP), 970, 976, 976–977

Hereditary osteo-onychodyspla-
sia, 859, 860

Hereditary sensory and auto-
nomic neuropathies
(HSANs), 978, 980

congenital sensory neuropathy
(HSAN 2), 980

familial dysautonomia (HSAN
3), 980

ulcerating and mutilating
acropathy (HSAN 1), 978

Heroin abuse nephropathy, 792
Herpes simplex virus, 661,

662–664, 983
Herpes viruses, 661, 983
Heterophagy (heterophagocyto-

sis), 3
Heymann nephritis, 815
Hibernoma, 295, 319
Histiocyte, 118
Histiocytic disorders

dendritic cell lesions, 117, 124,
125–132

macrophagic lesions, 116–117,
118–123

Histiocytic lymphoma, 89
Histiocytic sarcoma, 89, 117, 122,

123
Histiocytoma

malignant fibrous (MFH), 264,
269–277

solitary, 117
Histiocytosis X, 124, 125–127
Histoplasma capsulatum, 702,

702–704
HIV, 661, 676, 677
HIV-associated nephropathy, 792,

795–797
HMSN. See Hereditary motor and

sensory neuropathies

HNPP. See Hereditary neuropathy
with liability to pressure
palsies

Hodgkin’s disease, Reed-Stern-
berg cells, 89, 116

Human immunodeficiency virus.
See HIV

Humerus, chondroblastoma, 278,
283

Hunter’s syndrome, 710
Hurler’s syndrome, 710
Hyaline pseudothrombi, 854
Hyalouronidase deficiency, 710,

727, 728
Hypercalcemia, small cell carci-

noma of ovary with, 478, 479,
480

Hyperpyrexia, malignant, 930
Hyperthermia, malignant, 930
Hypertrophic neuropathy, 

963–965
Hypokalemic periodic paralysis,

930, 933, 934

I
IgA nephropathy, 819, 820, 821
IgG cryoglobulinemia, 854
IgM nephropathy, 787–788, 789
Immune-mediated neuropathies

chronic immune-mediated de-
myelinating polyneuropathy
(CIDP), 963, 982

Guillain-Barré syndrome, 963,
982, 986

systemic immune-mediated dis-
orders and, 982–983

Immunoblasts, 89
Immunotactoid glomerulopathy,

848, 850–851, 851
Inclusion body myositis, 945,

945–946
Inclusions, 1

cytoplasmic, 4
Infantile desmoplastic astrocy-

toma, 499
Infantile neuroaxonal dystrophy,

978, 979
Infectious agents. See Bacteria;

Fungi; Protozoa; Viruses
Inflammatory myopathies, 937,

940
dermatomyositis, 940, 944
inclusion body myositis, 945,

945–946
polymyositis, 940, 941–943, 944
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Influenza A and B viruses, 661, 670
Interdigitating dendritic cell le-

sions, 124
Intermediate junction, 5
Intermediate mesoderm, 7, 10,

10–11 
Intestinal pseudo-obstruction, 747,

750, 751
Intramembranous deposits, 785,

786
Ion channel myopathies, 930, 933,

934
Islet cell neoplasms, 560, 567, 568

J
JC virus, 661, 891
Junctions, intercellular, 5
Juxtaglomerular cell tumor, 628,

635, 636

K
Kaposi’s sarcoma, 341, 349–353
Kartagener’s syndrome, 771
Karyolymph, 5
Karyoplasm, 1
Kearns-Sayre syndrome/chronic

progressive external ophthal-
moplegia, 937

Kidney
acute tubular injury, 899,

899–900 
neoplasms

adenocarcinoma, 54–57, 63
chromophobe cell carcinoma,

56, 57
clear cell carcinoma, 54, 55, 63
granular cell carcinoma, 55, 63
juxtaglomerular cell tumor,

628, 635, 636
nephroblastoma, 169, 184–196
oncocytoma, 63
transitional cell carcinoma, 65,

82–87
Wilms’ tumor, 169, 184–196

renal glomerular disease. See Re-
nal glomerular disease

Krabbe disease, 710, 966
KSS/CPEO, 937
Kulschitzki cell, 147

L
Landry-Guillain-Barré-Strohl syn-

drome, 982
Langerhans’ cell histiocytosis (his-

tiocytosis X), 124, 125–127

Large cell neoplasms
carcinoma

adenocarcinoma, 27, 28–61,
62–64, 64, 65

general features, 27
squamous cell, 65, 66–77
transitional cell, 65, 78–87
undifferentiated, 88, 90–92

histiocytic disorders
dendritic cell lesions, 117, 124,

125–132
macrophagic lesions, 116–117,

118–123
lymphoma, 89, 108–115
mastocytosis and mastocytoma,

124, 133, 134
melanoma, 88, 93–101
mesothelioma, 88–89, 102–107

Lateral mesoderm, 7, 11
LCDD. See Light chain deposition

disease
Legionella pneumophila, 648,

649–651
Leiomyoblastoma, 320
Leiomyosarcoma, 321–336

epithelioid, 320, 330
gastrointestinal stromal tumor

(GIST), 320, 336
glomus tumor, 320, 331, 332
granular cell tumor, 320,

333–335
poorly differentiated, 320

Leprosy, 983, 984, 985
Leukemia

erythrocytic, 227, 232, 233
hairy cell, 234, 240–243
lymphocytic, 226, 230, 231, 859
megakaryotic, 234, 235–239
monocytic, 227, 228, 229
myelocytic, 217, 218–226

