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Preface to the Ninth Edition

My first responsibility, and it is a sad one, as editor
of this ninth edition of Anderson’s Pathology, is to
mourn the loss of Dr. W.A.D. Anderson, creator and
through nearly four decades guiding spirit of this book,
which bears his name. He was an Emeritus Professor of
Pathology and former Chairman of the Department of
Pathology at the University of Miami School of Medi-
cine in Miami, Florida. When he died on January 20,
1986, many of us lost a friend, and Pathology lost a
scholarly spokesman. We will all miss him.

This edition continues the tradition of prior editions’
concern. In the introductory chapters, mechanisms of
human disease are addressed; these are followed by
chapters that consider diseases of the several organ sys-
tems. Consideration of diseases of the various organ
systems is deliberately made thorough so that the book
can remain a useful and reliable source of information
not only for medical students and trainees in pathology,
but also for those training and practicing in other dis-
ciplines.

The eighth edition witnessed the emergence of ac-

quired immunodeficiency syndrome (AIDS) as a major
public health problem in industrialized societies as well
as, by virtue of its protean clinical and morphologic
manifestations, an important diagnostic consideration in
specific patients. In preparing for this ninth edition, I
considered allocating a separate chapter to AIDS.
Eventually I decided to leave the consideration of
AIDS within the several chapters addressing various or-
gan systems, both for its basic aspects and for the de-
scriptions of specific clinicopathologic features. Some-
what similar considerations related to the treatment of
transplantation pathology, and the same decision was
reached. These decisions remain very much open and
may be amended in future revisions.

This edition of Pathology includes more than the
usual number of chapters by new contributors. 1 wel-
come each of them and at the same time express my
gratitude to their predecessors who have participated so
importantly in the success this book has enjoyed
throughout its long life.

John M. Kissane



Preface to First Edition

Pathology should form the basis of every physician’s
thinking about his patients. The study of the nature of
disease, which constitutes pathology in the broad sense,
has many facets. Any science or technique which con-
tributes to our knowledge of the nature and constitution
of disease belongs in the broad realm of pathology. Dif-
ferent aspects of a disease may be stressed by the ge-
neticist, the cytologist, the biochemist, the clinical
diagnostician, etc., and it is the difficult function of the
pathologist to attempt to bring about a synthesis, and
to present disease in as whole or as true an aspect as
can be done with present knowledge. Pathologists often
have been accused, and sometimes justly, of stressing
the morphologic changes in disease to the neglect of
functional effects. Nevertheless, pathologic anatomy
and histology remain as an essential foundation of
knowledge about disease, without which basis the con-
cepts of many diseases are easily distorted.

In this volume is brought together the specialized
knowledge of a number of pathologists in particular as-
pects or fields of pathology. A time-tested order of pre-
sentation is maintained, both because it has been found
logical and effective in teaching medical students and
because it facilitates study and reference by graduates.
Although presented in an order and form to serve as a
textbook, it is intended also to have sufficient compre-
hensiveness and completeness to be useful to the prac-
ticing or graduate physician. It is hoped that this book
will be both a foundation and a useful tool for those who
deal with the problems of disease.

For obvious reasons, the nature and effects of radia-
tion have been given unusual relative prominence. The
changing order of things, with increase of rapid, world-
wide travel and communication, necessitates increased
attention to certain viral, protozoal, parasitic, and other
conditions often dismissed as “tropical,” to bring them

nearer their true relative importance. Also, given more
than usual attention are diseases of the skin, of the or-
gans of special senses, of the nervous system, and of the
skeletal system. These are fields which often have not
been given sufficient consideration in accordance with
their true relative importance among diseases.

The Editor is highly appreciative of the spirit of the
various contributors to this book. They are busy people,
who, at the sacrifice of other duties and of leisure,
freely cooperated in its production, uncomplainingly
tolerated delays and difficulties, and were understand-
ing in their willingness to work together for the good of
the book as a whole. Particular thanks are due the di-
rectors of the Army Institute of Pathology and the
American Registry of Pathology, for making available
many illustrations. Dr. G.L. Duff, Strathcona Professor
of Pathology, McGill University, Dr. H.A. Edmond-
son, Department of Pathology of the University of
Southern California School of Medicine, Dr. ].S.
Hirschboeck, Dean, and Dr. Harry Beckman, Professor
of Pharmacology, Marquette University School of Med-
icine, all generously gave advice and assistance with
certain parts.

