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Preface

The splendid reception of the first edition of this book in
1999 convinced both the authors and the publisher to
prepare a second edition. The 4 years since this atlas first
appeared have witnessed an exponential increase in immu-
nological information emanating from more than 130 jour-
nals devoted to the subject. The Journal of Immunology
is published twice monthly in an effort to accommodate
an ever-increasing demand for immunological information
among researchers spanning all fields of biomedicine.
Besides the unprecedented advances in knowledge of cell
receptors and signal transduction pathways, an avalanche
of new information has been gleaned from contemporary
research concerning cytokines and chemokines, with spe-
cial reference to their structure and function. This edition
has not only been thoroughly updated but also contains
five new chapters on comparative immunology, autoim-
munity, vaccines and immunization, therapeutic immunol-
ogy, and diagnostic immunology.

The Atlas of Immunology is designed to provide a
pictorial reference and serve as a primary resource as the
most up-to-date and thorough, illustrated treatise available
in the complex science of immunology. The book contains
more than 1100 illustrations and depicts essentially every
concept of importance in understanding the subject of
immunology. It is addressed to immunologists and non-
immunologists alike, including students, researchers,
practitioners, and basic biomedical scientists. Use of the
book does not require prior expertise. Some of the dia-
grams illustrate basic concepts, while others are designed
for the specialist interested in a more detailed treatment
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of the subject matter of immunology. The group of illus-
trations is relatively complete and eliminates the need to
refer to another source. The subject matter ranges from
photographs of historical figures to molecular structures
of recently characterized cell receptors, chemokines, and
cytokines, the major histocompatibility complex mole-
cules, immunoglobulins, and molecules of related interest
to immunologists.

The subject matter is divided into chapters that follow
an outline which correlates with a standard immunology
textbook. This provides for a logical and sequential pre-
sentation and gives the reader ready access to each part
of the subject matter as it relates to the other parts of the
publication. These descriptive illustrations provide the
reader with a concise and thorough understanding of basic
immunological concepts that often intersect the purview
of other basic and clinical scientific disciplines. A host of
new illustrations, such as cellular adhesions molecules, is
presented in a manner that facilitates better understanding
of their role in intercellular and immune reactions. Figures
that are pertinent to all of the immunological subspecial-
ties, such as transplantation, autoimmunity, immunophys-
iology, immunopathology, antigen presentation, and the
T cell receptor, to name a few, may be found in this pub-
lication. Those individuals with a need for ready access
to a visual image of immunological information will want
this book to be readily available on their bookshelf. No
other publication provides the breadth or detail of illus-
trated immunological concepts as may be found in the
Atlas of Immunology, Second Edition.
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1 History of Immunology

The metamorphosis of immunology from a curiosity of
medicine associated with vaccination to a modern science
focused at the center of basic research in molecular med-
icine is chronicled here. The people and events that led to
this development are no less fascinating than the subject
itself. A great number of researchers in diverse areas of
medicine and science contributed to building the body of
knowledge we now possess. It is possible to name only a
few here, but we owe a debt to them all. We are standing
on the shoulders of giants, and in remembering their
achievements we come to understand better the richness
of our inheritance.

Resistance against infectious disease agents was the prin-
cipal concern of bacteriologists and pathologists estab-
lishing the basis of classical immunology in the latter
half of the 19th and early 20th centuries. Variolation was
practiced for many years prior to Edward Jenner’s
famous studies proving that inoculation with cowpox
could protect against subsequent exposure to smallpox.
This established him as the founder of immunology. He
contributed the first reliable method of conferring lasting
immunity to a major contagious disease. Following the
investigations by Louis Pasteur on immunization against
anthrax, chicken cholera, and rabies, and Robert Koch’s
studies on hypersensitivity in tuberculosis, their disciples
continued research on immunity against infectious dis-
ease agents. Emil von Behring and Paul Ehrlich devel-
oped antitoxin against diphtheria, while Elie Metchnikoff
studied phagocytosis and cellular reactions in immunity.
Hans Buchner described a principle in the blood later
identified by Jules Bordet as alexine or complement.
Bordet and Octave Gengou went on to develop the com-
plement fixation test that was useful to assay antigen—
antibody reactions. Karl Landsteiner described the ABO
blood groups of man in 1900, followed by his elegant
studies establishing the immunochemical basis of antigenic
specificity.

Charles Robert Richet and Paul Jules Portier in the early
1900s attempted to immunize dogs against toxins in the
tentacles of sea anemones but inadvertently induced a state
of hypersusceptibility, which they termed anaphylaxis.
Since that time, many other hypersensitivity and allergic
phenomena that are closely related to immune reactions
have been described. Four types of hypersensitivity reac-
tions are now recognized as contributory mechanisms in
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the production of immunological diseases. From the early
1900s until the 1940s, immunochemistry was a predomi-
nant force maintaining that antibody was formed through
a template mechanism. With the discovery of immunolog-
ical tolerance by Peter Medawar in the 1940s, David Tal-
mage’s cell selection theory, and Frank M. Burnet’s clonal
selection theory of acquired immunity, it became apparent
that a selective theory based on genetics was more com-
mensurate with the facts than was the earlier template
theory of the immunochemists. With the elucidation of
immunoglobulin structure by Rodney Robert Porter and
Gerald Edelman, among others, in the late 1950s and
1960s, modern immunology emerged at the frontier of
medical research. Jean Baptiste Dausset described human
histocompatibility antigens, and transplantation immunol-
ogy developed into a major science, making possible the
successful transplantation of organs. Bone marrow trans-
plants became an effective treatment for severe combined
immunodeficiency and related disorders. The year 1960
marked the beginning of a renaissance in cellular immu-
nology, and the modern era dates from that time. Many
subspecialties of immunology are now recognized and
include such diverse topics as molecular immunology
(immunochemistry), immunobiology, immunogenetics,
immunopathology, tumor immunology, transplantation,
comparative immunology, immunotoxicology, and immu-
nopharmacology. Thus, it is apparent that immunology is
only at the end of the beginning and has bright prospects
for the future as evidenced by the exponential increase in
immunologic literature in recent years.

In 1948, Astrid Elsa Fagraeus established the role of the
plasma cell in antibody formation. The fluorescence anti-
body technique developed by Albert Coons was a major
breakthrough for the identification of antigen in tissues and
subsequently demonstrated antibody synthesis by individ-
ual cells. While attempting to immunize chickens in which
the bursa of Fabricius had been removed, Bruce Glick et
al. noted that antibody production did not take place. This
was the first evidence of bursa-dependent antibody forma-
tion. Robert A. Good immediately realized the significance
of this finding for immunodeficiencies of childhood. He
and his associates in Minneapolis and J.F.A.P. Miller in
England went on to show the role of the thymus in the
immune response, and various investigators began to
search for bursa equivalence in man and other animals.
Thus, the immune system of many species was found to



have distinct bursa-dependent, antibody-synthesizing, and
thymus-dependent cell-mediated limbs. In 1959, James
Gowans proved that lymphocytes actually recirculate. In
1966, Tzvee Nicholas Harris et al. demonstrated clearly that
lymphocytes could form antibodies. In 1966 and 1967,
Claman et al., David et al., and Mitchison et al. showed
that T and B lymphocytes cooperate with one another in
the production of an immune response. Various phenomena
such as the switch from forming one class of immunoglo-
bulin to another by B cells were demonstrated to be depen-
dent upon a signal from T cells activating B cells to change
from IgM to IgG or IgA production. B cells stimulated by
antigen in which no T cell signal was given continued to
produce IgM antibody. Such antigens were referred to
as thymus-independent antigens, and others requiring
T cell participation as thymus-dependent antigens.
Mitchison et al. described a subset of T lymphocytes
demonstrating helper activity, i.e., helper T cells. In
1971, Gershon and Condo described suppressor T cells.
Suppressor T cells have been the subject of much inves-
tigation but have eluded confirmation by the techniques
of molecular biology. Baruj Benacerraf et al. demon-
strated the significant role played by gene products of
the major histocompatibility complex in the specificity
and regulation of T cell-dependent immune response.
Jerne described the network theory of immunity in which
antibodies formed against idiotypic specificities of anti-
body molecules followed by the formation of antiidiotypic

L. Gillray cowpox cartoon. The cowpox or the wonderful effects
of the new inoculation, 1802. Courtesy of the National Library

of Medicine.
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antibodies constitutes a significant additional immunoreg-
ulatory process for immune system function. This postu-
late has been proved valid by numerous investigators.
Tonegawa et al. and Leder et al. identified and cloned the
genes that code for variable and constant diversity in
antibody-combining sites. In 1975, George Kohler and
Cesar Milstein successfully produced monoclonal anti-
bodies by hybridizing mutant myeloma cells with anti-
body-producing B cells (hybridoma technique). The B
cells conferred the antibody-producing capacity while the
myeloma cells provided the capability for endless repro-
duction. Monoclonal antibodies are the valuable homoge-
neous products of hybridomas that have widespread appli-
cation in diagnostic laboratory medicine.

Rhazes (Abu Bakr Muhammad ibn Zakariya) (865-932)
Persian philosopher and alchemist who described measles
and smallpox as different diseases. He also was a propo-
nent of the theory that immunity is acquired. Rhazes is
often cited as the premier physician of Islam.

Girolamo Fracastoro (1478-1553) A physician who was
born in Verona and educated in Padua. His interests ranged
from poetry to geography. He proposed the theory of
acquired immunity and was a leader in the early theories
of contagion. Syphilis sive Morbus Gallicus, 1530; De
Sympathia et Antipathia Rerum, 1546; De Contagione,
1546.

Smallpox cartoon, artist unknown, from the Clement C. Fry
collection. Yale Medical Library, contributed by Jason S.
Zielonka, published in J. Hist. Med. 27:447, 1972. Legend trans-
lated: smallpox-disfigured father says, “How shameful that your
pretty little children should call my children stupid and should
run away, refusing to play with them as friends ....” Meanwhile,
the children lament: “Father dear, it appears to be your fault that
they’re avoiding us. To tell the truth, it looks as though you
should have inoculated us against smallpox.”




Lady Mary Wortley Montagu (1689-1762) Often credited as the first to
introduce inoculation as a means of preventing smallpox in England in 1722.
After observing the practice in Turkey where her husband was posted as
Ambassador to the Turkish Court, she had both her young son and daughter
inoculated and interested the Prince and Princess of Wales in the practice.
Accounts of inoculation against smallpox are found in her Letters, 1777.
Robert Halsband authored a biography, The Life of Lady Mary Wortley
Montagu, Clarendon, Oxford, 1956.

Edward Jenner (1749-1822) Often termed the founder of immunology for
his contribution of the first reliable method of providing lasting immunity to
a major contagious disease. He studied medicine under John Hunter and for
most of his career was a country doctor in Berkeley in southern England. It
was common knowledge in the country that an eruptive skin disease of cattle
(cowpox) and a similar disease in horses called “grease” conferred immunity
to smallpox on those who cared for the animals and caught the infection
from them. Jenner carefully observed and recorded 23 cases. The results of
his experiments were published, establishing his claim of credit for initiating
the technique of vaccination. He vaccinated an 8-year-old boy, James Phipps,
with matter taken from the arm of the milkmaid, Sara Nelmes, who was
suffering from cowpox. After the infection subsided, he inoculated the child
with smallpox and found that the inoculation had no effect. His results led
to widespread adoption of vaccination in England and elsewhere in the world,
ultimately leading to eradication of smallpox.

Louis Pasteur (1822—1895) French. Father of immunology. One of the most
productive scientists of modern times, Pasteur’s contributions included the
crystallization of L- and o-tartaric acid disproving the theory of spontaneous
generation, and studies of diseases in wine, beer, and silkworms. He suc-
cessfully immunized sheep and cattle against anthrax, terming the technique
“vaccination” in honor of Jenner. He used attenuated bacteria and viruses
for vaccination. Pasteur produced a vaccine for rabies by drying the spinal
cord of rabbits and using the material to prepare a series of 14 injections of
increasing virulence. A child’s life (Joseph Meister) was saved by this
treatment. Les Maladies des Vers a Soie, 1865; Etudes sur le Vin, 1866;
Etudes sur la Biere, 1876; Oeuvres, 1922—1939.

Copyright © 2004 by Taylor & Francis




Julius Cohnheim (1839-1884) German experimental pathologist who was the first proponent of inflammation as a
vascular phenomenon. Lectures on General Pathology, 1889.

Heinrich Hermann Robert Koch (1843-1910) German bacteriologist awarded
the Nobel Prize in 1905 for his work on tuberculosis. Koch made many con-
tributions to the field of bacteriology. Along with his postulates for proof of
etiology, Koch instituted strict isolation and culture methods in bacteriology.
He studied the life cycle of anthrax and discovered both the Vibrio cholerae
and the tubercle bacillus. The Koch phenomenon and Koch-Weeks bacillus
both bear his name.

Elie Metchnikoff (1845-1916) Born at Ivanovska, Ukraine, where he
was a student of zoology with a very special interest in comparative
embryology. He earned a Ph.D. degree at the University of Odessa where
he also served as professor of zoology. He studied phagocytic cells of
starfish larvae in 1884 in a marine laboratory in Italy. This served as the
basis for his cellular phagocytic theory of immunity. On leaving Russia
for political reasons, he accepted a position at the Institut Pasteur in Paris
where he extended his work on the defensive role of phagocytes and
championed his cellular theory of immunity. He also made numerous
contributions to immunology and bacteriology. He shared the 1908 Nobel
Prize in Physiology or Medicine with Paul Ehrlich “in recognition for
their work on immunity.” Lecons sur le Pathologie de [I’'Inflammation,
1892; L’Immunite dans les Maladies Infectieuses, 1901; Etudes sur la
Nature Humaine, 1903.
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Alexandre Besredka (1870—1940) Parisian immunologist who worked with Metchnikoff at the Pasteur Institute. He
was born in Odessa. He contributed to studies of local immunity, anaphylaxis, and antianaphylaxis. Anaphylaxie et
Antianaphylaxie, 1918; Histoire d’une Idee: L’Oeuvre de Metchnikoff, 1921; Etudes sur I’Immunite dans les Maladies
Infectieuses, 1928.

Paul Ehrlich (1854-1915) Born in Silesia, Germany, and graduated as a
doctor of medicine from the University of Leipzig. His scientific work
included three areas of investigation. He first became interested in stains
for tissues and cells and perfected some of the best ones to demonstrate
the tubercle bacillus and leukocytes in blood. His first immunological
studies were begun in 1890 when he was an assistant at the Institute for
Infectious Disease under Robert Koch. After first studying the antibody
response to the plant toxins abrin and ricin, Ehrlich published the first
practical technique to standardize diphtheria toxin and antitoxin prepara-
tions in 1897. He proposed the first selective theory of antibody formation
known as the “side chain theory” which stimulated much research by his
colleagues in an attempt to disprove it. He served as director of his own
institute in Frankfurt-am-Main where he published papers with a number
of gifted colleagues, including Dr. Julius Morgenroth, on immune hemo-
lysis and other immunological subjects. He also conducted a number of
studies on cancer and devoted the final phase of his career to the devel-
opment of chemotherapeutic agents for the treatment of disease. He shared
the 1908 Nobel Prize with Metchnikoff for their studies on immunity.
Fruits of these labors led to treatments for trypanosomiasis and syphilis
(Salvarsan, “the magic bullet”). Collected Studies on Immunity, 1906;
Collected Papers of Paul Ehrlich, 3 vols., 1957.

August von Wassermann (1866—1925) German physician who, with Neisser and Bruck, described the first serological
test for syphilis, i.e., the Wassermann reaction. Handbook der Pathogenen Mikroorganismen (with Kolle), 1903.

Hans Buchner (1850-1902) German bacteriologist who was a professor of hygiene in Munich in 1894. He discovered
complement. Through his studies of normal serum and its bactericidal effects, he became an advocate of the humoral
theory of immunity.

Svante Arrhenius (1859-1927) Photographed with Paul Ehrlich, 1903.
Coined the term “immunochemistry” and hypothesized that antigen—
antibody complexes are reversible. He was awarded the Nobel Prize in
Chemistry, 1903. Immunochemistry, 1907.
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DIAGRAMMATIC REPRESENTATION OF THE SIDE-CHAIN THEORY
{conr.)

Fig.5 ... the antitoxins represent nothing more than the sidechains.

DIAGRAMMATIC REPRESENTATION OF THE SIDE-CHAIN THEORY reproduced in excess during regeneration and therefore pushed off from

(PLATES 1 AND 11)

Fie. 1 “The groups [the haptophore group of the side<chain of the cell and that
of the food-stuff or the toxin] must be adapted to one another, ¢. £, as
male and female screw (PasTeur), or as lock and key (E. FiscHEr).”

the protoplasm—thus coming to exist in a free state.”

Fig. 6  [The free side-chains (circulating antitoxins) unite with the toxins and thu:
protel:! the cell.]

Fig. 7 . two haptophore groups must be ibed 1o the bods
li'mmulylk amboceplor], one having a strong affinity for a mﬂ'ﬁpo«dln,]

Fig.2 ... the first stage in the toxic action must be regarded as bging _the haptophore group of the red blood corpuscles, . . . and another . .
union of the toxin by means ol' its haptophore group to a special side- which . . . becomes united with the ‘complement” . . .
chain of the cell protoplasm.” Fig. 8 “Ifa c:ll . has, with the assistance of an _-ppmnrim side-chain, fixec
Fig.3 *“The sldcchmn involved, so long as the union lasts, cannot exercise its to itsell a giant lnmlrt‘::lilmlllk - there is P&TAM [only] one of th
norraal, 2l nuticive I are not available until . . . they have been split into smaller l'usmcnl
Fig. 4 “We are thcn:fun. now concerned with a dcfm uhu.h according to the This will be . . . attained if . . . the ‘lentack’ . . . possesses
principles so ably worked out by . . lovercorrected] by second h.nplophorc group adapled to take to itself ferment-like materia

regeneration.”

Ehrlich side chain theory The first selective theory of antibody synthesis developed by Paul Ehrlich in 1900. Although
elaborate in detail, the essential feature of the theory was that cells of the immune system possess the genetic capability
to react to all known antigens and that each cell on the surface bears receptors with surface haptophore side chains. On
combination with antigen, the side chains would be cast off into the circulation and new receptors would replace the
old ones. These cast-off receptors represented antibody molecules in the circulation. Although far more complex than
this explanation, the importance of the theory was in the amount of research stimulated to try to disprove it. Nevertheless,
it was the first effort to account for the importance of genetics in immune responsiveness at a time when Mendel’s basic
studies had not even yet been “rediscovered” by De Vries.
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Jules Jean Baptiste Vincent Bordet (1870-1961) Belgian physician who
graduated with a doctor of medicine degree from the University of Brus-
sels. He was preparateur in Metchnikoff’s laboratory at the Institut Pasteur
from 1894 to 1901, where he discovered immune hemolysis and elucidated
the mechanisms of complement-mediated bacterial lysis. He and Gengou
described complement fixation and pointed to its use in the diagnosis of
infectious diseases. Their technique was subsequently used by von Wasser-
mann to develop a complement-fixation test for syphilis which enjoyed
worldwide popularity. His debates with Paul Ehrlich on the nature of
antigen—antibody—complement interactions stimulated much useful
research. He was awarded the Nobel Prize in Physiology or Medicine for
his studies on immunity, 1919. Traite de I'Immunite dans les Maladies
Infectieuses, 1920.



Emil Adolph von Behring (1854—1917) German bacteriologist who worked
at the Institute for Infectious Disease in Berlin with Kitasato and Wernicke
from 1890 to 1892 and demonstrated that circulating antitoxins against
diphtheria and tetanus conferred immunity. He demonstrated that the passive
administration of antitoxin, i.e., serum containing antitoxin could facilitate
recovery. This represented the beginning of serum therapy, especially for
diphtheria. He received the first Nobel Prize in Physiology or Medicine in
1901 for this work. Die Blutserumtherapie, 1902; Gesammelte Abhandlun-
gen, 1915; Behring, Gestalt und Werk, 1940; Emil von Behring zum
Gedachtnis, 1942.

Shibasaburo Kitasato (1892—-1931) Codiscoverer with Emil von Behring of antitoxin antibodies.

Karl Landsteiner (1868—1943) Viennese pathologist and immu-
nologist who later worked at the Rockefeller Institute for Medical
Research in New York. Received the Nobel Prize in 1930 “for
his discovery of the human blood groups.” He was the first to
infect monkeys with poliomyelitis and syphilis to allow con-
trolled studies of these diseases. He established the immu-
nochemical specificity of synthetic antigens and haptens. Land-
steiner felt his most important contribution was in the area of
antibody-hapten interactions. Die Spezifizitit der serologiochen
Reaktionen, 1933; The Specificity of Serological Reactions, 1945.

Charles Robert Richet (1850-1935) Parisian physician who became pro-
fessor of physiology at the University of Paris. He was interested in the
physiology of toxins and, with Portier, discovered anaphylaxis, for which
he was awarded the Nobel Prize in Physiology or Medicine in 1913. He
and Portier discovered anaphylaxis in dogs exposed to the toxins of
murine invertebrates to which they had been previously sensitized. Thus, an
immune-type reaction that was harmful rather than protective was demon-
strated. Experimental anaphylaxis was later shown to be similar to certain
types of hypersensitivity, which lent clinical as well as theoretical signifi-
cance to the discovery. L’Anaphylaxie, 1911.
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Paul Jules Portier (1866—1962) French physiologist who, with Richet, was the first to describe anaphylaxis.

Clemens Freiherr von Pirquet (1874-1929) Viennese physician who
coined the term “allergy” and described serum sickness and its pathogen-
esis. He also developed a skin test for tuberculosis. He held academic
appointments at Vienna, Johns Hopkins, and Breslau, and returned to
Vienna in 1911 as director of the University Children’s Clinic. Die
Serumkrenkheit (with Schick), 1905; Klinische Studien iiber Vakzination
und Vakzinale Allergie, 1907; Allergy, 1911.

Gaston Ramon (1886-1963) French immunologist who perfected the flocculation assay for diphtheria toxin.

Bela Schick (1877-1967) Austro-Hungarian pediatrician whose work with von Pirquet resulted in the discovery and
description of serum sickness. He developed the test for diphtheria that bears his name. Die Serumkrankheit (with
Pirquet), 1905.

Arthur Fernandez Coca (1875-1959) American allergist and immunologist. He was a major force in allergy and
immunology. He named atopic antibodies and was a pioneer in the isolation of allergens. Together with Robert A.
Cooke, Coca classified allergies in humans.

Robert Anderson Cooke (1880-1960) American immunologist and allergist who was instrumental in the founding of
several allergy societies. With Coca he classified allergies in humans. Cooke also pioneered skin test methods and
desensitization techniques.

Felix Haurowitz (1896-1988) A noted protein chemist from Prague who later came to the U.S. He investigated the
chemistry of hemoglobins. In 1930 (with Breinl) he advanced the instruction theory of antibody formation. Chemistry
and Biology of Proteins, 1950; Immunochemistry and Biosynthesis of Antibodies, 1968.

Jacques Oudin (1908-1986) French immunologist who was director of analytical immunology at the Pasteur Institute,
Paris. His accomplishments include discovery of idiotypy and the agar single diffusion method antigen—antibody assay.

Almroth Edward Wright (1861-1947) British pathologist and immu-
nologist who graduated with a doctor of medicine degree from Trinity
College, Dublin, in 1889. He became professor of pathology at the
Army Medical School in Netley in 1892. He became associated with
the Institute of Pathology at St. Mary’s Hospital Medical School,
London, in 1902. Together with Douglas, he formulated a theory of
opsonins and perfected an antitoxoid inoculation system. Wright stud-
ied immunology in Frankfurt-am-Main under Paul Ehrlich and made
important contributions to the immunology of infectious diseases and
immunization. He played a significant role in the founding of the
American Association of Immunologists. His published works include
Pathology and Treatment of War Wounds, 1942; Researches in Clinical
Physiology, 1943; Studies in Immunology, 2 vols., 1944.
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Carl Prausnitz-Giles (1876-1963) German physician from Breslau who
conducted extensive research on allergies. He and Kiistner successfully
transferred food allergy with serum. This became the basis for the Prausnitz-
Kiistner test. He worked at the State Institute for Hygiene in Breslau and
spent time at the Royal Institute for Public Health in London earlier in the
century. In 1933, he left Germany to practice medicine on the Isle of Wight.

Nicolas Maurice Arthus (1862—1945) Paris physician. He
studied venoms and their physiological effects; he was the
first to describe local anaphylaxis (the Arthus reaction) in
1903. Arthus investigated the local necrotic lesion resulting
from a local antigen—antibody reaction in an immunized
animal. De I’Anaphylaxie a I’Immunite, 1921.

Albert Calmette (1863—1933) French physician who was subdirector of the
Institut Pasteur in Paris. In a popular book published in 1920, Bacillary
Infection and Tuberculosis, he emphasized the necessity of separating tuber-
culin reactivity from anaphylaxis. Together with Guerin, he perfected BCG
vaccine and also investigated snake venom and plague serum.
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Michael Heidelberger (1888—1991) American; a founder of
immunochemistry. He began his career as an organic chemist. His
contributions to immunology include the perfection of quantitative
immunochemical methods and the immunochemical characteriza-
tion of pneumococcal polysaccharides. Heidelberger’s contribu-
tions to immunologic research are legion. During his career he
received the Lasker Award, the National Medal of Science, the
Behring Award, the Pasteur Medal, and the French Legion of
Honor. Lectures on Immunochemistry, 1956.

Arne W. Tiselius (1902-1971) Swedish chemist who was educated at the
University of Uppsala where he also worked in research. In 1934, he was
at the Institute for Advanced Study in Princeton, worked for the Swedish
National Research Council in 1946, and became president of the Nobel
Foundation in 1960. Awarded the Nobel Prize in Chemistry in 1948,
together with Elvin A. Kabat he perfected the electrophoresis technique
and classified antibodies as y globulins. He also developed synthetic blood
plasmas.

Elvin Abraham Kabat (1914-2000) American immunochemist. With Tise-
lius he was the first to separate immunoglobulins electrophoretically. He
also demonstrated that y globulins can be distinguished as 7S or 19S. Other
contributions include research on antibodies to carbohydrates, the antibody
combining site, and the discovery of immunoglobulin chain variable regions.
He received the National Medal of Science. Experimental Immunochemistry
(with Mayer), 1948; Blood Group Substances: Their Chemistry and Immu-
nochemistry; Structural Concepts in Immunology and Immunochemistry,
1956.
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Henry Hallett Dale (1875-1968) British investigator who made a wide range
of scientific contributions including work on the chemistry of nerve impulse
transmissions, the discovery of histamine, and the development of the Schultz-
Dale test for anaphylaxis. He received a Nobel Prize in 1935.

John Richardson Marrack (1899-1976) British physician who served as professor of
chemical pathology at Cambridge and at London Hospital. He hypothesized that anti-
bodies are bivalent, labeled antibodies with colored dyes, and proposed a lattice theory
of antigen—antibody complex formation in fundamental physicochemical studies.

William Dameshek (1900-1969) Noted Russian—American hematologist who was among the first to understand autoim-
mune hemolytic anemias. He spent many years as editor-in-chief of the journal Blood.

Orjan Thomas Gunnersson Quchterlony (1914— ) Swedish bacteriologist who developed the antibody detection test
that bears his name. Two-dimensional double diffusion with subsequent precipitation patterns is the basis of the assay.
Handbook of Immunodiffusion and Immunoelectrophoresis, 1968.

Merrill Chase (1905— ) American immunologist who worked with Karl Landsteiner at the Rockefeller Institute for
Medical Research, New York. He investigated hypersensitivity, including delayed type hypersensitivity and contact
dermatitis. He was the first to demonstrate the passive transfer of tuberculin and contact hypersensitivity and also made
contributions in the fields of adjuvants and quantitative methods.

Philip Levine (1900-1987) Russian-American immunohematologist. With Landsteiner, he conducted pioneering
research on blood group antigens, including discovery of the MNP system. His work contributed much to transfusion
medicine and transplantation immunobiology.

Jules Freund (1890-1960) Hungarian physician who later worked in the U.S. He made many contributions to immu-
nology, including work on antibody formation, studies on allergic encephalomyelitis, and the development of Freund’s
adjuvant. He received the Lasker Award in 1959.

Copyright © 2004 by Taylor & Francis



Max Theiler (1899-1972) South African virologist who received the Nobel
Prize in 1951 “for his development of vaccines against yellow fever.”
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Hans Zinsser (1878—1940) A leading American bacteriologist and a Columbia,
Stanford, and Harvard educator whose work in immunology included hyper-
sensitivity research and plague immunology, formulation of the unitarian theory
of antibodies, and demonstration of differences between tuberculin and ana-
phylactic hypersensitivity. His famous text, Microbiology (with Hiss), 1911,
has been through two dozen editions since its first appearance.

Gregory Shwartzman (1896—-1965) Russian—American microbiologist who
described local and systemic reactions that follow injection of bacterial endo-
toxins. The systemic Shwartzman reaction, a nonimmunologic phenomenon,
is related to disseminated intravascular coagulation. The local Shwartzman
reaction in skin resembles the immunologically based Arthus reaction in
appearance. Phenomenon of Local Tissue Reactivity and Its Immunological
and Clinical Significance, 1937.



Robin Coombs (1921 ) British pathologist and immunologist who is best
known for the Coombs’ test as a means for detecting immunoglobulin on
the surface of a patient’s red blood cells. The test was developed in the 1940s
to demonstrate autoantibodies on the surface of red blood cells that failed
to cause agglutination of these erythrocytes. It is a test for autoimmune
hemolytic anemia. He also contributed much to serology, immunohematol-
ogy, and immunopathology. The Serology of Conglutination and Its Relation
to Disease, 1961; Clinical Aspects of Immunology (with Gell), 1963.

Albert Hewett Coons (1912-1978) American immunologist and bacteri-
ologist who was an early leader in immunohistochemistry with the devel-
opment of fluorescent antibodies. Coons received the Lasker medal in
1959, the Ehrlich prize in 1961, and the Behring prize in 1966.

Pierre Grabar (1898-1986) French-educated immunologist, born in Kiev, who served as chef de service at the Institut
Pasteur and as director of the National Center for Scientific Research, Paris. Best known for his work with Williams in
the development of immunoelectrophoresis. He studied antigen—antibody interactions and developed the “carrier” theory
of antibody function. He was instrumental in reviving European immunology in the era after World War II.

Herman Nathaniel Eisen (1918— ) American physician whose research contributions range from equilibrium dialysis
(with Karush) to the mechanism of contact dermatitis.

Milan Hasek (1925-1985) Czechoslovakian scientist whose contributions to immunology include investigations of
immunologic tolerance and the development of chick embryo parabiosis. Hasek also made fundamental contributions
to transplantation biology.

Gustay Joseph Victor Nossal (1931-) Australian immunologist whose seminal works have concentrated on antibodies
and their formation. He served as director of the Walter and Eliza Hall Institute of Medical Research in Melbourne.
Antibodies and Immunity, 1969; Antigens, Lymphoid Cells and the Immune Response (with Ada), 1971.
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Ernest Witebsky (1901-1969) German—American immunologist and bacteriol-
ogist who made significant contributions to transfusion medicine and to con-
cepts of autoimmune diseases. He was a direct descendent of the Ehrlich school
of immunology, having worked at Heidelberg with Hans Sachs, Ehrlich’s prin-
cipal assistant, in 1929. He came to Mt. Sinai Hospital in New York in 1934
and became professor at the University of Buffalo in 1936, where he remained
until his death. A major portion of his work on autoimmunity was the demon-
stration, with Noel R. Rose, of experimental autoimmune thyroiditis.

Noel Richard Rose (1927-) American immunologist and authority on autoim-
mune diseases who first discovered, with Witebsky, experimental autoimmune
thyroiditis. His subsequent contributions to immunology are legion. He has

authored numerous books and edited leading journals in the field.
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Peter Alfred Gorer (1897-1961) British pathologist who was professor at
Guy’s Hospital Medical School, London, where he made major discoveries
in transplantation genetics. With Snell, he discovered the H-2 murine histo-
compatibility complex. Most of his work was in transplantation genetics.
He identified antigen II and described its association with tumor rejection.
The Gorer Symposium, 1985.



Peter Brian Medawar (1915-1987) British transplantation biologist who earned
his Ph.D. at Oxford in 1935, where he served as lecturer in zoology. He was
subsequently a professor of zoology at Birmingham (1947) and at University Col-
lege, London, in 1951. He became director of the Medical Research Council in
1962 and of the Clinical Research Center at Northwick Park in 1971. Together with
Billingham and Brent, he made seminal discoveries in transplantation. He shared
the 1960 Nobel Prize in Physiology or Medicine with Sir MacFarlane Burnet.

Ray David Owen (1915- ) American geneticist who described erythrocyte
mosaicism in dizygotic cattle twins. This discovery of reciprocal erythrocyte
tolerance contributed to the concept of immunologic tolerance. The obser-
vation that cattle twins, which shared a common fetal circulation, were
chimeras and could not reject transplants of each other’s tissues later in life
provided the groundwork for Burnet’s ideas about tolerance and Medawar’s
work in transplantation.

Frank James Dixon (1920- ) American physician and researcher noted for
his fundamental contributions to immunopathology that include the role of
immune complexes in the production of disease. He is also known for his
work on antibody formation. Dixon was the founding director of the
Research Institute of Scripps Clinic, La Jolla, CA.
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Niels Kaj Jerne (1911-1994) Immunologist, born in London and educated
at Leiden and Copenhagen, who shared the Nobel Prize in 1984 with Kohler
and Milstein for his contributions to immune system theory. These include
his selective theory of antibody formation, the functional network of inter-
acting antibodies and lymphocytes, and distinction of self from nonself by
T lymphocytes. He studied antibody synthesis and avidity, perfected the
hemolytic plaque assay, developed natural selection theory of antibody for-
mation, and formulated the idiotypic network theory. He was named director
of the Paul Ehrlich Institute in Frankfurt-am-Main in 1966 and director of
the Basel Institute for Immunology in 1969.

David Wilson Talmage (1919- ) American physician and investigator who
in 1956 developed the cell selection theory of antibody formation. His work
was a foundation for Burnet’s subsequent clonal selection theory. After
training in immunology with Taliaferro in Chicago where he became a
professor in 1952, Talmage subsequently became chairman of microbiology
in 1963, dean of medicine in 1968, and director of the Webb-Waring Institute
in Denver in 1973. In addition to his investigations of antibody formation,
he also studied heart transplantation tolerance. The Chemistry of Immunity
in Health and Disease (with Cann), 1961.

Joshua Lederberg (1925— ) American biochemist who made a significant contribution to immunology with his work
on the clonal selection theory of antibody formation. He received a Nobel Prize in 1958 (with Beadle and Tatum) for

genetic recombination and organization of genetic material in bacteria.

Henry Sherwood Lawrence (1916— ) American immunologist. While studying type IV hypersensitivity and contact
dermatitis, he discovered transfer factor. Cellular and Humoral Aspects of Delayed Hypersensitivity, 1959.

Jan Gosta Waldenstrom (1906-1996) Swedish physician who described macroglobulinemia, which now bears his name.

He received the Gairdner Award in 1966.

Daniel Bovet (1907-1992) Primarily a pharmacologist and physiologist, Bovet received the Nobel Prize in 1957 for
his contributions to the understanding of the role histamine plays in allergic reactions and the development of antihis-
tamines. Structure Chimique et Activite Pharmacodynamique des Medicaments du Systeme Nerveux Vegetatif, 1948;

Curare and Curare-Like Agents, 1959.
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Frank MacFarlane Burnet (1899-1985) Australian virologist and immunolo-
gist who shared the Nobel Prize with Peter B. Medawar in 1960 for the
discovery of acquired immunological tolerance. Burnet was a theoretician who
made major contributions to the developing theories of self tolerance and clonal
selection in antibody formation. Burnet and Fenner’s suggested explanation of
immunologic tolerance was tested by Medawar et al., who confirmed the
hypothesis in 1953 using inbred strains of mice. Production of Antibodies (with
Fenner), 1949; Natural History of Infectious Diseases, 1953; Clonal Selection
Theory of Antibody Formation, 1959; Autoimmune Diseases (with Mackay),
1962; Cellular Immunology, 1969; Changing Patterns (autobiography), 1969.

Dausset and Nathenson), 1976.