Leukemic reticuloendotheliosis,
234, 240–243

Leukodystrophy
adrenoleukodystrophy, 710, 735,

970, 971
globoid cell, 966
metachromatic, 710, 970,

972–973
Leydig cell tumor, testis, 451,

455–458
LGMD. See Limb girdle muscular

dystrophy
Light chain deposition disease

(LCDD), 856, 857, 858

Limb girdle muscular dystrophy
(LGMD), 924

Lipid, 4
Lipid cell tumors, 451, 455–458
Lipid storage myopathies, 710,

937, 938
Lipofuscin, 3, 4
Lipofuscinosis, 757, 769
Lipoid nephrosis, 786–787, 787, 788
Lipoma, hibernoma, 295, 319
Liposarcoma

dedifferentiated, 295
myxoid, 295, 306–314
pleomorphic, 295, 317, 318
round cell, 295, 315, 316
well differentiated, 295

Liver
genetic and metabolic diseases

alpha-1-antitrypsin deficiency,
743, 744

cholestasis, 757, 765–768
erythropoietic protoporphyria,

738, 741, 742
Wilson’s disease, 747, 

754–756
infectious agents, hepatitis B

virus, 661, 665, 666
lysosomal storage diseases

cholesterol ester storage dis-
ease, 710, 731, 732

Gaucher’s disease, 718
glycogen storage disease, 736,

737
Niemann-Pick disease, 719,

720
Tay-Sachs disease, 710, 711

neoplasms
adenocarcinoma, hepatocellu-

lar, 36–40, 62
cholangiocarcinoma, 39, 40, 62
embryonal sarcoma, 613, 622,

623
fibrosarcoma, 253
hepatoblastoma, embryonal,

613, 617–621
Lung

amiodarone toxicity, 757,
758–760

genetic and metabolic diseases
hemosiderosis, 757, 763, 764
pulmonary alveolar pro-

teinosis, 83, 745, 746
infectious agents

Histoplasma capsulatum, 702,
702–704
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Lung (continued )
Legionella pneumophila, 648,

649–651
parainfluenza virus, 671, 672
pneumocystis carinii, 680,

681–685
neoplasms

adenocarcinoma, 48–53, 63
adenoid cystic carcinoma, 585,

590–593, 595
blastoma, 628, 630–634
bronchioloalveolar cell carci-

noma, 51–53, 63
carcinoid tumor, 147, 152, 560
mesothelioma, 102–107
mucinous adenocarcinoma,

49, 50
pleomorphic adenoma, 586,

587
squamous cell carcinoma, 65,

66, 67
undifferentiated large cell car-

cinoma, 88, 90, 91
Lupus nephritis, 823, 824, 826–837
Luteoma, 451, 455–457
Lyme disease, 983
Lyme meningoencephalitis, 983
Lymph nodes

lymphoid follicle, 128, 129
neoplasms

follicular dendritic cell sar-
coma, 131, 132

interdigitating cell lesions, 124
lymphoma, 197, 198, 199
plasmacytoma, 197, 203
reactive follicular center, 108,

109
Lymphoblasts, 197
Lymphocytic leukemia, 227, 230,

231
paraproteins, 856, 859

Lymphoma
large cell, 89, 108–115

anaplastic, 89, 114, 115
centroblastic, 89, 110
general features, 89
histiocytic, 89
Hodgkin’s disease, 89, 116
immunoblastic, 89, 111–113

small cell, 197, 198, 199
Lysosomal storage diseases

adrenoleukodystrophy, 710, 735,
970, 971

cerebrotendinous xanthomato-
sis, 710, 733

cholesterol ester storage disease,
710, 731, 732

Fabry’s disease, 710, 714–716,
863, 864, 865

galactosidosis, 710
gangliosidosis, 710
Gaucher’s disease, 710, 717, 

718
glucosidosis, 710
glycogenosis, 710
glycogen storage disease, 710,

736, 934, 934–935, 936
Hunter’s syndrome, 710
Hurler’s syndrome, 710
hyalouronidase deficiency, 710,

727, 728
Krabbe’s disease, 710, 966
lipid storage disease, 710
mannosidosis, 710, 734
Maroteaux-Lamy syndrome,

710, 721, 722
metachromatic leukodystrophy,

710, 970, 972–973
Morquio’s syndrome, 710, 723,

724
mucolipidosis, 710
mucopolysaccharidosis, 710,

721, 722
neuronal ceroid lipofuscinosis,

710, 729, 730
Niemann-Pick disease, 710, 719,

720
Pompe’s disease, 710, 934,

934–936, 936
San Filippo’s syndrome, 710,

725, 726
sphingolipidosis, 710
sphingomyelinosis, 610
sulfatidosis, 710
Tay-Sachs disease, 710, 711–713

Lysosomes, 3

M
McArdle disease, 934, 936
Macrogametes, 680
Macroglobulinemia, Walden-

ström’s, 843, 859, 986
Macrophagic lesions, 116–117,

118–123
Macula adherens, 5
Magnesium deficiency, acute tu-

bular injury, 900
Malignant fibrous histiocytoma

(MFH), 264, 269–277
Malignant hyperpyrexia, 930

Malignant hypertension, throm-
botic microangiopathy with,
868, 870–873

Malignant hyperthermia, 930
Malignant mesenchymoma, 613
Mannosidosis, 710, 734
Maroteaux-Lamy syndrome, 710,