To the members of the Department of Pathology and
Bacteriology at Marquette University, the Editor
wishes to express gratitude, both for tolerance and for
assistance. Especially valuable has been the help of Dr.
R.S. Haukohl, Dr. J.F. Kuzma, Dr. S.B. Pessin, and
Dr. H. Everett. A large burden was assumed by the
Editor’s secretaries, Miss Charlotte Skacel and Miss
Ann Cassady. Miss Patricia Blakeslee also assisted at
various stages and with the index. To all of these the
Editor’s thanks, and also to the many others who at
some time assisted by helpful and kindly acts, or by
words of encouragement or interest.

W.A.D. Anderson

xi



Plate 1

A,

Cross section of left ventricle showing an old infarct with pronounced thinning of the
wall. The infarct is the white scar, which is transmural: the wall bulges; and the re-
sulting aneurysm is largely filled with a mural thrombus. A fragment of this thrombus
had broken off and caused a cerebral infarct.

Cross section of the anterior wall of the left ventricle of a 51-year-old man who had
chest pain 13 days before his death. Notice the yellowish tan necrotic center and the
hyperemic border. This infarct microscopically showed necrosis in the central portion
and organization in the periphery (that is, in the hyperemic zone).

This acute hemorrhagic myocardial infarct was from a 60-year-old man who had suf-
fered from chest pain 3 days before death. A cardiac catheterization showed a com-
plete occlusion of the left anterior descending coronary artery. Streptokinase was in-
fused into the left coronary artery, which then opened partially. The hemorrhage is
caused by the reflow into the infarcted region.
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with multiple abscesses secondary to carcinomatous
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5 Hepatic cirrhosis; arteriovenous fistulas in diabetic
cirrhosis; Kayser-Fleischer ring in Wilson’s disease;
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1 Cell Injury and Errors of Metabolism

DANTE G. SCARPELLLI
PHILIP M. IANNACCONE

Fundamental knowledge of the morphologic and
functional reactions of cells and tissues to various inju-
rious agents and genetic defects is critical for the un-
derstanding of disease processes. In recent years, the
march of biologic science has allowed the study of cel-
lular processes at the molecular level. Thus, as we near
the twenty-first century, pathology (the study of dis-
ease) has undergone a metamorphosis from a visual sci-
ence, in which descriptive morphology was the center-
piece, to one where diseases are defined and
interpreted in molecular terms. The foregoing, corre-
lated with morphologic and functional alterations of
cells and tissues, form the content of this chapter.

Cells are complex units driven by vital processes
whose function depends on the fine integration of nu-
merous extracellular and intracellular events. Injury
occurs when adverse chemical, physical, or biologic
elements in the environment alter these processes
such that cells lose their capacity to generate energy,
mediate transport of small molecules of biologic im-
portance such as electrolytes, glucose, and amino
acids, and finally synthesize vital macromolecules and
assemble cell membranes. A few of the more com-
mon elements in the environment that are known to
cause cell injury in humans are classified and listed
below:

Chemical

Industrial chemicals
Therapeutic drugs
Ethanol
Tobacco smoke
Aflatoxins and other toxic natural products
Physical
Ultraviolet and ionizing radiation
Mechanical trauma
Heat and cold
Biologic
Bacteria
Fungi
Viruses
Metazoan parasites
Diseases attributable to errors of gene function are
included because they are both a form of cell injury

and, as they are expressed, ultimately a cause of cell
injury.
MAJOR FUNCTIONS OF NORMAL CELLS

Since deterioration of cell function is the hallmark of
cell injury, it seems appropriate to consider major func-
tions of cells as an introduction to general cellular pa-
thology. Although this is necessarily brief, it is intended
to review some of the cellular and molecular mecha-
nisms involved in cell structure and function. Inasmuch
as the fine structure of cells is now the routine content
of beginning courses in biology, it is not dealt with in
any detail; instead, function is considered from the
point of view of more recent developments in cell and
molecular biology.