Jean Baptiste Gabriel Dausset (1916— ) French physician and inves-
tigator. He pioneered research on the HLA system and the immuno-
genetics of histocompatibility. For this work, he shared a Nobel Prize
with Benacerraf and Snell in 1980. He made numerous discoveries in
immunogenetics and transplantation biology. Immunohematologie,
Biologique et Clinique, 1956; HLA and Disease (with Svejaard), 1977.
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George Davis Snell (1903—-1996) American geneticist who shared the 1980
Nobel Prize in Physiology or Medicine with Jean Dausset and Baruj Benacerraf
“for their work on genetically determined structures of the cell surface that
regulate immunologic reactions.” Snell’s major contributions were in the field
of mouse genetics including discovery of the H-2 locus and the development
of congenic mice. He made many seminal contributions to transplantation
genetics and received the Gairdner Award in 1976. Histocompatibility (with




Baruj Benacerraf (1920- ) American immunologist born in Caracas,
Venezuela. His multiple contributions include the carrier effect in delayed
hypersensitivity, lymphocyte subsets, MHC, and Ir immunogenetics, for
which he shared the Nobel Prize in 1980 with Jean Dausset and George
Snell. Benacerraf et al. demonstrated that immune response Ir genes con-
trol an animal’s response to a given antigen. These genes were localized
in the I region of the MHC. Textbook of Immunology (with E. Unanue),
1979.

Henry George Kunkel (1916-1983) American physician and immunologist.
The primary focus of his work was immunoglobulins. He characterized
myeloma proteins as immunoglobulins and rheumatoid factor as an autoan-
tibody. He also discovered IgA and idiotypy and contributed to immunoglo-
bulin structure and genetics. Kunkel received the Lasker Award and the
Gairdner Award. A graduate of Johns Hopkins Medical School, he served
as professor of medicine at the Rockefeller Institute for Medical Research.
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Astrid Elsa Fagraeus-Wallbom (1913 ) Swedish investigator noted for her
doctoral thesis which provided the first clear evidence that immunoglobulins
are made in plasma cells. In 1962, she became chief of the Virus Department
of the National Bacteriological Laboratory, and in 1965, professor of immu-
nology at the Karolinska Institute in Stockholm. She also investigated cell
membrane antigens and contributed to the field of clinical immunology.
Antibody Production in Relation to the Development of Plasma Cells, 1948.



Rosalyn Sussman Yalow (1921- ) American investigator who shared the 1977
Nobel Prize with Guillemin and Schally for her endocrinology research and
perfection of the radioimmunoassay technique. With Berson, Yalow made an
important discovery of the role antibodies play in insulin-resistant diabetes.
Her technique provided a test to estimate nanogram or picogram quantities of
various types of hormones and biologically active molecules, thereby advancing
basic and clinical research.

J.F.A.P. Miller (1931- ) Proved the role of the thymus in immunity while
investigating gross leukemia in neonatal mice.

Robert Alan Good (1922-2003) American immunologist and pediatrician
who has made major contributions to studies on the ontogeny and phylogeny
of the immune response. Much of his work focused on the role of the thymus
and the bursa of Fabricius in immunity. He and his colleagues demonstrated
the role of the thymus in the education of lymphocytes. The Thymus in
Immunobiology, 1964; Phylogeny of Immunity, 1966.
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James Gowans (1924 ) British physician and investigator whose principal
contribution to immunology was the demonstration that lymphocytes recir-
culate via the thoracic duct, which radically changed understanding of the
role lymphocytes play in immune reactions. He also investigated lymphocyte
function. Gowans was made director of the MRC Cellular Immunobiology
Unit, Oxford, in 1963.

M T I

Rodney Robert Porter (1917-1985) British biochemist who received the
Nobel Prize in 1972, with Gerald Edelman, for their studies of antibodies
and their chemical structure. Porter cleaved antibody molecules with the
enzyme papain to yield Fab and Fc fragments. He suggested that antibodies
have a four-chain structure. Fab fragments were shown to have the antigen-
binding sites, whereas the Fc fragment conferred the antibody’s biological
properties. He also investigated the sequence of complement genes in the
MHC. Defense and Recognition, 1973.
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Gerald Maurice Edelman (1929- ) American investigator who was profes-
sor at the Rockefeller University and shared the Nobel Prize in 1972 with
Porter for their work on antibody structure. Edelman was the first to dem-
onstrate that immunoglobulins are composed of light and heavy polypeptide
chains. He also did pioneering work with the Bence-Jones protein, cell adhe-
sion molecules, immunoglobulin amino acid sequence, and neurobiology.



Richard K. Gershon (1932—1983) One of the first to demonstrate the suppressor
role of the T cell. The suppressor T cell was described as a subpopulation of
lymphocytes that diminish or suppress antibody formation by B cells or down-
regulate the ability of T lymphocytes to mount a cellular immune response.
The inability to confirm the presence of receptor molecules on their surface
has cast a cloud over the suppressor cell; however, functional suppressor cell
effects are indisputable.

Kimishige Ishizaka (1925- ) and Terako Ishizaka discovered IgE and have
contributed to elucidation of its function.

Georges J.F. Kohler (1946-1995) German immunologist who shared the Nobel
Prize in 1984 with Cesar Milstein for their work in the production of monoclonal
antibodies by hybridizing mutant myeloma cells with antibody-producing
B cells (hybridoma technique). Monoclonal antibodies have broad applications
in both basic and clinical research as well as in diagnostic assays.
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Cesar Milstein (1927-2002) Immunologist born in Argentina who worked
in the U.K. He shared the 1984 Nobel Prize with Kohler for their production
of monoclonal antibodies by hybridizing mutant myeloma cells with anti-
body-producing B cells (hybridoma technique). The production of mono-
clonal antibodies by hybridoma technology revolutionized immunological
research.

Susumu Tonegawa (1939— ) Japanese-born immunologist working in the
U.S. He received the Nobel Prize in 1987 for his research on immunoglobulin
genes and antibody diversity. Tonegawa and many colleagues were respon-
sible for the discovery of immunoglobulin gene C, V, J, and D regions and
their rearrangement.

E. Donnall Thomas and Joseph E. Murray
Recipients of the 1990 Nobel Prize for Physiol-
ogy or Medicine for their work during the 1950s
and 1960s on reducing the risk of organ rejection
by the body’s immune system. Murray per-
formed the first successful organ transplant in the
world, which was a kidney from one identical
twin to another, at the Peter Bent Brigham Hos-
pital in Boston in 1954. Two years later, Thomas
was the first to perform a successful transplant
of bone marrow, which he achieved by adminis-
tering a drug that prevented rejection. The two
doctors have made significant discoveries that
“have enabled the development of organ and cell
transplantation into a method for the treatment
of human disease,” said the Nobel Assembly in
its citation for the prize.
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Rolf Zinkernagel (right) (1944— ) and Peter
Doherty (left) (1940— ) Recipients of the 1996
Nobel Prize for Physiology or Medicine for their
demonstration of MHC restriction. In an investi-
gation of how T lymphocytes protect mice
against lymphocytic choriomeningitis virus
(LCMYV) infection, they found that T cells from
mice infected by the virus killed only infected
target cells expressing the same major histocom-
patibility complex (MHC) class I antigens but not
those expressing a different MHC allele. In their
study, murine cytotoxic T cells (CTL) would only
lyse virus-infected target cells if the effector and
target cells were H-2 compatible. This significant
finding had broad implications, demonstrating
that T cells did not recognize the virus directly
but only in conjunction with MHC molecules.
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2 Molecules, Cells, and Tissues of the
Immune Response

The generation of an immune response of either the innate
or acquired variety requires the interaction of specific
molecules, cells, and tissues. This chapter provides an
overview of these structures with brief descriptions,
enhanced by schematic representations and light and elec-
tron micrographs of those elements whose interactions
yield a highly tailored immune response that is critical to
survival of the species. Many of the molecules of immu-
nity are described in subsequent chapters. Adhesion mol-
ecules that are important in bringing cells together in the
generation of immune responses, of directing cellular traf-
fic through vessels or interaction of cells with matrix are
presented here.

All lymphocytes in the body are derived from stem cells
in the bone marrow. Those cells destined to become T
cells migrate to the thymus where they undergo maturation
and education prior to their residence in the peripheral
lymphoid tissues. B cells undergo maturation in the bone
marrow following their release. Both B and T cells occupy
specific areas in the peripheral lymphoid tissues. Depic-
tions of the thymus, lymph nodes, spleen, and other lym-
phoid organs are presented to give the reader a visual
concept of immune system structure and development.
The various cells involved in antigen presentation and
development of an immune response are followed by a
description of cells involved in effector immune functions.
Understanding the molecules, cells, and tissues described
in the pages that follow prepares the reader to appreciate
the novel and fascinating interactions of these molecules
and cells in the body tissues and organs which permit the
generation of a highly specific immune response. Immu-
nity may perform many vital functions; for example, the
elimination of invading microbes, the activation of ampli-
fication mechanisms such as the complement pathway, or
the development of protective antibodies or cytotoxic T
cells that prevent the development of potentially fatal
infectious diseases. By contrast, the immune system may
generate responses that lead to hypersensitivity or tissue
injury and disease. In either case, the process is fascinating
and commands the attention and respect of the reader for
Nature’s incomparable versatility.

Immune: Natural or acquired resistance to a disease. Either
a subclinical infection with the causative agent or deliberate
immunization with antigenic substances prepared from it
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may render a host immune. Because of immunological
memory, the immune state is heightened upon second expo-
sure of individuals to an immunogen. A subject may
become immune as a consequence of having experienced
and recovered from an infectious disease.

CAM (cell adhesion molecules): Cell-selective proteins
that promote adhesion of cells to one another and are
calcium independent. They are believed to help direct
migration of cells during embryogenesis. The majority of
lymphocytes and monocytes express this antigen which is
not found on other cells. The “humanized” antibodies
specific for this epitope are termed Campath-1H. See
CD52 in Chapter 11.

Cell adhesion molecules (CAMSs) on the cell surface
facilitate the binding of cells to each other in tissues as
well as in cell-to-cell interaction. Most are grouped into
protein families that include the integrins, selectins,
mucin-like proteins, and the immunoglobulin superfamily.

Immune cell motility: Migration of immune cells is a
principal host defense mechanism for the recruitment of
leukocytes to inflammatory sites in the development of
cell-mediated immunity. The induction of migratory
responses follows the interaction of signal molecules with
plasma membrane receptors, initiating cytoskeletal reorga-
nization and changes in cell shape. Motile responses may
be random, chemokinetic, chemotactic, or haptotactic.
Random migration of unstimulated motility in chemoki-
netic migration, i.e., stimulated random movement of cells
without a stimulus gradient, are motile responses that are
not consistently directional. By contrast, responses that are
directional include those that are chemotactic and haptotac-
tic. They take place when cells are subjected to a signal
gradient, and the cells migrate toward an increasing con-
centration of the stimulus. The various motile responses
may participate in the mobilization of immune cells to sites
of inflammation.

The immune system includes the molecules, cells, tis-
sues, and organs that are associated with adaptive immu-
nity such as the host defense mechanisms.

Immune system anatomy: The lymphocyte is the cell
responsible for immune response specificity. The human
mature lymphoid system is comprised of 2 x 10'2



lymphocytes together with various accessory cells that
include epithelial cells, monocytes/macrophages, and other
antigen-presenting cells. Accessory cells are a requisite for
both maturation and effective functioning of lymphocytes.
The thymus is the site of maturation of T cells and the bone
marrow is the maturation site of B cells. These two tissues
comprise the primary lymphoid organs. The secondary lym-
phoid organs consist of the cervical lymph nodes, ancillary
lymph nodes, spleen, mesenteric lymph nodes, and inguinal
lymph nodes. Mature lymphocytes migrate from the central
lymphoid organs by way of the blood vessels to the sec-
ondary or peripheral tissues and organs, where they respond
to antigen. Peripheral lymphoid tissues comprise the spleen,
lymph nodes, and mucosa-associated lymphoid tissue
(MALT) which is associated with the respiratory, genitouri-
nary, and gastrointestinal tracts, making up 50% of the
lymphoid cells of the body. The mucosa-associated lym-
phoid system consists of the adenoids, tonsils, and mucosa-
associated lymphoid cells of the respiratory, genitourinary,
gastrointestinal tracts, and Peyer’s patches in the gut.

Immunity refers to a state of acquired or innate resistance
or protection from a pathogenic microorganism or its
products or from the effect of toxic substances such as
snake or insect venom.

Cluster of differentiation (CD): The designation of anti-
gens on the surface of leukocytes by their reactions with
clusters of monoclonal antibodies. The antigens are des-
ignated as clusters of differentiation (CDs).

CD (cluster of differentiation): See cluster of differen-
tiation. Molecular weights for the CD designations in this
book are given for reduced conditions.

CD antigens are a cluster of differentiation antigens iden-
tified by monoclonal antibodies. The CD designation
refers to a cluster of monoclonal antibodies, all of which
have identical cellular reaction patterns and identify the
same molecular species. Anti-CD refers to antiidiotype
and should not be employed to name CD monoclonal
antibodies. The CD designation was subsequently used to
describe the recognized molecule but it had to be clarified
by using the terms antigen or molecule. CD nomenclature
is used by most investigators to designate leukocyte sur-
face molecules. Provisional clusters are designated as
CDw. CD antigen is a molecule of the cell membrane that
is employed to differentiate human leukocyte subpopula-
tions based upon their interaction with monoclonal anti-
body. The monoclonal antibodies that interact with the
same membrane molecule are grouped into a common
cluster of differentiation or CD.

CD molecules are cell surface molecules found on
immune system cells that are designated “cluster of dif-
ferentiation” or CD followed by a number such as CD33.
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CMI is the abbreviation for cell-mediated immunity.
Immunoblast: Lymphoblast.

Immunochemistry is that branch of immunology con-
cerned with the properties of antigens, antibodies, com-
plement, T cell receptors, MHC molecules, and all the
molecules and receptors that participate in immune inter-
actions in vivo and in vitro. Immunochemistry aims to
identify active sites in immune responses and define the
forces that govern antigen—antibody interaction. It is also
concerned with the design of new molecules such as cat-
alytic antibodies and other biological catalysts. Also called
molecular immunology.

Immunocompetent is an adjective that describes a mature
functional lymphocyte that is able to recognize a specific
antigen and mediate an immune response. It also may refer
to the immune status of a human or other animal to indi-
cate that the individual is capable of responding immuno-
logically to an immunogenic challenge.

Selectins are a group of cell adhesion molecules (CAMs)
that are glycoproteins and play an important role in the
relationship of circulating cells to the endothelium. The
members of this surface molecule family have three sep-
arate structural motifs. They have a single N-terminal
(extracellular) lectin motif preceding a single epidermal
growth factor repeat and various short consensus repeat
homology units. They are involved in lymphocyte migra-
tion. These carbohydrate-binding proteins facilitate
adhesion of leukocytes to endothelial cells. There is a
single-chain transmembrane glycoprotein in each of the
selectin molecules with a similar modular structure that
includes an extracellular calcium-dependent lectin
domain. The three separate groups of selectins include
L-selectin (CD62L), expressed on leukocytes, P-selectin
(CD62P), expressed on platelets and activated endothe-
lium, and E-selectin (CD62E), expressed on activated
endothelium. Under shear forces their characteristic
structural motif is comprised of an N-terminal lectin
domain, a domain with homology to epidermal growth
factor (EGF), and various complement regulatory protein
repeat sequences. See also E-selectin, L-selectin, P-selectin,
and CD62.

Immunocyte, literally immune cell, is a term sometimes
used by pathologists to describe plasma cells in stained
tissue sections, e.g., in the papillary or reticular dermis in
erythema multiforme.

Mucins are heavily glycosylated serine- and threonine-
rich proteins that serve as ligands for selectins.

Immunocytochemistry refers to the visual recognition of
target molecules, tissues, and cells through the specific



reaction of antibody with antigen by using antibodies
labeled with indicator molecules. By tagging an antibody
with a fluorochrome, color-producing enzyme, or metallic
particle, the target molecules can be identified.

MEL-14 is a selectin on the surface of lymphocytes sig-
nificant in lymphocyte interaction with endothelial cells
of peripheral lymph nodes. Selectins are important for
adhesion despite shear forces associated with circulating
blood. MEL-14 is lost from the surface of both granulo-
cytes and T lymphocytes following their activation. MEL-
14 combines with phosphorylated oligosaccharides.

MEL-14 antibody identifies a gp90 receptor that permits
lymphocyte binding to peripheral lymph node high endo-
thelial venules. Immature double-negative thymocytes
comprise cells that vary from high to low in MEL-14
content. The gp90 MEL-14 epitope is a glycoprotein on
murine lymph node lymphocyte surfaces. MEL-14 anti-
body prevents these lymphocytes from binding to postcap-
illary venules. The gp90 MEL-14 is apparently a lympho-
cyte homing receptor that directs these cells to lymph nodes
in preference to lymphoid tissue associated with the gut.

Immunologic (or immunological) is an adjective refer-
ring to those aspects of a subject that fall under the pur-
view of the scientific discipline of immunology.

An immunological reaction is an in vivo or in vitro
response of lymphoid cells to an antigen they have never
previously encountered or to an antigen for which they
are already primed or sensitized. An immunological reac-
tion may consist of antibody formation, cell-mediated
immunity, or immunological tolerance. The humoral anti-
body and cell-mediated immune reactions may mediate
either protective immunity or hypersensitivity, depending
on various conditions.

A microenvironment is an organized, local interaction
among cells that provides an interactive, dynamic, struc-
tural, or functional compartmentalization. The microenvi-
ronment may facilitate or regulate cell and molecular
interactions through biologically active molecules.
Microenvironments may exert their influence at the organ,
tissue, cellular, or molecular levels. In the immune system,
they include the thymic cortex and the thymic medulla,
which are distinct; the microenvironment of lymphoid
nodules; and a microenvironment of B cells in a lymphoid
follicle, among others.

Microfilaments are cellular organelles that comprise a
network of fibers of about 60 A in diameter present
beneath the membranes of round cells, occupying protru-
sions of the cells, or extending down microprojections
such as microvilli. They are found as highly organized
and prominent bundles of filaments, concentrated in

Copyright © 2004 by Taylor & Francis

regions of surface activity during motile processes or
endocytosis. Microfilaments consist mainly of actin, a
globular 42-kDa protein. In media of appropriate ionic
strength, actin polymerizes in a double array to form
microfilaments which are critical for cell movement,
phagocytosis, fusion of phagosome and lysosome, and
other important functions of cells belonging to the
immune and other systems.

An immunologically activated cell is the term for an
immunologically competent cell following its interaction
with antigen. This response may be expressed either as
lymphocyte transformation, immunological memory, cell-
mediated immunity, immunologic tolerance, or antibody
synthesis.

Bystander effects are indirect, nonantigen-specific phe-
nomena that result in polyclonal responses. In contrast to
antigen-specific interactions, bystander effects are the
result of cellular interactions that take place without anti-
gen recognition or under conditions where antigen and
receptors for antigen are not involved. Bystander effects
are phenomena linked to the specific immune response in
that they do not happen on their own but only in connec-
tion with a specific response. Cells not directly involved
in the antigen-specific response are transstimulated or
“carried along” in the response.

Innocent bystander refers to a cell that is fatally injured
during an immune response specific for a different cell type.

Bystander lysis refers to tissue cell lysis that is nonspe-
cific. The tissue cells are not the specific targets during an
immune response but are killed as innocent bystanders
because of their close proximity to the site where nonspe-
cific factors are released near the actual target of the
immune response. Bystander lysis may occur by the
Fas/FasL pathway depending on the polarity and kinetics
of FasL surface expression and downregulation after TCR
engagement. This cytotoxicity pathway may give rise to
bystander lysis of Fas* target cells.

An immunologically competent cell is a lymphocyte,
such as a B cell or T cell, that can recognize and respond
to a specific antigen.

An immunologist is a person who makes a special study
of immunology.

Immunology is that branch of biomedical science con-
cerned with the response of the organism to immunogenic
(antigenic) challenge, the recognition of self from nonself,
and all the biological (in vivo), serological (in vitro), phys-
ical, and chemical aspects of immune phenomena.

Immunophysiology refers to the physiologic basis of
immunologic processes.



LCAM is the abbreviation for leukocyte cell adhesion
molecule.

A neural cell adhesion molecule-LL1 (NCAM-L1) is a
member of the Ig gene superfamily. Although originally
identified in the nervous sytem, NCAM-LI1 is also
expressed in hematopoietic and epithelial cells. It may
function in cell-cell and cell-matrix interactions.
NCAM-L1 can support homophilic NCAM-L1-NCAM-
L1 and integrin cell-binding. It can also bind with high
affinity to the neural proteoglycan eurocan. NCAM-L1
promotes neurite outgrowth by functioning in neurite
extension.

Activated leukocyte cell adhesion molecule (ALCAM/
CD166) is a member of the immunoglobulin (Ig) gene
superfamily. It is expressed by activated leukocytes and
lymphocyte antigen CD6. The extracellular region of
ALCAM contains five Ig-like domains. The N-terminal Ig
domain binds specifically to CD6. ALCAM-CD6 interac-
tions have been implicated in T cell development and
regulation of T cell function. ALCAM may also play a
role in progression of human melanoma.

Ligand refers to a molecule or part of a molecule that
binds or forms a complex with another molecule such as
a cell surface receptor. A ligand is any molecule that a
receptor recognizes.

Cell surface receptors and ligands: Activation of
caspases via ligand binding to cell surface receptors
involves the TNF family of receptors and ligands. These
receptors contain an 80-amino acid death domain (DD)
that through homophilic interactions recruits adaptor pro-
teins to form a signaling complex on the cytosolic surface
of the receptor. The signaling induced by the ligand bind-
ing to the receptor appears to involve trimerization. Based
on x-ray crystallography, the trimeric ligand has three
equal faces; a receptor monomer interacts at each of the
three junctions formed by the three faces. Thus, each
receptor polypeptide contacts two ligands. The bringing
together of three receptors, thereby orienting the intracel-
lular DDs, appears to be the critical feature for signaling
by these receptors. The adaptor proteins recruited to the
aligned receptor DDs recruit either caspases or other sig-
naling proteins. The exact mechanism by which recruit-
ment of caspases-8 to the DD-induced complex causes
activation of caspases-8 is not clear.

Homing receptors are molecules on a cell surface that
direct traffic of that cell to a precise location in other
tissues or organs. For example, lymphocytes bear surface
receptors that facilitate their attachment to high endothe-
lial cells of postcapillary venules in lymph nodes. Adhe-
sion molecules present on lymphocyte surfaces enable
lymphocytes to recirculate and home to specific tissues.
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Homing receptors bind to ligands termed addressins found
on endothelial cells in affected vessels.

Adhesion molecules are extracellular matrix proteins that
attract leukocytes from the circulation. For example, T and
B lymphocytes possess lymph node homing receptors on
their membranes that facilitate passage through high
endothelial venules. Neutrophils migrate to areas of
inflammation in response to endothelial leukocyte adhe-
sion molecule-1 (ELAM-1) stimulated by TNF and IL-1
on the endothelium of vessels. B and T lymphocytes that
pass through high endothelial venules have lymph node
homing receptors. Adhesion molecules mediate cell adhe-
sion to their surroundings and to neighboring cells. In the
immune system, adhesion molecules are critical to most
aspects of leukocyte function, including lymphocyte recir-
culation through lymphoid organs, leukocyte recruitment
into inflammatory sites, antigen-specific recognition, and
wound healing. The five principal structural families of
adhesion molecules are (1) integrins, (2) immunoglobulin
superfamily (IgSF) proteins, (3) selectins, (4) mucins, and
(5) cadherins.

Neuropilin is a cell-surface protein that is a receptor for
the collapsin/semaphorin family of neuronal guidance
proteins.

Adhesion molecule assays: Cell adhesion molecules are
cell-surface proteins involved in the binding of cells to
each other, to endothelial cells, or to the extracellular
matrix. Specific signals produced in response to wound-
ing and infection control the expression and activation of
the adhesion molecule. The interactions and responses
initiated by the binding of these adhesion molecules to
their receptors/ligands play important roles in the medi-
ation of the inflammatory and immune reaction. The
immediate response to a vessel wall injury is the adhesion
of platelets to the injury site and the growth, by further
aggregation of platelets, of a mass which tends to obstruct
(often incompletely) the lumen of the damaged vessel.
This platelet mass is called a hemostatic plug. The
exposed basement membranes at the sites of injury are
the substrate for platelet adhesion, but deeper tissue com-
ponents may have a similar effect. Far from being static,
the hemostatic plug has a continuous tendency to break
up with new masses reformed immediately at the original
site.

Integrins are a family of cell membrane glycoproteins
that are heterodimers comprised of o and 3 chain subunits.
They serve as extracellular matrix glycoprotein receptors.
They identify the RGD sequence of the B subunit, which
consists of the arginine-glycine-aspartic acid tripeptide
that occasionally also includes serine. The RGD sequence
serves as a receptor recognition signal. Extracellular matrix
glycoproteins, for which integrins serve as receptors,



include fibronectin, C3, and lymphocyte function-associ-
ated antigen 1 (LFA-1), among other proteins. Differences
in the B chain serve as the basis for division of integrins
into three categories. Each category has distinctive o
chains. The B chain provides specificity. The same 95-kDa
B chain is found in one category of integrins that includes
LFA-1, p150,95, and complement receptor 3 (CR3). The
same 130-kDa B chain is shared among VLA-1, VLA-2,
VLA-3, VLA-4, VLA-5, VLA-6, and integrins found in
chickens. A 110-kDa B chain is shared in common by
another category that includes the vitronectin receptor and
platelet glycoprotein IIb/IIla. There are four repeats of 40
amino acid residues in the 3 chain extracellular domains.
There are 45 amino acid residues in the (3 chain intracel-
lular domains. The principal function of integrins is to link
the cytoskeleton to extracellular ligands. They also partic-
ipate in wound healing, cell migration, killing of target
cells, and in phagocytosis. Leukocyte adhesion deficiency
syndrome occurs when the B subunit of LFA-1 and Mac-
1 is missing. VLA proteins facilitate binding of cells to
collagen (VLA-1, VLA-2, and VLA-3), laminin (VLA-1,
VLA-2, and VLA-6), and fibronectin (VLA-3, VLA-4, and
VLA-5). The cell-to-cell contacts formed by integrins are
critical for many aspects of the immune response such as
antigen presentation, leukocyte-mediated cytotoxicity, and
myeloid cell phagocytosis. Integrins comprise an essential
part of an adhesion receptor cascade that guides leuko-
cytes from the bloodstream across endothelium and into
injured tissue in response to chemotactic signals.

Substrate adhesion molecules (SAM) are extracellular
molecules that share a variety of sequence motifs with
other adhesion molecules. Most prominent among these
are segments similar to the type III repeats of fibronectin
and immunoglobulin-like domains. In contrast to other
morphoregulatory molecules, SAMs do not have to be
made by the cells that bind them. SAMs can link and
influence the behavior of one another. Examples include
glycoproteins, collagens, and proteoglycans.

During chemokine-induced lymphocyte polarization, the
cytoskeletal protein moesin is important for the redistri-
bution of adhesion molecules to the cellular uropod.

Homing-cell adhesion molecule (H-CAM) is also
known as CD44, gp hermes - GP85/Pgp-1, and ECMRIII.
It is a lymphocyte transmembrane glycoprotein with a
molecular weight of 85 to 95 kDa and is expressed in
macrophages, granulocytes, fibroclasts, endothelial cells,
and epithelial cells. H-CAM has been found to bind to
extracellular matrix molecules such as collagen and
hyaluronic acid. H-CAM is also an important signal
transduction protein during lymphocyte adhesion as it
has been demonstrated that phosphorylation by kinase C
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and acylation by acyl-transferases enhance H-CAM’s
interaction with cytoskeletal proteins.

Immunoreceptor tyrosine-based activation motif
(ITAM): Amino acid sequences in the intracellular por-
tion of signal-transducing cell surface molecules that are
sites of tyrosine phosphorylation and of association with
tyrosine kinases and phosphotyrosine-binding proteins
that participate in signal transduction. Examples include
Igo, IgB, CD3 chains, and several Ig Fc receptors. Fol-
lowing receptor—ligand binding and phosphorylation,
docking sites are formed for other molecules that partic-
ipate in maintaining cell-activating signal transduction
mechanisms.

ITAMs: Abbreviation for immunoreceptor tyrosine-based
activation motifs.

Immunoreceptor tyrosine-based inhibition motif
(ITIM): Motifs with effects that oppose those of immu-
noreceptor tyrosine-based activation motifs (ITAMs).
These amino acids in the cytoplasmic tail of transmem-
brane molecules bind phosphate groups added by tyrosine
kinases. This six-amino acid (isoleucine-X-tyrosine-X-X-
leucine) motif is present in the cytoplasmic tails of
immune system inhibitory receptors that include Fc RIIB
on B lymphocytes and the killer inhibitory receptor (KIR)
on the NK cells. Following receptor-ligand binding and
phosphorylation on their tyrosine residue, a docking site
is formed for protein tyrosine phosphatases that inhibit
other signal transduction pathways, thereby negatively
regulating cell activation.

Adhesion receptors (Figure 2.1) are proteins in cell
membranes that facilitate the interaction of cells with

Antigen Presenting Cell

ICAM-1
ICAM-3
ICAM-2 LFA-3
(CD58)
4
LFA-1 LFA-1 LFA-1 CcD2
T Cell

FIGURE 2.1 Adhesion receptors.



matrix. They play a significant role in adherence and
chemoattraction in cell migration. They are divided into
three groups that include the immunoglobulin super-
family which contains the T cell receptor/CD3, CD4,
CD8, MHC class I, MHC class II, sCD2/LFA-2, LFA-
3/CD58, ICAM-1, ICAM-2, and VCAM-2. The second
group of adhesion receptors is made up of the integrin
family which contains LFA-1, Mac-1, p150,95, VLA-
5, VLA-4/LPAM-1, LPAM-2, and LPAM-3. The third
family of adhesion receptors consists of selectin mol-
ecules that include Mel-14/LAM-1, ELAM-1, and
CD62.

Heparin is a glycosaminoglycan comprised of two types
of disaccharide repeating units. One is comprised of D-
glucosamine and p-glucuronic acid, whereas the other is
comprised of b-glucosamine and L-iduronic acid. Heparin
is extensively sulfated and is an anticoagulant. It unites
with an antithrombin III which can unite with and block
numerous coagulation factors. It is produced by mast cells
and endothelial cells. It is found in the lungs, liver, skin,
and gastrointestinal mucosa. Because of its anticoagulant
properties, heparin is useful for treatment of thrombosis
and phlebitis.

Heparan sulfate is a glycosaminoglycan that resembles
heparin and is comprised of the same disaccharide repeat-
ing unit. Yet, it is a smaller molecule and less sulfated
than heparin. An extracellular substance, heparan sulfate
is present in the lungs, arterial walls, and on numerous
cell surfaces.

Reactive oxygen intermediates (ROIs) are highly reac-
tive compounds that include superoxide anion (O,),
hydroxyl radicals (OH), and hydrogen peroxide (H,O,)
that are produced in cells and tissues. Phagocytes use ROIs
to form oxyhalides that injure ingested microorganisms.
Release from cells may induce inflammatory responses
leading to tissue injury.

4-1BB is a TNF receptor family molecule that binds spe-
cifically to 4-1BB ligand.

4-1BB ligand (4-1BBL) is a TNF family molecule that
binds to 4-1BB.

Integrin family of leukocyte adhesive proteins: The
CD11/CD18 family of molecules.

Integrins, HGF/SF activation of: Integrins and growth
factor receptors can share common signaling pathways.
Each type of receptor can impact the signal and ultimate
response of the other. An example of a growth factor that
has been shown to influence members of the integrin fam-
ily of cell adhesion receptors is hepatocyte growth fac-
tor/scatter factor (HGF/SF). HGF/SF is a multifunctional
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cytokine that promotes mitogenesis, migration, invasion,
and morphogenesis. HGF/SF-dependent signaling can
modulate integrin function by promoting aggregation and
cell adhesion.

Morphogenic responses to HGF/SF are dependent on
adhesive events. HGF/SF-induced effects occur via sig-
naling of the MET tyrosine kinase receptor, following
ligand binding. HGF/SF binding to MET leads to
enhanced integrin-mediated B cell and lymphoma cell
adhesion. Blocking experiments with monoclonal anti-
bodies directed against integrin subunits indicate that
o, B, and o B, integrins on hematopoietic progenitor
cells are activated by HGF/SF to induce adhesion to
fibronectin. The HGF/SF-dependent signal transduction
pathway can also induce ligand-binding activity in func-
tionally inactive o, B, integrins. These effects elicited
by HGF/SF highlight the importance of growth factor
regulation of integrin function in both normal and tumor
cells.

LFA-1, LFA-2, LFA-3: See leukocyte functional antigens.

Lymphocyte function-associated antigen-1 (LFA-1)
(Figure 2.2) is a glycoprotein comprised of a 180-kDa o
chain and a 95-kDa 3 chain expressed on lymphocyte and
phagocytic cell membranes. LFA-1’s ligand is the inter-
cellular adhesion molecule 1 (ICAM-1). It facilitates nat-
ural killer cell and cytotoxic T cell interaction with target
cells. Complement receptor 3 and p150,95 share the same
specificity of the 769-amino acid residue  chain found

Adhesion to Artificial Membranes

T cell

LFA-1

ICAM-1

FIGURE 2.2 Lymphocyte function-associated antigen-1.



in LFA-1. A gene on chromosome 16 encodes the o chain
whereas a gene on chromosome 21 encodes the B chain.
This leukocyte integrin (B,) adhesion molecule has a crit-
ical role in adhesion of leukocytes to each other and to
other cells as well as microbial recognition by phagocytes.
FLA-1 binds not only ICAM-1 but also [CAM-2 or ICAM-
3. LFA-1-dependent cell adhesion is dependent on temper-
ature, magnesium, and cytoskeleton. LFA-1 induces
costimulatory signals that are believed to be significant in
leukocyte function. LFA-1 function is critical to most
aspects of the immune response. Also referred to as
CD11a/CD18. See CDI11a and CD18.

Lymphocyte function-associated antigen-2 (LFA-2):
See CD2.

LFA-2 is a T cell antigen that is the receptor molecule for
sheep red cells and is also referred to as the T11 antigen.
The molecule has a 50-kDa mol wt. The antigen also
seems to be involved in cell adherence, probably binding
LFA-3 as its ligand.

LFA-3 is a 60-kDa polypeptide chain expressed on the
surfaces of B cells, T cells, monocytes, granulocytes, plate-
lets, fibroblasts, and endothelial cells of vessels. LFA-3 is
the ligand for CD2 and is encoded by genes on chromo-
some 1 in man.

Lymphocyte function-associated antigen-3 (LFA-3)
(Figure 2.3 and Figure 2.4) is a 60-kDa polypeptide chain
expressed on the surfaces of B cells, T cells, monocytes,
granulocytes, platelets, fibroblasts, and endothelial cells
of vessels. LFA-3 or CD58 is expressed either as a trans-
membrane or a lipid-linked cell surface protein. The trans-
membrane form consists of a 188-amino acid extracellular
region, a 23-amino acid transmembrane hydrophobic
region, and a 12-amino acid intracellular hydrophilic region
ending in the C-terminus. LFA-3 expression by antigen-
presenting cells that include dendritic cells, macrophages,

CD4+ T cell (Helper T)
____—__________ _///"’

LFA-1 T cell receptor
cD4 ]’ ——CD2
= Antigen peptide
® I\
ICAM-1 ® . 3 LFA-3
Class Il :
ass X ‘

FIGURE 2.3 Lymphocyte function-associated antigen-3.
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FIGURE 2.4 Immunoglobulin superfamily adhesion receptors.

and B lymphocytes point to a possible role in regulating
the immune response.

Intercellular adhesion molecule-1 (ICAM-1) (Figure 2.8)
is a 90-kDa cellular membrane glycoprotein that occurs in
multiple cell types including dendritic cells and endothelial
cells. It is the lymphocyte function-associated antigen-1
(LFA-1) ligand. The LFA-1 molecules on cytotoxic T lym-
phocytes (CTL) interact with ICAM-1 molecules found on
CTL target cells. Interferon vy, tumor necrosis factor, and
IL-1 can elevate ICAM-1 expression. [CAM-1 is a member
of the immunoglobulin gene superfamily of cell adhesion
molecules. It plays a major role in the inflammatory
response and in T cell-mediated host responses serving as



FIGURE 2.6 CD2 space fill. Resolution 2.0 A.