721, 722
Mastocytoma, 124, 133, 134
Mastocytosis, 124
MCG. See Monoclonal gammopa-

thy
Measles virus, 661
Medullary carcinoma of thyroid,

570–573
fibril proteins, 843
general features, 569
origin of, 560

Medulloblastoma, 528, 529–531
Megakaryoblast, 234
Megakaryocyte, 234, 237, 238
Megakaryotic leukemia, 234,

235–239
Melanoma, 93–101

balloon cell melanoma, 88
clear cell sarcoma, 88
general features, 88

“Melanosis” (lipofuscinosis) coli
and prostaticus, 757, 769

Melanosomes, 88
MELAS, 937
Membranoproliferative glomeru-

lonephritis
Type I, 815–817, 816–818, 819
Type II, 839, 840–842, 842
Type III, 817, 818

Membranous glomerulonephritis,
811–812, 812–815, 815

Membranous lupus nephritis, 
824

Meningioma, 488, 488–498
angioblastic, 488, 494
clear cell, 488
microcystic, 488, 498
mixed, 490–492

MERFF (myoclonic epilepsy and
ragged red fibers), 937

Merkel cell carcinoma, 153, 154
general features, 147
origin of, 560

Merosin-negative CMD, 924
Merozoites, 680
Mesangial deposits, 785, 786
Mesangial immunofluorescence

pattern, 811
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Mesangial lupus nephritis, 
823

Mesenchymal chondrosarcoma,
209, 209, 210

Mesoderm
intermediate, 7, 10, 10–11 
lateral, 7, 11
paraxial, 7, 9, 9

Mesonephros, 7, 10, 10–11 
Mesothelioma

epithelioid, 12, 102–107
fibrous, 12
general features, 88–89
sarcomatoid, 89

Metabolic diseases. See Genetic
and metabolis diseases

Metabolic myopathies, 930
glycogen storage disease, 710,

736, 934, 934–935, 936
ion channel myopathies, 930,

933, 934
lipid storage myopathies, 937,

938
Metachromatic leukodystrophy,

710, 970, 972–973
Metanephric blastema, 10, 11, 12,

20–23
Metanephros, 7, 10–11, 10
MFH. See Malignant fibrous histi-

ocytoma
Microbodies, 3–4
Microcystic cystadenoma, pan-

creas, 44, 62
Microfilaments, 4
Micromegakaryocyte, 234, 239
Microsporidia, 694, 697–700
Microsporidium enterocytozoon bi-

eneusi, 694, 697, 698
Microsporidium septata intestinale,

694, 699, 700
Microtubules, 4
MIDD. See Monoclonal im-

munoglobulin deposition
disease

Minicore myopathy, 930
Minimal change disease, 786–787,

787, 788
Mitochondria, 3
Mitochondrial abnormalities, 747,

748–753
drug toxicity, antiretroviral

drugs, 747, 752, 753
intestinal pseudo-obstruction,

747, 750, 751
Leigh’s disease, 747, 748, 749

Mitochondrial encephalomyopa-
thy. See MELAS

Mitochondrial myopathies, 937,
939–940

Mixed cryoglobulinemia, 848, 851,
852, 853, 854, 855

Mixed epithelial tumors, 424
Monoblasts, 227
Monoclonal gammopathy (MCG),

856, 859, 986
Monoclonal immunoglobulin dep-

osition disease (MIDD), 856
Monocytic leukemia, 227, 228, 229
Monomorphic adenoma, 569
Monoribosomes, 1
Morquio’s syndrome, 710, 723, 

724
MPGN. See Membranoprolifera-

tive glomerulonephritis
Mucinous adenocarcinoma, lung,

49, 50
Mucinous cystadenocarcinoma,

pancreas, 41–43, 62
Mucinous cystadenoma, ovary,

409–412
Mucinous tumors, 406, 407–412
Mucoepidermoid carcinoma

bronchus, 75, 77, 598–603
general features, 65, 585

Mucolipidosis, 710
Mucopolysaccharidosis, 710, 721,

722
Multicentric reticulohistiocytosis,

117
Multicore myopathy, 930
Multiple myeloma, 843, 859, 986
Mumps virus, 661
Muscle

skeletal muscle diseases. See
Skeletal muscle myopathies

smooth muscle neoplasms. See
Smooth muscle neoplasms

Muscular dystrophy
Becker type, 920
congenital, 924
Duchenne, 920, 921–923, 924
Fukuyama CMD, 924
limb girdle (LGMD), 924
merosin-negative CMD, 924
myotonic, 924, 925, 926
Walker-Warburg CMD, 924

Mycobacterium avium-intracellulare,
657, 658, 659

Mycobacterium leprae, 983
Mycoplasma, 648

Myelin bodies, 865
Myeloblasts, in leukemia, 217, 218
Myelocytic leukemia, 217, 218–226
Myelolipoma, 295
Myeloma-associated Fanconi’s

syndrome, 859
Myeloma cast nephropathy, 859
Myeloma kidney, 859
Myelomonocytic leukemia, 227
Myoclonic epilepsy and ragged

red fibers. See MERFF
Myoepithelioma, 569
Myofibroblasts, 247, 391
Myopathic carnitine deficiency,

937
Myopathy

congenital, 297
central core disease, 927,

927–928
centronuclear myopathy, 927,
929

congenital fiber-type dispro-
portion, 930, 932

minicore myopathy, 930
multicore myopathy, 930
myotubular myopathy, 927, 929
nemaline (rod body) myopa-

thy, 930, 931
inflammatory, 937, 940
dermatomyositis, 940, 944
inclusion body myositis, 945,