Energy production

The generation of energy in the form of adenosine
triphosphate (ATP) is derived largely from the oxidative
metabolism of glucose, fatty acids, and amino acids.
The various enzymes and cofactors involved in these
reactions are localized in mitochondria and their adja-
cent cytosol. Glucose converted to pyruvate by glycol-
ysis in the cytosol, and fatty acids oxidized in mitochon-
dria are broken down to the two-carbon acetyl group,
which interacts with coenzyme A (CoA) to form acetyl
CoA. CoA facilitates the entry of acetyl groups into the
citric acid cycle localized in the matrix and inner mem-
brane of mitochondria for further metabolism, the gen-
eration of high-energy electrons, and their capture by
NAD™ and FAD to form NADH and FADH,. The con-
version of this energy to the storable form (ATP) is ac-
complished by electron transport along the respiratory
chain and ATP synthetase embedded in the inner mi-
tochondrial membrane culminating in the phosphoryla-
tion of ADP to ATP and the formation of water accord-
ing to the reaction 2H* + %0, — H,O, the end
product of respiratory oxidative metabolism. The fore-
going is made possible by the specific orientation of res-
piratory and electron transport enzymes in the inner
membrane, as well as its impermeability to the H* and
OH™ ions produced during oxidative metabolism. It
turns out that the active sites of the enzymes that dis-

1



2  ANDERSON'S PATHOLOGY

charge H* during dehydrogenation of substrates are
placed in the membrane such that these ions are re-
leased on one side of the membrane while OH™ ions
are discharged on the other side as a result of the ori-
entation of cytochrome oxidase, the terminal enzyme in
the respiratory chain. The vectorial separation of H*
and OH™ creates an electrochemical gradient across
the inner mitochondrial membrane. As a result of the
gradient, protons (H*) flow from the intermembrane
space across the inner mitochondrial membrane and
drive the generation of ATP from ADP and inorganic
phosphate (P;) as they interact with ATP synthetase.
This enzyme extracts H™ and OH™ asymmetrically
from ADP and HPO, ? in directions opposite to those
during dehydrogenation and electron transport noted
previously.'”” As is probably evident to the reader, the
reaction responsible for the conversion and conserva-
tion of energy by the formation of ATP is the reverse of
that for its release by dephosphorylation. It is not sur-
prising then that ATP synthetase can also function in
reverse to hydrolyze ATP and actively pump H™ ions.
The reactions involved in ATP formation and hydrolysis
respectively are shown below.

ATP formation from glucose oxidation
Glycolysis (cytosol)
Glucose + 2P, + 2ADP + 2NAD* e
2 Pyruvate + 2NADH + 2H" + 2ATP + 2H,0

Oxidation of NADH
2NADH + 2H" + O, + 4P, + 4ADP —>
2NAD* + 4ATP + 6H,0

Citric acid cycle (mitochondria)
2 Pyruvate + 50, + 30ADP + 30P, —
6CO, + 30ATP + 34H,0

TOTAL ATP FORMED 36ATP

Free energy of hydrolysis of ATP

ATP + HO—— ADP + P, + H*

AG = ~ 7.3 keal/mol

Under cellular conditions AG is higher at about — 12 kcal/
mol.

The foregoing aspects of energy production are pre-
sented to emphasize its high efficiency, the importance
of the vectorial movement of ions, and its dependence
on the organization and orientation of the multiple
membrane-bound enzymes involved in the extraction of
protons and electron transport. These points assume
greater significance when we consider the loss of oxi-
dative metabolism and energy generation that accom-
pany the extensive structural alterations encountered in
injured cells.