FIGURE 2.7 CD2 ribbon structure.
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FIGURE 2.8 ICAM-1.

FIGURE 2.9 ICAM-2. Ribbon diagram. Resolution 2.2 A.

a costimulatory molecule on antigen-presenting cells to
activate MHC class II restricted T cells and on other types
of cells in association with MHC class I to activate cyto-
toxic T cells. On endothelial cells, it facilitates migration
of activated leukocytes to the site of injury. It is the cellular
receptor for a subgroup of rhinoviruses.

ICAM-1 (intercellular adhesion molecule-1) is a vy
interferon-induced protein which is needed for the
migration of polymorphonuclear neutrophils into areas
of inflammation.

Intercellular adhesion molecule-2 (ICAM-2) (Figure 2.9)
is a protein that is a member of the immunoglobulin super-
family that is important in cellular interactions. It is a cell
surface molecule that serves as a ligand for leukocyte inte-
grins. [ICAM-2 facilitates lymphocytes binding to antigen-
presenting cells or to endothelial cells. It binds to LFA-1,
a T lymphocyte integrin.

ICAM-2: See intercellular adhesion molecule.



Intercellular adhesion molecule-3 (ICAM-3) is a leuko-
cyte cell surface molecule that plays a critical role in the
interaction of T lymphocytes with antigen presenting cells.
The interaction of the T lymphocyte with an antigen pre-
senting cell through union of ICAM-1, ICAM-2, and
ICAM-3 with LFA-1 molecules is also facilitated by the
interaction of the T-cell surface molecule CD2 with LFA-
3 present on antigen-presenting cells.

ICAM-3: See intercellular adhesion molecule-3.

Very late activation antigens (VLA molecules) are -1
integrins that all have the CD19 f chain in common. They
were originally described on T lymphocytes grown in
long-term culture but were subsequently found on addi-
tional types of leukocytes and on cells other than blood
cells. VLA proteins facilitate leukocyte adherence to vas-
cular endothelium and extracellular matrix. Resting T
lymphocytes express VLA-4, VLA-5, and VLA-6. VLA-4
is expressed on multiple cells that include thymocytes,
lymphocytes in blood, B and T cell lines, monocytes, NK
cells, and eosinophils. The extracellular matrix ligand for
VLA-4 and VLA-5 is fibronectin, and for VLA-6 it is
laminin. The binding of these molecules to their ligands
gives T lymphocytes costimulator signals. VLA-5 is
present on monocytes, memory T lymphocytes, platelets,
and fibroblasts. It facilitates B and T cell binding to
fibronectin. VLA-6, which is found on platelets, T cells,
thymocytes, and monocytes, mediates platelet adhesion to
laminin. VLA-3, a laminin receptor, binds collagen and
identifies fibronectin. It is present on B cells, the thyroid,
and the renal glomerulus. Platelet VLA-2 binds to collagen
only, whereas endothelial cell VLA-2 combines with col-
lagen and laminin. Lymphocytes bind through VLA-4 to
high endothelial venules and to endothelial cell surface
proteins (VCAM-1) in areas of inflammation. VLA-1,
which is present on activated T cells, monocytes, mela-
noma cells, and smooth muscle cells, binds collagen and
laminin.

VLA receptors refer to a family of integrin receptors
found on cell surfaces. They consist of o and § transmem-
brane chain heterodimers. There is a VLA-binding site at
the arginine-glycine-aspartamine sequences of vitronectin
and fibronectin. VLA receptors occur principally on T
lymphocytes. They also bind laminin and collagen. They
participate in cell-extracellular matrix interactions.

Vascular cell adhesion molecule-1 (VCAM-1) (Figure 2.10
and Figure 2.11) is a molecule that binds lymphocytes and
monocytes. It is found on activated endothelial cells, den-
dritic cells, tissue macrophages, bone marrow fibroblasts,
and myoblasts. VCAM-1 belongs to the immunoglobulin
gene superfamily and is a ligand for VLA-4 (integrin
04/B1) and integrin a4/B7. It plays an important role in
leukocyte recruitment to inflammatory sites and facilitates
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FIGURE 2.10 VCAM-1 bound to an endothelial cell.
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FIGURE 2.11 Schematic representation of VCAM-1.

lymphocyte, eosinophil, and monocyte adhesion to acti-
vated endothelium. It participates in lymphocyte—dendritic
cell interaction in the immune response.

Platelet endothelial cell adhesion molecule-1 (PECAM-1)
(CD31) is an antigen that is a single-chain membrane



glycoprotein with a 140-kDa mol wt. It is found on gran-
ulocytes, monocytes, macrophages, B cells, platelets, and
endothelial cells. Although it is termed gplla’, it is differ-
ent from the CD29 antigen. At present the function of
CD31 is unknown. It may be an adhesion molecule.

PECAM (CD31): An immunoglobulin-like molecule
present on leukocytes and at endothelial cell junctions.
These molecules participate in leukocyte—endothelial cell
interactions, as during an inflammatory response.

Endothelial leukocyte adhesion molecule-1 (ELAM-1)
facilitates focal adhesion of leukocytes to blood vessel
walls. It is induced by endotoxins and cytokines and
belongs to the adhesion molecule family. ELAM-1 is con-
sidered to play a significant role in the pathogenesis of
atherosclerosis and infectious and autoimmune diseases.
Neutrophil and monocyte adherence to endothelial cells
occurs during inflammation in vivo where there is leuko-
cyte margination and migration to areas of inflammation.
Endothelial cells activated by IL-1 and TNF synthesize
ELAM-1, at least in culture. A 115-kDa chain and a 100-
kDa chain comprise the ELAM-1 molecule.

ELAM-1 (endothelial leukocyte adhesion molecule-1)
is a glycoprotein of the endothelium that facilitates adhe-
sion of neutrophils. Structurally, it has an epidermal
growth factor-like domain, a lectin-like domain, amino
acid sequence homology with complement-regulating pro-
teins, and six tandem-repeated motifs. Tumor necrosis
factor, interleukin-1, and substance P induce its synthesis.
Its immunoregulatory activities include attraction of neu-
trophils to inflammatory sites and mediating cell adhesion
by sialyl-Lewis X, a carbohydrate ligand. It acts as an
adhesion molecule or addressin for T lymphocytes that
home to the skin.

Endothelin is a peptide comprised of 21 amino acid res-
idues that is derived from aortic endothelial cells and is a
powerful vasoconstrictor. A gene on chromosome 6
encodes the molecule. It produces an extended pressor
response, stimulates release of aldosterone, inhibits release
of renin, and impairs renal excretion. It is elevated in myo-
cardial infarction and cardiogenic shock, major abdominal
surgery, pulmonary hypertension, and uremia. It may have
a role in the development of congestive heart failure.

Gatekeeper effect refers to contraction of endothelium
mediated by IgE, permitting components of the blood to
gain access to the extravascular space as a consequence
of increased vascular permeability.

Fibronectin is an adhesion-promoting dimeric glycopro-
tein found abundantly in the connective tissue and base-
ment membrane. The tetrapeptide Arg-Gly-Asp-Ser facil-
itates cell adhesion to fibrin, Clq, collagens, heparin, and
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types I-, II-, III-, V-, and VI-sulfated proteoglycans.
Fibronectin is also present in plasma and on normal cell
surfaces. Approximately 20 separate fibronectin chains are
known. They are produced from the fibronectin gene by
alternative splicing of the RNA transcript. Fibronectin is
comprised of two 250-kDa subunits joined near their car-
boxy-terminal ends by disulfide bonds. The amino acid
residues in the subunits vary in number from 2145 to 2445.
Fibronectin is important in contact inhibition, cell move-
ment in embryos, cell-substrate adhesion, inflammation,
and wound healing. It may also serve as an opsonin.

Fibrinogen is one of the largest plasma proteins and has
a mol wt of 330 to 340 kDa, comprising more than 3000
amino acid residues. The concentration in the plasma
ranges between 200 and 500 mg/100 ml. The molecule
contains 3% carbohydrate, about 28 to 29 disulfide link-
ages, and one free sulfhydryl group. Fibrinogen exists as
a dimer and can be split into two identical sets comprising
three different polypeptide chains. Fibrinogen is suscep-
tible to enzymatic cleavage by a variety of enzymes. The
three polypeptide chains of fibrinogen are designated Ac,
B, and 7. By electron microscopy the dried fibrinogen
molecule shows a linear arrangement of three nodules, 50
to 70 A in diameter, connected by a strand about 15 A
thick.

Fibrinopeptides are released by the conversion of fibrin-
ogen into fibrin. Thrombin splits fragments from the N-
terminal region of Ao and Bf3 chains of fibrinogen. The
split fragments are called fibrinopeptide A and B, respec-
tively, and are released in the fluid phase. They may be
further degraded and may apparently have vasoactive func-
tions. The release rate of fibrinopeptide A exceeds that of
fibrinopeptide B and this differential release may play a
role in the propensity of nascent fibrin to polymerize.

Fibrin is a protein responsible for the coagulation of
blood. It is formed through the degradation of fibrinogen
into fibrin monomers. Polymerization of the nascent fibrin
molecules (comprising the o, B, and v chains) occurs by
end-to-end as well as lateral interactions. The fibrin poly-
mer is envisaged as having two chains of the triad structure
lying side by side in a staggered fashion in such a way
that two terminal nodules are associated with the central
nodule of a third molecule. The chains may also be twisted
around each other. The fibrin polymer thus formed is
stabilized under the action of a fibrin-stabilizing factor,
another component of the coagulation system. Fibrinogen
may also be degraded by plasmin. In this process, a num-
ber of intermediates, designated as fragments X, Y, D, and
E, are formed. These fragments interfere with polymer-
ization of fibrin by binding to nascent intact fibrin mole-
cules, thus causing a defective and unstable polymeriza-
tion. Fibrin itself is also cleaved by plasmin into similar
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but shorter fragments collectively designated fibrin deg-
radation products. Of course, any excess of such fragments
will impair the normal coagulation process — an event
with serious clinical significance. Abzymes, such as
thromboplastin activator linked to an antibody specific for
antigens in fibrin that are not present in fibrinogen, are
used clinically to lyse fibrin clots obstructing coronary
arteries in myocardial infarction patients.

Vitronectin (Figure 2.12), a cell adhesion molecule that
is a 65-kDa glycoprotein, is found in the serum at a con-
centration of 20 mg/l. It combines with coagulation and
fibrinolytic proteins and with C5b67 complex to block its
insertion into lipid membranes. Vitronectin appears in the
basement membrane, together with fibronectin in prolif-
erative vitreoretinopathy. It decreases nonselective lysis
of autologous cells by insertion of soluble C5b67 com-
plexes from other cell surfaces. Vitronectin is also called
epibolin and protein S.

In plasma, 65-kDa and 75-kDa glycoproteins that facilitate
adherence of cells as well as the ability of cells to spread
and to differentiate are known as serum spreading fac-
tors.

Collagen (Figure 2.13) is a 285-kDa extracellular matrix
protein that contains proline, hydroxyproline, lysine,
hydroxylysine, and glycine 30%. The structure consists of
a triple helix of 95-kDa polypeptides forming a tropocol-
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FIGURE 2.14 Tenascin.

lagen molecule that is resistant to proteases. Collagen
types other than IV form fibrils with quarter stagger over-
lap between molecules that provide a fibrillar structure
which resists tension. Several types of collagen have been
described and most of them can be crosslinked through
lysine side chain.

Tenascin (Figure 2.14) is a matrix protein produced by
embryonic mesenchymal cells. It facilitates epithelial tis-
sue differentiation and consists of six 210-kDa proteins
that are all alike.

Laminin (Figure 2.15) is a relatively large (820-kDa) base-
ment membrane glycoprotein comprised of three polypep-
tide subunits. It belongs to the integrin receptor family
which includes a 400-kDa o heavy chain and two 200-kDa
light chains designated B-1 and B-2. By electron micros-
copy the molecule is arranged in the form of a cross. The
domain structures of the o and [ chains resemble one
another. There are six primary domains. Domains I and II
have repeat sequences forming o helices. Domains IIT and
V are comprised of cysteine-rich repeating sequences. The
globular regions are comprised of domains IV and VI. There
is an additional short cysteine-rich @ domain between
domains I and IT in the -1 chain. There is a relatively large
globular segment linked to the C-terminal of domain I,
designated the “foot” in the o chain. Five “toes” on the foot
contain repeat sequences. Laminins have biological func-
tions and characteristics that include facilitation of cellular
adhesion and linkage to other basement membrane constit-
uents such as collagen type IV, heparan, and glycosami-
noglycans. Laminins also facilitate neurite regeneration, an
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activity associated with the foot of the molecule. There is
more than one form of laminin, each representing different
gene products, even though they possess a high degree of
homology. S-laminin describes a form found only in syn-
aptic and nonmuscle basal lamina. This is a single 190-kDa
polypeptide (in the reduced form) and is greater than 1000
kDa in the nonreduced form. It is associated with the devel-
opment or stabilization of synapses. S-laminin is homolo-
gous to the B-1 chain of laminin. Laminin facilitates cell
attachment and migration. It plays a role in differentiation
and metastasis and is produced by macrophages, endothe-
lial cells, epithelial cells, and Schwann cells.

The laminin receptor is a membrane protein comprised
of two disulfide bond-linked subunits, one relatively large
and one relatively small. Its function appears to be for
attachment of cells and for the outgrowth of neurites. It
may share structural similarities with fibronectin and vit-
ronectin, both of which are also integrins.

MAC-1 (Figure 2.16) is found on mononuclear phago-
cytes, neutrophils, NK cells, and mast cells. It is an inte-
grin molecule comprised of an alpha chain (CD11b) linked
noncovalently to a beta chain (CD18) that is the same as
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FIGURE 2.16 Mac-1.

the beta chains of LFA-1 and of p150,95. MAC-1 facili-
tates phagocytosis of microbes that are coded with iC3b.
It also facilitates neutrophil and monocyte adherence to
the endothelium.

CD11: A “family” of three leukocyte-associated single
chain molecules that has been identified in recent years
(sometimes referred to as the LFA/Mac-1 family). They
all consist of two polypeptide chains; the larger of these
chains (o) is different for each member of the family; the
smaller chain (B) is common to all three molecules (see
CDl11a, CD11b, CDl11c).

CD11a: o chain of the LFA-1 molecule with a 180-kDa
mol wt. It is present on leukocytes, monocytes, macro-
phages, and granulocytes but negative on platelets. LFA-
1 binds the intercellular adhesion molecules ICAM-1
(CD54), ICAM-2, and ICAM-3.

A human T lymphocyte encircled by a ring of sheep red
blood cells is referred to as an E rosette. This was used
previously as a method to enumerate T lymphocytes
(Figure 2.17).

GlyCAM-1 is a molecule resembling mucin that is
present on high endothelial venules in lymphoid tissues.
L-selectin molecules on lymphocytes in the peripheral
blood bind GlyCAM-1 molecules, causing the lympho-
cytes to exit the blood circulation and circulate into the
lymphoid tissues.

LAM-1 (leukocyte adhesion molecule-1) is a homing
protein found on membranes, which combines with target
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FIGURE 2.17 E rosette.

cell-specific glycoconjugates. It helps to regulate migra-
tion of leukocytes through lymphocyte binding to high
endothelial venules and to regulate neutrophil adherence
to endothelium at inflammatory sites.

CD44 is a transmembrane molecule with 80- to 90-kDa
mol wt. It is found on some white and red cells and is
weakly expressed on platelets. It functions probably as a
homing receptor. CD44 is a receptor on cells for hyaluronic
acid; it binds to hyaluronate. It mediates leukocyte adhe-
sion. CD44 is a ubiquitous multistructural and multifunc-
tional cell surface glycoprotein that participates in adhesive
cell-to-cell and cell-to-matrix interactions. It also plays a
role in cell migration and cell homing. Its main ligand is
hyaluronic acid (HA), hyaluronate, hyaluronan. CD44 is
expressed by numerous cell types of lymphohematopoietic
origin including erythrocytes, T and B lymphocytes, natu-
ral killer cells, macrophages, Kupffer cells, dendritic cells,
and granulocytes. It is also expressed in other types of cells
such as fibroblasts and CNS cells. Besides hyaluronic acid,
CD44 also interacts with other ECM ligands such as col-
lagen, fibronectin, and laminin. In addition to function
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FIGURE 2.18 Selectins.

stated above, CD44 facilitates lymph node homing via
binding to high endothelial venules, presentation of
chemokines or growth factors to migrating cells, and
growth signal transmission. CD44 concentration may be
observed in areas of intensive cell migration and prolifer-
ation as in wound healing, inflammation, and carcinogen-
esis. Many cancer cells and their metastases express high
levels of CD44. It may be used as a diagnostic or prognostic
marker for selected human malignant diseases.

E-selectin (CD62E) (Figure 2.18) is a molecule found on
activated endothelial cells, which recognizes sialylated
Lewis X and related glycans. Its expression is associated
with acute cytokine-mediated inflammation.

CDG62E is a 140-kDa antigen present on endothelium.
CDG62E is endothelium leuckocyte adhesion molecule
(ELAM). It mediates neutrophil rolling on the endothe-
lium. It also binds sialyl-Lewis X.



FIGURE 2.19 P-selectin NMR.

P-selectin (CD62P) (Figure 2.19) is a molecule found in
the storage granules of platelets and the Weibel-Palade
bodies of endothelial cells. Ligands are sialylated Lewis X
and related glycans. P-selectins are involved in the binding
of leukocytes to endothelium and platelets to monocytes
in areas of inflammation.

Weibel-Palade bodies are P-selectin granules found in
endothelial cells. P-selectin is translocated rapidly to the
cell surface following activation of an endothelial cell by
such mediators as histamine and C5a.

CD62P is a 75- to 80-kDa antigen present on endothelial
cells, platelets, and megakaryocytes. CD62P is an adhe-
sion molecule that binds sialyl-Lewis X. It is a mediator
of platelet interaction with monocytes and neutrophils. It
also mediates neutrophil rolling on the endothelium. It is
also referred to as P-selectin, GMP-140, PADGEM, or
LECAM-3.

L-selectin (CD62L) is an adhesion molecule of the selec-
tin family found on lymphocytes that is responsible for
the homing of lymphocytes to lymph node high endothe-
lial venules where it binds to CD34 and GlyCAM-1. This
induces the migration of lymphocytes into tissues. L-
selectin is also found on neutrophils where it acts to bind
the cells to activated endothelium early in the inflamma-
tory process.

CD62L, a 150-kDa antigen present on B and T cells,
monocytes, and NK cells, is a leukocyte adhesion mole-
cule (LAM). It mediates cell rolling on the endothelium.
It also binds CD34 and GlyCAM. CD62L is also referred
to as L-selectin, LECAM-1, or LAM-1.

Addressin is a molecule such as a peptide or protein that
serves as a homing device to direct a molecule to a specific
location (an example is ELAM-1). Lymphocytes from
Peyer’s patches home to mucosal endothelial cells bearing
ligands for the lymphocyte homing receptor. Mucosal
addressin cell adhesion molecule-1 (MadCAM) is the
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Peyer’s patch addressin in the intestinal wall that links to
the integrin 04B7 on T lymphocytes that home to the
intestine. Thus, endothelial cell addressins in separate ana-
tomical locations bind to lymphocyte homing receptors
leading to organ-specific lymphocyte homing.

Vascular addressins are mucin-like molecules on endo-
thelial cells that bind selected leukocytes to particular
anatomical cites.

LPAM-1 is a combination of 04 and 7 integrin chains
that mediate the binding of lymphocytes to the high endo-
thelial venules of Peyer’s patch in mice. The addressin for
LPAM-1 is MadCAM-1.

MadCAM-1 (Figure 2.20) facilitates access of lympho-
cytes to the mucosal lymphoid tissue, as in the gastrointes-
tinal tract.

Cadherins are one of four specific families of cell adhesion
molecules that enable cells to interact with their environ-
ment. Cadherins help cells to communicate with other cells
in immune surveillance, extravasation, trafficking, tumor
metastasis, wound healing, and tissue localization. Cad-
herins are calcium dependent. The five different cadherins
include N-cadherin, P-cadherin, T-cadherin, V-cadherin,
and E-cadherin. Cytoplasmic domains of cadherins may
interact with proteins of the cytoskeleton. They may bind
to other receptors based on homophilic specificity, but they
still depend on intracellular interactions linked to the
cytoskeleton.
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E-cadherin and its associated cytoplasmic proteins o, -,
and y-catenin play an important role in epithelial cell—cell
adhesion and in the maintenance of tissue architecture.
Downregulation or mutation of the E-cadherin/catenin
genes can disrupt intercellular adhesion, which may lead
to cellular transformation and tumor progression.

Chemotaxis (Figure 2.21) is the process whereby chem-
ical substances direct cell movement and orientation.
The orientation and movement of cells in the direction
of a chemical’s concentration gradient are positive
chemotaxis , whereas movement away from the concen-
tration gradient is termed negative chemotaxis . Sub-
stances that induce chemotaxis are referred to as chemo-
taxins and are often small molecules, such as C5a,
formyl peptides, lymphokines, bacterial products, leu-
kotriene B4, etc., that induce positive chemotaxis of
polymorphonuclear neutrophils, eosinophils, and mono-
cytes. These cells move into inflammatory agents by
chemotaxis. A dual chamber device called a Boyden cham-
ber is used to measure chemotaxis in which phagocytic
cells in culture are separated from a chemotactic substance
by a membrane. The number of cells on the filter separat-
ing the cell chamber from the chemotaxis chamber reflects
the chemotactic influence of the chemical substance for
the cells.

Chemotactic factors include substances of both endog-
enous and exogenous origin. Among them are bacterial
extracts, products of tissue injury, chemical substances,
various proteins, and secretory products of cells. The
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most important among them are those generated from
complement and described as anaphylatoxins. This name
is related to their concurrent ability of stimulating the
release of mediators from mast cells. Some chemotactic
factors act specifically in directing migration of certain
cell types. Others have a broader spectrum of activity.
Many of them have additional activities besides acting as
chemotactic factors. Such effects of aggregation and
adhesion of cells, discharge of lysosomal enzymes, and
phagocytosis by phagocytic cells may be concurrently
stimulated. Participation in various immunologic phe-
nomena such as cell triggering of cell—cell interactions is
known for certain chemotactic factors. The structure of
chemotactic factors and even the active region in their
molecules have been determined in many instances. How-
ever, advances in the clarification of their mechanism of
action have been facilitated by the use of synthetic
oligopeptides with chemotactic activities. The specificity
of such compounds depends both on the nature of the
amino acid sequence and the position of amino acids in
the peptide chain. Methionine at the NH2-terminal is
essential for chemotactic activity. Formylation of Met
leads to a 3,000- to 30,000-fold increase in activity. The
second position from the NH2-terminal is also essential,
and Leu, Phe, and Met in this position are essentially
equivalent. Positively charged His and negatively charged
Glu in this position are significantly less active, substan-
tiating the role of a neutral amino acid in the second
position at the N-terminal.

Directed migration of cells, known as chemotaxis, is
mediated principally by the complement components
C5a and C5a-des Arg. Neutrophil chemoattractants also
include bacterial products such as N-formyl methionyl
peptides, fibrinolysis products, oxidized lipids such as
leukotriene B,, and stimulated leukocyte products. Inter-
leukin 8 is chemotactic for polymorphonuclear neutrophils.
Chemokines that are chemotactic for polymorphonuclear
neutrophils include epithelial cell-derived neutrophil acti-
vating peptide (ENA-78), neutrophil activating peptide 2
(NAP-2), growth-related oncogene (GRO-a, GRO-J,
and GRO-Y), and macrophage inflammatory protein-20.
and B (MIP-20 and MIP-2p). Polypeptides with chemo-
tactic activity mainly for mononuclear cells (B chemok-
ine) include monocyte chemoattractant protein-1, 2, and
3 (MCP-1, MCP-2, and MCP-3), macrophage inflamma-
tory protein-1 (MIP-1) o and B, and RANTES. These
chemotactic factors are derived from both inflammatory
and noninflammatory cells including neutrophils, mac-
rophages, smooth muscle cells, fibroblasts, epithelial
cells, and endothelial cells. MCP-1 participates in the
recruitment of monocytes in various pathologic or phys-
iologic conditions. Neutrophil chemotaxis assays are per-
formed using the microchamber technique. Chemotactic



assays are also useful to reveal the presence of chemot-
axis inhibitors in serum.

Chemotactic receptors are specific cellular receptors for
chemotactic factors. In bacteria, such receptors are desig-
nated sensors and signalers and are associated with various
transport mechanisms. The cellular receptors for chemo-
tactic factors have not been isolated and characterized. In
leukocytes, the chemotactic receptor appears to activate a
serine proesterase enzyme, which sets in motion the
sequence of events related to cell locomotion. The recep-
tors appear specific for the chemotactic factors under con-
sideration, and apparently the same receptors mediate all
types of cellular responses inducible by a given chemo-
tactic factor. However, these responses can be dissociated
from each other, suggesting that binding to the putative
receptor initiates a series of parallel, interdependent, and
coordinated biochemical events leading to one or another
type of response. Using a synthetic peptide N-formyl-
methionyl-leucyl-phenylalanine, about 2000 binding sites
have been demonstrated per PMN leukocyte. The binding
sites are specific, have a high affinity for the ligand, and
are saturable. Competition for the binding sites is shown
only by the parent or related compounds; the potency of
the latter varies. Positional isomers may inhibit binding.
Full occupancy of the receptors is not required for a max-
imal response, and occupancy of only 10 to 20% of them
is sufficient. The presence of spare receptors may enhance
the sensitivity in the presence of small concentrations of
chemotactic factors and may contribute to the detection
of a gradient. There also remains the possibility that some
substances with chemotactic activity do not require spe-
cific binding sites on cell membranes.

Chemokinesis refers to the determination of the rate of
movement or random motion of cells by chemical sub-
stances in the environment. The direction of cellular
migration is determined by chemotaxis, not chemokinesis.

Leukotaxis is chemotaxis of leukocytes.

A Boyden chamber (Figure 2.22) is a two-compartment
structure used in the laboratory to assay chemotaxis. The
two chambers in the apparatus are separated by a
micropore filter. The cells to be tested are placed in the
upper chamber and a chemotactic agent such as F-met-
leu-phe is placed in the lower chamber. As cells in the
upper chamber settle to the filter surface, they migrate
through the pores if the agent below chemoattracts them.
On staining of the filter, cell migration can be evaluated.

EMF-1 (embryo fibroblast protein-1) is a chemokine of
the o family (CXC family). It has been found in chicken
fibroblasts and mononuclear cells, yet no human or murine
homolog is known. Cultured chick embryo fibroblasts
(CEFs) abundantly express the avian gene 9E3/CEF-4.
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The EMF-1 gene was isolated from RSV-transformed CEF
identified by differential screening of a cDNA library.
EMF-1 is characterized as a chemokine because its
sequence resembles that of CTAP-III and PF4. RSV-
infected cells represent the tissue source. Fibroblasts and
mononuclear cells are the target cells. Expression of EMF-
1 together with high collagen levels and in wounded tis-
sues suggests that it has a role in the wound response
and/or repair. EMF-1 is chemotactic for chicken peripheral
blood mononuclear cells.

ENA-78 (epithelial derived neutrophil attractant-78) is
a chemokine of the o family (CXC family) and is related
to NAP-2, GRO-q, and IL-8. Tissue sources include epi-
thelial cells and platelets. Neutrophils are the target cells.
ENA-78 is increased in peripheral blood, synovial fluid,
and synovial tissue from rheumatoid arthritis patients.
ENA-78 mRNA levels are elevated in acutely rejecting
human renal allografts compared with renal allografts that
are not being rejected.

A chemotactic peptide is a peptide that attracts cell migra-
tion such as formyl-methionyl-leucyl-phenylalanine.

Chemotactic deactivation represents the reduced chemo-
tactic responsiveness to a chemotactic agent caused by
prior incubation of leukocytes with the same agent but in
the absence of a concentration gradient. It can be tested
by adding first the chemotactic factor to the upper cham-
ber, washing, and then testing the response to the chemo-
tactic factor placed in the lower chamber (no gradient
being present). The mechanism of deactivation has been



postulated as obstruction of the membrane channels
involved in cation fluxes. Deactivation phenomena are
used to discriminate between chemokinetic factors which
enhance random migration and true chemotactic factors
which cause directed migration. Only true chemotactic
factors are able to induce deactivation.

A chemoattractant is a substance that attracts leukocytes
and which may induce significant physiologic alterations
in cells that express receptors for them.

Formyl-methionyl-leucyl-phenylalanine (F-Met-Leu-
Phe) is a synthetic peptide that is a powerful chemotactic
attractant for leukocytes, facilitating their migration. It
may also induce neutrophil degranulation. This peptide
resembles chemotactic factors released from bacteria. Fol-
lowing interaction with neutrophils, leukocyte migration
is enhanced and complement receptor 3 molecules are
increased in the cell membrane.

f-Met peptides are bacterial tripeptides such as formyl-
Met-Leu-Phe that are chemotactic for inflammatory cells,
inducing leukocyte migration.

ACT-2 is a human homolog of murine MIP-1b that
chemoattracts monocytes but prefers activated CD4+
cells to CD8* cells. T cells and monocytes are sources
of ACT-2.

Adhesins are bacterial products that split proteins.
They combine with human epithelial cell glycoprotein
or glycolipid receptors, which could account for the
increased incidence of pulmonary involvement attrib-
utable to Pseudomonas aeruginosa in patients who are
intubated.

Annexins (lipocortins) are proteins with a highly con-
served core region comprised of four or eight repeats of
about 70 amino acid residues and a highly variable N-
terminal region. The core region mediates Ca?*-dependent
binding to phospholipid membranes and forms a Ca*
channel-like structure. Physical and structural features of
annexin proteins suggest that they regulate many aspects
of cell membrane function, including membrane traffick-
ing, signal transduction, and cell-matrix interactions.
Their actions resemble some of those of glucocorticoids,
including antiinflammatory, antiedema, and immunosup-
pressive effects.

Apolipoprotein (APO-E) is a plasma protein involved
in many functions including lipid transport, tissue repair,
and the regulation of cellular growth and proliferation.
There are three major isoforms of APO-E encoded by
the epsilon 2, 3, or 4 alleles (APO-E2, APO-E3, APO-
E4). APO-E3 is the most common variant. There is much
interest in the APO-E4 variant as it may be implicated
in Alzheimer’s disease. Other APO-E polymorphisms
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have been implicated in disorders of lipid metabolism
and heart disease.

B cells are insulin secreting cells in the islet of Langerhans
of the pancreas.

B-pleated sheet is a protein configuration in which the
sheet polypeptide chains are extended and have a 35-nm
axial distance. Hydrogen bonding between NH and CO
groups of separate polypeptide chains stabilize the mole-
cules. Adjacent molecules may be either parallel or anti-
parallel. The B-pleated sheet configuration is characteristic
of amyloidosis and is revealed by Congo red staining
followed by polarizing light microscopy, which yields an
apple-green birefringence and ultrastructurally consists of
nonbranching fibrils.

B barrel: See P sheet.

a-1 antitrypsin (A1AT): A glycoprotein in circulating
blood that blocks trypsin, chymotrypsin, and elastase,
among other enzymes. The gene on chromosome 14
encodes 25 separate allelic forms which differ according
to electrophoretic mobility. The PiIMM phenotype is phys-
iologic. The PiZZ phenotype is the most frequent form of
the deficiency which is associated with emphysema, cir-
rhosis, hepatic failure, and cholelithiasis, with an increased
incidence of hepatocellular carcinoma. It is treated with
prolastin. Adenoviruses may be employed to transfer the
AIAT gene to lung epithelial cells, after which A1AT
mRNA and functioning A1AT become demonstrable.

o helix: A spiral or coiled structure present in many pro-
teins and polypeptides. It is defined by intrachain hydro-
gen bonds between -CO and -NH groups that hold the
polypeptide chain together in a manner that results in 3.6
amino acid residues per helical turn. There is a 1.5-A rise
for each residue. The helix has a pitch of 5.4 A. The helical
backbone is formed by a peptide group and the o carbon.
Hydrogen bonds link each -CO group to the -NH group
of the fourth residue forward in the chain. The o helix
may be left- or right-handed. Right-handed o helices are
the ones found in proteins.

Chaperones are a group of proteins that includes BiP, a
protein that binds the immunoglobulin heavy chain. Chap-
erones aid the proper folding of oligomeric protein com-
plexes. They prevent incorrect conformations or enhance
correct ones. Chaperones are believed to combine with the
surfaces of proteins exposed during intermediate folding
and to restrict further folding to the correct conformations.
They take part in transmembrane targeting of selected
proteins. Chaperones hold some proteins that are to be
inserted into membranes in intermediate conformation in
the cytoplasm until they interact with the target membrane.
Besides BiP, they include heat shock proteins 70 and 90
and nucleoplasmins.



The coagulation system is a cascade of interaction among
12 proteins in blood serum that culminates in the gener-
ation of fibrin, which prevents bleeding from blood vessels
whose integrity has been interrupted.

The clotting system is a mixture of cells, their fragments,
zymogens, zymogen activation products and naturally
occurring inhibitors, adhesive and structural proteins,
phospholipids, lipids, cyclic and noncyclic nucleotides,
hormones, and inorganic cations, all of which normally
maintain blood flow. With disruption of the monocellular
layer of endothelial cells lining a vessel wall, the suben-
dothelial layer is exposed, bleeding occurs, and a cascade
of events is initiated that leads to clot formation. These
homeostatic reactions lead to formation of the primary
platelet plug followed by a clot that mainly contains
crosslinked fibrin (secondary hemostasis). After the blood
vessel is repaired, the clot is dissolved by fibrinolysis. See
also coagulation system.

Hageman factor (HF) is a zymogen in plasma that is
activated by contact with a surface or by the kallikrein
system at the beginning of the intrinsic pathway of blood
coagulation. This is an 80-kDa plasma glycoprotein
which, following activation, is split into an o and [ chain.
When activated, this substance is a serine protease that
transforms prekallikrein into kallikrein. HF is coagulation
factor XII.

Endocrine: An adjective describing regulatory molecules
such as hormones that reach target cells from cells that
are the site of their synthesis through the bloodstream.

F-actin: Actin molecules in a dual-stranded helical poly-
mer. Together with the tropomyosin—tropinin regulatory
complex, it constitutes the thin filaments of skeletal
muscle.

Hemophilia is an inherited coagulation defect attributable
to blood clotting factor VIII, factor IX, or factor XI defi-
ciency. Hemophilia A patients are successfully maintained
by the administration of exogenous factor VIII, which is
now safe. Before mid-1985, factor products were a source
of several cases of AIDS transmission when factor VIII
was extracted from the blood of HIV-positive subjects by
accident. Hemophilia B patients are treated with factor
IX. Hemophilia A and B are cross linked, but hemophilia
C is autosomal.

Lectins are glycoproteins that bind to specific sugars and
oligosaccharides and link to glycoproteins or glycolipids
on the cell surface. They can be extracted from plants or
seeds, as well as from other sources. They are able to
agglutinate cells such as erythrocytes through recognition
of specific oligosaccharides and occasionally will react
with a specific monosaccharide. Many lectins also func-
tion as mitogens and induce lymphocyte transformation,
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during which a small resting lymphocyte becomes a large
blast cell that may undergo mitosis. Well-known mitogens
used in experimental immunology include phytohemag-
glutinin, pokeweed mitogen, and concanavalin A.

Lectin-like receptors are macrophage and monocyte sur-
face structures that bind sugar residues. The ability of
these receptors to anchor polysaccharides and glycopro-
teins facilitates attachment during phagocytosis of micro-
organisms. Steroid hormones elevate the number of these
cell-surface receptors.

Ischemia is deficient blood supply to a tissue as a conse-
quence of vascular obstruction.

Isoforms are different versions of a protein encoded by
alleles of a gene or by different but closely related genes.

Prekallikrein is a kallikrein precursor. The generation of
kallikrein from prekallikrein can activate the intrinsic
mechanism of blood coagulation.

Protein kinase C (PKC) is a serine/threonine kinase that
Ca’?* activates in the cytoplasm of cells. It participates in
T and B cell activation and is a receptor for phorbol ester
that acts by signal transduction, leading to hormone secre-
tion, enzyme secretion, neurotransmitter release, and
mediation of inflammation. It is also involved in lipogen-
esis and gluconeogenesis. PKC participates also in differ-
entiation of cells and in tumor promotion.