945–946
metabolic, 930

glycogen storage disease, 710,
736, 934, 934–935, 936

ion channel myopathies, 930,
933, 934

lipid storage myopathies, 937,
938

mitochondrial, 937, 939–940
skeletal muscle, 913

congenital, 927, 927–929, 930
Duchenne muscular dystro-
phy, 920, 921–923, 924
inflammatory, 937, 940,
941–943, 944–945, 945, 946
metabolic, 930, 931–936, 934,
936–937, 938
myotonic dystrophy, 924,
925, 926
toxic, 947, 947, 948, 949

polymyositis, 940, 941–943, 944
Myophosphorylase deficiency,

934, 936
Myotome, 11–12, 14–19
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Myotonia, 924
Myotonic dystrophy, 924, 925, 926
Myotubularin, 927
Myotubular myopathy, 927, 929
Myxoid chondrosarcoma, 278, 279,

280, 284
Myxoid liposarcoma, 295, 306–314

N
NAD. See Neuroaxonal dystrophy
Nail patella syndrome, 859, 860
NARP, 937
Nasopharynx and paranasal si-

nuses
squamous cell carcinoma, 65, 71–73

Nemaline (rod body) myopathy,
930, 931

Nephritis
anti-GBM antibody disease, 806,

808, 811
glomerulonephritis. See

Glomerulonephritis
hereditary, with deafness, 803,

804, 805–806, 805
Heymann nephritis, 815
systemic lupus erythematosus,

823, 824, 826–837
membranous lupus nephritis,

824
mesangial lupus nephritis, 823
tubulointerstitial nephritis,

824
Nephroblastoma, 169, 184–196
Nephropathy. See also Renal

glomerular disease
cyclosporine toxicity, 868, 891,

894, 895, 896
diabetic, 797, 799, 800, 801, 885,

890
heroin abuse nephropathy, 792
HIV-associated, 792, 795–797
IgA nephropathy, 819, 820, 821
IgM nephropathy, 787–788, 789
myeloma cast nephropathy, 859
scleroderma, 870, 874

Nerves
diseases. See Nerve sheath neo-

plasms; Peripheral nerve dis-
ease

normal, 376, 951–953
Nerve sheath neoplasms

granular cell tumor, 359, 367, 368
neurofibroma, 369, 370–377
Schwannomas, benign and ma-

lignant, 359, 360–366

Neuroaxonal dystrophy (NAD),
978

Neuroblastoma, 156, 157
esthesioneuroblastoma, 161
ganglioneuroblastoma, 160, 161
ganglioneuroma, 161
general features, 147, 161, 526, 528
olfactory, 161
origin of, 560
retroperitoneum, 155

Neurocytoma, 161, 509
central, 526, 526, 527

Neuroendocrine neoplasms, 560
carcinoid tumor, 147, 152, 560,

561–566
carcinoma, 147, 148–154
general features, 147
islet cell neoplasms, 560, 567,

568
medullary carcinoma of thyroid,

569, 570–573, 843
Merkel cell, 147, 153, 154, 560

oat cell carcinoma, 147, 148–151
parathyroid carcinoma and ade-

noma , 569, 574–576
paraganglioma, 569, 578–581
pheochromocytoma, 560, 569,

582–584
Neurofibroma, 369, 370–377
Neurogenic atrophy, 912, 949–950
Neuronal ceroid lipofuscinosis,

710, 729, 730
Neuronal neoplasms

central neurocytoma, 526, 526,
527

ependymoblastoma, 528
gangliocytoma, 510
ganglioglioma, 526
ganglioneuroblastoma, 528
ganglioneuroma, 161, 510,

523–525
medulloblastoma, 528, 529–531
neuroblastoma, 526, 528
primitive neuroectodermal tu-

mors (PNET), 528
Neuropathy

AIDS and, 986
amyloid, 980, 981
axonal, 953
cranial, 983
diabetes mellitus, 966, 967–969
dysproteinemias and, 986, 987,

988
hereditary metabolic diseases,

966

adrenoleukodystrophy, 710,
735, 970, 971

Krabbe disease, 710, 966
metachromatic leukodystro-

phy, 710, 970, 972–973
hereditary motor and sensory

neuropathies (HMSN)
Charcot-Marie-Tooth disease,

970, 974–975, 976
Déjerine-Sottas disease, 978
giant axonal neuropathy

(GAN), 978
hereditary neuropathy with li-

ability to pressure palsies
(HNPP), 970, 976, 976–977

infantile neuroaxonal dystro-
phy, 978, 979

hereditary sensory and auto-
nomic neuropathies (HSAN),
978, 980

hypertrophic, 963–965
immune-mediated

chronic immune-mediated de-
myelinating polyneuropathy
(CIDP), 963, 982

Guillain-Barré syndrome, 963,
982, 986

in Sjögren syndrome, 854, 982
in systemic lupus erythemato-

sus, 982
infections

AIDS, 986
herpes infection, 983
leprosy, 983, 984–985
Lyme disease, 973, 986

paraneoplastic, 986
peripheral, 963, 966, 982
tomaculous, 970

Nexus, 5
Niemann-Pick disease, 710, 719,

720
Notochord, 7
Nuclear envelope, 6
Nuclear organelles, 4–5
Nuclear sap, 5
Nucleolonema, 162–166
Nucleolus, 4
Null cell adenoma, 543

O
Oat-cell carcinoma, 147, 148–151
Olfactory neuroblastoma, 161
Oligodendroglioma, 499, 

507–509
Oncocytoma, 63, 569
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Organelles, 1
cytoplasmic, 1–4
nuclear, 4
organization within cell, 5