Synthesis of proteins and macromolecules

A typical mammalian cell synthesizes more than
10,000 different proteins, many of which are enzymes,
as well as numerous species of structural proteins, li-
poproteins, glycoproteins, and complex polysaccharide-

protein molecules called “proteoglycans.” These mac-
romolecules are the means by which the “cryptic” func-
tions encoded in DNA are expressed and activated.
They serve to impart the many functions to cells that
allow them not only to maintain and renew themselves,
but also to recognize and signal other cells and organize
into multicellular aggregates called “tissues,” which
provide a greater functional complexity and diversity
than they can achieve as single cells. Protein synthesis
is localized in the cytosolic, endoplasmic reticular, and
to a lesser extent mitochondrial compartment. Protein
synthesis is a complex process that begins with RNA
polymerase copying a specific sequence of DNA into
messenger RNA (mRNA), a process known as “tran-
scription.” The polymerase binds to the promoter that
signals the site on the DNA molecule from which RNA
synthesis must begin to encode for the synthesis of a
specific protein; mRNA synthesis ceases when the poly-
merase encounters a second site on the DNA, which
signals that the appropriate mRNA has been produced
and the molecule is released.!”*

A family of more than 20 different RNA molecules
called “transfer RNAs” (tRNA), including at least one
tRNA for each amino acid, are responsible for specifi-
cally binding amino acids, a reaction catalyzed by en-
zymes named aminoacyl-tRNA synthetases, again one
for each amino acid. The amino acyl-tRNAs thus formed
serve to bring each specific amino acid to its appropri-
ate place in the protein molecule being synthesized by
recognizing its appropriate codon in the mRNA mole-
cule and pairing with complementary nucleotides at
their anticodon tips.’®® Amino acids are added to the
carboxyl terminal end of the growing chain of pep-
tides. These events occur on ribosomes, large mul-
tienzyme complexes consisting of protein and RNA.'1°
Ribosomes are composed of a small and large subunit
and have two grooves, one that fits onto an mRNA
molecule and the other accommodating the growing
polypeptide chain. In addition, there are two binding
sites for tRNAs, one for the molecule that is contrib-
uting its amino acid to the protein being synthesized,
the other for binding the tRNA carrying the next
amino acid to be inserted.

Initiation of protein synthesis involves binding of the
small ribosomal subunit to mRNA that has previously
bound an initiator rRNA molecule that recognizes its
AUG starter codon.®® Once the initiation reaction is
complete, the various factors involved are discharged
from the small subunit and the large ribosomal subunit
is bound and all is ready for protein synthesis to begin.
It is noteworthy that initiation factors not only initiate
the process of synthesis, but can also regulate its overall
rate presumably by their phosphorylation by protein
kinases in one system and perhaps by other cellular
mechanisms that modulate the function of proteins.'!®
The conversion of information in a molecule of mRNA



by its interaction with ribosomes and to RNAs culmi-
nating in the synthesis of a specific cellular protein is
known as “translation.”

Ribosomes exist as free 30 nm particles or as multiple
ribosomes bound to a single mRNA molecule giving
rise to polymorphous complex structures called polyri-
bosomes in the cytosol, or as highly ordered parallel
tubular arrays composed of membrane-bound ribo-
somes termed “rough-surfaced endoplasmic reticulum”
(RER).2 Proteins synthesized by the first of the two va-
rieties of ribosomal profiles are released directly into
the cytosol where they function as soluble proteins.
Those that are targeted for a specific intracellular site
are guided there by a specific carrier molecules as ap-
parently is the case for some molecular components of
mitochondria. In the case of RER organized into tubu-
lar structures (cisternae) with ribosomes attached to
their outer surface, the proteins once synthesized are
extruded across the RER membrane into the cisternal
lumen. Although the problem of directed intracellular
transport is at least partially solved, there still remains
the need to assist proteins to reach their ultimate cor-
rect destination. This is accomplished by a system of
coated vesicles that enclose proteins, especially those
destined for insertion into or on a cell membrane.
Transportation to specific locations is guided by so-
called specific “docking” proteins that recognize com-
plementary acceptor proteins at the various sites. The
RER serves as the site for the synthesis of proteins and
macromolecules for most of the cell’s organelles, which
undergo the addition of O-linked oligosaccharides, a re-
action known as “glycosylation.” This occurs as soon
as the growing polypeptide chain enters the cisternal
lumen and is completed before it is released. Soluble
proteins not destined for transport to membranous cell
structures are not glycosylated.