Protein S is a 69-kDa plasma protein that is vitamin-K
dependent and serves as a cofactor for activated protein
C. It occurs as an active single chain protein or as a dimeric
protein that is disulfide-linked and inactive. Protein S, in
the presence of phospholipid, facilitates protein C inacti-
vation of factor Va and combines with C4b-binding pro-
teins. Protein S deficiency, which is transmitted as an
autosomal dominant, is characterized clinically by deep
vein thrombosis, pulmonary thrombosis, and throm-
bophlebitis. Laurell rocket electrophoresis is used to assay
protein S.

Phosphatase is an enzyme that deletes phosphate groups
from protein amino acid residue side chains. Lymphocyte
protein phosphatases control signal transduction and tran-
scription factor activity. Protein phosphatases may show
specificity for either phosphotyrosine residues or phos-
phoserine and phosphothreonine residues.

Small G proteins are monomeric G proteins, including
Ras, that function as intracellular signaling molecules
downstream of many transmembrane signaling events. In
their active form they bind GTP and hydrolyze it to GDP
to become inactive.

Stress proteins are characterized into major families gen-
erally according to molecular weight. Within a family,



heat shock proteins show a high degree of sequence
homology throughout the phylogenetic spectrum and are
among the most highly conserved proteins in nature. Heat
shock protein 70 from mycobacteria and humans reveals
50% sequence homology. In spite of this homology, there
are subtle differences in the functions, inducibility, and
cellular location among related heat shock proteins for a
given species. Even though major stress proteins accu-
mulate to very high levels in stressed cells, they are
present at low to moderate levels in unstressed cells point-
ing to the fact that they play a role in normal cells. In
addition to increased synthesis, many heat shock proteins
change their intracellular distribution in response to
stress. An important characteristic of heat shock proteins
is their capacity to function as molecular chaperones,
which describes their capacity to bind to denatured pro-
teins, preventing their aggregation, and this helps explain
the function of heat shock proteins under normal condi-
tions and in stress situations.

Ubiquitin is a 7-kDa protein found free in the blood or
bound to cytoplasmic, nuclear, or membrane proteins
united through isopeptide bonds to numerous lysine res-
idues. Ubiquitin combines with a target protein and
marks it for degradation. It is a 76-amino acid residue
polypeptide found in all eukaryotes, but not in prokary-
otes. Ubiquitin is found in chromosomes covalently
linked to histones, although the function is unknown. It
is present on the lymphocyte homing receptor gp90Mel-
14.

Ubiquitination is the covalent linkage of several copies
of ubiquitin, a small polypeptide, to a protein. Protein that
has been ubiquitinated is marked for proteolytic degrada-
tion by proteasomes, which is involved in class 1 MHC
antigen processing and presentation.

Zymogen refers to the inactive state in which an enzyme
may be synthesized. Proteolytic cleavage of the zymogen
may lead to active enzyme formation.

Adaptor proteins are critical linkers between receptors
and downstream signaling pathways that serve as bridges
or scaffolds for recruitment of other signaling molecules.
They are functionally heterogeneous, yet share an SH
domain that permits interaction with phosphotyrosine res-
idues formed by receptor-associated tyrosine kinases.
During lymphocyte activation, they may be phosphory-
lated on tyrosine residues, which enables them to combine
with other homology-2 (SH2) domain-containing pro-
teins. LAT, SLP-76, and Grb-2 are examples of adaptor
molecules that participate in T cell activation.

Neuropilin is a cell-surface protein that is a receptor for
the collapsin/semaphorin family of neuronal guidance
proteins.
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Heat shock proteins (hsp): A restricted number of highly
conserved cellular proteins that increase during metabolic
stress such as exposure to heat. Heat shock proteins affect
protein assembly into protein complexes, proper protein
folding, protein uptake into cellular organelles, and protein
sorting. The main group of hsps are 70-kDa proteins. Heat
shock (stress) proteins are expressed by many pathogens
and are classified into four families based on molecular
size, i.e., hsp90, hsp70, hsp60, and small hsp (<40 kDa).
Mycobacterial hsp65 antibodies are found in rheumatoid
arthritis, atherosclerosis, multiple sclerosis, Alzheimer’s
disease, and Parkinson’s disease. EIA is the method of
choice for their detection, but there is no known clinical
significance for hsp antibodies.

Antiheat shock protein antibodies have a broad phylo-
genetic distribution and share sequence similarities in
molecules derived from bacteria, humans, or other ani-
mals. They play a significant role in inflammation. Heat
shock proteins of mycobacteria are important in the induc-
tion of adjuvant arthritis by these microorganisms. It is
found that 40% of SLE and 10 to 20% of RA patients
have antibodies of IgM, IgG, and IgA classes to a 73-kDa
protein of the hsp70 group. RA synovial fluid contains T
lymphocytes that react with a 65-kDa mycobacterial heat
shock protein. The significance of these observations of
immune reactivity to heat shock proteins remains to be
determined.

Heat shock protein antibodies: Antibodies of the IgM,
IgG, and IgA classes specific for a 73-kDa chaperonin that
belongs to the hsp70 family are present in the sera of
approximately 40% of systemic lupus erythematosus
patients and in 10 to 20% of individuals with rheumatoid
arthritis. Antibodies specific for the 65-kDa heat shock pro-
tein derived from mycobacteria shows specificity for rheu-
matoid synovium. RA synovial fluid T cells specific for a
65-kDa mycobacterial heat shock protein have been
reported to be inversely proportional to the disease duration.

Diacylglycerol (DAG), a substance formed by the action
of phospholipase C-y on inositol phospholipids that serves
as an intracellular signaling molecule. DAG activates cyto-
solic protein kinase C, which further propagates the signal.

Insulin-like growth factors consist of IGF-I and IGF-II
which are prohormones with M, of 9K and 14K, respec-
tively. IGF-11is a 7.6-kDa side-chain polypeptide hormone
that resembles proinsulin structurally. It is formed by the
liver and by fibroblasts. IGF-I is the sole effector of
growth hormone activity. It is a primary growth regulator
that is age dependent. It is expressed in juvenile life but
declines after puberty. Circulating IGFs are not free in the
plasma but are associated with binding proteins that may
have the function of limiting the bioavailability of circulat-
ing IGFs, which may be a means of controlling growth



factor activity. IGF-II is present mainly during the embry-
onic and fetal stages of mammalian development in var-
ious tissues. It is also present in the circulating plasma
in association with binding proteins, reaching its highest
level in the fetal circulation and declining following birth.
IGF-II is important for growth of the whole organism.

Insulin-like growth factor-II (IGF-II) is a fetal growth
factor that is expressed at high levels in many tissues
during fetal and early postnatal development but only in
the central nervous system thereafter.

N-linked oligosaccharide is covalently linked to aspar-
agine residues in protein molecules. N-linked oligosac-
charide manifests a core structure that is branched and
comprised of two N-acetylglucosamine residues and three
mannose residues. There are three types that differ on the
basis of their exterior branches: (1) high-mannose oli-
gosaccharide reveals two to six additional mannose resi-
dues linked to the polysaccharide core; (2) complex oli-
gosaccharide comprised of two to five terminal branches
that consist of N-acetylglucosamine, galactose, often N-
acetylneuraminic acid, and occasionally fucose or another
sugar; and (3) hybrid molecules that reveal characteristics
of high-mannose and complex oligosaccharides.

hCG (human choriogonadotrophic hormone) is a gly-
coprotein comprised of lactose and hexosamine that is
synthesized by syncytiotrophoblast, fetal kidney, and
liver-selected tumors. It may be measured by radioimmu-
noassay or enzyme-linked immunosorbent assay (ELISA).
It is elevated in patients with various types of tumors such
as carcinoma of the liver, stomach, breast, pancreas, lungs,
kidneys, and renal cortex, as well as conditions such as
lymphoma, leukemia, melanoma, and seminoma.

The fluid mosaic model (Figure 2.23) is a fluid lipid
molecular bilayer in the plasma membrane and organelle
membranes of cells. This structure permits membrane pro-
teins and glycoproteins to float. The lipid molecules are
situated in a manner that arranges the polar heads toward
outer surfaces and their hydrophobic side chains project-
ing into the interior. There can be lateral movement of
molecules in the bilayer plain, or they may rotate on their

FIGURE 2.23 Fluid mosaic model.
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long axis. This is the Singer—Nicholson “fluid mosaic.”
The bilayer consists of glycolipids and phospholipids.
Amphipathic lipids and globular proteins are spaced
throughout the membrane. The fluid consistency permits
movement of the proteins, glycoprotein, and receptors
laterally.

The cytoskeleton is a framework of cytoskeletal filaments
present in the cell cytoplasm. They maintain the cell’s internal
arrangement, shape, and motility. This framework interacts
with the membrane of the cell and with organelles in the
cytoplasm. Microtubules, microfilaments, and intermediate
filaments constitute the varieties of cytoskeletal filaments.
Microtubules help to determine cell shape by polymeriz-
ing and depolymerizing. They are 24-nm diameter hollow
tubes whose walls are comprised of protofilaments that
contain o and B tubulin dimers. The 7.5-nm diameter
microfilaments are actin polymers. In addition to their
interaction with myosin filaments in muscle contraction,
actin filaments may affect movement or cell shape
through polymerization and depolymerization. Microfil-
aments participate in cytoplasmic streaming, ruffling of
membranes, and phagocytosis. They may be responsible
for limiting protein mobility in the cell membrane. The
proteins of the 10-nm intermediate filaments differ
according to the cells in which they occur. Vimentin inter-
mediate filaments occur in macrophages, lymphocytes,
and endothelial cells, whereas desmin occurs in muscle
and epithelial cells containing keratin.

The endoplasmic reticulum (Figure 2.24) is a structure
in the cytoplasm comprised of parallel membranes that are
connected to the nuclear membranes. Lipids and selected
proteins are synthesized in this organelle. The membrane
is continuous and convoluted. Electron microscopy reveals
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FIGURE 2.24 Eukaryotic cell.



rough endoplasmic reticulum, which contains ribosomes
on the side exposed to the cytoplasm and smooth endo-
plasmic reticulum without ribosomes. Fatty acids and
phospholipids are synthesized and metabolized in smooth
endoplasmic reticulum. Selected membrane and organelle
proteins, as well as secreted proteins, are synthesized in
the rough endoplasmic reticulum. Cells such as plasma
cells that produce antibodies or other specialized secre-
tory proteins have abundant rough endoplasmic reticulum
in the cytoplasm. Following formation, proteins move
from the rough endoplasmic reticulum to the Golgi com-
plex. They may be transported in vesicles that form from
the endoplasmic reticulum and fuse with Golgi complex
membranes. Once the secreted protein reaches the endo-
plasmic reticulum lumen, it does not have to cross any
further barriers prior to exit from the cell.

The Golgi apparatus consists of a stack of vesicles
enclosed by membranes found within a cell and serves as
a site of glycosylation and packaging of secreted proteins.
It is part of the GERL complex.

Golgi complex: Tubular cytoplasmic structures that par-
ticipate in protein secretion. The complex consists of flat-
tened membranous sacs on top of each other termed cis-
ternae. These are also associated with spherical vesicles.
Proteins arriving from the rough endoplasmic reticulum
are processed in the Golgi complex and sent elsewhere in
the cell. Proteins handled in this manner include those
secreted constitutively, such as immunoglobulins; those of
the membrane; those that are stored in secretory granules
to be released on command; and lysosomal enzymes.

A lysosome (Figure 2.25) is a cytoplasmic organelle
enclosed by a membrane that contains multiple hydrolytic
enzymes including ribonuclease, deoxyribonuclease,
phosphatase, glycosidase, collagenase, arylsulfatase, and
cathespins. These hydrolytic enzymes may escape into a
phagosome or to the outside. Lysosomes occur in numer-
ous cells but are especially prominent in neutrophils and
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FIGURE 2.25 Lysosome.
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macrophages. The enzymes are critical for intracellular
digestion. They may autolyze dead cells. Lysosomes par-
ticipate in antigen processing by the class I MHC path-
way. See also phagosome and phagocytosis.

Primary lysosome refers to a lysosome that has not yet
fused with a phagosome.

LAMP 1 is a lysosomal membrane protein (CD107a).

LAMP 2 is a lysosomal membrane protein designated
CD107b.

A ribosome is a subcellular organelle in the cytoplasm of
a cell that is a site of amino acid incorporation in the
process of protein synthesis.

An endosome is a 0.1 to 0.2 um intracellular vesicle
produced by endocytosis. Extracellular proteins are inter-
nalized in this structure during antigen processing. The
endosome has an acidic pH and contains proteolytic
enzymes that degrade proteins into peptides that bind to
class I MHC molecules. MIIC, a subset of class II MHC-
rich endosomes, has a critical role in antigen processing
and presentation by the class II pathway.

The mitochondria are cytoplasmic organelles that are
sites of metabolism in cells in aerobic eukaryotic cells
where respiration, electron transport, oxidative phospho-
rylation, and citric acid cycle reactions occur. Mitochon-
dria possess DNA and ribosomes.

Clathrin is the principal protein enclosing numerous
coated vesicles. The molecular structure consists of three
180-kDa heavy chains and three 30- to 35-kDa light chains
arranged into typical lattice structures comprised of pen-
tagons or hexagons. These structures encircle the vesicles.

Microtubules: These organelles are hollow, cylindrical
fibers of about 240 A in diameter, radiating from the center
of eukaryotic cells, including lymphocytes, phagocytes, and
mast cells, in all directions toward the plasma membrane.
The mitotic spindle is comprised of them. Microtubules
form a sturdy cytoskeleton. They originate from the centri-
ole, a structure occupying the concavity of the nucleus.
Microtubules provide orientation of gross membrane activ-
ities, associate directly or indirectly with granules to enable
their contact and fusion with endocytic vesicles, and direct
reorganization of the cell membrane. Although not critical
for the cell movement of chemotaxis, they are needed for
“fine tuning” of cell locomotion. The major component of
microtubules is tubulin, a dimeric protein.

Coated pit refers to a depression in the cell membrane
coated with clathrin. Hormones such as insulin and epi-
dermal growth factor may bind to their receptors in the
coated pit or migrate toward the pit following binding
of the ligand at another site. After the aggregation of



FIGURE 2.26 Stem cell.

complexes of receptor and ligand in the coated pits, they
invaginate and bud off as coated vesicles containing the
receptor—ligand complexes. These structures, called recep-
tosomes, migrate into the cell by endocytosis. Following
association with GERL structures, they fuse with lyso-
somes where receptors and ligands are degraded.

Coated vesicles are vesicles in the cytoplasm usually
encircled by a coat of protein-containing clathrin mole-
cules. They originate from coated pits and are important
for protein secretion and receptor-mediated endocytosis.
Coated vesicles convey receptor—macromolecule com-
plexes from an extracellular to an intracellular location.
Clathrin-coated vesicles convey proteins from one intra-
cellular organelle to another. See also coated pit.

Stem cells (Figure 2.26) are relatively large cells with a
cytoplasmic rim that stains with methyl green pyronin and
a nucleus that has thin chromatin strands and contains
nucleoli that are pyroninophilic. They are found in
hematopoietic tissues such as the bone marrow. These
stem cells are a part of the colony-forming unit (CFU)
pool that indicates that individual cells are able to differ-
entiate and proliferate under favorable conditions. The
stem cells, CFU-S which are pluripotent, are capable of
differentiating into committed precursor cells of the gran-
ulocyte and monocyte lineage (CFU-C), of erythropoietic
lineage (CFU-E and BFU-E), and of megakaryocyte lin-
eage (CFU-Mg). Lymphocytes, like other hematopoietic
cells, are generated in the bone marrow. The stem cell
compartment is composed of a continuum of cells that
includes the most primitive with the greatest capacity for
self-renewal and the least evidence of cell cycle activity
to the most committed with a lesser capacity for self-
renewal and the most evidence of cell cycle activity. Stem
cells are precursor cells that are multipotential with the
capacity to yield differentiated cell types with different
functions and phenotypes. The proliferative capacity of
stem cells is, however, limited.

CD34 is a vascular addressin present on lymph node high
endothelial venules.
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CD34 is a molecule (105- to 120-kDa mol wt) that is a
single chain transmembrane glycoprotein present on
immature hematopoietic cells and endothelial cells as well
as bone marrow stromal cells. Three classes of CD34
epitopes have been defined by differential sensitivity to
enzymatic cleavage with neuraminidase and with glyco-
protease from Pasteurella haemolytica. Its gene is on chro-
mosome 1. CD34 is the ligand for L-selectin (CD62L).

A pluripotent stem cell is a continuously dividing, undif-
ferentiated bone marrow cell that has progeny consisting
of additional stem cells together with cells of multiple
separate lineages. Bone marrow hematopoietic stem cells
may develop into cells of the myeloid, lymphoid, and
erythroid lineages.

Colony-forming unit (CFU) comprises the hematopoie-
tic stem cell and the progeny cells that derive from it.
Mature (end-stage) hematopoietic cells in the blood are
considered to develop from one CFU. Some progenitor
cells are precursors of erythrocytes, others are precursors
of polymorphonuclear leukocytes and monocytes, and still
others are megakaryocyte and platelet precursors.

CFU-S (colony-forming units, spleen) refers to a mixed-
cell population considered to contain the ideal stem cell
that is pluripotent and capable of proliferating and renew-
ing itself.

Colony-forming units, spleen (CFU-S): A hematopoietic
precursor cell that can produce a tiny nodule in the spleen
of mice that have been lethally irradiated. These small
nodular areas are sites of cellular proliferation. Each arises
from a single cell or colony-forming unit. The CFU-S
form colonies of pluripotent stem cells.

Totipotent means having the potential for developing in
various specialized ways in response to external/internal
stimuli; of a cell or part.

Stem-cell factor (SCF) is a bone marrow stromal cell
transmembrane protein that binds to c-Kit, a signaling
receptor found on developing B cells and other developing
leukocytes. SCF is a substance that promotes growth of
hematopoietic precursor cells and is encoded by the murine
SI gene. It serves as a ligand for the tyrosine kinase receptor
family protooncogene termed c-kit. It apparently has a role
in embryogenesis in cells linked to migratory patterns of
hematopoietic stem cells, melanoblasts, and germ cells.

Embryonic stem (ES) cells are murine embryonic cells
that are immortal in culture and retain the capacity to give
rise to all cell lineages. They may be altered genetically
in vitro and introduced into mouse blastocysts to give rise
to mutant murine lines. Genes may be deleted in ES cells
by homologous recombination to produce mutant ES cells
that can give rise to gene knock-out mice.



An erythroid progenitor is an immature cell that leads
to the production of erythrocytes and megakaryocytes but
no other blood cell types.

Erythropoiesis refers to the formation of erythrocytes or
red blood cells.

Erythropoietin is a 46-kDa glycoprotein produced by the
kidney, more specifically by cells adjacent to the proximal
renal tubules, based on the presence of substances such
as heme in the kidneys which are oxygen sensitive. It
stimulates red blood cell production and combines with
erythroid precursor receptors to promote mature red cell
development. Erythropoietin formation is increased by
hypoxia. It is useful in the treatment of various types of
anemia.

Hematopoiesis is the development of the cellular ele-
ments of the blood including erythrocytes, leukocytes, and
platelets from pluripotent stem cells in the bone marrow
in fetal liver. It is regulated by various cytokine growth
factors synthesized by bone marrow stromal cells, T cells,
or other types of cells.

Hematopoietic-inducing microenvironment (HIM)
refers to an anatomical location in which the cells and
cellular factors requisite for the generation development
of hematopoietic cells may be found.

Hematopoietic lineage is a series of cells that develops
from hematopoietic stem cells and which yields mature
blood elements.

Hematopoietic system refers to those tissues and cells
that generate the peripheral blood cells.

A hemocytoblast is a bone marrow stem cell.

Common lymphoid progenitors are stem cells from
which all lymphocytes are derived. Pluripotent hemato-
poietic stem cells give rise to these progenitors.

Leukocytes are white blood cells. The principal types of
leukocytes in the peripheral blood of man include poly-
morphonuclear neutrophils, eosinophils and basophils
(granulocytes), and lymphocytes and monocytes.

Leukocytosis is an increase above normal of the periph-
eral blood leukocytes as reflected by a total white blood
cell count of greater than 11,000/mm? of blood. This
occurs frequently with acute infection.

Leukopenia is the reduction below normal of the number
of white blood cells in the peripheral blood.

Leukocyte activation, the first step in activation, is adhe-
sion through surface receptors on the cell. Stimulus rec-
ognition is also mediated through membrane-bound recep-
tors. An inducible endothelial-leukocyte adhesion
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molecule that provides a mechanism for leukocyte-vessel
wall adhesion has been described. Surface adherent leu-
kocytes undergo a large prolonged respiratory burst.
NADPH oxidase, which utilizes hexose monophosphate
shunt-generated NADPH, catalyzes the respiratory burst.
Both Ca? and protein kinase C play a key role in the
activation pathway. CR3 facilitates the ability of phago-
cytes to bind and ingest opsonized particles. Molecules
found to be powerful stimulators of PMN activity include
recombinant 1FN-y, granulocyte-macrophage colony-
stimulating factor, TNF, and lymphotoxin.

Leukocyte adhesion molecules are facilitators of vascu-
lar endothelium aggregation, chemotaxis, cytotoxicity,
biding of iC3b-coated particles, lymphocyte proliferation,
and phagocytosis. The three main families of leukocyte
adhesion molecules include the selectins, integrins, and
immunoglobulin superfamily. Leukocyte adhesion defi-
ciencies are partial or complete inherited deficiencies of
cell surface expression of CDI18 and CDlla—c. These
deficiencies prevent granulocytes from migrating to
extravascular sites of inflammation, leading to recurrent
infections and possibly death.

LCA (leukocyte common antigen): See leukocyte com-
mon antigen, CD45.

CD45 is an antigen that is a single-chain glycoprotein
referred to as the leukocyte common antigen (or “T2007).
It consists of at least five high molecular weight glyco-
proteins present on the surface of the majority of human
leukocytes (mol wts: 180, 190, 205, and 220 kDa). The
different isoforms arise from a single gene via alternative
mRNA splicing. The variation between the isoforms is
all in the extracellular region. The larger (700-amino
acid) intracellular portion is identical in all isoforms and
has protein tyrosine phosphatase activity. It can poten-
tially interact with intracellular protein kinases such as
p56'k, that may be involved in triggering cell activation.
By dephosphorylating proteins, CD45 would act in an
opposing fashion to a protein kinase. It facilitates sig-
naling through B and T cell antigen receptors. Leukocyte
common antigen (LCA) is present on all leukocyte sur-
faces. It is a transmembrane tyrosine phosphatase that is
expressed in various isoforms on different types of cells,
including the different subtypes of T cells. The isoforms
are designated by CD45R followed by the exon whose
presence gives rise to distinctive antibody-binding pat-
terns.

CD45RB is a molecule which consists of four isoforms
of CD45 (sequence encoded by exon B) with mol wts of
220, 205, and 190 kDa that is found on B cells, subsets
of T cells, monocytes, macrophages, and granulocytes.

B220 is a form of CD45, a protein tyrosine phosphatase.



CD45R is a subfamily that is now divided into three
isoforms: CD45R0O, CD45RA, and CD45RB. The desig-
nation CD45R has been maintained for those antibodies
that have not been tested on appropriate transfectants.

CD45RA is a 220,205-kDa isoform of CD45 (sequence
encoded by exon A) that is found on B cells, monocytes,
and a subtype of T cells. T cells expressing this isotype
are naive or virgin T cells and nonprimed CD4* and CD8*
cells.

CD45RO is a 180-kDa isoform of CD45 (sequence not
encoded by either exons A, B, or C), that is found on T
cells, subset of B cells, monocytes, and macrophages. T
cells expressing this antigen are T memory cells or primed
T cells.

Leukocyte adhesion molecule-1 is a homing protein
found on membranes, which combines with target cell
specific glycoconjugates. It helps to regulate migration of
leukocytes through lymphocytes binding to high endothe-
lial venules and to regulate neutrophil adherence to endo-
thelium at inflammatory sites.

Leukocyte adhesion proteins are membrane-associated
dimeric glycoproteins comprised of a unique o subunit
and a shared 95-kDa [ subunit involved in cell-to-cell
interactions. They include LFA-1, which is found on lym-
phocytes, neutrophils, and monocytes; Mac-1, which is
found on neutrophils, eosinophils, NK cells, and mono-
cytes; and p150,95, which is common to all leukocytes.

Leu-CAM: Leukocyte cell adhesion molecules.

L-plastin (LPL) is a 65-kDa actin-bundling protein, also
called fimbrin, that is expressed in leukocytes, embryonic
endoderm, and transformed cells. LPL localizes to phago-
cytic cups, phagosomes, and podosomes in phagocytes but
its role is unclear. LPL is believed to be important in the
formation and stabilization of F-actin filaments during
phagocytosis.

Leukocyte chemotaxis inhibitors are humoral factors
that inhibit the chemotaxis of leukocytes. They play a role
in the regulation of inflammatory responses of both
immune and nonimmune origin.

Leukocyte functional antigens (LLFAs) are cell adhesion
molecules that include LFA-1, a B, integrin; LFA-2, an
immunoglobulin superfamily member; and LFA-3, an
immunoglobulin superfamily member now designated
CD58. LFA-1 facilitates T cell adhesion to endothelial
cells and antigen-presenting cells.

Leukocyte integrins: See leukocyte functional antigens.

Mononuclear cells are leukocytes with single, round
nuclei such as lymphocytes and macrophages, in contrast
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FIGURE 2.27 Lymphoblast.

to polymorphonuclear leukocytes. Thus, the term refers to
the mononuclear phagocytic system or to lymphocytes.

A progenitor cell no longer contains the capacity for self-
renewal and is committed to the generation of a specific
cell lineage.

A lymphoid progenitor cell is a cell belonging to the
lymphoid lineage that gives rise to lymphocytes.

A lymphoblast (Figure 2.27) is a relatively large cell of
the lymphocyte lineage that bears a nucleus with fine
chromatin and basophilic nucleoli. They form frequently
following antigenic or mitogenic challenge of lymphoid
cells, which leads to enlargement and division to produce
effector lymphocytes that are active in immune reactions.
The Epstein—Barr virus (EBV) is commonly used to trans-
form B cells into B lymphoblasts in tissue culture to
establish B lymphoblast cell lines. The lymphocyte that
has enlarged to create a lymphoblast has an increased rate
of synthesis of RNA and protein.

A lymphocyte (Figure 2.28 through Figure 2.33) is a
round cell that measures 7 to 12 m and contains a round
to ovoid nucleus that may be indented. The chromatin
is densely packed and stains dark blue with Romanowsky
stains. Small lymphocytes contain a thin rim of robin’s
egg blue cytoplasm; a few azurophilic granules may be
present. Large lymphocytes have more cytoplasm and a
similar nucleus. Electron microscopy reveals villi that
cover most of the cell surface. Lymphocytes are divided
into two principal groups termed B and T lymphocytes.
They are distinguished not on morphology but on the
expression of distinctive surface molecules that have
precise roles in immune reaction. In addition, natural
killer cells, which are large granular lymphocytes, com-
prise a small percentage of the lymphocyte population.
Lymphocytes express variable cell surface receptors for
antigen.
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FIGURE 2.28 Lymphocyte.
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A lymphoid cell is a cell of the lymphoid system. The
classic lymphoid cell is the lymphocyte.

Lymphoid cell series: (1) Cell lineages whose members
morphologically resemble lymphocytes, their progenitors,
and their progeny. (2) Organized tissues of the body in
which the predominant cell type is the lymphocyte or cells
of the lymphoid cell lineage. These include the lymph
nodes, thymus, spleen, and gut-associated lymphoid tis-
sue, among others.

Lymphopenia is a decrease below normal in the number
of lymphocytes in the peripheral blood.

Lymphopoiesis is the differentiation of hematopoietic
stem cells into lymphocytes.

Lymphoreticular is an adjective describing the system
composed of lymphocytes and monocyte-macrophages, as
well as the stromal elements that support them. The thymus,
lymph nodes, spleen, tonsils, bone marrow, Peyer’s patches,



FIGURE 2.33 Lymphocyte scanning electron micrograph.

and avian bursa of Fabricius comprise the lymphoreticular
tissues.

Lymphorrhages are accumulations of lymphocytes in
inflamed muscle in selected muscle diseases such as myas-
thenia gravis.

Lymphoid lineage refers to lymphocytes of all varieties
and the bone cells that are their precursors.

A small lymphocyte is one of the five types of leukocytes
in the peripheral blood that measures 6 to 8 um in diameter.
In Wright’s and Giemsa-stained blood smears, the nucleus
stains dark blue and is encircled by a narrow rim of robin’s
egg blue cytoplasm. Even though most of the lymphocytes
look alike, they differ greatly in origin and function. They
differ in other features as well. By light microscopy, T and
B lymphocytes and the E rosette subpopulations look the
same. However, they have different phenotypic surface
markers and differ greatly in function.

A long-lived lymphocyte is a small lymphocyte derived
principally from the thymus that survives for months to
years without dividing. These are in contrast to short-lived
lymphocytes.

A large lymphocyte is 12 pm or greater in diameter.

An effector lymphocyte is a lymphocyte activated through
either specific or nonspecific mechanisms to carry out a
certain function in the immune response. Examples of effec-
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tor lymphocytes include the NK cell, the tumor-infiltrating
lymphocyte (TIF), the lymphokine activated killer (LAK)
cell, cytotoxic T lymphocyte, helper T lymphocyte, and
suppressor T cell. Most commonly, the term signifies a T
lymphocyte capable of mediating cytotoxicity, suppression,
or helper function.

A nonadherent cell is a cell that fails to stick to a surface
such as a culture flask. A lymphocyte is an example of a
nonadherent cell, whereas macrophages readily adhere to
the glass surface of a tissue culture flask.

Paracortex is a T lymphocyte thymus-dependent area
beneath and between lymph node cortex follicles.

An activated lymphocyte is a lymphocyte whose cell sur-
face receptors have interacted with a specific antigen or
with a mitogen such as phytohemagglutinin, concanavalin
A, or staphylococcal protein A. The morphologic appear-
ance of activated (or stimulated) lymphocytes is character-
istic, and in this form the cells are called immunoblasts.
The cells increase in size from 15 to 30 mm in diameter;
show increased cytoplasmic basophilia; and develop vacu-
oles, lysosomes, and ribosomal aggregates. Pinocytotic ves-
icles are present on the cell membrane. The nucleus con-
tains very little chromatin, which is limited to a thin
marginal layer, and the nucleolus becomes conspicuous.
The array of changes that follow stimulation is called trans-
formation. Such cells are called transformed cells. An acti-
vated B lymphocyte may synthesize antibody molecules,
whereas an activated T cell may mediate a cellular immune
reaction.

LAMP 1 and LAMP 2 refer to lysosome-associated mem-
brane proteins that are complex molecular complexes
involved in maintaining lysosomal membrane integrity in
cytotoxic lymphocytes and platelets.

By light microscopy, resting lymphocytes appear as a dis-
tinct and homogeneous population of round cells, each with
a large, spherical or slightly kidney-shaped nucleus which
occupies most of the cell and is surrounded by a narrow
rim of basophilic cytoplasm with occasional vacuoles. The
nucleus usually has a poorly visible single indentation and
contains densely packed chromatin. Occasionally, nucleoli
can be distinguished. The small lymphocyte variant, which
is the predominant morphologic form, is slightly larger than
an erythrocyte. Larger lymphocytes, ranging between 10
and 20 um in diameter, are difficult to differentiate from
monocytes. They have more cytoplasm and may show
azurophilic granules. Intermediate-size forms between the
two are described. By phase contrast microscopy, living
lymphocytes show a feeble motility with ameboid move-
ments that give the cells a hand-mirror shape. The mirror
handle is called a uropod. In large lymphocytes, mitochon-
dria and lysosomes are better visualized, and some cells
show a spherical, birefringent, 0.5-um diameter inclusion



called a Gall body . Lymphocytes do not spread on surfaces.
The different classes of lymphocytes cannot be distin-
guished by light microscopy. By scanning electron micros-
copy, B lymphocytes sometimes show a hairy (rough)
surface, but this is apparently an artifact. Electron micros-
copy does not provide additional information except for
visualization of the cellular organelles which are not abun-
dant. This suggests that the small, resting lymphocytes are
end-stage cells. However, under appropriate stimulation,
they are capable of considerable morphologic changes.

Nonspecific T lymphocyte helper factor is a soluble
factor released by CD4* helper T lymphocytes that non-
specifically activates other lymphocytes.

Diversity refers to the presence of numerous lymphocytes
with different antigenic specificities in a subject to create
a lymphocyte repertoire that is large and varied. Diversity,
which is critical to adaptive immune responsiveness, is a
consequence of structural variability in antigen-binding
sites of lymphocyte receptors for antigen (antibodies and
TCRs).

Emperipolesis is the intrusion or penetration of a lym-
phocyte into the cytoplasm of another cell followed by
passage through the cell. Emperipolesis also describes the
movement of one cell within another cell’s cytoplasm.

Lymphocytosis is an elevated number of peripheral blood
lymphocytes.

Theliolymphocytes are small lymphocytes associated
with intestinal epithelial cells; also termed as intraepithe-
lial lymphocyte

Peripheral blood mononuclear cells are lymphocytes
and monocytes in the peripheral blood that may be isolated
by Ficoll Hypaque density centrifugation.

Lymphocyte receptor repertoire: All of the highly vari-
able antigen receptors of B and T lymphocytes.

Productive rearrangement refers to lymphocyte receptor
chain rearrangement in the appropriate reading frame for
the receptor chain in question.

Lymphocyte trafficking is a process that is critical for
interaction of the lymphocyte surface antigen receptor
with epitopes. There is continuous migration of lympho-
cytes from the blood into lymphoid and nonlymphoid
organs and back again to the blood by way of the lym-
phatics and venules. Lymphocytes remain in the blood
circulation for approximately 30 min on each passage.
Lymphocytes in the blood circulation are exchanged
approximately 48 times per day, and about 5 x 10! lym-
phocytes leave the blood circulation each day. Lympho-
cyte migration is regulated during entry, transit, and exit.
Since there are only a few immunocompetent lymphocytes
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specific for each antigen, lymphocyte trafficking increases
the probability of interaction between the lymphocyte and
the epitope for which it is specific. Several adhesion mol-
ecules participate in receptor—ligand interactions involved
in the entry of lymphocytes into lymphoid organs through
endothelial venules. See also lymphocytes, circulating (or
recirculating).

Lymphocytotrophic is the property of possessing a spe-
cial attraction or affinity for lymphocytes. Examples
include the attraction of the Epstein—Barr virus for B
lymphocytes and the affinity of human immunodeficiency
virus (HIV) for the helper/inducer (CD4) T lymphocyte.

In immunology, the term naive refers to B and T lympho-
cytes that have not been exposed to antigen. Also called
unprimed or virgin.

A naive lymphocyte is a mature T or B lymphocyte
that has never been exposed to antigen and is not derived
from antigen-stimulated mature lymphocyte. Exposure
of naive lymphocytes to antigen leads to their differen-
tiation into effector lymphocytes such as antibody-
secreting B cells or helper T cells and cytolytic T lym-
phocytes (CTLs). Lymphocytes that migrate from the
central lymphoid organs are naive, i.e., naive T cells
from the thymus and naive B cells from the bone mar-
row. The surface markers and recirculation patterns of
naive lymphocytes differ from those of lymphocytes
activated previously.

Round cells is a term used by pathologists to describe
mononuclear cells, especially lymphocytes, infiltrating
tissues.

Short-lived lymphocytes are lymphocytes with a life span
of 4 to 5 d, in contrast to long-lived lymphocytes which
may last from months to years in the blood circulation.

Circulating lymphocytes, the lymphocytes present in the
systemic circulation, represent a mixture of cells derived
from different sources: (1) B and T cells exiting from bone
marrow and thymus on their way to seed the peripheral
lymphoid organs, (2) lymphocytes exiting the lymph
nodes via lymphatics, collected by the thoracic duct and
discharged into the superior vena cava, and (3) lympho-
cytes derived from direct discharge into the vascular
sinuses of the spleen. About 70% of cells in the circulating
pool are recirculating; that is, they undergo a cycle during
which they exit the systemic circulation to return to lym-
phoid follicles, lymph nodes, and spleen, and start the
cycle again. The cells in this recirculating pool are mostly
long-lived mature T cells. About 30% of the lymphocytes
of the intravascular pool do not recirculate. They comprise
mostly short-lived immature T cells, which either live their
life span intravascularly or are activated and exit the intra-
vascular space. The exit of lymphocytes into the spleen



occurs by direct discharge from the blood vessels. In the
lymph nodes and lymphoid follicles, the exit of lympho-
cytes occurs through specialized structures, the postcapil-
lary venules. These differ from other venules in that they
have a tall endothelial covering. The exiting lymphocytes
percolate through the endothelial cells, a mechanism
whose real significance is not known. A number of agents
such as cortisone or the bacterium Bordetella pertussis
increase the extravascular exit of lymphocytes and prevent
their return to circulation. The lymphocytes travel back
and forth between the blood and lymph nodes or the
spleen’s marginal sinuses. Within 24 to 48 h they return
via the lymphatics to the thoracic duct where they then
reenter the blood.