Organ transplantation
renal posttransplant disease

acute allograft glomerulopa-
thy, 877, 878, 879

acute humoral rejection, 879,
881–884

BK virus, 891, 893
chronic allograft glomerulopa-

thy, 885, 886–888
diabetic nephropathy and,

885, 890
membranous glomeru-

lonephritis, 891, 892
thrombotic microangiopathy

and, 879, 880
Osteoblastoma, 278, 288, 289
Osteoblasts, 278
Osteoclasts, 278
Osteo-onychodysplasia, heredi-

tary, 859, 860
Osteosarcoma, 197, 207, 208, 278,

285–287, 290–294
general features, 197, 278
small cell, 278

Ovarian neoplasms
adenomatoid tumor, 478
desmoplastic small round cell

tumor with divergent differ-
entiation, 197, 204–206

epithelial–stromal tumors of
ovary

Brenner tumor, 424, 425–430
clear cell tumors, 418, 421–423
endometrioid tumors, 406,

413, 414, 418
mucinous tumors, 406,

407–412
serous tumors, 391, 392–402

germ cell tumors
choriocarcinoma, 462, 528
dysgerminoma (seminoma),

451, 459–461
embryonal carcinoma, 462,

470, 471
endodermal sinus tumor (yolk

sac tumor), 462, 463–469
placental site tumor, 462,

474–477
teratoma, 462, 528

gonadoblastoma, 478
gynandroblastoma, 451

incompletely classified tumors
female adnexal tumor of prob-

able Wolffian origin, 478, 481,
482

small cell carcinoma, pul-
monary type, 478

small cell carcinoma, with hy-
percalcemia, 478, 479, 480

sex cord–stromal tumors, 
424
with annular tubules, 451,
452–454
fibroma, 439, 441, 442
granulosa cell tumor, 424,
431–439
lipid cell tumors (steroid cell
tumors), 451, 455–458

signet-ring stromal tumors,
439, 443–446

thecoma, 439, 440
Ovarian stroma, normal, 391,

403–405

P
Pancreas

acinar (acinic ) cell adenoma and
adenocarcinoma, 48, 62–63

adenocarcinoma, 41–47, 62
islet cell tumor, 567, 568
microcystic (serous) cystade-

noma, 44, 62
mucinous cystadenocarcinoma,

41–43, 62
papillary solid and cystic tumor,

45–47, 62–63
Papillary cystadenoma lym-

phomatosum, 569
Papillary serous cystadenocarci-

noma, ovary 391, 400–402
Papillary serous cystadenoma,

ovary, 391, 397–399
Papillary solid and cystic tumor,

pancreas, 45–47, 62–63
Papilloma virus, 661
Papovavirus, 661, 667, 668
Parachordoma, 604
Paraganglioma

adrenal, 569, 582–584
extra-adrenal, 569, 578–581

Parainfluenza, 671, 672
Paramyotonia congenita, 934
Paramyxoviruses, 661, 671, 672
Paranasal sinuses, carcinoma, 65
Paraneoplastic neuropathy, 986
Paraproteins, 856

Parathyroid adenoma, 569, 577
Parathyroid carcinoma, 569,

574–576
Paraxial mesoderm, 7, 9, 9
Parotid gland

acinar cell carcinoma, 48, 63
pleomorphic adenoma, 589

Perineurial cell, 369, 377
Peripheral ganglioneuroma, 510,

523–525
Peripheral nerve disease, 951, 953

axonal degeneration and regen-
eration, 953–954, 953–963

degeneration, 953, 958,
958–960, 960–961

regeneration, 954, 961, 962,
961–962 

segmental demyelination, 953,
963, 963–965

Wallerian degeneration, 953,
954–957, 958

neuropathies, 963, 966
amyloid, 980, 981
diabetes mellitus, 966, 967–969
hereditary metabolic diseases,

966, 970, 971–973
hereditary motor and sensory

(HMSN), 970, 974–977, 976,
978, 979

hereditary sensory and auto-
nomic (HSAN), 978, 980

Peripheral neuropathy, 963, 966
Guillain-Barré syndrome, 963,

982, 986
Peroneal muscular atrophy, 970
Peroxisomes, 3–4
Phagosomes, 680
Pheochromocytoma

adrenal gland, 582–584
general features, 569
origin of, 560

Picornaviridae, 661
coxsackie virus, 661, 673
echo virus, 661, 674
polio virus, 661

Pigment, 4
Piloid astrocytes, 499
Pineal gland, normal, 533
Pineoblastoma, 532, 536–540
Pineocytoma, 532, 534, 535
Pinocytosis, 3
Pituitary adenoma, 543, 544–553
Pituitary gland, normal, 543, 544
Placenta, normal, 472, 473
Placental site tumor, 462, 474–477
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Plasma cell myeloma, 856, 859
Plasmacytoid immunoblasts, 89
Plasmacytoma

general features, 197
Pleomorphic adenoma

general features, 585
lacrimal gland, 588
lung, 586, 587
parotid gland, 589

Pleomorphic liposarcoma, 295,
317, 318

Pleomorphic malignant fibrous
histiocytoma, 264

Pleomorphic rhabdomyosarcoma,
320

Pleomorphic xanthoastrocytoma,
499, 506

Plexiform neurofibroma, 369, 373,
374

Plexosarcoma, 628, 629
PNET. See Primitive neuroectoder-

mal tumor
Pneumocystis carinii, 680, 681–685
Polio virus, 661
Polysomes (polyribosomes), 1
Polymyositis, 940, 941–943, 944
Polyneuropathies, 960
Polyomavirus, 891, 893
Polyradiculopathy, 983, 986
Pompe’s disease, 710, 934,