The Golgi apparatus, with its parallel arrays of
stacked cisternae and vacuoles, plays a major role in the
biology of cell proteins and macromolecules. This is so
because all such molecules destined for either mem-
branous sites or export pass through this complex cell
organelle and are chemically modified by it. These
modifications include alterations of the O-linked oligo-
saccharide residues just mentioned, as well as a variety
of other reactions such as glycosylation, sulfation, the
addition of fatty acids, and proteolysis because these are
required to allow proteins to achieve their full func-
tional capacity.*® In the case of proteins that are ex-
ported, the Golgi apparatus packages the product into
secretory vacuoles that ultimately fuse with the plasma
membrane during their secretion.

Transport, endocytosis and exocytosis

The plasma membrane serves both as an effective
barrier that maintains the essential differences between
the cell interior and its external environment and as a
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highly competent monitor regulating the entry and exit
of specific molecules. In certain types of specialized
cells it mediates the ingestion of large particles. The
various properties of the plasma membrane are the re-
sult of transport enzymes specific for the uptake and
output of ions, sugars, and amino acids and other small
molecules, numerous different and specific receptors
that recognize various molecules, and the ability to un-
dergo gross conformational changes as a result of mem-
brane fluidity and flow. The plasma membrane consists
of a lipid bilayer® rich in cholesterol, four phospho-
lipids with head groups of different sizes and charges,
and glycolipids. The fluidity of the membrane is a func-
tion of its composition, that is, the amount of choles-
terol and the types and amounts of constitutive fatty
acids.'®'® Since the majority of phospholipids are neu-
tral at a physiologic pH, they readily accommodate in-
tramembrane and transmembrane proteins embedded
in the membrane bilayer. Membrane proteins have hy-
drophilic and hydrophobic domains; the former are lo-
calized at the external and internal surfaces of the
membrane that are exposed to water, whereas the latter
lie within the lipid-rich interior of the bilayer.* The
latter interactions serve to firmly hold membrane pro-
teins in the bilayer, and so they can be considered as
integral constituents, whereas proteins that are inserted
more superficially are not so anchored and are referred
to as superficial proteins. %

The transport of ions involves membrane proteins,
the best studied of which is the Na*-K* pump, ener-
gized by ATP, where Na®' is pumped out while K*
ions are transported into the cell.*’ The vectorial move-
ments of both jons in opposite directions are believed
to occur in tandem; first Na™ is bound on the cyto-
plasmic face of the carrier protein complex followed by
hydrolysis of ATP and phosphorylation of the protein,
which causes a conformational change and release of
Na™ to the cell exterior. This is then followed by bind-
ing of K™ at the external surface of the protein and its
subsequent dephosphylation and release of K* into the
cytoplasm. For each molecule of ATP hydrolyzed 3Na*
and 2K* ions are translocated. The Na*-K* pump
serves to control cell volume by regulating levels of
these ions inside cells.'*! Other Na™-carrier protein
systems not driven by ATP are involved in the trans-
port of other vital small molecules such as glucose and
other sugars and amino acids in which these are taken
into the cell driven by the chemical gradient of Na*
uptake.’ A third means by which ion transport occurs
in excitable cells such as nerve and muscle involves so-
called channels formed by parallel transmembrane pro-
teins that “open” and “close” either by changes in
membrane potential or by binding of a specific sub-
stance to a membrane receptor.!*” The latter is exem-
plified by the binding of acetylcholine at the activated
neuromuscular junction causing the loss of K* and the
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uptake of Na*, ultimately resulting in muscular con-
traction.