The term recirculating pool refers to the continuous recir-
culation of T and B lymphocytes between the blood and
lymph compartments.

Recirculation of lymphocytes is the continuous transport
of lymphocytes from the blood to secondary lymphoid
tissues, to lymph, and back into the blood. Traffic to the
spleen represents an exception since lymphocytes only
enter and exit the spleen via the blood.

Lymphocyte homing is the directed migration of circu-
lating lymphocyte subsets to specific tissue locations. It
is regulated by adhesion molecules, termed homing recep-
tors, termed addressins, expressed on specific tissues, in
different vascular beds. Selected T cells that home specif-
ically to intestinal lymphoid tissues such as Peyer’s
patches are directed by binding of VLA-4 integrin on their
surfaces MadCAM addressin on the endothelium of
Peyer’s patches.

Lymphocyte activation (Figure 2.34) follows stimulation
of lymphocytes in vitro by antigen or mitogen which ren-
ders them metabolically active. Activated lymphocytes
may undergo transformation or blastogenesis.
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FIGURE 2.34 Lymphocyte activation.
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Receptor-associated tyrosine kinases are molecules of
the Src-family with which lymphocyte antigen receptors
associate. They bind to the tails of receptors through their
SH-2 domains.

Signal transduction is a process whereby signals received
on the cell surface, such as by the binding of antigen to
its receptor, are transmitted into the nucleus of the cell,
resulting in altered gene expression.

SH-2 domain: See Src-family tyrosine kinases.

Src homology-2 (SH-2) domain: A 100-amino acid res-
idue three-dimensional domain structure found in numer-
ous signaling proteins that allows specific noncovalent
interactions with other proteins by linking to phosphoty-
rosines. There is a unique binding specificity for each SH-
2 domain that is determined by amino acid residues adja-
cent to the phosphotyrosine on the target protein. SH-2
domains serve as important sites of protein interaction
during early signaling events in T and B lymphocytes.

Scr homology-3 (SH-3) domain: A 60-amino acid resi-
due three-dimensional domain structure found in numer-
ous signaling proteins that facilitates the binding of pro-
teins to one another. SH-3 domains bind to proline
residues and function in concert with SH-2 domains on
the same protein molecules.

Lymphocyte chemotaxis: Lymphocytes are a heteroge-
neous motile cell population. Both T and B cells recircu-
late continuously between the blood and the lymphoid
tissues. This recirculating cell population consists of naive
small lymphocytes which are not in the cell cycle. Once
lymphocytes recognize antigen, their migration behavior
changes. They enter the cell cycle and exit the recircula-
tory pool. An adhesion phenotype changes with loss of L-
selectin and loss of affinity for the high endothelial venule
(HEV) cells of lymphoid tissue. They increase expression
and activity of various other adhesion molecules, which
prevents their attaching to the endothelium at sites of
inflammation, clustering around antigen-presenting cells,
and interacting with target cells for cytotoxicity. Rather
than continuing to monitor the environment for antigen,
the lymphocyte changes to a cell that mediates effector
functions. IL-2 and IL-15 are both excellent chemotactic
factors for activated T lymphocytes. IL-16 is also a T cell
attractant with selective activity for CD4*. Several
chemokines including both o and § chemokines have
activity. B cells as well as T cells respond better to attrac-
tants following their activation. NK cells activated with
IL-2 can respond to chemoattractants including several
chemokines such as MIP-1 o, MCP-1 RANTES, and IL-8.

Activation protein-1 (AP-1): DNA-binding transcrip-
tion factors composed of dimers of two proteins linked
to each other through a shared structural motif termed a



leucine zipper. An example of an AP-1 factor is one com-
prised of Fos and Jun proteins. Among the many different
genes of the immune system in which AP-1 exerts tran-
scriptional regulation of cytokine genes.

AP-1: Transcription factors, some of which have a role
in lymphocyte activation. A transcription factor that
binds the IL-2 promoter thereby regulating induction of
the IL-2 gene. Immediately following T cell stimulation,
c-fos mRNA is increased, and the c-fos gene product com-
bines with the c-jun gene product to form AP-1. A similar
series of events occurs following B cell stimulation; how-
ever, the genes regulated by B cell AP-1 are not known.

Activation refers to the stimulation of lymphocytes or
macrophages to increase their functional activity, or the
initiation of the multicomponent complement cascade in
serum consisting of a series of enzyme-substrate reactions
leading to the generation of functionally active effector
molecules.

Activation phase refers to a stage in the adaptive immune
response following recognition that is associated with
lymphocyte proliferation and differentiation into effector
cells.

Agonist peptides are peptide antigens that activate spe-
cific lymphocytes, enabling them to synthesize cytokines
and to proliferate.

Antagonists are peptides whose sequence is closely
related to that of an agonist peptide. They inhibit the
response of a cloned T cell line specific for the agonist
peptide. A molecule that interferes with the function of a
receptor as a consequence of binding to it.

Blastogenesis is the activation of small lymphocytes to
form blast cells. A blast cell is a relatively large cell that
is greater than 8 wm in diameter with abundant RNA in
the cytoplasm, a nucleus containing loosely arranged chro-
matin, and a prominent nucleolus. Blast cells are active
in synthesizing DNA and contain numerous polyribo-
somes in the cytoplasm.

Blk: See tyrosine kinase.

CD40: An integral membrane glycoprotein that has a mol
wt of 48/44 kDa and is also referred to as gp50. The
antigen shares similarities with many nerve growth factor
receptors. The CD40 antigen is expressed on peripheral
blood and tonsillar B cells from the pre-B cell stage until
the plasma cell stage where it is lost. It is also expressed
on B cell leukemias and lymphomas, some carcinomas
and interdigitating cells, and weakly on monocytes. It has
been shown that the CD40 antigen is active in B cell
proliferation. The CD40 ligand is gp39. CD40 binds
CD40-L, the CD40 ligand. It is the receptor for the costim-
ulatory signal for B cells. Its interaction with CD40 ligand
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on T cells induces B cell proliferation. CD40 belongs to
the TNF-receptor family of molecules.

Second signals refer to the second of two signals required
to activate lymphocytes. Lymphocyte activation requires
the recognition of antigen by an antigen-specific leukocyte
receptor, either in the soluble form by the B cell surface
immunoglobulin receptor or complexed to an MHC mol-
ecule on an antigen-presenting cell by the o8 heterodimer
of the T cell receptor complex. Following this first signal,
lymphocytes do not become fully activated and are either
turned off or become unresponsive to subsequent receptor
stimulation, or they undergo apoptosis. A second signal is
required to induce a productive immune response. The
second signal enhances lymphocyte proliferation and pro-
motes cell survival and/or prevents lymphocyte receptor
unresponsiveness. Second signals may either potentiate
signals transduced by TCR ligation and initiate enhanced
proliferation or not only facilitate antigen-driven lympho-
cyte proliferation but also inhibit the induction of lympho-
cyte unresponsiveness and/or programmed cell death.
These latter costimulatory signals activate intracellular
pathways different from those induced by the antigen-
receptor complex. Different surface molecules can provide
second signals.

Tyrosine kinase is an enzyme that phosphorylates pro-
teins on tyrosine residues. Enzymes of this family play
a critical role in T and B cell activation. Lck, Fyn, and
ZAP-70 are the principal tyrosine kinases critical for
T cell activation, whereas Blk, Fyn, Lyn, and Syk are
the main tyrosine kinases that are critical for B cell
activation.

Blast transformation refers to the activation of small
lymphocytes to form blast cells.

CD40-L: A 39-kDa antigen present on activated CD4+ T
cells. It is the ligand for CD40. It is also called T-BAM
or gp39.

eph receptors and ephrins: The eph family of receptors
is the largest known subfamily of receptor tyrosine
kinases. The ligands are called ephrins. The ephrin/eph
interactions are important in development, especially in
cell—cell interactions involved in nervous system pattern-
ing (axon guidance) and possibly in cancer.

Ephrin/eph: Endothelial cells destined to become arteries
express ephrin-B2, while the cognate receptor, eph B4, is
expressed on endothelial cells destined to become veins.
The ephrin/eph family of cell-surface proteins is important
in the cell—cell recognition and signaling of nervous sys-
tem patterning. Their specific location on venous vs. arte-
rial endothelial cells suggests that the formation of a vas-
cular system may be appreciably more complicated than
predicted.



B7: A homodimeric immunoglobulin superfamily protein
whose expression is restricted to the surface of cells that
stimulate growth of T lymphocytes. The ligand for B7 is
CD28. B7 is expressed by accessory cells and is important
in costimulatory mechanisms. Some APCs may upregulate
expression of B7 following activation by various stimuli
including IFN-0, endotoxin, and MHC class II binding.
B7 is also termed BB1, B7.1, or CD8O0.

A B7.1 costimulatory molecule is a 60-kDa protein that
serves as a costimulatory ligand for CD28 but as an inhib-
itory ligand upon interacting with CTLA-4 molecules.
Also called CD80.

A B7.2 costimulatory molecule is a costimulatory mol-
ecule whose sequence resembles that of B7. Dendritic
cells, monocytes, activated T cells, and activated B lym-
phocytes may express B7.2, which is an 80-kDa protein
that serves as a costimulatory ligand for CD28 but as an
inhibitory ligand upon interacting with CTLA-4 mole-
cules. Also called CD86.

A CD40 ligand is a molecule on T cells, which interacts
with CD40 on B cell proliferation.

Phorbol ester(s): Esters of phorbol alcohol (4,9,12-8,
13,20-pentahydroxy-1,6-tigliadien-3-on) found in croton
oil and myristic acid. Phorbol myristate acetate (PMA),
which is of interest to immunologists, is a phorbol ester
that is 12-O-tetradecanoylphorbol-13-acetate (TPA). This
is a powerful tumor promoter that also exerts pleotrophic
effects on cells in culture, such as stimulation of macro-
molecular synthesis and cell proliferation, induction of
prostaglandin formation, alteration in the morphology and
permeability of cells, and disappearance of surface
fibronectin. PMA also acts on leukocytes. It links to and
stimulates protein kinase C. This leads to threonine and
serine residue phosphorylation in the transmembrane pro-
tein cytoplasmic domains such as in the CD2 and CD3
molecules. These events enhance interleukin-2 receptor
expression on T cells and facilitate their proliferation in
the presence of interleukin-1 as well as TPA. Mast cells,
polymorphonuclear leukocytes, and platelets may all
degranulate in the presence of TPA.

Activation-induced cell death (AICD): A phenomenon
first observed in T hybridomas which die within 24 h of
stimulation. It was also observed in vivo following sys-
temic stimulation by bacterial sAgs or peptide antigens.
It represents a heightened sensitivity of recently stimu-
lated cells to apoptosis induced by TCR crosslinking,
linked to the cell cycle. It can also eliminate T cells
immediately at the time of initial stimulation, especially
in virus infected individuals. In clonal exhaustion, AICD
can lead to the complete elimination of all antigen-reac-
tive cells and could represent the basis for high-dose
tolerance.
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FIGURE 2.35 Uropod.

Phosphatidylinositol bisphosphate (PIP,) is a mem-
brane-associated phospholipid that is cleaved by a phos-
pholipase C-v to yield the signaling molecules discylglyc-
erol and inositol trisphosphate.

Uropod (Figure 2.35) describes lymphocyte cytoplasm
extending as an elongated tail or pseudopod in locomotion.
The uropod may resemble the handle of a hand mirror. The
plasma membrane covers the uropod cytoplasm.

T cells (Figure 2.36) are derived from hematopoietic pre-
cursors that migrate to the thymus where they undergo
differentiation which continues thereafter to completion
in the various lymphoid tissues throughout the body or
during their circulation to and from these sites. T cells
primarily are involved in the control of immune responses
by providing specific cells capable of helping or suppress-
ing these responses. They also have a number of other
functions related to cell-mediated immune phenomena.

T cell: See T lymphocyte.

of T cells are T lymphocytes that express o chain het-
erodimers on their surface. The vast majority of T cells
are of the of§ variety. T lymphocytes that express an anti-
gen receptor compromised of o and 3 polypeptide chains.
This population, to which most T cells belong, includes
all those that recognize peptide antigen presented by MHC
class I and class II molecules.

Regulatory T cells are T lymphocytes that can inhibit T
cell responses. Suppressor T cells are an example of reg-
ulatory T cells.

Rosette refers to cells of one type surrounding a single cell
of another type. In immunology, it was used as an early
method to enumerate T cells, i.e., in the formation of E
rosettes in which CD2 markers on human T lymphocytes
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FIGURE 2.36 T cell.

adhere to LFA-3 molecules on sheep red cells surrounding
them to give a rosette arrangement. Another example was
the use of the EAC rosette, consisting of erythrocytes
coated with antibody and complement which surrounded
a B cell bearing Fc receptors or complement receptors on
its surface.

Veto cells (Figure 2.37 and Figure 2.38) comprise a pro-
posed population of cells suggested to facilitate mainte-
nance of self-tolerance through veto of autoimmune
responses by T cells. A “veto cell” would neutralize the
function of an autoreactive T lymphocyte. A T cell identifies
itself as an autoreactive lymphocyte by recognizing the
surface antigen on the veto cell. No special receptors with
specificity for the autoreactive T lymphocyte are required
for the veto cell to render the T lymphocyte nonfunctional.
Contemporary research suggests the existence of a veto cell
that can eliminate cytotoxic T lymphocyte (CTL) precursors
reactive against allogeneic class I major histocompatibility
complex (MHC) molecules or against antigens presented
in association with self class I MHC.

NF-kB is a transcription factor comprised of two chains
of 50 kDa and 65 kDa. Under physiologic conditions it is
found in the cytosol where it is bound to a third chain
termed I_B, an inhibitor of NF B transcription.
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B cells are the B lymphocytes that derive from the fetal
liver in the early embryonal stages of development and
from the bone marrow thereafter. In birds, maturation
takes place in the bursa of Fabricius, a lymphoid structure
derived from an outpouching of the hindgut near the clo-
aca. In mammals, maturation is in the bone marrow.
Plasma cells that synthesize antibody develop from pre-
cursor B cells.

A receptor is a molecular configuration on a cell surface
or macromolecule, which combines with molecules that
are complementary to it. Examples include enzyme-sub-
strate reactions, the T cell receptor, and membrane-bound
immunoglobulin receptors of B cells. It is usually a trans-
membrane molecule that binds to a ligand on the cell
surface, leading to biochemical changes within the cell.

Adrenergic receptors are structures on the surfaces of
various types of cells that are designated o or [} and
interact with adrenergic drugs.

An agonist is a molecule that combines with a receptor
and enables it to function.

In immunology, humoral refers to the antibody limb of
the immune response, in contrast to the cell-mediated
limb, together with the action of complement. Thus,
immunity based on antibodies or antibodies and comple-
ment is produced and referred to as humoral immunity.
Humoral immunity of the antibody type represents the
products of the B cell system.

Antigen receptors: Cell surface immunoglobulin for B
cells and T cell receptor for T cells. A single antigen
specificity is expressed on the surface of each lymphocyte.
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FIGURE 2.38 Veto effect.

Antigen-specific cells are antigen-binding cells such as B
lymphocytes that recognize antigen with a unique antigen
receptor comprising surface immunoglobulin. Mono-
clonal antibodies recognizing a single clonotype of T cell
receptor can be used to identify antigen-specific cells and
responses using this clone. Fluorescence-activated cell
sorting can also be used to identify antigen-specific cells.

CD22 (Figure 2.39) is a molecule with al30- and b140-
kDa mol wt that is expressed in the cytoplasm of B cells
of the pro-B and pre-B cell stage and on the cell surface S o
of mature B cells with surface Ig. The antigen is lost S
shortly before the terminal plasma cell phase. The mole-
cule has five extracellular immunoglobulin domains and
shows homology with myelin adhesion glycoprotein and $
with N-CAM (CD56). It participates in B cell adhesion S
to monocytes and T cells. It also is called BL-CAM. e

Plasma cells (Figure 2.40 and Figure 2.41) are antibody-
producing cells. Immunoglobulins are present in their cyto-
plasm, and secretion of immunoglobulin by plasma cells
has been directly demonstrated in vitro. Increased levels of
immunoglobulins in some pathologic conditions are asso- e B
ciated with increased numbers of plasma cells and, con- = I | )
versely, their number at antibody-producing sites increases - .
following immunization. Plasma cells develop from B cells
and are large spherical or ellipsoidal cells 10 to 20 um in COOH
size. Mature plasma cells have abundant cytoplasm, which

stain deep blue with Wright’s stain, and have an eccentri- FIGURE 2.39 CD22.

cally located, round or oval nucleus, usually surrounded by
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14—20 pm.

FIGURE 2.40 Plasma cell.

FIGURE 2.41 Plasma cell in peripheral blood.

a well-defined perinuclear clear zone. The nucleus contains
coarse and clumped masses of chromatin, often arranged
in a cartwheel fashion. The nuclei of normal, mature plasma
cells have no nucleoli, but those of neoplastic plasma cells
such as those seen in multiple myeloma have conspicuous
nucleoli. The cytoplasm of normal plasma cells has con-
spicuous Golgi complex and rough endoplasmic reticulum
and frequently contains vacuoles. The nuclear to cytoplas-
mic ratio is 1:2. By electron microscopy, plasma cells show
very abundant endoplasmic reticulum, indicating extensive
and active protein synthesis. Plasma cells do not express
surface immunoglobulin or complement receptors, which
distinguishes them from B lymphocytes.

Cartwheel nucleus is a descriptor for the arrangement of
chromatin in the nucleus of a typical plasma cell based
on the more and less electron-dense areas observed by
electron microscopy. Euchromatin makes up the less elec-
tron-dense spokes of the wheel, whereas heterochromatin
makes up the more electron-dense areas.

A Russell body is a sphere or globule in the endoplasmic
reticulum of some plasma cells. These immunoglobulin-
containing structures are stained pink by eosin.
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FIGURE 2.42 Hof.

A clone is a cell or organism that develops from a single
progenitor cell and has exactly the same genotype and
phenotype of the parent cell. Malignant proliferation of a
clone of plasma cell in multiple myeloma represents a
type of monoclonal gammopathy. The fusion of an anti-
body-producing B cell with a mutant myeloma cell in vitro
by the action of polyethylene glycol to form a hybridoma
that is immortal and produces monoclonal antibody is an
example of the in vitro production of a clone.

Polyclonal means originating from multiple clones.

An end cell is a cell such as a mature plasma cell that is
at the termination point in that cell line’s maturation pat-
tern. End cells do not further divide. They represent the
final product of maturation.

Hof (Figure 2.42) is a German word for courtyard which
refers to the perinuclear clear zone adjacent to the nucleus
in plasma cells. Lymphoblasts and Reed—Sternberg cells
may also exhibit a hof.

A null cell is a lymphocyte that does not manifest any
markers of T or B cells, including cluster of differentiation
(CD) antigens or surface immunoglobulins. Approxi-
mately 20% of peripheral lymphocytes are null cells.
They play a role in antibody-dependent cell-mediated
cytotoxicity (ADCC). They may be the principal cell in
certain malignancies such as acute lymphocytic leukemia
of children. The three types of null cells include (1)
undifferentiated stem cells that may mature into T or B
lymphocytes, (2) cells with labile IgG and high-affinity
Fc receptors that are resistant to trypsin, and (3) large
granular lymphocytes that constitute NK and K cells. The
null cell compartment comprises 37% of the bone marrow
lymphocytes, i.e., they do not have any of the markers
characteristic of B or T cell lineage. They may differentiate



into either B or T cells upon appropriate induction, the
mechanism of which is unknown. Some null cells differ-
entiate into killer (K) cells by developing Fc and com-
plement receptors. The NK cells are also present in this
cell population. Null, K, and NK cells, like committed
lymphocytes, also migrate to the peripheral lymphoid
organs such as spleen and lymph nodes or to the thymus,
but they represent only a very small fraction of the total
cells present there. At all locations, the null cells are part
of the rapidly renewed pool of immature cells with a short
life span (5 to 6 d). The null cells which have been
committed to the T cell lineage migrate to the thymus to
continue their differentiation.

Natural killer (NK) cells (Figure 2.43) attack and destroy
certain virus-infected cells. They constitute an important
part of the natural immune system, do not require prior
contact with antigen, and are not MHC restricted by the
major histocompatibility complex (MHC) antigens. NK
cells are lymphoid cells of the natural immune system that
express cytotoxicity against various nucleated cells,
including tumor cells and virus-infected cells. NK cells,
killer (K) cells, or ADCC cells induce lysis through the
action of antibody. Immunologic memory is not involved,
as previous contact with antigen is not necessary for NK
cell activity. The NK cell is approximately 15 wm in diam-
eter and has a kidney-shaped nucleus with several — often
three — large cytoplasmic granules. The cells are also
called large granular lymphocytes (LGL). In addition to
the ability to kill selected tumor cells and some virus-
infected cells, they also participate in ADCC by anchoring
antibody to the cell surface through an Fcyreceptor. Thus,
they are able to destroy antibody-coated nucleated cells.
NK cells are believed to represent a significant part of the
natural immune defense against spontaneously developing
neoplastic cells and against infection by viruses. NK cell
activity is measured by a >'Cr release assay employing the
K562 erythroleukemia cell line as a target.

NK cell: See natural killer cells.

Large granular lymphocytes (LGL): See natural killer
cells.

LGL (large granular lymphocyte or null cell): These
lymphocytes do not express B and T cell markers, but they
have Fc receptors for IgG on their surface. They comprise
approximately 3.5% of lymphocytes and originate in the
bone marrow. The LGLs include natural killer cells which
comprise 70% of LGLs, and killer cells which mediate
ADCC.

Fragmentins are serine esterases present in cytotoxic T
cell and natural killer cell cytoplasmic granules. The intro-
duction of fragmentins into the cytosol of a cell causes
apoptosis as the DNA in the nucleus is fragmented into
200 base pair multimers. Also called granzymes.
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FIGURE 2.43 NK (Natural Killer) cell schematic representa-
tion. Transmission and scanning EM of human large granular
lymphocyte.

Granzymes: Proteases released from LGL and cytotoxic T
lymphocytes (CTL) granules that contribute to fatal injury
of target cells subjected to the cytotoxic action of perforin.
Antigranzyme antibodies inhibit target cell lysis. Serine
esterase enzymes are present in the granules of cytotoxic T
lymphocytes and NK cells. Granzymes induce target cell
apoptosis after entering the cytosol. Also called frag-
mentins. Serine esterase enzymes are present in the granules
of cytotoxic T lymphocytes and NK cells. Granzymes
induce target cell apoptosis after entering the cytosol.



Killer activatory receptors (KARs) are NK cell or cyto-
toxic T cell surface receptors that can activate killing by
these cell types.

NK 1.1 is a natural killer (NK) cell alloantigen identified
in selected inbred mouse strains such as C57BL/6 mice.

NK1-T cell is a lymphocyte that shares certain character-
istics with T cells, such as T cell receptors, in addition to
those of natural killer cells.

NK1.1 CD4 T cells are a minor T cell subset that expresses
the NK1.1 marker, a molecule usually present on NK cells.
NKI.1 T lymphocytes also express o T cell receptors
of limited diversity and either the coreceptor molecule
CD4 or no coreceptor. They are present in abundance in
the liver and synthesize cytokines soon after stimulation.

NK-T cell is a lymphoid cell that is intermediate between
T lymphocytes and NK cells with respect to morphology
and granule content. They may be CD478- or CD4+*8-,
weakly expressed oy TCR with an invariant o, chain and
highly restricted B chain specificity. They have a powerful
capacity to synthesize IL-4. Many of these T cell receptors
recognize antigens presented by the nonclassical MHC-
like molecule CD1. Their surface NK1.1 receptor is lectin-
like and is believed to recognize microbial carbohydrates.

LAG-3 is an NK cell activation molecule that is closely
related to CD4 in its structure. It is a type I integral membrane
protein and a member of the Ig superfamily with an Ig V-
region-like domain and three Ig-C2 region-like domains. Its
gene colocalizes with but is distinct from the CD4 gene on
mouse chromosome 6. LAG-3 is expressed on activated T
and NK cells, but not on resting lymphocytes. LAG-3 could
be a coreceptor for a putative activation receptor.

CD16 (Figure 2.44) is an antigen that is also known as
the low-affinity Fc receptor for complexed IgG-Fc RIII.
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FIGURE 2.44 CDl16.
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It is expressed on NK cells, granulocytes, (neutrophils),
and macrophages. Structural differences in the CD16 anti-
gen from granulocytes and NK cells have been reported.
This apparent polymorphism suggests two different genes
for the Fe, RIIT molecule in polymorphonuclear leukocytes
(PMN) and in NK cells. The CD16 molecule in NK cells
has a transmembrane form, whereas it is phosphatidy-
linositol (PI)-linked in granulocytes. CD16 mediates
phagocytosis. It is the functional receptor structure for
performing ADCC. CD16 is also termed Fc,RIII.

CD56 (Figure 2.45) is a 220/135-kDa molecule that is an
isoform of NCAM. It is used as a marker of NK cells, but
it is also present on neuroectodermal cells.

CDS57 is a 110-kDa myeloid-associated glycoprotein that
is recognized by the antibody HNKI. It is a marker for
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FIGURE 2.45 CD56.
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FIGURE 2.46 Schematic representation of a K562 target cell
bound to NK cells.

A NK cells
‘ K562 target cell

FIGURE 2.47 K562 target cells (large arrow) bound to NK cells
(small arrows).

NK cells, but it is also found on some T and B cells. It is
an oligosaccharide present on multiple cell surface glyco-
proteins.

K562 cells (Figure 2.46 and Figure 2.47) are a chronic
myelogenous leukemia cell line that serves as a target cell
in a >'Cr release assay of natural killer (NK) cells. Fol-
lowing incubation of NK cells with 'Cr-labeled target
K562 cells, the amount of chromium released into the
supernatant is measured, and the cytotoxicity is deter-
mined by use of a formula.
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FIGURE 2.48 Schematic representation of a K cell.

K (killer) cells (Figure 2.48), also called null cells, have
lymphocyte-like morphology but functional characteris-
tics different from those of B and T cells. They are
involved in a particular form of immune response: ADCC,
killing target cells coated with IgG antibodies. A K cell
is an Fc-bearing killer cell that has an effector function
in mediating ADCC. An IgG antibody molecule binds
through its Fc region to the K cell’s Fc receptor. Follow-
ing contact with a target cell bearing antigenic determi-
nants on its surface for which the Fab regions of the
antibody molecule attached to the K cell are specific, the
lymphocyte-like K cell releases lymphokines that destroy
the target. This represents a type of immune effector
function in which cells and antibody participate. Besides
K cells, other cells that mediate antibody-dependent cell-
mediated cytotoxicity include natural killer (NK) cells,
cytotoxic T cells, neutrophils, and macrophages. A killer
cell (K cell) is a large granular lymphocyte bearing Fc
receptors on its surface for IgG, which makes it capable
of mediating ADCC. Complement is not involved in the
reaction. Antibody may attach through its Fab regions to
target cell epitopes and link to the killer cell through
attachment of its Fc region to the K cell’s Fc receptor,
thereby facilitating cytolysis of the target by the killer
cell, or an IgG antibody may first link via its Fc region
to the Fc receptor on the killer cell surface and direct the
K cell to its target. Cytolysis is induced by insertion of
perforin polymer in the target cell membrane in a manner
that resembles the insertion of C9 polymers in a cell
membrane in complement-mediated lysis. Perforin is
showered on the target cell membrane following release
from the K cell.

Macrophages (Figure 2.49 and Figure 2.50) are mononu-
clear phagocytic cells derived from monocytes in the blood
that were produced from stem cells in the bone marrow.
These cells have a powerful, although nonspecific, role in
immune defense. These intensely phagocytic cells contain
lysosomes and exert microbicidal action against microbes
they ingest. They also have effective tumoricidal activity.
They may take up and degrade both protein and polysaccha-
ride antigens and present them to T lymphocytes in the
context of major histocompatibility complex class II mole-
cules. They interact with both T and B lymphocytes in
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FIGURE 2.49 Schematic representation of a resting macro-
phage vs. an activated macrophage.

FIGURE 2.50 Macrophage-histiocyte in bone marrow.

immune reactions. They are frequently found in areas of
epithelium, mesothelium, and blood vessels. Macrophages
have been referred to as adherent cells since they readily
adhere to glass and plastic and may spread on these surfaces
and manifest chemotaxis. They have receptors for Fc and
C3b on their surfaces, stain positively for nonspecific
esterase and peroxidase, and are Ia antigen positive when
acting as accessory cells that present antigen to CD4* lym-
phocytes in the generation of an immune response. Mono-
cytes, which may differentiate into macrophages when they
migrate into the tissues, make up 3 to 5% of leukocytes in
the peripheral blood. Macrophages that are tissue-bound
may be found in the lung alveoli, as microglial cells in the
central nervous system, as Kupffer cells in the liver, as
Langerhans cells in the skin, and as histiocytes in connective
tissues, as well as macrophages in lymph nodes and perito-
neum. Multiple substances are secreted by macrophages
including complement components C1 through CS5, factors
B and D, properdin, C3b inactivators, and B-1H. They also
produce monokines such as interleukin-1, acid hydrolase,
proteases, lipases, and numerous other substances.
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IFN-y activates macrophages to increase their capacity to
kill intracellular microorganisms. Macrophages are known
by different names according to the tissue in which they
are found, such as the microglia of the central nervous
system, the Kupffer cells of the liver, alveolar macro-
phages of the lung, and osteoclasts in the bone.

ANAE (a-naphthyl acetate esterase): See nonspecific
esterase.

An activated macrophage has been stimulated in some
manner or by some substance to increase its functional
efficiency with respect to phagocytosis, intracellular bac-
tericidal activity, or lymphokine, i.e., IL-1 production. A
lymphokine-activated mononuclear phagocyte is double
the size of resting macrophages. MHC class II antigen
surface expression is elevated, and lysosomes increase.
The latter changes facilitate antimicrobial defense.

Multiple processes are involved in macrophage activation.
These include an increase in size and number of cytoplas-
mic granules and a spread of membrane ruffling. Func-
tional alterations include elevated metabolism and trans-
port of amino acids and glucose; increased enzymatic
activity; an elevation in prostaglandins, cGMP, plasmino-
gen activator, intracellular calcium ions, phagocytosis,
pinocytosis; and the ability to lyse bacteria and tumor
cells.

Nitric oxide (NO) and reactive oxygen species (ROS):
Reactive oxygen species (ROS) break down to form or
generate free radicals. Cells possess elaborate systems to
scavenge free radicals. When free radicals exceed the
capacity of these systems, however, cells die. Cell death
induced by free radicals has characteristics of both apop-
tosis and necrosis. The most compelling observation that
cell death resulting from free radicals is related to the
apoptotic process is found at the level of the mitochon-
dria. The antiapoptotic protein, Bcl-2, inhibits cell death
in response to free radicals. The mechanisms involved,
however, are not fully understood. The radical-induced
cell death may involve the mitochondrial permeability
transition pore. Bcl-2 has been observed to be located
near the permeability transition pore in the mitochondrial
membrane. Nitirc oxide (NO) is produced by iNOS,
eNOS, and nNOS. NO is a biological signaling molecule
that elicits numerous biochemical responses. Reports
have suggested that NO can affect key proteins or sig-
naling pathways involved in apoptosis. Given the rapidly
expanding roles for signaling through the generation of
NO, it may be that NO has important influences on apo-
ptosis.

A stimulated macrophage is one that has been activated
in vivo or in vitro. The term activated macrophage is
preferred.



Inducible NO synthase (iNOS) is a mechanism of mac-
rophages or various other cells to activate NO synthesis
in response to numerous different stimuli. This represents
a principal mechanism of host resistance against murine
intracellular infection and may exist in humans as well.

Nitric oxide (NO) is a biologic molecule with multiple
effects, including an important role in intracellular signal-
ing and functioning in macrophages as a powerful micro-
bicidal agent against ingested microorganisms. NO is a
neurotransmitter and an agent that maintains hemody-
namic stability. Its role in human host defense has been
controversial. Nitrite has been generated in human macro-
phage cultures in response to TNF-o. and GM-CSF
together with avirulent microbacterial strains. High levels
of nitric oxide synthesis have been shown in response to
a select group of stimuli.

Superoxide dismutase is an enzyme that defends an
organism against oxygen-free radicals by catalyzing the
interaction of superoxide anions with hydrogen ions to
yield hydrogen peroxide and oxygen.

An adherent cell is a cell such as a macrophage (mono-
nuclear phagocyte) that attaches to the wall of a culture
flask, thereby facilitating the separation of such cells from
B and T lymphocytes which are not adherent.

The epithelioid cell derives from the monocyte—macro-
phage system. Peripheral blood monocytes made adherent
to cellophane strips and implanted into the subcutaneous
tissue of an experimental animal develop into epithelioid
cells. Conversion of the macrophage to an epithelioid cell
is not preceded by a mitotic division of the macrophage.
On the contrary, epithelioid cells are able to divide, result-
ing in round, small daughter cells which mature in 2 to 4
d, gaining structural and functional characteristics of
young macrophages. Material that is taken up by mac-
rophages but cannot be further processed prevents the
conversion of epithelioid cells. The life span of the epi-
thelioid cell is from 1 to 4 weeks.

The epithelioid cell is a particular type of cell character-
istic of some types of granulomas such as in tuberculosis,
sarcoidosis, leprosy, etc. The cell has poorly defined cel-
lular outlines; cloudy, abundant eosinophilic cytoplasm;
and an elongated and pale nucleus. By electron micros-
copy, the cell shows a few short and slender pseudopodia
and well-developed cellular organelles. Mitochondria are
generally elongated, the Golgi complex is prominent, and
lysosomal dense bodies are scattered throughout the cyto-
plasm. Strands of endoplasmic reticulum, free ribosomes,
and fibrils are present in the ground substance.

Apolipoprotein E is a 33-kDa protein produced by non-
activated macrophages but not monocytes. It binds low-
density lipids as well as high-density cholesterol esters.
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The term resident macrophage refers to a macrophage
normally present at a tissue location without being
induced to migrate there.

Tissue-fixed macrophage: Histiocyte.

Angry macrophage is a term sometimes used to refer to
activated macrophages.

Macrophage immunity: Cellular immunity.

A granuloma is a tissue reaction characterized by altered
macrophages (epithelioid cells), lymphocytes, and fibro-
blasts. These cells form microscopic masses of mononu-
clear cells. Giant cells form from some of these fused
cells. Granulomas may be of the foreign body type, such
as those surrounding silica or carbon particles, or of the
immune type that encircle particulate antigens derived
from microorganisms. Activated macrophages trap anti-
gen, which may cause T cells to release lymphokines,
causing more macrophages to accumulate. This process
isolates the microorganism. Granulomas appear in cases
of tuberculosis and develop under the influence of helper
T cells that react against Mycobacterium tuberculosis.
Some macrophages and epithelioid cells fuse to form
multinucleated giant cells in immune granulomas. There
may also be occasional neutrophils and eosinophils.
Necrosis may develop. It is a delayed type of hypersensi-
tivity reaction that persists as a consequence of the con-
tinuous presence of foreign body or infection.

Macrophage/monocyte chemotaxis: Macrophages and
monocytes are strongly adherent cells and have a rate of
locomotion slower than that of neutrophils. They mount
a chemotactic response to microorganisms formyl-Met-
Leu-Phe, C5a, C5a des Arg, leukotriene B,, platelet-acti-
vating factor, thrombin, and elastin. Tumors in man and
animals may produce an inhibitor that causes monocytes
or macrophages to migrate poorly in chemotaxis assays.

Nitric oxide synthetase is an enzyme or family of
enzymes that synthesizes vasoactive and microbicidal
compound nitric oxide from L-arginine. The activation of
macrophages by microorganisms of cytokines can induce
a form of this enzyme.