934–936, 936
Porphyria, 738, 741, 742
Postinfectious glomerulonephritis,

809, 809, 810, 811
Pox virus, 661
Preeclampsia, 868, 875, 875–877
Premelanosomes, 88
Primary axonal degeneration and

regeneration, 953–954,
953–963

Primary ciliary dyskinesia, 771,
772

Primary mesenchyme, 7, 13
Primitive neuroectodermal tumor

(PNET)
Askin tumor, 161, 167, 168
general features, 161, 528

Procollagen type III peptide (pI-
IIp), 863

Progressive multifocal leukoen-
cephalopathy, 661, 667, 668

Prolactinoma, 543
Pronephros, 10, 10–11 
Prostate gland

adenocarcinoma, 58, 59, 63

melanosis, 769, 770
Protoplasm, 1
Protoplasmic astrocytes, 499
Protozoa

Cryptosporidium parvum, 680,
688–693

Giardia lamblia, 694, 701
microsporidia, 694, 697–700
Pneumocystis carinii, 680,

681–685
Toxoplasma gondii, 680, 686, 687
Trypanosoma cruzi, 694, 695, 696

Psammoma bodies, 488, 497
Pseudosammoma bodies, 488
Pseudotubules, 451
Pulmonary. See Lung
Pulmonary alveolar proteinosis,

83, 745, 746

R
Rabies virus, 661, 678, 679
Ragged red fibers, 937, 939
Reactive systemic amyloidosis,

980
Reed-Sternberg cells, 89, 116
Renal allograft. See Organ trans-

plantation
Renal glomerular disease, 782

acute tubular injury, 899–900,
899

after renal allograft. See Renal
posttransplant disease

biopsies for, 782
cyclosporine toxicity, 868, 893,

894, 895, 896
with distinctive ultrastructural

deposits
amyloidosis, 747, 843,

844–847, 846, 980
cryoglobulinemia, 848, 851,

852, 853, 854, 855
cystinosis, 865, 866
dense deposit disease, 839,

840–842, 842
Fabry’s disease, 710, 714–716,

863, 864, 865
fibrillary glomerulonephritis,

846, 847, 849, 850–851
immunotactoid glomerulopa-

thy, 848, 850, 851, 851
membranoproliferative

glomerulonephritis, Type II,
839, 840–842, 842

monoclonal gammopathies,
856, 859, 986

nail patella syndrome, 859,
860

osteoonchyodysplasia, heredi-
tary, 859, 860

sickle cell disease/trait,
glomerulopathy, 865, 867,
868

systemic light chain disease,
856, 857, 858

with endothelial reaction
acute allograft glomerulopa-

thy, 877, 878, 879
chronic allograft glomerulopa-

thy, 885, 886–888
eclampsia, 868, 875, 875–877
hemolytic uremic syndrome,

868, 869
malignant hypertension, 868,

870–873
scleroderma, 868, 874

gentamicin bodies, 896, 898, 
899

microparticles in deposits, 896,
897

and normal glomerulus, 782,
783, 784, 785–786

posttransplant disease. See Renal
posttransplant disease

with prominent amorphous
dense deposits

Berger’s disease, 819, 820, 821
Henoch-Schönlein purpura,

819, 822, 823, 823
IgA nephropathy, 819, 820, 821
membranoproliferative

glomerulonephritis, Type I,
815–817, 816–818, 819

membranous glomeru-
lonephritis, 811–812,
812–814, 815, 891, 892

postinfectious glomeru-
lonephritis, 809, 809, 810, 811

systemic lupus erythemato-
sus, 823–825, 826–837

with prominent crescents
Goodpasture’s syndrome, 806,

808, 811
occurrence of, 806
Wegener’s granulomatosis,

806, 807
with scant glomerular deposits

Alport’s syndrome, 803, 804,
805, 805–806

benign familial hematuria,
800–801, 802, 803, 803
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congenital nephrotic syn-
drome, 794, 796, 797, 798

diabetic nephropathy, 797,
799, 800, 801

focal and segmental glomeru-
losclerosis, 788–790, 790–794,
792, 794

hereditary nephritis with deaf-
ness, 803, 804, 805,  805–806 

IgM nephropathy, 787–788,
789

minimal change disease,
786–787, 787, 788

systemic lupus erythematosus,
812, 823–825, 826–837

tubular confronting cisternae
(TCC), 836, 837

tubuloreticular inclusions
(TRIs), 824, 836–837, 837, 838

Renal posttransplant disease
acute allograft glomerulopathy,

877, 878, 879
acute humoral rejection, 879,

881–884
BK virus, 891, 893
chronic allograft glomerulopa-

thy, 885, 886–888
diabetic nephropathy and, 885,

890
membranous glomerulonephri-

tis, 891, 892
thrombotic microangiopathy

and, 879, 880
Reparative granuloma, 247, 259
Respsiratory syncytial virus, 661
Reticuloendotheliosis, leukemic,