The uptake of macromolecules such as large proteins,
polysaccharides and nucleic acids, small bits of plasma
membrane, and in specialized cells large particles
across the cell membrane is accomplished by the for-
mation and fusion of membrane-bounded vesicles a
process called “endocytosis.”**® In the case of the up-
take of macromolecules, the plasma membrane invagin-
ates and pinches off small vesicles enclosing a bit of the
extracellular fluid, a process termed “pinocytosis” (‘cell
drinking’). Cells are continuously ingesting materials at
different rates depending on the cell type. Although
most pinocytic vesicles move inward into the cytoplasm
and fuse with primary lysosomes (organelles that con-
tain hydrolytic enzymes), some bypass lysosomes and
transport their contents through the cytoplasm to the
cell periphery, fuse with the plasma membrane, and
discharge their contents to the outside, a process called
“exocytosis.”'> An excellent example of this is afforded
by endothelial cells, which directly transport material
from the blood into the extracellular fluid. A special
class of endocytotic vesicles that bear mention are the
“coated” variety, so called because they are composed
of specific fibrous proteins that form a basketlike net-
work.” These vesicles are capable of internalizing large
numbers of specific macromolecules with only a mini-
mum of extracellular fluid. This is accomplished by the
presence of specific receptors in the vesicle membrane
that bind and thus concentrate certain macromolecules.
Cases in point are the insulin and low-density lipopro-
tein (LDL) molecules and their respective receptors. In
these two examples there are special features of both
that merit mention. Binding of insulin to its receptor
mediates the entry of glucose into the cell; subsequent
proteolysis of the insulin-receptor complex limits the
action of the hormone and simultaneously regulates the
number of receptor molecules on the cell surface.''’
Binding of LDL to its receptor and their endocytosis
and delivery to lysosomes supplies the cell with choles-
terol, after hydrolysis of the cholesterol ester moiety of
LDL and, in contrast to the fate of insulin receptor,
recycles the LDL receptor to the plasma membrane
into which it is reinserted.

The cellular uptake of large particles including bac-
teria, is a subset of endocytosis, referred to as phago-
cytosis,”®® and a property largely of specialized cells
such as polymorphonuclear (PMN) leukocytes and mac-
rophages. These are major components of the host cel-
lular defense mechanisms against infection by microor-
ganisms, as well as for the removal of senescent and
dead cells and internalized foreign materials such as
mineral dusts and pigments. In this instance endocyto-
sis involves the formation of a very large invagination of
the plasma membrane and subsequently a correspond-

ingly large vacuole or phagosome. This then fuses with
primary lysosomes, which release their complement of
hydrolytic enzymes and digest its contents. Phagocyto-
sis is not a random process but one that is mediated by
specific receptors on PMNs and macrophages.'*® Some
of these receptors recognize antibody molecules, and in
individuals with specific immunity, avidly bind, inter-
nalize, and destroy microorganisms that have previ-
ously bound the specific antibody. The foregoing rep-
resents the major humoral protective mechanism
against infection. Although intracellular digestion is a
very eflicient process, the cell not infrequently ingests
materials that cannot be totally degraded; these remain
in secondary lysosomes for the lifetime of the cell and
are called “residual bodies.”

Exocytosis is the reverse of endocytosis and involves
the formation of intracellular vacuoles containing spe-
cific macromolecules. These migrate to the cell periph-
ery, fuse with the plasma membrane, and release their
contents into the extracellular fluid or, in the case of
exocrine gland cells, into ductules. This is the means
by which cells secrete macromolecules. Some are re-
leased continuously, whereas others are packaged into
secretory vesicles, stored, and released after an extra-
cellular signal.® A specific signal triggers the secretion
of a particular substance, or in the case of certain cells
a group of macromolecules packaged into single vesi-
cles. Macromolecules synthesized in the RER move to
the Golgi apparatus via transport vesicles that bud off
the cisternae and transfer their content to so-called con-
densing vesicles. Here they are progressively concen-
trated and end up as mature dense secretory granules
on the luminal face of the Golgi appartus.

Digestion and detoxication

Controlled intracellular digestion is a vital property
of all mammalian cells and is mediated by lysosomes,
organelles that contain a spectrum of acid hydrolases
capable of degrading proteins, carbohydrates, lipids,
and nucleic acids.®® Because of their important role, ly-
sosomes are an integral part of the pathways involved
in the uptake of materials, are formed by budding from
the Golgi membranes facing the apical surface of the
cells, and are strategically localized to degrade ingestive
substances. Special features of this organelle that allow
lysosomes to function optimally as the principal sites of
intracellular digestion are localization of an ATPase-
driven membrane transport protein that accumulates
H™ within them to create an acid milieu and a selective
membrane that, together with that of the phagosome,
allows free passage of the products of digestion while
sequestering hydrolases from the cytosol. The logistics
of incorporating the 40 or so appropriate hydrolytic en-
zymes into lysosomes during their formation is presum-
ably accomplished by receptors (docking proteins) lo-