A histiocyte is a tissue macrophage that is fixed in tissues
such as connective tissues. Histiocytes are frequently
around blood vessels and are actively phagocytic. They
may be derived from monocytes in the circulating blood.

A mannose receptor is a lectin or carbohydrate-binding
receptor on macrophages that binds mannose and fucose
residues on the cell walls of microorganisms, thereby
facilitating their phagocytosis.

Mannose-binding lectin (MBL) is a protein in the plasma
that binds mannose residues on bacterial cell walls,



thereby acting as opsonin to facilitate phagocytosis of the
bacterium by macrophages. A surface receptor for Clq on
macrophage surfaces also binds MBL and facilitates
phagocytosis of the opsonized microorganisms.

Tingible body refers to nuclear debris present in mac-
rophages of lymph node, spleen, and tonsil germinal cen-
ters, as well as in the dome of the appendix.

Tingible body macrophages are phagocytic cells that
engulf apoptotic B cells which are formed in large num-
bers at the height of a germinal center response.

Phagocytosis is an important clearance mechanism for
the removal and disposition of foreign agents and particles
or damaged cells. Macrophages, monocytes, and polymor-
phonuclears cells are phagocytic cells. In special circum-
stances, other cells such as fibroblasts may show phago-
cytic properties; these are called facultative phagocytes.

Phagocytosis may involve nonimmunologic or immuno-
logic mechanisms. Nonimmunologic phagocytosis refers
to the ingestion of inert particles such as latex particles or
of other particles that have been modified by chemical
treatment or coated with protein. Damaged cells are also
phagocytized by nonimmunologic mechanisms. Damaged
cells may become coated with immunoglobulin or other
proteins which facilitate their recognition.

Phagocytosis of microorganisms involves several steps:
attachment, internalization, and digestion. After attach-
ment, the particle is engulfed within a membrane fragment
and a phagocytic vacuole is formed. The vacuole fuses
with the primary lysosome to form the phagolysosome, in
which the lysosomal enzymes are discharged and the
enclosed material is digested. Remnants of indigestible
material can be recognized subsequently as residual bod-
ies. Polymorphonuclear neutrophils (PMNs), eosinophils,
and macrophages play an important role in defending the
host against microbial infection. PMNs and occasional
eosinophils appear first in response to acute inflammation,
followed later by macrophages. Chemotactic factors are
released by actively multiplying microbes. These chemo-
tactic factors are powerful attractants for phagocytic cells
which have specific membrane receptors for the factors.
Certain pyogenic bacteria may be destroyed soon after
phagocytosis as a result of oxidative reactions. However,
certain intracellular microorganisms such as Mycobacte-
ria or Listeria are not killed merely by ingestion and may
remain viable unless there is adequate cell-mediated
immunity induced by 7 interferon activation of macro-
phages.

Phagocytic dysfunction may be due to either extrinsic or
intrinsic defects. The extrinsic variety encompasses
opsonin deficiencies secondary to antibody or comple-
ment factor deficiencies, suppression of phagocytic cell
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numbers by immunosuppressive agents, corticosteroid-
induced interference with phagocytic function, neutro-
penia, or abnormal neutrophil chemotaxis. Intrinsic
phagocytic dysfunction is related to deficiencies in enzy-
matic killing of engulfed microorganisms. Examples of
the intrinsic disorders include chronic granulomatous
disease, myeloperoxidase deficiency, and glucose-6-
phosphate dehydrogenase deficiency. Consequences of
phagocytic dysfunction include increased susceptibility
to bacterial infections but not to viral or protozoal infec-
tions. Selected phagocytic function disorders may be
associated with severe fungal infections. Severe bacterial
infections associated with phagocytic dysfunction range
from mild skin infections to fatal systemic infections.

A phagosome is a phagocytic membrane-limited vesicle
in a phagocyte that contains phagocytized material which
is digested by lysosomal enzymes that enter the vesicle
after fusion with lysosomes in the cytoplasm.

A phagolysosome is a cytoplasmic vesicle with a limiting
membrane produced by the fusion of a phagosome with
a lysosome. Substances within a phagolysosome are
digested by hydrolysis.

A microglial cell is a phagocytic cell in the central ner-
vous system. It is a bone marrow-derived perivascular cell
of the mononuclear phagocyte system. In the central ner-
vous system, it may act as an antigen-presenting cell,
functioning in an MHC class II-restricted manner.

Tuftsin is a leukokinin globulin-derived substance that
enhances phagocytosis. It is a tetrapeptide comprised of
Thr-Lys-Pro-Arg. The leukokinin globulin from which it
is derived represents immunoglobulin Fc receptor residues
289 through 292. Tuftsin is formed in the spleen. Its
actions include neutrophil and macrophage chemotaxis,
enhancing phagocyte motility, and promoting oxidative
metabolism. It also facilitates antigen processing.

Facultative phagocytes are cells such as fibroblasts that
may show phagocytic properties under special circum-
stances.

Armed macrophages are macrophages bearing surface
IgG or IgM cytophilic antibodies or T cell lymphokines
that render them capable of inducing antigen-specific
cytotoxicity.

Pinocytosis refers to the uptake by a cell of small liquid
droplets, minute particles, and solutes.

Endocytosis is a mechanism whereby substances are taken
into a cell from the extracellular fluid through plasma
membrane vesicles. This is accomplished by either pinocy-
tosis or receptor-facilitated endocytosis. In pinocytosis,
extracellular fluid is captured within a plasma membrane
vesicle. In receptor-facilitated endocytosis, extracellular



ligands bind to receptors, and coated pits and coated ves-
icles facilitate internalization. Clathrin-coated vesicles
become uncoated and fuse to form endosomes. Ligand
and receptor dissociate within the endosomes, and the
receptor returns to the cell surface. Endosomes fused with
lysosomes form secondary lysosomes where ligand deg-
radation occurs. Low-density lipoproteins are handled in
this manner.

An endocytic vesicle is a membrane structure derived
from the plasma membrane that transports extracellular
material into cells.

Endogenous means resulting from conditions within a
cell or organism, rather than externally caused; derived
internally.

A Kupffer cell is a liver macrophage that has become
fixed as a mononuclear phagocytic cell in the liver sinu-
soids. It is an integral part of the mononuclear phagocyte
(reticuloendothelial) system. Monocytes become attached
to the interior surfaces of liver sinusoids where they
develop into macrophages. They have CR1 and CR2
receptors, surface Fc receptors, and MHC class I mole-
cules. They are actively phagocytic and remove foreign
substances from the blood as they flow through the liver.
Under certain disease conditions, they may phagocytize
erythrocytes, leading to the deposition of hemosiderin par-
ticles derived from hemoglobin breakdown products.

CD9 is a single-chain protein with a mol wt of 24 kDa
that is present on pre-B cells, monocytes, granulocytes,
and platelets. Antibodies against the molecule can cause
platelet aggregation. The CD9 antigen has protein kinase
activity. It may be significant in aggregation and activation
of platelets.

CD13 is an antigen that is a single-chain membrane gly-
coprotein with a mol wt of 130 kDa. It is present on
monocytes, granulocytes, some macrophages, and connec-
tive tissue. CD13 has been shown to be aminopeptidase-N.
It functions as a zinc metalloproteinase.

CD33 is an antigen that is a single-chain transmembrane
glycoprotein, with a mol wt of 67 kDa. It is restricted to
myeloid cells and is found on early progenitor cells, mono-
cytes, myeloid leukemias, and weakly on some granulo-
cytes.

An accessory cell (Figure 2.51) is a cell such as a dendritic
cell or Langerhans cell, monocyte, or macrophage that
facilitates T cell responses to protein antigens. B cells may
also act as antigen-presenting cells, thereby serving an
accessory cell function.

Accessory molecules are molecules other than the antigen
receptor and major histocompatibility complex (MHC) that
participate in cognitive, activation, and effector functions
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FIGURE 2.51 Accessory cell.

FIGURE 2.52 MIP-1o.. NMR.

of T lymphocyte responsiveness. Adhesion molecules
facilitating the interaction of T lymphocytes with other
cells that signal transducing molecules which participate
in T cell activation or migration are classified as accessory
molecules.

Macrophage-activating factor (MAF) is a lymphokine
such as 7y interferon that accentuates the ability of mac-
rophages to kill microbes and tumor cells. MAF is a lym-
phokine that enhances a macrophage’s phagocytic activity
and bactericidal and tumoricidal properties.

Macrophage chemotactic factor (MCF) refers to cyto-
kines that act together with macrophages to induce facil-
itating migration. Among these substances are interleukins
and interferons.

Macrophage chemotactic and activating factor
(MCAF) is a chemoattractant and activator of macro-
phages produced by fibroblasts, monocytes, and endothe-
lial cells as a result of exogenous stimuli and endogenous
cytokines such as TNF, IL-1, and PDGEF. It also has a role
in activating monocytes to release an enzyme that is cyto-
static for some tumor cells. MCAF also has a role in
ELAM-1 and CD11 a and b surface expression in mono-
cytes and is a potent degranulator of basophils.

Macrophage inflammatory protein-1-a (MIP-1)
(Figure 2.52) is an endogeneous fever-inducing substance



that binds heparin and is resistant to cyclo-oxygenase inhi-
bition. Macrophages stimulated by endotoxin may secrete
this protein, termed MIP-1, which differs from tumor
necrosis factor (TNF) and IL-1 as well as other endoge-
nous pyrogens because its action is not associated with
prostaglandin synthesis. It appears indistinguishable from
hematopoietic stem cell inhibitor and may function in
growth regulation of hematopoietic cells.

Macrophage inflammatory peptide-2 (MIP-2) is an IL-
8 type II receptor competitor and chemoattractant that is
also involved in hemopoietic colony formation as a
costimulator. It also degranulates murine neutrophils. The
inflammatory activities of MIP-2 are very similar to those
of IL-8.

Plasminogen is the inactive precursor of the proteolytic
enzyme plasmin. Several serine proteases such as uroki-
nase convert it to active plasmin. It is a § globulin widely
distributed in tissue, body fluids, and plasma. Plasminogen
is a single-chain monomeric molecule. Plasminogen acti-
vation occurs in two stages: The Glu-plasminogen activa-
tion begins with removal of two peptides at the N-terminus
of the molecule and conversion to Lys-plasminogen. The
second step involves the rapid conversion of Lys-plasmi-
nogen to Lys-plasmin.

TPA is the abbreviation for tissue-plasminogen activator.

A plasminogen activator is an enzyme produced by mac-
rophages that converts plasminogen to plasmin which
degrades fibrin.

Macrophage cytophilic antibody (Figure 2.53) is an anti-
body that becomes anchored to the Fc receptors on macro-
phage surfaces. This cytophilic antibody can be demon-
strated by the immunocytoadherence test.

Macrophage functional assays are tests of macrophage
function that include the following: (1) Chemotaxis —
macrophages are placed in one end of a Boyden chamber
and a chemoattractant is added to the other end. Macro-
phage migration toward the chemoattractant is assayed.
(2) Lysis — macrophages acting against radiolabeled
tumor cells or bacterial cells in suspension can be mea-
sured after suitable incubation by measuring the radioac-
tivity of the supernatant. (3) Phagocytosis — radioactivity
of macrophages that have ingested a radiolabeled target
can be assayed.

Alveolar macrophage (Figure 2.54) is a macrophage in
the lung alveoli that may remove inhaled particulate
matter.

A veiled cell (Figure 2.55) is a mononuclear phagocytic
cell that serves as an antigen-presenting cell. It is found
in the afferent lymphatics and in the marginal sinus. It
may manifest IL-2 receptors in the presence of GM-CSF.

Copyright © 2004 by Taylor & Francis

FIGURE 2.53 Macrophage cytophilic antibody.

FIGURE 2.54 Alveolar macrophages.

Dendritic cells (DC) are mononuclear phagocytic cells
found in the skin as Langerhans cells, in the lymph nodes
as interdigitating cells, in the paracortex as veiled cells in
the marginal sinus of afferent lymphatics, and as mono-
nuclear phagocytes in the spleen where they present anti-
gen to T lymphocytes. Dendritic reticular cells may have
nonspecific esterase, Birbeck granules, endogenous per-
oxidase, possibly CDI1, complement receptors CR1 and
CR3, and Fc receptors. Dendritic cells (DC) are sentinels
of the immune system. They originate from a bone marrow
progenitor, travel through the blood, and are seeded into
nonlymphoid tissues. DC capture and process exogenous
antigens for presentation as peptide-MHC complexes at
the cell surface and then migrate via the blood and afferent



Veiled Cell

FIGURE 2.55 Veiled cell.

lymph to secondary lymph nodes. In the lymph nodes,
they interact with T lymphocytes to facilitate activation of
helper and killer T cells. DC have been named according
to their appearance and distribution in the body (see
Table 1). During the past decade, DC have been further
characterized by lineage, by maturation stage, by func-
tional and phenotype characteristics of these stages, and
by mechanisms involved in migration and function. DC
are being considered as adjuvants in immunization proto-
cols for antiviral or antitumor immunity. Immature DC
are defined by cell surface markers that represent func-
tional capacity. They express the chemokine receptors
CCR-1, CCR-2, CCR-5, CCR-6 (only CD34+ HPC-
derived DC), and CXCR-1, that are commonly thought to
allow DC to migrate in response to inflammatory chemok-
ines expressed by inflamed tissues. Immature DC are
phagocytic and have a high level of macropinocytosis,
allowing them to efficiently process and present antigen
on class I molecules. Expression of Fc, (CD64) and the
mannose receptors allow efficient capture of IgG immune
complexes and antigens that expose mannose or fucose
residues. The expression of E-cadherin allows DC to inter-
act with tissue cells and remain in the tissues until acti-
vated. Following antigen processing, DC are remodeled.
Fc and mannose receptors are downregulated, and there
is disappearance of acidic intracellular compartments,
resulting in a loss of endocytic activity. During this mat-
uration process, the level of MHC class II molecules and
costimulatory molecules is unregulated, and there is a
change in chemokine receptor expression. Maturing DC
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home to T cell areas of secondary lymph nodes, where
they present antigen to naive T cells. In vitro culture of
DC with CD40L, LPS, and TNF-o. generates mature DC.
These cells are very good stimulators of allogeneic T cell
proliferation. The DC-T cell interaction is thought to be
a two-way interaction. Evidence suggests that T cells
interact with DC through CD40 ligation to enhance DC
viability and their T cell stimulatory ability. Addition of
CD40L induces DC to produce IL-12, which is known to
support Thl responses. LPS stimulation generates a
weaker in vitro immune response than the CD40L-stimu-
lated DC.

A circulating dendritic cell is a dendritic cell that has
taken up antigen and is migrating to secondary lymphoid
tissue such as a lymph node.

Dendritic epidermal cell: Mouse epidermal cells that are
Thy-1*, MHC class II molecule negative, and possess Y0
T cell receptor associated with CD3. It is believed to be
a variety of bone marrow-derived T lymphocyte that is
separate from Langerhans cells in the skin.

Immature dendritic cells are cells that only exit the var-
ious body tissues in which they are present in response to
an inflammatory mediator or an infection.

Interdigitating reticular cells: See dendritic cells.

Interstitial dendritic cells are found in most organs such
as heart, lungs, liver, kidneys, and gastrointestinal tract.

Langerhans cells (Figure 2.56) are dendritic-appearing
accessory cells interspersed between cells of the upper layer
of the epidermis. They can be visualized by gold chloride
impregnation of unfixed sections and show dendritic

Langerhans
cell

FIGURE 2.56 Langerhans cell.



FIGURE 2.57 Birbeck granules.

processes but no intercellular bridges. By electron micros-
copy, they lack tonofibrils or desmosomes, have indented
nuclei, and contain tennis racket-shaped Birbeck granules
which are relatively small vacuoles, round to rectangular
and measuring 10 nm. Following their formation from
stem cells in the bone marrow, Langerhans cells migrate
to the epidermis and then to the lymph nodes where they
are described as dendritic cells, based upon their thin
cytoplasmic processes that course between adjacent cells.
Langerhans cells express both class I and class II histo-
compatibility antigens, as well as C3b receptors and IgG
Fc receptors on their surfaces. They function as antigen-
presenting cells. Epidermal Langerhans cells express com-
plement receptors 1 and 3, Fc, receptors, and fluctuating
quantities of CD1. Dendritic cells do not express Fc,
receptors or CD1. Langerhans cells in the lymph nodes
are found in the deep cortex. Epidermal Langerhans cells
are important in the development of delayed-type hyper-
sensitivity through the uptake of antigen in the skin and
transport of it to the lymph nodes. Veiled cells in the lymph
are indistinguishable from Langerhans cells.

Birbeck granules (Figure 2.57) are 10- to 30-nm diameter
round cytoplasmic vesicle present in the cytoplasm of
Langerhans cells in the epidermis.

The reticuloendothelial system (RES) is a former term
for the mononuclear phagocyte system that includes
Kupffer cells lining the sinusoids of the liver as well as
macrophages of the spleen and lymph nodes (Figure 2.58).
Aschoff introduced the term to describe cells that could
take up and retain vital dyes and particles that had been
injected into the body. In addition to macrophages, less
active phagocytic cells such as fibroblasts and endothelial
cells were also included in the original definition. The
principal function of the mononuclear phagocyte system
is to remove unwelcome particles from the blood. RES
activity can be measured by the elimination rate of
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FIGURE 2.58 Reticuloendothelial system (RES).

radiolabeled molecules or cells such as albumin or
erythrocytes coated with antibody.

The mononuclear phagocyte system (Figure 2.59) con-
sists of mononuclear cells with pronounced phagocytic
ability that are distributed extensively in lymphoid and
other organs. Mononuclear phagocyte system should be
used in place of the previously popular reticuloendothelial
system to describe this group of cells. Mononuclear phago-
cytes originate from stem cells in the bone marrow that
first differentiate into monocytes which appear in the
blood for approximately 24 h or more with final differen-
tiation into macrophages in the tissues. Macrophages usu-
ally occupy perivascular areas. Liver macrophages are
termed Kupffer cells, whereas those in the lung are alve-
olar macrophages. The microglia represent macrophages
of the central nervous system, whereas histiocytes repre-
sent macrophages of connective tissue. Tissue stem cells
are monocytes that have wandered from the blood into the
tissues and may differentiate into macrophages. Mononu-
clear phagocytes have a variety of surface receptors that
enable them to bind carbohydrates or such protein mole-
cules as C3 via complement receptor 1 and complement
receptor 3, and IgG and IgE through Fc, and Fe, receptors.
The surface expression of MHC class I molecules enables
both monocytes and macrophages to serve as antigen-
presenting cells to CD4* T lymphocytes. Mononuclear
phagocytes secrete a rich array of molecular substances
with various functions. A few of these are interleukin-1;
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FIGURE 2.59 Mononuclear phagocyte system.

tumor necrosis factor o interleukin-6; C2, C3, C4, and
factor B complement proteins; prostaglandins; leuko-
trienes; and other substances.

Nonspecific esterase (0 naphthyl acetate esterase) is an
enzyme of mononuclear phagocytes and lymphocytes that
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is demonstrable by cytochemical staining. There is diffuse
granular staining of the cytoplasm of mononuclear phago-
cytes which may help to identify them. Some human T
cells are positive for nonspecific esterase but appear as
one or several small localized dots within the T cell.

Mononuclear phagocyte: See mononuclear phagocyte
system.

Scavenger receptors are structures on macrophages and
other cell types that bind a variety of ligands and delete
them from the blood. Scavenger receptors are especially
abundant on Kupffer cells of the liver.

Saccharated iron oxide is a colloidal iron oxide
employed to investigate the phagocytic capacity of mono-
nuclear phagocytes.

Thorotrast (thorium dioxide >*THOT) is a radiocontrast
medium that yields o particles. It is no longer in use since
neoplasia have been attributed to the substance. It is
removed by the reticuloendothelial (mononuclear phago-
cyte) system. It induced hepatic angiosarcoma and also
cholangiocarcinoma and hepatocellular carcinoma in
some patients who received it. It has been known to pro-
duce other neoplasms. In immunology, it has been used
in experimental animal studies involving the blockade of
the reticuloendothelial system.

Myeloid cell series is an immature bone marrow cell
(myeloblast) that is a precursor of the polymorphonu-
clear leukocyte series. This 18-um diameter cell has a
relatively large nucleus with finely distributed chromatin
and two conspicuous nucleoli. The cytoplasm is baso-
philic when stained. During maturation, the cytoplasm
becomes populated with large azurophilic primary gran-
ules, representing the promyelocyte stage. Later, the spe-
cific or secondary granules appear, representing the mye-
locyte stage. The nucleoli vanish as the nuclear
chromatin forms dense aggregates. The chromatin in the
nucleus condenses, and the cells no longer divide at this
metamyelocyte stage of development. The nucleus
assumes a sausage-like configuration known as a band.
This subsequently develops into a three-lobed polymor-
phonuclear leukocyte, which develops into the neutro-
phils, eosinophils, and basophils that constitute myeloid
cells. These latter three types are present in normal
peripheral blood.

Granulocyte refers to the three types of polymorphonu-
clear leukocytes that differ mainly because of the staining
properties of their cytoplasmic granules. The three types
are classified as neutrophils, eosinophils, and basophils.
They are all mature myeloid-series cells and have different
functions. Granulocytes constitute 58 to 71% of the leu-
kocytes in the blood circulation. See the individual cells
for details.



Polymorphonuclear leukocytes (PMNs) (Figure 2.60
and Figure 2.61) are white blood cells with lobulated
nuclei that are often trilobed. These cells are of the mye-
loid cell lineage and in the mature form can be differen-
tiated into neutrophils, eosinophils, and basophils. This
distinction is based on the staining characteristics of their
cytoplasmic specific or secondary granules. These cells,

I 16—18 um. |

FIGURE 2.60 Schematic representation of a PMN cell.
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which measure approximately 13 wm in diameter, are
active in acute inflammatory responses.

PMN is the abbreviation for polymorphonuclear leukocyte.

A neutrophil leukocyte (Figure 2.62) is a peripheral blood
polymorphonuclear leukocyte derived from the myeloid
lineage. Neutrophils comprise 40 to 75% of the total white
blood count numbering 2500 to 7500 cells/mm?. They are
phagocytic cells and have a multilobed nucleus and azuro-
philic and specific granules that appear lilac following
staining with Wright’s or Giemsa stains. They may be
attracted to a local site by such chemotactic factors as C5a.
They are the principal cells of acute inflammation and
actively phagocytize invading microorganisms. Besides
serving as the first line of cellular defense infection, they
participate in such reactions as the uptake of antigen—anti-
body complexes in the Arthus reaction.

A neutrophil expresses Fc receptors and can participate
in antibody-dependent cell-mediated cytotoxicity. It has
the capacity to phagocytize microorganisms and digest
them enzymatically.

Neutrophils chemotaxis: See chemotaxis and chemotac-
tic factors.
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FIGURE 2.61 Polymorphonuclear leukocyte (PMN).
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Neutrophil microbicidal assay is a test that assesses the
capacity of polymorphonuclear neutrophil leukocytes to
kill intracellular bacteria.

Neutropenia refers to a diminished number of polymor-
phonuclear neutrophilic leukocytes in the peripheral blood
circulation.

Myeloperoxidase is an enzyme present in the azurophil
granules of neutrophilic leukocytes which catalyzes per-
oxidation of many microorganisms. Myeloperoxidase, in
conjunction with hydrogen peroxidase and halide, has a
bactericidal effect.

Primary granule: Azurophil granule.

Secondary granule is a structure in the cytoplasm of
polymorphonuclear leukocytes which contains vitamin
B,,-binding protein, lysozyme, and lactoferrin in neutro-
phils. Cationic peptides are present in eosinophil second-
ary granules. Histamine, platelet-activating factor, and
heparin are present in the secondary granules of basophils.

A tertiary granule is a structure in the cytoplasm of
polymorphonuclear neutrophils (PMNs) in which comple-
ment receptor 3 precursor, acid hydrolase, and gelatinase
are located.

A specific granule is a secondary granule in the cytoplasm
of polymorphonuclear leukocytes which contains
lysozyme, vitamin B,,-binding protein, neutral proteases,
and lactoferrin. It is smaller and fuses with phagosomes
more quickly than does the azurophil granule.

Respiratory burst is a process used by neutrophils and
monocytes to kill certain pathogenic microorganisms. It
involves increased oxygen consumption with the genera-
tion of hydrogen peroxide and superoxide anions. This
occurs also in macrophages that kill tumor cells. It is an
abrupt elevation in oxygen consumption, which is fol-
lowed by metabolic events in neutrophils and mononu-
clear cells preceding bacteriolysis. Partial reduction of
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oxygen by this process provides microbicidal oxidants.
The initial event is a one-electron reduction of oxygen by
membrane-bound oxidase to form a superoxide. The hex-
ose monophosphate shunt reaction that accompanies this
reduction liberates an H* which unites with the oxygen to
produce H,0,.

NAP: Neutrophil alkaline phosphatase.

NAP-2 (neutrophil activating protein-2): A chemokine
of the o family (CSC family). NAP-2 is a proteolytic
fragment of platelet basic protein (PBP) corresponding to
amino acids 25 to 94. CTAP-III and LA-PF4 or BTG
released from activated platelets are inactive NAP-2 pre-
cursors. Leukocytes and leukocyte-derived proteases con-
vert the inactive precursors into NAP-2 by proteolytic
cleavage at the N-terminus. Platelets represent the tissue
source, whereas neutrophils, basophils, eosinophils, fibro-
blasts, natural killer (NK) cells, megakaryocytes and
endothelial cells.

A superoxide anion is a free radical formed by the addi-
tion of an electron to an oxygen molecule, causing it to
become highly reactive. This takes place in inflammation
or is induced by ionizing radiation. It is formed by reduc-
tion of molecular oxygen in polymorphonuclear neutro-
phils (PMNs) and mononuclear phagocytes. The hexose
monophosphate shunt activation pathway enhances super-
oxide anion generation. Superoxide anion interacts with
protons, additional superoxide anions, and hydrogen per-
oxide. Oxidation of one superoxide anion and reduction
of another may lead to the formation of oxygen and hydro-
gen peroxide. Superoxide dismutase, found in phagocytes,
catalyzes this reaction. Injury induced by superoxide
anion is associated with age-related degeneration. It may
also serve as a mutagen with implications for carcinogen-
esis. The superoxide anion plays a pivotal role in the
ability of mononuclear phagocytes and neutrophils to kill
microorganisms through their oxidative microbicidal
function.

Oxygen-dependent killing: This is activated by a pow-
erful oxidative burst that culminates in the formation of
hydrogen peroxide and other antimicrobial substances. In
addition to this oxygen-dependent killing mechanism,
phagocytized intracellular microbes may be the targets of
toxic substances released from granules into the phago-
some leading to microbial cell death by an oxygen-inde-
pendent mechanism. For oxygen-dependent killing of
microbes, membranes of specific granules and phago-
somes fuse. This permits interaction of NADPH oxidase
with cytochrome b. With the aid of quinone, this combi-
nation reduces oxygen to superoxide anion O,. In the pres-
ence of a catalyst superoxide dismutase, superoxidase ion
is converted to hydrogen peroxide. The clinical relevance
of this process is illustrated by chronic granulomatous
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FIGURE 2.63 Diapedesis and margination.

disease (CGD) in children who fail to form superoxide
anions. The patients have diminished cytochrome b, even
though phagocytosis is normal. They have impaired ability
to oxidize NADPH and destroy bacteria through the oxi-
dative pathway. The oxidative mechanism kills microbes
through a complex process. Hydrogen peroxide, together
with myeloperoxidase, transforms chloride ions into
hypochlorous ions that kill microorganisms. Azurophil
granule fusion releases myeloperodase to the phagolyso-
some. Some microorganisms such as pneumococci may
themselves form hydrogen peroxide.

Oxygen-independent Killing: Following adherence of
opsonized microbes to the neutrophil plasma membrane,
lysozyme and lactoferrin are discharged from specific
granules into phagosomes with which they have fused.
Antimicrobial cationic proteins reach phagosomes from
azurophil granules. These proteins kill Gram-negative
microbes by interrupting their cell membrane integrity.
They are far less effective against Gram-positive micro-
organisms.

SOD is an abbreviation for superoxide dismutase.

Diapedesis (Figure 2.63 and Figure 2.64) refers to cell
migration from the interior of small vessels into tissue
spaces as a consequence of constriction of endothelial
cells in the wall.

Margination refers to the adherence of leukocytes in the
peripheral blood to the endothelium of vessel walls.
Approximately 50% of polymorphonuclear neutrophils
marginate at one time. During inflammation, there is
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margination of leukocytes, followed by their migration
out of the vessels.

Phagocytes (Figure 2.65 and Figure 2.66) are cells such
as mononuclear phagocytes and polymorphonuclear neu-
trophils that ingest and frequently digest particles such as
bacteria, blood cells, and carbon particles, among many
other particulate substances.

Surface phagocytosis refers to the facilitation of phago-
cytosis when microorganisms become attached to the sur-
faces of tissues, blood clots, or leukocytes.

Zippering is a mechanism in phagocytosis in which the
phagocyte membrane cores the particle by a progressive
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FIGURE 2.66 Schematic representation of phagocytosis.

adhesive interaction. Evidence in support of this process
comes from experiments in which capped B cells are only
partially internalized, whereas those coated uniformly
with anti-IgG opsonizing antibody are engulfed fully.

Reactive nitrogen intermediates are very cytotoxic anti-
microbial substances produced when oxygen and nitro-
gen combine within phagocytes such as neutrophils and
macrophages.

Opsonin is a substance that binds to bacteria, erythro-
cytes, or other particles to increase their susceptibility
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to phagocytosis. Opsonins include antibodies such as I1gG3,
IgGl, and IgG2 that are specific for epitopes on the particle
surface. Following interaction, the Fc region of the antibody
becomes anchored to Fc receptors on phagocyte surfaces,
thereby facilitating phagocytosis of the particles. In contrast
to these so-called heat-stable antibody opsonins are the
heat-labile products of complement activation such as C3b
or C3bi, which are linked to particles by transacylation with
the C3 thiolester. C3b combines with complement receptor
1 and C3bi combines with complement receptor 3 on
phagocytic cells. Other substances that act as opsonins
include the basement membrane constituent, fibronectin.

Opsonization is the facilitation of the phagocytosis of
microorganisms or other particles such as erythrocytes
through the coating of their surface with either immune
or nonimmune opsonins. Antibody, such as IgG mole-
cules, and complement fragments may opsonize extracel-
lular bacteria or other microorganisms, rendering them
susceptible to destruction by neutrophils and macrophages
through phagocytosis.

In opsonophagocytosis, antibodies and/or complement,
mainly C3, serve as opsonins by binding to epitopes on
microorganisms and increasing their susceptibility to
phagocytosis by polymorphonuclear leukocytes, espe-
cially neutrophils. Serum bactericidal activity and phago-
cytic killing are two principal mechanisms in host defense
against bacteria. Opsonic antimicrobial antibodies are crit-
ical for optimal functioning of phagocytes in the uptake
and containment of bacteria.

Toll-like receptors are receptors on the surfaces of phago-
cytes and other cells that signal the activation of macro-
phages responding to microbial products such as endo-
toxin in the natural or innate immune response. They are
structurally homologous and share signal transduction
pathways with the type I IL-1 receptor.

TLR1-10: See Toll-like receptors.

Pseudopodia are membrane extensions from motile and
phagocytic cells.

Catalase is an enzyme present in activated phagocytes
that causes degradation of hydrogen peroxide and super-
oxide dismutase.

Cationic proteins are phagocytic cell granule constituents
that have antimicrobial properties.

A phagolysosome is a cytoplasmic vesicle with a limiting
membrane produced by the fusion of a phagosome with
a lysosome. Substances within a phagolysosome are
digested by hydrolysis.

A secondary lysosome is a lysosome that has united with
a phagosome.



A suppressor macrophage is a macrophage activated by
its response to an infection or neoplasm in the host from
which it was derived. It is able to block immunologic
reactivity in vitro through production of prostaglandins,
oxygen radicals, or other inhibitors produced through
arachidonic acid metabolism.

Defensins are widely reactive antimicrobial cationic pro-
teins present in polymorphonuclear neutrophilic leukocyte
granules. They block cell transport activities and are lethal
for Gram-positive and Gram-negative microorganisms.
These peptides are rich in cystecine and are found in the
skin and in neutrophil granules that function as broad-
spectrum antibiotics that kill numerous bacteria and fungi.
The inflammatory cytokines IL-1 and TNF facilitate syn-
thesis of defensins. Defensins (human neutrophil proteins
1 to 4) are amphipathic, carbohydrate-free, cytotoxic
membrane-active antimicrobial molecules. Three of the
defensin peptides (HP-1, HP-2, and HP-3) are nearly iden-
tical in sequence. By contrast, the sequences of HP-4, H-
HP-5, and HP-6 are very different. HP-1 and HP-2 are
chemotactic for monocytes. High concentrations of HP-1
to HP-4 (25 to 200ug/ml) manifest antimicrobial and/or
viricidal properties in vitro. HP-4 has the greatest defensin
activity and HP-3 the least.

Eosinophils (Figure 2.67 and Figure 2.68) are polymor-
phonuclear leukocytes identified as brilliant reddish-
orange refractile granules in Wright- or Giemsa-stained
preparations by staining of secondary granules in the leu-
kocyte cytoplasm. Cationic peptides are released from
these secondary granules when an eosinophil interacts
with a target cell and may lead to death of the target.
Eosinophils make up 2 to 5% of the total white blood cells
in man. After a brief residence in the circulation, eosino-
phils migrate into tissues by passing between the lining
endothelial cells. It is believed that they do not return to
the circulation. The distribution corresponds mainly to
areas exposed to external environment such as skin,

FIGURE 2.67 Eosinophil with segmented nucleus.
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FIGURE 2.68 Eosinophil in peripheral blood.

mucosa of the bronchi, and gastrointestinal tract. Eosino-
phils are elevated during allergic reactions, especially type
I immediate hypersensitivity responses, and are also ele-
vated in individuals with parasitic infestations.

The eosinophil differentiation factor is a 20-kDa cyto-
kine synthesized by some activated CD4+ T lymphocytes
and by activated mast cells. Formerly, it was called T cell
replacing factor or B cell growth factor II. It facilitates B
cell growth and differentiation into cells that secrete IgA.
The eosinophil differentiation factor is costimulator with
IL-2 and IL-4 of B cell growth and differentiation. IL-5
also stimulates eosinophil growth and differentiation. It
activates mature eosinophils to render them capable of
killing helminths. Through IL-5, T lymphocytes exert a
regulatory effect on inflammation mediated by eosino-
phils. Because of its action in promoting eosinophil dif-
ferentiation, it has been called eosinophil differentiation
factor (EDF). IL-5 can facilitate B cell differentiation into
plaque-forming cells of IgM and IgG classes. In parasitic
diseases, IL-5 leads to eosinophilia.

Eosinophil chemotactic factors are mast cell granule
peptides that induce eosinophil chemotaxis. These include
two tetrapeptides: Val-Gly-Ser-Glu and Ala-Gly-Ser-Glu.
Histamine also induces eosinophil chemotaxis.

Eosinophil cationic protein (ECP) is an eosinophil gran-
ule basic, single-chain, zinc-containing protein that man-
ifests cytotoxic, helminthotoxic, ribonuclease, and bacte-
ricidal properties. ECP, major basic protein (MBP),
eosinophil-derived neurotoxin (EDN), and eosinophil per-
oxidase (EPO) are the four main eosinophil granule pro-
teins. ECP and MBP induce the release of preformed
histamine and synthesis of vasoactive and proinflamma-
tory mediators (PGD2) from activated human heart mast
cells. Acute graft rejection and atopic dermatitis patients
manifest provated ECP whereas systemic sclerosis
patients develop increased serum levels of MBP. MBP is



able to act as a cell stimulant and as a toxin. ECP, EPO,
EDN, and MBP are versatile in their biological activities
which include the capacity to activate other cells including
basophils, neutrophils, and platelets. Both EIA and flow
cytometry have been used to assay intracellular eosinophil
proteins in eosinophils from bone marrow and peripheral
blood.