234, 240–243
Reticulohistiocytosis, multicentric,

117
Rhabdoid tumor

abdominal wall, 182, 183
eye, 181
general features, 169

Rhabdomyoma, 320, 337, 338
Rhabdomyosarcoma

alveolar, 169, 170
embryonal, 11–12, 169, 

170–180
general features, 169, 320
spindle cell, 320, 339, 340

pleomorphic, 320
Ribosome-lamellar complexes,

234, 241–243
Ribosomes, 1
Riley-Day syndrome, 980

Rod body (nemaline) myopathy,
930, 931

Rosai-Dorfman disease, 117
Rosenthal fibers, 499
Rough endoplasmic reticulum

(RER), 1
Round cell liposarcoma, 295, 315,

316

S
San Filippo’s syndrome, 710, 725,

726
Sarcoma

adenosarcoma, 419
alveolar soft-part sarcoma, 604,

605–607
angiosarcoma, 341, 346, 347

hemangioepithelioma, 345,
346

hemangioma, 342–344
Kaposi’s sarcoma, 341,

349–353
cartilaginous neoplasms, 278,

279–286
chondrosarcoma

clear cell, 278, 282
enchondroma, 278, 281
mesenchymal, 209, 209, 210,

278
myxoid, 278, 279, 280, 284

clear cell, 88, 100, 101
embryonal, of liver, 613, 622, 623
endometrioid stromal sarcoma,

418, 419, 420
epithelioid, 320, 330, 613,

614–616
Ewing’s sarcoma, 161, 162–166
features, 320
follicular dendritic cell, 124, 131,

132
hemangiopericytoma, 341,

354–359
histiocytic, 89, 117, 122, 123
leiomyosarcoma, 321–336

gastrointestinal stromal tu-
mors (GIST), 320, 336

glomus tumor, 320, 331, 332
granular cell tumor, 320,

333–335
poorly differentiated, 320

liposarcoma
dedifferentiated, 295
myxoid, 295, 306–314
pleomorphic, 295, 317, 318
round cell, 295, 315, 316

well differentiated, 295
malignant fibrous histiocytoma

(MFH), 264, 269–277
malignant mesenchymoma, 613
osteoblastoma, 278, 288, 289
osteosarcoma, 197, 207, 208, 278,

285–287, 290–294
rhabdomyosarcoma

alveolar, 169, 170
embryonal, 11–12, 169,

170–180, 320, 339, 340
pleomorphic, 320
rhabdomyoma, 320, 337, 338

synovial, 295, 296–305
undifferentiated, 613

Sarcomatoid carcinoma, 369, 378,
379

Sarcomatoid mesothelioma, 89
Schindler disease, 978, 979
Schizogony, 680
Schizont, 680
Schwannoma, benign and malig-

nant, 359, 360–366
Scleroderma nephropathy, 870, 874
Secondary amyloidosis, 843, 980
Secondary lysosomes, 3
Secretory meningioma, 488
Segmental degeneration, 953, 962,

963, 963–965
Seitelberger disease, 978
Seminoma, 451, 459–461
Senile cardiac amyloidosis, 843
Serous (microcystic) cystadenoma,

pancreas, 44, 62
Serous tumors of the ovary, 391,

392–402
Sertoli-stromal cell tumors, 439,

447–450
Sex cord-stromal cell tumors, 424

with annular tubules, 451,
452–454

fibroma, 439, 441, 442
granulosa cell tumor, 424,

431–439
Sertoli-stromal cell tumors, 439,

447–450
signet-ring stromal tumors, 439,

443–446
steroid (lipid) cell tumors, 451,

455–458
thecoma, 439, 440
unclassified, 451

Shingles, 983
Sickle cell disease/trait, glomeru-

lopathy of, 865, 867, 868
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Signet-ring stromal tumors, 439,
443–446

Sjögren’s syndrome, 854, 982
Skeinoid fibers, 613
Skeletal muscle

diseases. See Skeletal muscle
myopathies

neoplasms, 320, 337–340
normal, 912–913, 913–919

Skeletal muscle myopathies, 913
congenital, 927, 927–929, 930
Duchenne muscular dystrophy,

920, 921–923, 924
inflammatory, 937, 940, 941–943,

944–945, 945, 946
metabolic, 930, 931–936, 934,

936–937, 938
mitochondrial, 937, 939–940
myotonic dystrophy, 924, 925,

926
toxic, 947, 947, 948, 949

Small cell neoplasms
anaplastic hepatoblastoma, 613
carcinoma

neuroendocrine, 147, 155–160,
161

ovarian, hypercalcemia type,
478, 479, 480

ovarian, pulmonary type, 478
desmoplastic small round cell

tumor with divergent differ-
entiation, 197, 204–206

Ewing’s sarcoma, 161, 162–166
lymphoma, 197, 198, 199
mesenchymal chondrosarcoma,

209, 209, 210
nephroblastoma, 169, 184–196
neuroblastoma, 147, 155–160,

161
osteosarcoma, small cell, 197,

207, 208, 278
plasmacytoma, 197, 200–203
primitive neuroectodermal tu-

mor (PNET), 161, 167, 168
rhabdoid tumor, 169, 181–183
rhabdomyosarcoma, embryonal

and alveolar, 169, 170–180
Wilms’ tumor, 169, 184–196

Smooth (agranular) endoplasmic
reticulum, 2–3

Smooth muscle neoplasms
features, 320
leiomyoma and leiomyosar-

coma, 321–336
epithelioid, 320, 330

gastrointestinal stromal tu-
mors (GIST), 320, 336

glomus tumor, 320, 331, 332
granular cell tumor, 320,

333–335
poorly differentiated, 320

Soft tissue
alveolar soft-part sarcoma,

605–607
elastofibroma, 247, 258
epithelioid fibrosarcoma, 247,

262, 263
epithelioid sarcoma, 614–616
Ewing’s sarcoma, 161, 162, 163
fibrosarcoma, 247, 248–250
giant cell reparative granuloma,

247, 259
glomus tumor, 320, 331, 332
leiomyosarcoma, 320, 321, 322
liposarcoma, 295

myxoid, 306–314
pleomorphic, 317, 318
round cell, 315, 316

malignant fibrous histiocytoma,
264, 265, 266, 269, 271,
273–277

neurofibroma, 369, 372, 375
osteosarcoma, 287, 290
rhabdomyosarcoma, 169,

172–177
solitary fibrous tumor, 247, 

260
spindle cell, 320, 339, 340
synovial sarcoma, 295, 298, 299,

302–305
Solid and cystic tumor, pancreas,

45–47, 62–63
Solitary fibrous tumor of soft tis-

sue, 247, 260
Sphingolipidosis, 710
Sphingomyelinosis, 610
Spindle cell carcinoma, 369, 378,

379
Spindle cell embryonal rhab-

domyosarcoma, 320, 339, 340
Spindle cell neoplasms. See Nerve

sheath neoplasms; Sarcoma
Spironolactone bodies, 64, 65
Squamous cell carcinoma

adamantinoma, 65, 74, 75
bronchus, 65, 66, 67
general features, 65, 240
nasopharynx, 65, 71–73
thymoma, 65, 68–70

Squamous cell tumors, 424

Starry sky immunofluorescence
pattern, 811

Steroid (lipid) cell tumors, 451,
455–458

Subendothelial deposits, 785, 786
Subependymal giant cell astrocy-

toma, 499
Subepithelial deposits, 785, 786,

896, 897
Sulfatidosis, 710
Synovial sarcoma, 295, 296–305
Systemic carnitine deficiency, 937
Systemic light chain deposition

disease, 856, 857, 858
Systemic lupus erythematosus

neuropathy and, 982
renal glomerular disease, 812,

823–825, 826–837

T
Tacrolimus (FK 506), 896
Tay-Sachs disease, 710, 711–713
TCC. See Tubular confronting cis-

ternae
Teratoma

general features, 528
monodermal, 462

Testis (See also Ovary)
embryonal carcinoma, 470, 471
Leydig cell tumor, 451, 455–458
seminoma, 451, 459–461

Thecoma, 439, 440
Thin glomerular basement mem-

brane disease, 800–801,
802–803, 803

Thrombotic microangiopathy
(TMA), 868, 869–873

cyclosporine nephropathy and,
891

renal allograft and, 879, 880
Thrombotic thrombocytopenic,

868
Thymoma, 65, 68–70
Thyroid

adenocarcinoma and adenoma,
28, 29, 62

medullary carcinoma, 560, 569,
570–573, 843

Thyrotrophic adenoma, pituitary
543

Tight junction, 5
TMA. See Thrombotic microan-

giopathy
Tomaculous neuropathy, 970
Tonofibrils, 4
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Toxic myopathies, 947, 947–948,
949

Toxoplasma gondii, 680, 686, 687
Trans-Golgi network, 3
Transitional cell (urothelial) carci-

noma
general features, 65
kidney, 82–87

Transitional cell tumors, 424,
425–430

Transplantation of organs. See
Organ transplantation

Traumatic neuroma, 962
TRIs. See Tubuloreticular inclu-

sions
Tropheryma whippelii, 648, 652–656
Trophozoites, 680
Trypanosoma cruzi, 694, 695, 696
Tubular confronting cisternae

(TCC), 836, 837
Tubulointerstitial fibrosis, 896
Tubulointerstitial nephritis, 824
Tubuloreticular inclusions (TRIs),

824, 836–837, 837, 838
Tubuloreticular structures, 824
Type III collagenofibrotic glomeru-

lopathy, 859, 861, 862, 863

U
Ulcerating and mutilating acro-

pathy (HSAN 1), 978
Undifferentiated carcinoma, 88,

90–92

Undifferentiated sarcoma, 613
Urothelial carcinoma, general fea-

tures, 65
kidney, 82-87

Urothelium, normal, 65, 78–81

V
Varicella-zoster virus, 661, 983
Vascular neoplasms, 341, 342–353
Viruses

adenovirus, 661, 669
BK virus, 891, 893
diagnostic features, 661
Eastern equine encephalitis, 661,

675
enteroviruses, 661, 673, 674
hepatitis B virus, 661, 665, 666
herpes, 661, 983

cytomegalovirus, 661, 983
Epstein-Barr, 661
herpes simplex, 661, 662–664,

983
varicella-zoster, 661, 983

HIV, 661, 676, 677
influenza A and B viruses, 661, 670
JC virus, 661, 891
measles virus, 661
mumps virus, 661
papilloma virus, 661
papovavirus, 661, 667, 668
paramyxoviruses, 661, 671, 672
Picornaviridae, 661

coxsackie virus, 661, 673

echo virus, 661, 674
polio virus, 661

polyomavirus, 891, 893
poxvirus, 661
rabies virus, 661, 678, 679
respsiratory syncytial virus, 661

W
Waldenström’s macroglobuline-

mia, 843, 859, 986
Walker-Warburg CMD, 924
Wallerian degeneration, 953,

954–957, 958
Warthin’s tumor, 569
Wegener’s granulomatosis, 806,

807
Whipple’s disease, 648, 652–656,

659
Wilms’ tumor, 12, 169, 184–196
Wilson’s disease, 747, 754–756

Y
Yolk sac tumor, 462, 463–469

Z
Zebra bodies, 865
Zellball, 569, 579–581
Zona adherens, 5
Zona fasciculata, 63
Zona glomerulosa, 63
Zona occludens, 5
Zona reticularis, 63
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