Eosinophil granule major basic protein (EGMBP) is a
polypeptide, rich in arginine, which is released from eosi-
nophil granules. It is a powerful toxin for helminths and
selected mammalian cells. EGMBP has a significant role in
late-phase reactions in allergy and asthma and in late-phase
skin reactions to allergens such as dust mites. EGMBP is
believed to be significant in endomyocardial injury
inducted by cardiac localization of eosinophil granule pro-
teins. IL-3, GM-CSF, and IL-5 are eosinophilopoietic
cytokines that activate eosinophils and facilitate their sur-
vival. These cytokines enhance eosinophil activation in
the airways of patients with bronchial asthma, which leads
to epithelial injury. IFN-o inhibits the release of EGMBP
in hypereosinophilic syndrome patients. Immunohis-
tochemistry is used to measure EGMBP from eosinophils
infiltrating skin lesions of atopic dermatitis.

Eosinophil and neutrophil chemotactic activities:
Chemotactic factors for eosinophils and neutrophils
(ECA-NCA) are present in bronchoalveolar lavage fluid
(BALF) of selected patients with asthma. ECA induces
early atopic dermatitis lesions and is induced by transepi-
dermal permeation of mite allergen. Eosinophils also par-
ticipate in renal and liver allograft rejection as reflected
by eosinophil cationic protein assays. Eosinophil major
basic protein interacts with IL-1 and transforming growth
factor-B to upregulate lung fibroblast to synthesize IL-6
cytokine. When stimulated by C5a, eosinophils produce
increased levels of H,0, as assayed by chemiluminescence
(CL). Eosinophil activation may also be assayed by flow
cytometry.

Defective adherence and the migration of neutrophils can
be a cause of increased susceptibility to bacterial infection
in neonates. The chemotactic cytokine, neutrophil-activat-
ing peptide ENA-78, is a proinflammatory polypeptide
that shares sequence similarity with IL-8 and GRO-o.
ENA-78 is a powerful upregulator of Mac-1 cell surface
expression. It is found in cystic fibrosis lung and its mRNA
levels are elevated in human pulmonary inflammation.
Flow cytometry and nitroblue tetrazolium reduction can
be used to access neutrophil activation.

Leukocidin is a bacterial toxin produced especially by
staphylococci that is cytolytic. It is toxic principally for
polymorphonuclear leukocytes and, to a lesser extent,
for monocytes. It contains an F and an S component
that combine with the cell membrane causing altered
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FIGURE 2.69 Basophil and neutrophil in peripheral blood.

permeability. Less than toxic doses interfere with loco-
motion of polymorphonuclear neutrophils.

Basophilic is an adjective that refers to an affinity of cells
or tissues for basic stains leading to a bluish tint.

Basophils (Figure 2.69) are polymorphonuclear leuko-
cytes of the myeloid lineage with distinctive basophilic
secondary granules in the cytoplasm that frequently over-
lie the nucleus. These granules are storage depots for
heparin, histamine, platelet-activating factor, and other
pharmacological mediators of immediate hypersensitivity.
Degranulation of the cells with release of these pharma-
cological mediators takes place following crosslinking by
allergen or antigen of Fab regions of IgE receptor mole-
cules bound through Fc receptors to the cell surface. They
comprise less than 0.5% of peripheral blood leukocytes.
Following crosslinking of surface-bound IgE molecules
by specific allergen or antigen, granules are released by
exocytosis. Substances liberated from the granules are
pharmacological mediators of immediate (type I) anaphy-
lactic hypersensitivity.

Basophil-derived kallikrein (BK-A) represents the only
known instance where an activator of the kinin system is
generated directly from a primary immune reaction. The
molecule is a high molecular weight enzyme with arginine
esterase activity. It is stored in the producing cells in a
preformed state. Its release depends on basophil-IgE
interactions with antigen and parallels the release of his-
tamine.

Mast cells (Figures 2.70 and 2.71) are a normal component
of the connective tissue that plays an important role in
immediate (type I) hypersensitivity and inflammatory reac-
tions by secreting a large variety of chemical mediators
from storage sites in their granules upon stimulation. Their
anatomical location at mucosal and cutaneous surfaces
and about venules in deeper tissues is related to this role.
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FIGURE 2.70 Mast cell.

FIGURE 2.71 Mast cell in peripheral blood.

They can be identified easily by their characteristic gran-
ules, which stain metachromatically. The size and shape
of mast cells vary, i.e., 10 to 30 wm in diameter. In adven-
titia of large vessels, they are elongated; in loose connec-
tive tissue, they are round or oval; and the shape in fibrous
connective tissue may be angular. On their surfaces, they
have Fc receptors for IgE. Crosslinking by either antigen
for which the IgE Fab regions are specific or by anti-IgE
or antireceptor antibody leads to degranulation with the
release of pharmacological mediators of immediate hyper-
sensitivity from their storage sites in the mast cell gran-
ules. Leukotrienes, prostaglandins, and platelet-activating
factor are also produced and released following Fc, recep-
tor crosslinking. Mast cell granules are approximately 0.5
wm in diameter and are electron dense. They contain many
biologically active compounds, of which the most impor-
tant are heparin, histamine, serotonin, and a variety of
enzymes. Histamine is stored in the granule as a complex
with heparin or serotonin. Mast cells also contain pro-
teolytic enzymes such as plasmin and also hydroxylase,
B glucuronidase, phosphatase, and a high uronidase inhib-
itor, to mention only the most important. Zinc, iron, and
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calcium are also found. Some substances released from
mast cells are not stored in a preformed state but are
synthesized following mast cell activation. These repre-
sent secondary mediators as opposed to the preformed
primary mediators. Mast cell degranulation involves ade-
nylate cyclase activation with rapid synthesis of cyclic
AMP, protein kinase activation, phospholipid methyla-
tion, and serine esterase activation. Mast cells of the
gastrointestinal and respiratory tracts that contain chon-
droitin sulfate produce leukotriene C,, whereas connec-
tive tissue mast cells that contain heparin produce pros-
taglandin D,.

Acyclic adenosine monophosphate (cAMP): Adenosine
3’,5’-(hydrogen phosphate). A critical regulator within
cells. It is produced through the action of adenylate cyclase
on adenosine triphosphate. It activates protein kinase C. It
serves as a “second messenger” when hormones activate
cells. Elevated cAMP concentrations in mast cells diminish
their response to degranulation signals.

Adenosine is normally present in the plasma in a concen-
tration of 0.03 uM in man and 0.04 uM in the dog. In
various clinical states associated with hypoxia, the ade-
nosine level increases five- to tenfold, suggesting that it
may play a role in the release of mediators. Experimen-
tally, adenosine is a powerful potentiator of mast cell
function. The incubation of mast cells with adenosine does
not induce the release of mediators. However, by prein-
cubation with adenosine and subsequent challenge with a
mediator-releasing agent, the response is markedly
enhanced.

Exocytosis refers to the release of intracellular vesicle
contents to the exterior of the cell. The vesicles make their
way to the plasma membrane with which they fuse to
permit the contents to be released to the external environ-
ment. Examples include immunoglobulin released from
plasma cells and mast cell degranulation, which releases
histamine and other pharmacological mediators of ana-
phylaxis to the exterior of the cell. Cytokines may also be
released from cells by this process.

Exogenous means externally caused rather than resulting
from conditions within the organism; derived externally.

Acyclic guanosine monophosphate (¢cGMP): Gua-
nosine cyclic 3’,5’-(hydrogen phosphate). A cAMP
antagonist produced by the action of guanylatecyclase
on guanosine triphosphate. Elevated cGMP concentra-
tions in mast cells accentuate their response to degranu-
lation signals.

88 Monocytes (Figure 2.72 through Figure 2.76) are
mononuclear phagocytic cells in the blood that are derived
from promonocytes in the bone marrow. Following a rel-
atively brief residence in the blood, they migrate into the



tissues and are transformed into macrophages. They are
less mature than macrophages, as suggested by fewer sur-
face receptors, cytoplasmic organelles, and enzymes than
the latter. Monocytes are larger than polymorphonuclear
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FIGURE 2.73 Monocyte.
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leukocytes, are actively phagocytic, and constitute 2 to 10%
of the total white blood cell count in humans. The mono-
cyte in the blood circulation is 15 to 25 wm in diameter. It
has grayish-blue cytoplasm that contains lysosomes with
enzymes such as acid phosphatase, arginase cachetepsin,
collagenase, deoxyribonuclease, lipase, glucosidase, and
plasminogen activator. The cell has a reniform nucleus with
delicate lace-like chromatin. The monocyte has surface
receptors such as the Fc receptor for IgG and a receptor
for CR3. It is actively phagocytic and plays a significant
role in antigen processing. Monocyte numbers are elevated
in both benign and malignant conditions. Certain infections
stimulate a reactive type of monocytosis, such as in tuber-
culosis, brucellosis, HIV-1 infection, and malaria.

The monocyte-phagocyte system is a system of cells that
provides nonspecific immunity and is dependent on the
activity of the monocyte/macrophage lineage cells, which
are especially prominent in the spleen.

A trophoblast consists of a layer of cells in the placenta
that synthesizes immunosuppressive agents. These cells
are in contact with the lining of the uterus.

A blast cell is a relatively large cell that is greater than 8
pm in diameter with abundant RNA in the cytoplasm, a
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FIGURE 2.76 Monocyte, lymphocyte, and polymorphonuclear
neutrophil.
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FIGURE 2.77 Megakaryocyte.

nucleus with loosely arranged chromatin, and a prominent
nucleolus. Blast cells are active in synthesizing DNA and
contain numerous polyribosomes in the cytoplasm.

Megakaryocytes (Figure 2.77) are relatively large bone-
marrow giant cells that are multinuclear and from which
blood platelets are derived by the breaking up of mem-
brane-bound cytoplasm to produce the thrombocytes.

A platelet is a small (3 um in diameter) round disk that
is derived from bone marrow megakaryocytes but is
present in the blood. Platelets function in blood clotting
by releasing thromboplastin. They also harbor serotonin
and histamine, which may be released during type I (ana-
phylactic hypersensitivity) reactions. Complement recep-
tor 1 (CR1) is present on the platelets of mammals other
than primates and is significant for immune adherence.

A thrombocyte is a blood platelet.
PAF is the abbreviation for platelet-activating factor.

Platelet-derived growth factor (PDGF) is a low molecular
weight protein derived from human platelets that acts as a
powerful connective tissue mitogen, causing fibroblast and
intimal smooth muscle proliferation. It also induces vaso-
constriction and chemotaxis and activates intracellular
enzymes. PDGF plays an important role in atherosclerosis
and fibroproliferative lesions such as glomerulonephritis,
pulmonary fibrosis, myelofibrosis, and other processes. It
is comprised of a two-chain, i.e., A or B, dimer. It can be
an AA or BB homodimer or an AB heterodimer. Human
PDGF-AA is a 26.5-kDa A-chain homodimeric protein
comprised of 250 amino acid residues, whereas PDGF-BB
is a 25-kDa B-chain homodimeric protein comprised of 218
amino acid residues. In addition to platelets, PDGF is
released by activated mononuclear cells, endothelial cells,
smooth muscle cells, and fibroblasts. It plays a physiologic
role in wound repair and processes requiring accumulation
of connective tissue. The three known polypeptide dimers
of PDGF include AA, AB, and BB that bind to o or
dimeric tyrosine kinase receptors.
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Platelet-derived growth factor receptor (PDGF-R) is a
glycoprotein in the membrane that has five extracellular
domains that resemble those of immunoglobulins. It also
has a kinase insert in the cytoplasm. The receptor protein
must undergo a conformational change for signal trans-
duction. A gene on chromosome 4q11 encodes PDGF-R.

CD42a is an antigen equivalent to glycoprotein IX that is
a single-chain membrane glycoprotein with a 23-kDa mol
wt. It is found on megakaryocytes and platelets. CD42a
forms a noncovalent complex with CD4b (gplb) which
acts as a receptor for von Willebrand factor. It is absent
or reduced in the Bernard—Soulier syndrome.

CD42b is an antigen equivalent to glycoprotein Ib, which
is a two-chain membrane glycoprotein with a molecular
weight of 170 kDa. CD42b has an o-chain of 135 kDa
and a B-chain of 23 kDa. It is found on platelets and
megakaryocytes. CD42b forms a noncovalent complex
with CD42a (gpIX) which acts as a receptor for von Will-
ebrand factor. The antigen is absent or reduced in the
Bernard—Soulier syndrome.

CD42c (Figure 2.78) is a 22-kDa antigen found on plate-
lets and megakaryocytes. It is also referred to as GPIB-J3.

CD42d is an 85-kDa antigen present mainly on platelets
and megakaryocytes. It is also referred to as GPV.

B lysin is a thrombocyte-derived antibacterial protein that
is effective mainly against Gram-positive bacteria. It is
released when blood platelets are disrupted, as occurs
during clotting. B lysin acts as a nonantibody humoral
substance that contributes to nonspecific immunity.
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Lymphoid system refers to the lymphoid organs and the
lymphatic vessels.

Lymphoid tissues (Figure 2.79) are tissues that include
the lymph nodes, spleen, thymus, Peyer’s patches, tonsils,
bursa of Fabricius in birds, and other lymphoid organs in
which the predominant cell type is the lymphocyte.

Bone marrow is soft tissue within bone cavities that con-
tains hematopoietic precursor cells and hematopoietic
cells that are maturing into erythrocytes, the five types of
leukocytes, and thrombocytes. Whereas red marrow is
hemopoietic and is present in developing bone, ribs, ver-
tebrae, and long bones, some of the red marrow may be
replaced by fat and become yellow marrow.

Bone marrow cells are stem cells from which the formed
elements of the blood, including erythrocytes, leukocytes,
and platelets, are derived. B lymphocyte and T lymphocyte
precursors are abundant. The B lymphocytes and pluripo-
tent stem cells in bone marrow are important for recon-
stitution of an irradiated host. Bone marrow transplants
are useful in the treatment of aplastic anemia, leukemias,
and immunodeficiencies. Patients may donate their own
marrow for subsequent bone marrow autotransplantation
if they are to receive intensive doses of irradiation.

A stromal cell is a cell of nonhematopoietic origin that
facilitates the growth and differentiation of hematopoietic
cells.

Stromal cells are sessile cells that form an interconnected
network that gives an organ structural integrity but also
provides a specific inductive microenvironment that facil-
itates differentiation and maturation of incoming precursor
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FIGURE 2.80 Histology of the thymus.

cells. Stromal cells and their organization are fully as
complex as the cells whose development they regulate.
For example, stromal cells of the thymus have been the
best characterized with respect to their role in T lympho-
cyte maturation.

Adenoids are mucosa-associated lymphoid tissues located
in the nasal cavity.

BALT: See bronchial-associated lymphoid tissue.

The thymus (Figure 2.80) is a triangular, bilobed struc-
ture enclosed in a thin fibrous capsule and located ret-
rosternally. Each lobe is subdivided by prominent trabe-
culae into interconnecting lobules and each lobule
comprises two histologically and functionally distinct
areas — cortex and medulla. The cortex consists of a
mesh of epithelial-reticular cells enclosing densely
packed large lymphocytes. It has no germinal centers.
The epithelial cell component is of endodermal origin;
the lymphoid cells are of mesenchymal origin. The pro-
thymocytes, which migrate from the bone marrow to the
subcapsular regions of the cortex, are influenced by this
microenvironment which directs their further develop-
ment. The process of education is exerted by hormonal
substances produced by the thymic epithelial cells. The
cortical cells proliferate extensively. Parts of these cells
are short-lived and die. The surviving cells acquire char-
acteristics of thymocytes.

Annexin V binding: In normal, nonapoptotic cells, PS is
segregated to the inner leaflet of the plasma membrane.
During early stages of apoptosis, this asymmetry collaspes
and PS becomes exposed on the outer surface cells. Annexin
V is a protein that preferentially binds PS in a calcium-
dependent manner. Binding of annexin V, in conjunction
with dye exclusion (e.g., propidium iodide) to establish
membrane integrity, can be used to identify apoptotic cells.
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Programmed cell death is apoptosis in which death is
activated from within the dying cell. It occurs in lympho-
cytes deprived of growth factors or costimulators. It is also
known as “death by neglect” or “passive cell death” in
which mitochondrial cytochrome c is released into the
cytoplasm, caspase-9 is activated, and apoptosis is initi-
ated.

Apoptosis is programmed cell death in which the chro-
matin becomes condensed and the DNA is degraded. The
immune system employs apoptosis for clonal deletion of
cortical thymocytes by antigen in immunologic tolerance.
A healthy organism is an exquisitely integrated collection
of differentiated cells, which maintain a balance between
life and death. Some cells are irreplaceable; some cells
complete their functions and are then sacrificed; and some
cells live a finite lifetime to be replaced by yet another
generation. A failure of cells to fulfill their destiny has
catastrophic consequences for the organism. Apoptosis is
the last phase of a cell’s destiny. It is the controlled dis-
assembly of a cell. When apoptosis occurs on schedule,
neighboring cells and, more important, the organism itself,
are not adversely affected. Apoptosis gone awry, however,
has dire effects. When apoptosis occurs in irreplaceable
cells, as in some neurodegenerative disorders, functions
critical to the organism are lost. When cells fail to undergo
apoptosis after serving their purpose, as in some autoim-
mune disorders, escaped cells adversely affect the organ-
ism. When cells become renegade and resist apoptosis, as
in cancer, the outlaw cells create a dire situation for the
organism. Mistiming of, or errors in, apoptosis can have
devastating consequences on development. Apoptotic
fidelity is, therefore, critical to the well-being of an organ-
ism. The process of apoptosis (programmed cell death) is
regulated by signals generated when cytokines bind to
their receptors. There are two types of cytokine-induced
signals. The first initiates apoptosis. Cytokines producing
an inductive signal include TNFa, FAS/APO-1 ligand, and
TRAIL/APO-2 ligand. The second is an inhibitory signal
that suppresses apoptosis. Cytokines producing inhibitory
signals include those required for cell survival.

Apoptosis proceeds through cleavage of vital intracellular
proteins. Caspases are inactive until a signal initiates acti-
vation of one, starting a cascade in which a series of other
caspases are proteolytically activated. Although both sig-
naling processes affect caspase activation, the mechanism
differs.

Apoptosis is characterized by degradation of nuclear DNA,
degeneration and condensation of nuclei, and phagocytosis
of cell residue. Proliferating cells often undergo apoptosis
as a natural process, and proliferating lymphocytes mani-
fest rapid apoptosis during development and during
immune responses. In contrast to the internal death pro-
gram of apoptosis, necrosis describes death from without.



Caspases are closely related cysteine proteases that cleave
protein substrates at the C-terminal sides of aspartic acid
residues and represent components of enzymatic cascades
that lead to apoptotic cell death. There are two pathways
of activation of caspases in lymphocyte. One involves
mitochondrial permeability changes in growth fac-
tor—deprived cells and the other involves signals from
death receptors in the plasma membrane.

Cytosolic aspartate-specific proteases (CASPases):
These are responsible for the deliberate disassembly of a
cell into apoptotic bodies. Caspases are present as inactive
proenzymes, most of which are activated by proteolytic
cleavage. Caspase-8, caspase-9, and caspase-3 are situated
at the pivotal junctions in apoptotic pathways. Caspase-8
initiates disassembly in response to extracellular apopto-
sis-inducing ligands and is activated in a complex associ-
ated with the receptor’s cytoplasmic death domains.
Caspase-9 activates disassembly in response to agents or
insults that trigger release of cytochrome ¢ from the mito-
chondria and is activated when complexed with dATP,
APAF-1, and extramitochondrial cytochrome c. Caspase-
3 appears to amplify caspase-8 and caspase-9 signals into
a full-fledged commitment to disassembly. Both caspase-
8 and caspase-9 can activate caspase-3 by proteolytic
cleavage, and caspase-3 may then cleave vital cellular
proteins or activate additional caspase by proteolytic
cleavage. Many other caspases have been described.
Caspases are a group of proteases that proteolytically dis-
assemble the cell. Caspases are present in healthy cells as
inactive proforms. During apoptosis, most caspases are
activated by proteolytic cleavage. Caspase-9, however,
may be active without being proteolytically cleaved. Acti-
vation is through autoproteolysis or cleavage by other
caspases. Cleavage of caspases generates a pro-domain
fragment and subunits of approximately 20 and 10 kDa.
Active caspases appear to be tetramers consisting of two
identical 20-kDa subunits and two identical 10-kDa sub-
units. Detection of either the 20- or 10-kDa subunit by
immunoblotting may imply activation of the caspase. Col-
orimetric and fluorometric assays using fluorogenic pep-
tide substrates can be used to measure caspase activity in
apoptotic cells.

Caspases cleave substrate proteins at the carboxyl termi-
nus of specific aspartates. Tetrameric peptides with fluo-
rometric or colorimetric groups at the carboxyl terminal
have been used to determine the Km of caspases. Although
there is preference for peptides with a certain amino acids
(aa) sequence, the aa sequence can have some variance.
Caspases also have overlapping preferences for the tet-
rameric aa sequence (i.e., the same substrates can be
cleaved by multiple caspases although one caspase may
have a lower Km). Peptides containing groups that form
covalent bonds with the cysteine residing at the active site
of the caspase are often used to inhibit caspase activities.
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Caspase substrates: The specificity of caspases translates
into an order disassembly of cells by proteolytic cleavage
of specific cellular protein. The paradigm substrate for
caspase cleavage is PARP (polyADP-ribose polymerase).
During apoptosis, intact 121-kDa PARP is cleaved by
caspases into fragments of approximately 84 and 23 kDa.
Generation of these fragments tends to be an inductor of
apoptosis. Cleavage inactivates the enzymatic activity of
PARP.

FLIP/FLAM is highly homologous to caspase-8. It does
not, however, contain the active site required for pro-
teolytic activity. FLIP appears to compete with caspase-8
binding to the cytosolic receptor complex, thereby pre-
venting the activation of the caspase cascade in response
to members of the TNF family of ligands. The exact in
vivo influence of the IAP family of protein on apoptosis
is not clear.

Apoptosis, caspase pathway: A group of intracellular
proteases called caspases are responsible for the deliberate
disassembly of the cell into apoptotic bodies during apo-
ptosis. Caspases are present as inactive proenzymes that
are activated by proteolytic cleavage. Caspases 8, 9, and
3 are situated at pivotal junctions in apoptosis pathways.
Caspase-8 initiates disassembly in response to extracellu-
lar apoptosis-inducing ligands and is activated in a com-
plex associated with the cytoplasmic death domain of
many cell surface receptors for the ligands. Caspase-9
activates disassembly in response to agents or insults that
trigger the release of cytochrome c from mitochondria and
is activated when complexed with apoptotic protease acti-
vating factor 1 (APAF-1) and extramitochondrial cyto-
chrome c. Caspase-3 appears to amplify caspase-8 and
caspase-9 initiation signals into full-fledged commitment
to disassembly. Caspase-8 and caspase-9 activate caspase-
3 by proteolytic cleavage, and caspase-3 then cleaves vital
cellular proteins or other caspases.

Cytochrome c: Suppression of the antiapoptotic members
or activation of the proapoptotic members of the Bcl-2
family leads to altered mitochondrial membrane perme-
ability resulting in release of cytochrome c into the cyto-
sol. In the cytosol or on the surface of the mitochondria,
cytochrome c is bound by the protein Apaf-1 (apoptotic
protease activating factor) which also binds caspase-9 and
dATP. Binding of cytochrome c triggers activation of
caspase-9, which then accelerates apotosis by activating
other caspases. Release of cytochrome c from mitochon-
dria has been established by determining the distribution
of cytochrome c in subcellular fractions of cells treated
or untreated to induce apoptosis. Cytochrome ¢ was pri-
marily in the mitochondria-containing fractions obtained
from healthy, nonapoptotic cells in the cytosolic nonmi-
tochondria-containing fractions obtained from apoptotic
cells. Using mitochondria-enriched fractions from mouse



liver, rat liver, or cultured cells, it has been shown that
release of cytochrome c from mitochondira is greatly
accelerated by addition of Bax, fragments of Bid, and by
cell extracts.

Immunotoxin-induced apoptosis: Immunotoxins are
cytotoxic agents usually assembled as recombinant fusion
proteins composed of a targeting domain and a toxin. The
targeting domain controls the specificity of action and is
usually derived from an antibody Fv fragment, a growth
factor, or a soluble receptor. The protein toxins are
obtained from bacteria, e.g., Pseudomonas endotoxin (PE)
or diptheria toxin (DT), or from plants, e.g., ricin. Immu-
notoxins have been studied as treatments for cancer, graft-
vs.-host disease, autoimmune disease, and AIDS.

The bacterial toxins PE and DT act via the ADP-ribosy-
lation of elongation factor 2, thereby inactivating it. This
results in the arrest of protein synthesis and subsequent
cell death. These toxins can also induce apoptosis,
although the mechanism is unknown. Two common fea-
tures of apoptotic cell death are the activation of a group
of cysteine proteases called caspases and the caspase-
catalyzed cleavage of so-called “death substrates” such as
the nuclear repair enzyme poly (ADP-ribose) polymerase
(PARP).

Apoptosis and necrosis are two major processes by which
cells die. Apoptosis is the ordered disassembly of the cell
from within. Disassembly creates changes in the phospho-
lipid content of the plasma membrane outer leaflet. PS is
exposed on the outer leaflet and phagocytic cells that
recognize this change may engulf the apoptotic cell or
cell-derived, membrane-limited apoptotic bodies. Necro-
sis normally results from a severe cellular insult. Both
internal organelle and plasma membrane integrity are lost,
resulting in spilling of cytosolic and organellar contents
into the surrounding environment. Immune cells are
attached to the area and begin producing cytokines that
generate an inflammatory response. Thus, cell death in the
absence of an inflammatory response may be the best way
to distinguish apoptosis from necrosis. Other techniques
which have been used to distinguish apoptosis from necro-
sis in cultured cells and in tissue sections include detecting
PS at the cell surface with annexin V binding, DNA lad-
dering, and staining cleaved DNA fragments which con-
tain characteristic ends. At the extremes, apoptosis and
necrosis clearly involve different molecular mechanisms.
It is not clear whether or not there is cellular death involv-
ing the molecular mechanisms of both apoptosis and
necrosis. Cell death induced by free radicals, however,
may have characteristics of apoptosis and necrosis.

Positive induction apoptosis: There are two central
pathways that lead to apoptosis: (1) positive induction
by ligand binding to plasma membrane receptor and
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(2) negative induction by loss of suppressor activity. Each
leads to activation of cysteine proteases with homology
to IL-1P converting enzyme (ICE) (i.e., caspases). Positive
induction involves ligands related to TNF. Ligands are
typically trimeric and bind to cell surface receptors caus-
ing aggregation (trimerization) of cell surface receptors.
Receptor oligomerization orients their cytosolic-death
domains into a configuration that recruits adaptor proteins.
The adaptor complex recruits caspase-8. Caspase-8 is acti-
vated, and the cascade of caspase-mediated disassembly
proceeds.

Negative induction apoptosis: Negative induction of
apoptosis by loss of a suppressor activity involves the
mitochondria. Release of cytochrome ¢ from the mito-
chondria into the cytosol serves as a trigger to activate
caspases. Permeability of the mitochondrial outer mem-
brane is essential to initiation of apoptosis through this
pathway. Proteins belonging to the Bcl-2 family appear to
regulate the membrane permeability to ions and possibly
to cytochrome c as well. Although these proteins can
themselves form channels in membranes, the actual
molecular mechanisms by which they regulate mitochon-
drial permeability and the solutes that are released are less
clear. The Bcl-2 family is composed of a large group of
antiapoptosis members that, when overexpressed, prevent
apoptosis and a large group of proapoptosis members that
when overexpressed induce apoptosis. The balance
between the antiapoptotic and proapoptotic Bcl-2 family
members may be critical in determining if a cell undergoes
apoptosis. Thus, the suppressor activity of the antiapop-
totic Bcl-2 family appears to be negated by the proapop-
totic members. Many members of the proapoptotic Bcl-2
family are present in cells at levels sufficient to induce
apoptosis. However, these members do not induce apop-
tosis because their activity is maintained in a latent form.
Bax is present in the cytosol of live cells. After an appro-
priate signal, Bax undergoes a conformational change and
moves to the mitochondrial membrane where it causes
release of mitochondrial cytochrome c into the cytosol.
BID is also present in the cytosol of live cells. After
cleavage by caspase-8, it moves to the mitochondria where
it causes release of cytochrome c possibly by altering the
conformation of Bax. Similarly, BAK appears to undergo
a conformational change that converts it from an inactive
to an active state. Thus, understanding the molecular
mechanisms responsible for regulating the Bcl-2 family
activities creates the potential for pharmaceutical inter-
vention to control apoptosis. The viability of many cells
is dependent on a constant or intermittent supply of
cytokines or growth factors. In the absence of an apo-
ptosis-suppressing cytokine, cells may undergo apopto-
sis. Bad is a proapoptotic member of the Bcl-2 family
and is sequestered in the cytosol when cytokines are
present. Cytokine binding can activate PI3 kinase, which



phosporylates Akt/PKB, which in turn phosphorylates
Bad. Phosphorylated Bad is sequestered in the cytosol by
the 14-3-3 protein. Removal of the cytokine turns the
kinase pathway off, the phosphorylation state of Bad shifts
to the dephosphorylated form, and dephosphorylated Bad
causes release of cytochrome ¢ from the mitochondria.

APO-1 is a synonym for fas gene. FAS membrane pro-
tein ligation has been shown to initiate apoptosis. This
is the reverse action of bcl-2 protein, which blocks apo-
ptosis.

Apoptosis, suppressors: The induction of apoptosis or pro-
gression through the process of apoptosis is inhibited by a
group of proteins called inhibitors of apoptosis. These pro-
teins contain a BIR (baculovirus IAP repeat) domain near
the amino-terminus. The BIR domain can bind some
caspases. Many members of the IAP family of proteins block
proteolytic activation of caspase-3 and caspase-7. XIAP,
cIAP-1, and cIAP-2 appear to block cytochrome c—induced
activation of caspase-9, thereby preventing initiation of the
caspase cascade. Since cIAP-1 and cIAP-2 were first iden-
tified as components in the cytosolic death domain-induced
complex associated with the TNF family of receptors, they
may inhibit apoptosis by additional mechanisms.

Death domains are protein molecular structures involved
in protein to protein interactions. They were first recog-
nized in proteins encoded by genes involved in pro-
grammed cell death or apoptosis.

Fas (AP0-1/CD95) is a member of the TNF receptor
superfamily. Fas Ligand (FasL) is a member of the TNF
family of type 2 membrane proteins. Soluble FasL can be
produced by proteolysis of membrane-associated Fas.
Ligation of Fas by FasL or anti-Fas antibody can induce
apoptotic cell death in cells expressing Fas. Fas is
expressed on selected cells, including T cells, and renders
them susceptible to apoptotic death mediated by cells
expressing Fas ligand.

FasL/Fas toxicity: Cytotoxic sequence that commences
with crosslinking of target cell Fas by FasL on the effector
cell. This does not require macromolecular synthesis or
extracellular calcium. FasL crosslinks Fas triggering sig-
nals, which leads to a target cell apoptotic response. Fas
crosslinking leads to activation of intracellular caspases.

Fas ligand: Binding to Fas initiates the death pathway of
apoptosis in the Fas-bearing cell. Fas-mediated killing of
T lymphocytes is critical for the maintenance of self-
tolerance. Fas gene mutations can lead to systemic
autoimmune disease. Fas Ligand is a member of the TNF
family of proteins expressed on the cell surface of acti-
vated T lymphocytes. Binding Fas ligand to Fas initiates
the signaling pathway that leads to apoptotic cell death of
the cell expressing Fas.
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FIGURE 2.81 Peripheral lymphoid organs.

Peripheral lymphoid organs (Figure 2.81) are not
required for ontogeny of the immune response. They
include the lymph nodes, spleen, tonsils, Peyer’s
patches, and mucosal-associated lymphoid tissues in
which immune responses are induced in contrast to the
thymus, a central lymphoid organ in which lymphocytes
develop.

Ikaros is a requisite transcription factor for all lineages
of lymphoid cells to develop.

Afferent lymphatic vessels are the channels that trans-
port lymph, which may contain antigens draining from
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FIGURE 2.82 Lymph node.

connective tissue or from sites of infection in many ana-
tomical locations, to the lymph nodes.

The thoracic duct is a canal that leads from the cisterna
chyli, a dilated segment of the thoracic duct at its site of
origin in the lumbar region, to the left subclavian vein.

Cisterna chyli: See thoracic duct.

Thoracic duct drainage is the deliberate removal of lym-

phocytes through drainage of lymph from the thoracic duct
with a catheter.

A lymph node (Figure 2.82 to Figure 2.85) is a relatively
small, i.e., 0.5-cm, secondary lymphoid organ that is a
major site of immune reactivity. It is surrounded by a
capsule and contains lymphocytes, macrophages, and den-
dritic cells in a loose reticulum environment. Lymph enters
this organ from afferent lymphatics at the periphery, per-
colates through the node until it reaches the efferent lym-
phatics, exits at the hilus, and circulates to central lymph
nodes and finally to the thoracic duct. The lymph node is
divided into cortex and medulla. The superficial cortex
contains B lymphocytes in follicles, and the deep cortex
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FIGURE 2.85 Subcapsular sinus lymph node.

is comprised of T lymphocytes. Differentiation of the spe-
cific cells continues in these areas and is driven by antigen
and thymic hormones. Conversion of B cells into plasma
cells occurs chiefly in the medullary region where
enclosed lymphocytes are protected from undesirable
influences by a macrophage sleeve. The postcapillary
venules from which lymphocytes exit the lymph node are
also located in the medullary region. Macrophages and
follicular dendritic cells interact with antigen molecules
that are transported to the lymph node in the lymph. Retic-
ulum cells form medullary cords and sinuses in the central
region. T lymphocytes percolate through the lymph nodes.
They enter from the blood at the postcapillary venules of
the deep cortex. They then enter the medullary sinuses
and pass out of the node through the efferent lymphatics.
T cells that interact with antigens are detained in the lymph
node, which may be a site of major immunologic reactiv-
ity. The lymph node is divided into B and T lymphocyte
regions. Individuals with B-cell or T-cell immunodeficien-
cies may reveal an absence of either lymphocyte type in
the areas of the lymph node normally occupied by that
cell population. The lymph node acts as a filter and may
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be an important site for phagocytosis and the initiation of
immune responses.

Nasopharyngeal-associated lymphoreticular tissue
(NALT) includes the palatine and nasopharyngeal tonsils
(adenoids) which are mostly covered by a squamous epi-
thelium. The palatine tonsils usually contain 10 to 20
crypts, which increase their surface area. The deeper
regions of these crypts contain M cells that may take up
encountered antigens. The tonsils contain all major classes
of antigen presenting cells, including dendritic and
Langerhans cells, macrophages, class I positive B cells,
and antigen-retaining follicular dendritic cells in B cell
germinal centers. Approximately one half of tonsillar cells
are B lymphocytes situated mainly in follicles containing
germinal centers. There is predominance of IgG blasts in
germinal centers and of plasma cells in the parafollicular
area. Approximately 40% of tonsillar cells are T cells, and
more than 98% express the oy TCR. Higher CD4:CD8
ratios are found in tonsils compared with peripheral blood.
The tonsils reveal not only features of mucosal inductive
sites, but also characteristics of effector sites with high
numbers of plasma cells. The role of tonsils in host
mucosal immunity following intranasal immunization
remains to be determined.

Primary lymphoid organs are sites of maturation of
B or T lymphocytes. The primary lymphoid organs for
B lymphocytes in avian species is the bursa of Fabricius,
whereas it is the bone marrow in adult mammals. By
contrast, T-cell development occurs in the thymus of all
vertebrates. Stem-cell maturation in primary lymphoid
organs occurs without stimulation by antigen.

Lymph is the extracellular fluid that circulates in the lym-
phatic system vessels. Its composition resembles that of
tissue fluids, although there is less protein in lymph than
in plasma. Lymph in the mesentery contains fat, and
lymph draining the intestine and liver often possesses
more protein than does other lymph. The principal cell
type in the lymph is the small lymphocyte, with rare large
lymphocytes, monocytes, and macrophages. Occasional
red cells and eosinophils are present. Coagulation factors
are also present in lymph.

The lymphatic system is a network of lymphoid channels
that transports lymph, a tissue fluid derived from the
blood. It collects extracellular fluid from the periphery and
channels it via the thoracic duct to the blood circulation.
Lymph nodes at the intersection of the lymphatic vessels
trap and retain antigens from the lymph. Situated at lym-
phatic vessel intersections are lymph nodes, Peyer’s
patches, and other organized lymphoid structures except
the spleen, which communicates directly with the blood.
The lymphatic system’s main functions include the con-
centration of antigen from various body locations into a



few lymphoid organs, the circulation of lymphocytes
through lymphoid organs to permit antigen to interact with
antigen-specific cells, and carrying antibody and immune
effector cells to the blood circulation and tissue.

Lymphatics are vessels that transport the interstitial fluid
called lymph to lymph nodes and away from them, direct-
ing it to the thoracic duct from where it reenters the blood
stream.

Lymphatic vessels are thinly walled channels through
which lymph and cells of the lymphatic system move
through secondary lymphoid tissues such as lymph nodes,
except for the spleen, to the thoracic duct which joins the
blood circulation.

An efferent lymphatic vessel is the channel through
which lymph and lymphocytes exit a lymph node in transit
to the blood.

Lymphoid follicle: See lymphoid nodules.

Lymphoid nodules (or follicles) are aggregates of lym-
phoid cells present in the loose connective tissue supporting
the respiratory and digestive membranes. They are also
present in the spleen and may develop beneath any mucous
membrane as a result of antigenic stimulation. They are
poorly defined at birth. Characteristic lymphoid nodules are
round and nonencapsulated. They may occur as isolated
structures or may be confluent, such as in the tonsils, phar-
ynx, and nasopharynx. In the tongue and pharynx, they form
a characteristic structure referred to as Waldeyer’s ring. In
the terminal ileum, they form oblong patches termed
Peyer’s patches. The lymphoid nodules contain B and T
cells and macrophages. Plasma cells in submucosal sites
synthesize IgA, which is released in secretions.

Lymphoid organs are organized lymphoid tissues in
which numerous lymphocytes interact with nonlymphoid
stroma. The thymus and bone marrow are the primary
lymphoid organs where lymphocytes are formed. The
principal secondary lymphoid tissues where adaptive
immune responses are initiated include the lymph nodes,
spleen, and mucosa-associated lymphoid tissues, includ-
ing the tonsils and Peyer’s patches.

The term lymphoid is an adjective that describes tissues
such as the lymph node, thymus, and spleen that contain
a large population of lymphocytes.

Lymph gland: More correctly referred to as lymph node.

Central lymphoid organs are requisite organs for the
development of the lymphoid and, therefore, of the
immune system. These include the thymus, bone marrow,
and bursa of Fabricus (also termed primary lymphoid
organs). They are sites of lymphocyte development.

Copyright © 2004 by Taylor & Francis

Human T lymphocytes mature in the thymus, whereas B
lymphocytes develop in the bone marrow.

A generative lymphoid organ is an organ in which lym-
phocytes arise from immature precursor cells. The princi-
pal generative lymphoid organ for T cells is the thymus,
and for B cells the bone marrow.

Large pyroninophilic blast cells stain positively with
methyl green pyronin stain. They are found in thymus-
dependent areas of lymph nodes and other peripheral lym-
phoid tissues.

The cortex is the outer or peripheral layer of an organ.

Hyperplasia: An increase in the cell number of an organ
that leads to an increase in the organ size. It is often linked
to a physiological reaction to a stimulus and is reversible.

Follicles are circular or oval areas of lymphocytes in lym-
phoid tissues rich in B cells. They are present in the cortex
of lymph nodes and in the splenic white pulp. Primary
follicles contain B lymphocytes that are small and medium
sized. They are demonstrable in lymph nodes prior to
antigenic stimulation. Once a lymph node is stimulated
by antigen, secondary follicles develop. They contain
large B lymphocytes in the germinal centers where tingi-
ble body macrophages (those phagocytizing nuclear par-
ticles) and follicular dendritic cells are present.

Follicular center cells are B lymphocytes in germinal
centers (secondary follicles).

Follicular hyperplasia is lymph node enlargement asso-
ciated with an increase in follicle size and number. Ger-
minal centers are usually present in the follicles. Follicular
hyperplasia is often a postinfection reactive process in
lymph nodes.

Germinal follicle: See germinal center.
Primary nodule: See primary follicle.

Appendix, vermiform is a gut-associated lymphoid tissue
situated at the ileocecal junction of the gastrointestinal
tract.

The medulla is the innermost or central region of an
organ. The central area of a thymic lobe represents the
thymic medulla, which is rich in antigen-presenting cells
derived from the bone marrow and medullary epithelial
cells. Macrophages and plasma cells are rich in the lymph
node medulla through which lymph passes en route to the
efferent lymphatics.

The medullary cord is a region of the lymph node
medulla composed of macrophages as well as plasma cells
and lies between the lymphatic sinusoids.



The medullary sinuses are potential cavities in the lymph
node medulla that receive lymph prior to its entering effer-
ent lymphatics.

Lymphadenitis is lymph node inflammation often caused
by microbial (bacterial or viral) infection.

Benign lymphadenopathy refers to lymph node enlarge-
ment that is not associated with malignant neoplasms.
Histologic types of benign lymphadenopathy include nod-
ular, granulomatous, sinusoidal, paracortical, diffuse or
obliterative, mixed, and depleted, whereas clinical states
are associated with each histologic pattern.

Dermatopathic lymphadenitis is a benign lymph node
hyperplasia that follows skin inflammation or infection.

A draining lymph node collects fluid draining through
lymphatic channels from an anatomical site of infection
before returning to the blood circulation.

Lymphadenopathy is lymph node enlargement due to any
of several causes. Lymphadenopathies are reactive pro-
cesses in lymph nodes due to various exogenous and
endogenous stimulants. Possible etiologies include micro-
organisms, autoimmune diseases, immunodeficiencies,
foreign bodies, tumors, and medical procedures. Lym-
phadenitis is reserved for lymph node enlargement caused
by microorganisms, whereas lymphadenopathy applies to
all other etiologies of lymph node enlargement. Lymphad-
enopathies are divided into reactive lymphadenopathies,
lymphadenopathies associated with clinical syndromes,
vascular lymphadenopathies, foreign body lymphadenop-
athies, and lymph node inclusions. In benign lymphaden-
opathy, there is variability of germinal center size, no
invasion of the capsule or fat, mitotic activity confined to
germinal centers, and localization in the cortex and non-
homogenous follicle distribution.

Thymus-dependent areas are regions of peripheral lym-
phoid tissues occupied by T lymphocytes. Specifically,
these include the paracortical areas of lymph nodes, the
zone between nodules and Peyer’s patches, and the center
of splenic Malpighian corpuscles. These regions contain
small lymphocytes derived from the circulating cells that
reach these areas by passing through high endothelial
venules. Proof that these anatomical sites are thymus-
dependent areas is provided by the demonstration that
animals thymectomized as neonates do not have lympho-
cytes in these areas. Likewise, humans or animals with
thymic hypoplasia or congenital aplasia of the thymus
reveal no T cells in these areas.

A primary follicle is a densely packed accumulation of
resting B lymphocytes and a network of follicular den-
dritic cells from a secondary lymphoid organ such as the
lymph node cortex or the splenic white pulp where resting
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unstimulated B cells develop into germinal centers when
stimulated by antigen.

Postcapillary venules are relatively small blood vessels
lined with cuboidal epithelium through which blood cir-
culates after it exits the capillaries and before it enters the
veins. It is a frequent site of migration of lymphocytes
and inflammatory cells into tissues during inflammation.
Recirculating lymphocytes migrate from the blood to the
lymph through high endothelial venules of lymph nodes.

Mantle zone refers to the rim of B lymphocytes that
encircles lymphoid follicles. The function and role of
mantle zone lymphocytes remain to be determined.

Reticular cells are stroma or framework cells which,
together with reticular fibers, constitute the lymphoid tis-
sue framework of lymph nodes, spleen, and bone marrow.

Reticulum cell: See reticular cell.

The first event in an adaptive immune response when
antigen-specific lymphocytes bind to antigens is termed
the recognition phase. This phase often occurs in second-
ary lymphoid tissues such as lymph nodes or spleen where
antigens and naive lymphocytes are present.

The pharyngeal tonsils are lymphoid follicles found in
the roof and posterior wall of the nasopharynx. They are
similar to Peyer’s patches in the small intestine. Mucosal
lymphoid follicles are rich in IgA-producing B cells that
may be found in germinal centers.

Secondary lymphoid organs are the structures that
include the lymph nodes, spleen, gut-associated lymphoid
tissues, and tonsils where T and B lymphocytes interact
with antigen-presenting accessory cells such as macro-
phages, resulting in the generation of an immune response.

Secondary lymphoid tissues are tissues in which immune
responses are generated. They include lymph nodes,
spleen, and mucosa-associated lymphoid tissues. Lymph
nodes and spleen are also often referred to as secondary
lymphoid organs.

Follicular dendritic cells (Figure 2.86) manifest narrow
cytoplasmic processes that interdigitate between densely
populated areas of B lymphocytes in lymph node follicles
and in spleen. Antigen—antibody complexes adhere to the
surfaces of follicular dendritic cells and are not generally
endocytosed but are associated with the formation of ger-
minal centers. These cells are bereft of class II histocom-
patibility molecules, although Fc receptors, complement
receptor 1, and complement receptor 2 molecules are
demonstrable on their surfaces. They display antigens on
their surface for B-cell recognition and participate in the
activation and selection of B cells expressing high-affinity
membrane immunoglobulin during affinity maturation.



FIGURE 2.86 Follicular dendritic cell.

CD21 (Figure 2.87) is an antigen with a 145-kDa mol wt
that is expressed on B cells and even more strongly on
follicular dendritic cells. It appears when surface Ig is
expressed after the pre-B cell stage and is lost during early
stages of terminal B cell differentiation to the final plasma
cell stage. CD21 is coded for by a gene found on chro-
mosome 1 at band q32. The antigen functions as a receptor
for the C3d complement component and also for
Epstein—Barr virus. CD21, together with CD19 and CD8]1,
constitutes the coreceptor for B cells. It is also termed
CR2.

Germinal centers (Figure 2.88 to Figure 2.90) develop
in lymph node and lymphoid aggregates within primary
follicles of lymphoid tissues following antigenic stimula-
tion. The mixed-cell population in the germinal center is
comprised of B lymphoblasts (both cleaved and trans-
formed lymphocytes), follicular dendritic cells, and
numerous tingible body-containing macrophages. Germi-
nal centers seen in various pathologic states include
“burned out” germinal centers comprised of accumula-
tions of pale histiocytes and scattered immunoblasts;
“progressively transformed” centers that show a “starry
sky” pattern containing epithelioid histiocytes, dendritic
reticulum cells, increased T lymphocytes, and mantle zone
lymphocytes; and “regressively transformed” germinal
centers that are relatively small, with few lymphocytes,
and which reveal an onion-skin layering of dendritic retic-
ulum cells, vascular endothelial cells, and fibroblasts. The
mantle zone (Figure 2.91) is a dense area of lymphocytes
that encircles a germinal center.
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FIGURE 2.87 CD2I.
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FIGURE 2.88 Germinal center.

Centroblasts are large, rapidly dividing cells in germinal
centers. These cells, in which somatic hypermutation is
thought to take place, give rise to memory and antibody-
secreting B cells.

The dark zone is that part of a germinal center in sec-
ondary lymphoid tissue in which centroblasts undergo
rapid division.



FIGURE 2.91 Mantle zone.

The light zone is a region of a germinal center in second-
ary lymphoid tissue containing centrocytes that are not
dividing but are interacting with follicular dendritic cells.

Lymphocytopenic center: See germinal center.
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FIGURE 2.92 High endothelial venules (HEV).

A secondary follicle is an area in a peripheral lymphoid
organ where a germinal center is located, usually associ-
ated with a secondary immune response more than with
a primary one. It forms a ring of concentrically packed B
lymphocytes surrounding a germinal center.

Centrocytes are small B lymphocytes in germinal centers
that arise from centroblasts. They may give rise to anti-
body-secreting plasma cells, or to memory B lympho-
cytes, or may undergo apoptosis, depending on the inter-
action of their receptor with antigen.

Mantle refers to a dense zone of lymphocytes that encir-
cles a germinal center.

High endothelial venules (HEV) are postcapillary
venules of lymph node paracortical areas. They also occur
in Peyer’s patches, which are part of the gut-associated
lymphoid tissue (GALT). Their specialized columnar cells
bear receptors for antigen-primed lymphocytes. They sig-
nal lymphocytes to leave the peripheral blood circulation.
A homing receptor for circulating lymphocytes is found
in lymph nodes.

High endothelial postcapillary venules (Figure 2.92) are
lymphoid organ vessels that are especially designed for
circulating lymphocytes to gain access into the paren-
chyma of the organ. They contain cuboidal endothelium
which permits lymphocytes to pass between the cells into
the tissues. Lymphocyte recirculation from the blood to
the lymph occurs through these vessel walls.

The spleen (Figure 2.93 to Figure 2.95) is an encapsulated
organ in the abdominal cavity that has important immu-
nologic and nonimmunologic functions. Vessels and
nerves enter the spleen at the hilum, as in lymph nodes,
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FIGURE 2.93 Spleen.

and travel part of their course within the fibrous trabeculae
that emerge from the capsule. The splenic parenchyma has
two regions that are functionally and histologically dis-
tinct. The white pulp consists of a thick layer of lympho-
cytes surrounding the arteries that have left the trabeculae.
It forms a periarterial sheath that contains mainly T cells.
The sheaths then expand along their course to form well-
developed lymphoid nodules called Malpighian corpus-
cles. The red pulp consists of a mesh of reticular fibers
continuous with the collagen fibers of the trabeculae.
These fibers enclose an open system of sinusoids that drain
into small veins and are lined by endothelial cells with
reticular properties. The endothelium is discontinuous,
leaving small slits through which cells have to pass during
transit. Within the sinusoidal mesh are red blood cells,
macrophages, lymphocytes, and plasma cells. The red
pulp between adjacent sinusoids forms the pulp cords,
sometimes called the cords of Billroth. The marginal zone
consists of a poorly defined area between the white and
the red pulp where the periarterial sheath and the lymphoid
nodules merge. The blood vessels branch, and at the
periphery of the marginal zone the blood empties into the
pulp. Lymphocytes of the marginal zone are mainly T
cells. They surround the periphery of the lymphoid nod-
ules that comprise B cells. In this marginal region, the T
and B cells contact each other. Some B cells may convert
into immunoblasts. Further maturation to plasma cells
occurs in the red pulp. Active follicles contain germinal
centers in which lymphoblasts may be generated. They
are discharged into sinusoids, and plasma cells may form.
The spleen also contains dendritic cells that have long
cytoplasmic extensions. Dendritic cells serve as antigen-
presenting cells, interacting with lymphocytes. The spleen
filters blood as the lymph nodes filter the lymph. The
spleen is active in the formation of antibodies against
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FIGURE 2.95 Spleen follicle with central follicular artery.

intravenously administered particulate antigens. It has
numerous additional functions, including the sequestra-
tion and destruction of senescent red blood cells, platelets,
and lymphocytes.

Cords of Billroth are splenic medullary cords.

The B cell corona is the zone of splenic white pulp com-
prised mainly of B cells.

Red pulp (Figure 2.96) describes areas of the spleen com-
prised of the cords of Billroth and sinusoids. It is com-
prised of vascular sinusoids, with interspersed large num-
bers of macrophages, erythrocytes, dendritic cells, a few
lymphocytes, and plasma cells. Macrophages in the red
pulp ingest microorganisms, foreign particles, and injured
red blood cells.

White pulp (Figure 2.97) refers to the periarteriolar lym-
phatic sheaths encircled by small lymphocytes, which are
mainly T cells that surround germinal centers comprised
of B lymphocytes and B lymphoblasts in normal splenic
tissue. Following interaction of B cells in the germinal
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FIGURE 2.96 Red pulp.
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FIGURE 2.97 White pulp.

center with antigen in the blood, a primary immune
response is generated within 24 h revealing immunoblastic
proliferation and enlargement of germinal centers.

Periarteriolar lymphoid sheath is the thymus-dependent
region in the splenic white pulp that is comprised mainly
of T cells. There is lymphocyte cuffing of these small
arterioles of the spleen adjacent to lymphoid follicles. Two
thirds of the PALS T cells are CD4* and one third are
CD8*. During humoral immune responses against protein
antigens, B cells are activated at the PALS and follicle
interface and then made to migrate into the follicles to
produce germinal centers.

The marginal zone is an exterior layer of lymphoid fol-
licles of the spleen where T and B lymphocytes are loosely
arranged encircling the periarterial lymphatic sheath.
When antigens are injected intravenously, macrophages in
this area actively phagocytize them. Marginal zone mac-
rophages are especially adept at trapping polysaccharide
antigens on their surfaces, where they may persist for long
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FIGURE 2.99 Peyer’s patch (higher magnification).

periods and be recognized by specific B cells or conveyed
into follicles.

Peyer’s patches (Figure 2.98 and Figure 2.99) are lym-
phoid tissues in the submucosa of the small intestine. They
are comprised of lymphocytes, plasma cells, germinal cen-
ters, and thymus-dependent areas. Peyer’s patches are sites



FIGURE 2.100 Appendix.

where immune responses to ingested antigens may be
induced.

Vermiform appendix (Figure 2.100) is a lymphoid organ
situated at the ileocecal junction of the gastrointestinal
tract.

Waldeyer’s ring (Figure 2.101) describes a circular
arrangement of lymphoid tissue comprised of tonsils and
adenoids encircling the pharynx—oral cavity junction.

Tonsils (Figure 2.102 and Figure 2.103) are lymphoid
tissue masses at the intersection of the oral cavity and the
pharynx, i.e., in the oropharynx. Tonsils contain mostly B
lymphocytes and are classified as secondary lymphoid
organs. There are several types of tonsils designated as
palatine, flanked by the palatoglossal and palatopharyn-
geal arches; the pharyngeal, which are adenoids in the
posterior pharynx; and the lingual, at the tongue’s base.

Caecal tonsils are lymphoid aggregates containing ger-
minal centers found in the gut wall in birds, specifically
in the wall of the caecum.
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Angiogenesis refers to the formation of new blood vessels
under the influence of several protein factors produced by
both natural and adaptive immune system cells. It may be
associated with chronic inflammation. It is the formation
of new vessels by sprouting of new capillaries from exist-
ing vessels — a fundamental phenomenon in diseases such
as atherosclerosis, cancer, or diabetes and in physiological
conditions such as the menstrual cycle and pregnancy.
Angiogenesis is closely related to vasculogenesis, the for-
mation of the vascular network from the stem cells in the
embryo. In each case, the controlling mechanisms are the
paracrine regulation of tyrosine kinase receptors, prima-
rily on endothelial cells.

Angiogenesis factor: A macrophage-derived protein that
facilitates neovascularization through stimulation of vascular
endothelial cell growth. Among the five angiogenesis factors
known, basic fibroblast growth factor may facilitate neovas-
cularization in type IV delayed-hypersensitivity responses.

Angiogenic factors: Fibroblast growth factors (FGF) and
vascular endothelial growth factors (VEGF) are endothe-
lial cell mitogens. The key factors are the five VEGFs, the
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FIGURE 2.101 Waldeyer’s ring.

VEGF receptors, VEGF-R1, -R2, and -R3, and placental
growth factors (PIGF). In addition, several newer factors,
such as the angiopoietins, ephrins, leptin, and chemokines,
have been shown to be important in angiogenesis.

Angiogenin is a 14.4-kDa protein belonging to a family
of proteins called the RNAse superfamily. Angiogenin acts
as a potent inducer of blood vessel formation and is known
to possess ribonuclease activity. If the ribonuclease activ-
ity is blocked, the angiogenic properties of angiogenin
also appear to be inhibited. Angiogenin mRNA has been
identified in a wide range of cell types.

Angiopoietins/Tie2: Two endothelial cell-specific
tyrosine kinase receptors are Tiel and Tie2. The ligands
for Tie2 are angiopoietin-1 and angiopoietin-2 (Angl and
Ang?2). The ligand(s) for Tiel has not been identified.

Interstitial fluid is the fluid present in the spaces between
cells of an organ or tissue.

Transudation is the movement of electrolytes, fluid, and
proteins of low molecular weight from the intravascular
space to the extravascular space, as in inflammation.

Viscosity refers to the physical consistency of a fluid such
as blood serum based on the size, shape, and conformation
of its molecules. Molecular charge, sensitivity to temper-
ature, and hydrostatic state affect viscosity.
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Neuropeptides are substances that associate the nervous
system with the inflammatory response. Neuropeptides
serve as inflammatory mediators released from neurons in
response to local tissue injury. They include substance P,
vasoactive intestinal peptide, somatostatin, and calcitonin
gene-related peptide. Multiple immunomodulatory activ-
ities have been attributed to these substances.

A vasoactive intestinal peptide (VIP) is a neuropeptide
comprised of 28 residues that is a member of the secre-
tin—glycogen group of molecules found in nerve fibers of
blood vessels, in smooth muscle, and in upper respiratory
tract glands. It activates adenylate cyclase and produces
vasodilatation. It increases cardiac output, glycogenolysis,
and bronchodilation, while preventing release of macro-
molecules from mucous-secreting glands. A deficiency of
VIP aggravates bronchial asthma. Asthmatic patients usu-
ally do not have VIP. VIP may be increased in pancreatic
islet G cell tumors.

Inflammation is a defense reaction of living tissue to
injury. The literal meaning of the word is burning, and it
originates from the cardinal symptoms of rubor, calor,
tumor, and dolor, the Latin terms equivalent to redness,
heat, swelling, and pain, respectively. It is beneficial for
the host and essential for survival of the species, although
in some cases the response is exaggerated and may be
itself injurious.

Inflammation is the result of multiple interactions which
have as a first objective localization of the process and
removal of the irritant. This is followed by a period of
repair. Inflammation is not necessarily of immunologic
nature, although immunologic reactions are among the
immediate causes inducing inflammation, and the immu-
nologic status of the host determines the intensity of the
inflammatory response. Inflammation tends to be less
intense in infants whose immune system is not fully
mature.

The causes of inflammation are numerous and include
living microorganisms such as pathogenic bacteria and
animal parasites which act mainly by the chemical poisons
they produce and less by mechanical irritation; viruses
which become offenders after they have multiplied in the
host and cause cell damage; and fungi which grow at the
surface of the skin but produce little or no inflammation
in the dermis. Other causes of inflammation include phys-
ical agents such as trauma, thermal and radiant energy,
and chemical agents which represent a large group of
exogenous or endogenous causes which include immuno-
logic offenders. See inflammatory response.

Late-phase reaction (LPR) is an inflammatory response
that begins approximately 5 to 8 hours after exposure to
antigen in IgE-mediated allergic diseases. In addition to
inflammation, there is pruritus and minor cellular infiltration.
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Asthmatic patients may produce a delayed or secondary which stimulates bronchiole hyperreactivity. Whereas
response following antigenic challenge, which involves prostaglandin and then PGD? are produced in the primary
the release of histamines from neutrophils. This induces response, they are not formed in the late-phase reaction.
secondary degranulation of mast cells and basophils, Cold air, ozone, viruses, or other irritants may induce the
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late-phase reaction. This condition may be treated with 3
adrenergic aerosols. It is resistant to treatment with antihis-
tamine. Repeated episodes of late-phase reactivity can pro-
duce tissue injury.

LPR is the abbreviation for late-phase reaction.

The wheal and flare reaction is an immediate hyper-
sensitivity, IgE-mediated (in man), reaction to an anti-
gen. Application of antigen by a scratch test in a hyper-
sensitive individual may be followed by erythema, which
is the red flare, and edema, which is the wheal. Atopic
subjects who have a hereditary component to their
allergy experience the effects of histamine and other
vasoactive amine released from mast cell granules fol-
lowing crosslinking of surface IgE molecules by antigen
or allergen.

Acute inflammation is a reaction of sudden onset marked
by the classic symptoms of pain, heat, redness, swelling,
and loss of function. There is dilatation of arterioles, cap-
illaries, and venules with increased permeability and blood
flow. There is exudation of fluids, including plasma pro-
teins, and migration of leukocytes into the inflammatory
site. Inflammation is a localized protective response
induced by injury or destruction of tissues. It is designed
to destroy, dilute, or wall off both the offending agent and
the injured tissue.

An acute inflammatory response represents an early
defense mechanism to contain an infection and prevent its
spread from the initial focus. When microbes multiply in
host tissues, two principal defense mechanisms mounted
against them are antibodies and leukocytes. The three
major events in acute inflammation are: (1) dilation of
capillaries to increase blood flow; (2) changes in the
microvasculature structure, leading to escape of plasma
proteins and leukocytes from the circulation; and (3) leu-
kocyte emigration from the capillaries and accumulation
at the site of injury. Widening of interendothelial cell
junctions of venules or injury of endothelial cells facili-
tates the escape of plasma proteins from the vessels. Neu-
trophils attached to the endothelium through adhesion
molecules escape the microvasculature and are attracted
to sites of injury by chemotactic agents. This is followed
by phagocytosis of microorganisms, which may lead to
their intracellular destruction. Activated leukocytes may
produce toxic metabolites and proteases that injure endot-
helium and tissues when they are released. Activation of
the third complement component (C3) is also a critical
step in inflammation.

Multiple chemical mediators of inflammation derived
from either plasma or cells have been described. Media-
tors and plasma proteins such as complement are present
as precursors that require activation to become biologi-
cally active. Mediators such as histamine and mast cells,

Copyright © 2004 by Taylor & Francis

derived from cells are present as precursors in intracel-
lular granules. Following activation, these substances are
secreted. Other mediators such as prostaglandins may be
synthesized following stimulation. These mediators are
quickly activated by enzymes or other substances such as
antioxidants. A chemical mediator may also cause a target
cell to release a secondary mediator with a similar or
opposing action.

Besides histamine, other preformed chemical mediators
in cells include serotonin and lysosomal enzymes. Those
that are newly synthesized include prostaglandins, leuko-
trienes, platelet-activating factors, cytokines, and nitric
oxide. Chemical mediators in plasma include complement
fragments C3a and C5a and the C5b—g sequence. Three
plasma-derived factors including kinins, complement, and
clotting factors are involved in inflammation. Bradykinin
is produced by activation of the kinin system. It induces
arteriolar dilation and increased venule permeability
through contraction of endothelial cells and extravascular
smooth muscle. Activation of bradykinin precursors
involves activated factor XII (Hageman factor) generated
by its contact with injured tissues.

During clotting, fibrinopeptides produced during the con-
version of fibrinogen to fibrin increase vascular perme-
ability and are chemotactic for leukocytes. The fibrinolytic
system participates in inflammation through the kinin sys-
tem. Products produced during arachidonic acid metabo-
lism also affect inflammation. These include prostaglan-
dins and leukotrienes, which can mediate essentially every
aspect of acute inflammation.

Inflammatory cells are cells of the blood and tissues that
participate in acute and chronic inflammatory reactions.
These include polymorphonuclear neutrophils, eosino-
phils, and macrophages.

An inflammatory macrophage is found in peritoneal
exudate induced by thioglycolate broth or mineral oil
injection into the peritoneal cavity of an experimental
animal.

Contact system: A system of proteins in the plasma that
engages in sequential interactions following contact with
surfaces of particles that bear a negative charge, such as
glass, or with substances such as lipopolysaccharides, col-
lagen, etc. Bradykinin is produced through their sequential
interaction. C1 inhibitor blocks the contact system. Ana-
phylactic shock, endotoxin shock, and inflammation are
processes in which the contact system has a significant
role.

Immune inflammation is the reaction to injury mediated
by an adaptive immune response to antigen. Neutrophils
and macrophages responding to T-cell cytokines may
compromise inflammatory cellular infiltrate.



Exudate is composed of fluid-containing cells and cellular
debris that have escaped from blood vessels and have been
deposited in tissues or on tissue surfaces as a consequence
of inflammation. In contrast to a transudate, an exudate is
characterized by a high content of proteins, cells, or solid
material derived from cells.

Exudation refers to the passage of blood cells and fluid
containing serum proteins from the blood into the tissues
during inflammation.

Extravasation is cell or fluid movement from the interior
of blood vessels to the exterior.

An inflammatory mediator is a substance that partici-
pates in an inflammatory reaction.

N-formylmethionine is an amino acid that initiates all
bacterial proteins, but no mammalian proteins other than
those produced within mitochondria. It alerts the innate
immune system to infection of the host. Neutrophils
express specific receptors for N-formylmethionine-con-
taining peptides. These receptors mediate neutrophil acti-
vation.

Edema is tissue swelling as a result of fluid extravasation
from the intravascular space.

Fibrosis is the formation of fibrous tissue, as in repair or
replacement of parenchymatous elements. It is a process
that leads to the development of a type of scar tissue at a
site of chronic inflammation.

G proteins are proteins that bind guanosine triphosphate
(GTP) and are converted to quanosine diphosphate (GDP)
during cell signal tranduction. These heterotrimeric pro-
teins are active when GTP occupies the guanine binding
site and inactive when it anchors GDP. The two types of
G proteins include the trimeric (o, B, ) receptor-associ-
ated G protein and the small G proteins including Ras and
Raf which function downstream of numerous transmem-
brane signaling events. Trimeric GTP-binding proteins are
associated with parts of numerous cell surface receptors
in the cytoplasm, including chemokine receptors.

The G protein-coupled receptor family refers to recep-
tors for lipid inflammatory mediators, hormones, and
chemokines which employ associated trimeric G proteins
for intracellular signaling.

Guanine nucleotide exchange factors (GEFs) are pro-
teins that can disengage bound GDP from small G pro-
teins. This permits GTP to bind and activate the G protein.

GEF: See guanine nucleotide exchange factor

Fatty acids and immunity: Dietary lipids exert significant
effects on antigen-specific and nonspecific immunity.
These effects are related to total and fat-derived energy
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intake, synthesis of multiple eicosanoids, and alterations in
cell membrane content. Eicosanoids are biologic mediators
with multiple effects on immune cells. Their oversynthesis
contributes to the development of chronic and acute inflam-
matory, autoimmune, atherosclerotic, and neoplastic dis-
eases. Feeding a fish oil (n-3 PUFA) diet leads to recovery
of splenic T cell blastogenesis, diminished secretion of
PGEZ by splenic cells, and diminished splenic suppressor
activity. PUFAs—immune system interactions are guided by
the rate at which they are converted to eicosanoids. Dietary
n-3 PUFAs diminish autoimmune, inflammatory, and ath-
erosclerotic disease severity by diminishing the synthesis
of n-6 PUFA-derived eicosanoids and cytokines. The
increased eicosanoids found in shock and trauma can
induce immunosuppression in humans. Supplementation of
the diet with n-3 PUFA may protect from immunosuppres-
sion following trauma. Dietary fish oil supplements also
improve joint tenderness in rheumatoid arthritis patients.
Dietary supplements of n-3 PUFASs as linolenic acid or fish
oil significantly inhibit the mixed lymphocyte reaction,
which reflects graft survival. Linoleic acid is the only fatty
acid needed to facilitate proliferation and maturation of
immunoglobulin-secreting cells. B cell function may be
suppressed by n-3 PUFAs by displacing linoleic acid and
arachidonic acid. Cell membrane lipids play a critical role
in both primary and secondary immune responses against
an immunogenic challenge or to an infection.

An acute-phase response (APR) (Figure 2.104) is a non-
specific response by an individual stimulated by interleukin-
1, interleukin-6, interferons, and tumor necrosis factor. C-
reactive protein may show a striking rise within a few hours.
Infection, inflammation, tissue injury, and, very infrequently,
neoplasm may be associated with APR. The liver produces
acute-phase proteins at an accelerated rate, and the endocrine
system is affected with elevated gluconeogenesis, impaired
thyroid function, and other changes. Immunologic and
hematopoietic system changes include hypergammaglobu-
linemia and leukocytosis with a shift to the left. There is
diminished formation of albumin, elevated ceruloplasmin,
and diminished zinc and iron. Cellular elements may also
be produced in addition to the acute phase proteins.

100 + Disease
Acute phase
response
protein titer < Recovery
(i.e. c-reactive Infection
protein)
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Acute Phase Response (APR)

FIGURE 2.104 Acute phase response.



Acute phase proteins are plasma proteins that increase
in concentration during inflammation. They are active dur-
ing early phases of host defense against infection. They
include mannose-binding protein (MBP), C-reactive pro-
tein (CRPJ), fibrinogen, selected complement compo-
nents, and interferons.

Acute-phase reactants are serum proteins that increase
during acute inflammation. These proteins, which migrate
in the o-1 and o-2 electrophoretic regions, include o-1
antitrypsin, o-1 glycoprotein, amyloid A&P, antithrombin
III, C-reactive protein, C1 esterase inhibitor, C3 comple-
ment, ceruloplasmin, fibrinogen, haptoglobin, orosomu-
coid, plasminogen, and transferrin. Most of the acute
phase reactant proteins are synthesized in the liver and
increase soon after infection as part of the systemic inflam-
matory response syndrome (SIRS). Inflammatory cyto-
kines upregulate these molecules, including interleukin-6
(IL-6) and tumor necrosis factor (TNF). Acute phase reac-
tants participate in the natural or innate response to micro-
organisms.

Pentraxins are a family of acute-phase plasma proteins
comprised of five identical globular subunits. Pentraxin
family refers to a category of glycoproteins in the blood
that has a cyclic pentameric symmetric structure. It
includes C-reactive protein, serum amyloid P, and com-
plement CI.

Early induced responses are nonadaptive host responses
induced by infectious agents early in infection. Their
inductive phase differentiates them from innate immunity
and their failure to involve clonal selection of antigen-
specific lymphocytes distinguishes them from adaptive
immunity.

Innate defense system is general or nonspecific and does
not require previous exposure to the offending pathogen
(or closely related organisms).

Innate immunity is a natural or native immunity that is
present from birth and is designed to protect the host from
injury or infection without previous contact with the infec-
tious agent. It includes such factors as protection by the
skin, mucous membranes, lysozyme in tears, stomach
acid, and numerous other factors. Phagocytes, natural
killer cells, complement, and cytokines represent key par-
ticipants in natural innate immunity.

Native immunity is genetically determined host respon-
siveness that prevents healthy humans from becoming
infected under normal circumstances by selected micro-
organisms that usually infect animals. This may be altered
in the case of profound immunosuppression of humans,
as in the case of acquired immune deficiency syndrome
in which humans become infected with microorganisms
such as Mycobacterium avium intracellulare.
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Natural immunity: Innate immune mechanisms that do
not depend upon previous exposure to an antigen. Among
the numerous factors that contribute to natural resistance
are the skin, mucous membranes, and other barriers to
infection; lysozyme in tears and other antibacterial mole-
cules; and natural killer (NK) cells.

Herd immunity: Nonspecific factors, as well as specific
immunity, may have a significant role in resistance of a
group (herd) of humans or other animals against an
infectious disease agent. Elimination of reservoirs of the
disease agent may be as important as specific immunity
in diminishing disease incidence among individuals.
“Herd immunity” also means that an epidemic will not
follow infection of a single member of the herd or group
if other members are immune to that particular infec-
tious agent.

Lactoferrin is a protein that combines with iron and com-
petes with microorganisms for it. This represents a nonan-
tibody humoral substance that contributes to the body’s
natural defenses against infection. It is present in poly-
morphonuclear neutrophil granules as well as in milk. By
combining with iron molecules, it deprives bacterial cells
of this needed substance.

Lactoperoxidase is an enzyme present in milk and saliva
that may be inhibitory to a number of microorganisms and
serves as a nonantibody humoral substance that contrib-
utes to nonspecific immunity. Its mechanism of action
resembles that of myeloperoxidase.

Nonsterile immunity: See premunition.

Acquired immunity is protective resistance against an
infectious agent generated as a consequence of infection
with a specific microorganism or as a result of deliberate
immunization. See also primary immune response and
secondary immune response.

Cellular immunity: See cell-mediated immunity.

Cellular immunology is the study of cells involved in
immune phenomena.

Active immunity is protection attained as a consequence
of clinical or subclinical infection or deliberate immuni-
zation with an infectious agent or its products. It is a type
of adaptive immunity in which lymphocytes are activated
in response to a foreign antigen to which they have been
exposed. Compare with passive immunity.

Artificially acquired immunity is the use of deliberate
active or passive immunization or vaccination to elicit
protective immunity as opposed to immunity which results
from unplanned and coincidental exposure to antigenic
materials, including microorganisms in the environment.



Specific immunity refers to an immune state in which
antibody or specifically sensitized or primed lymphocytes
recognize an antigen and react with it. By contrast, immu-
nologically competent cells may interact with antigen to
produce specific immunosuppression termed immunologic
tolerance.

Humoral immune response is a host defense mediated
by antibody molecules found in the plasma, lymph, and
tissue fluids. This type of immunity protects against extra-
cellular bacteria in foreign micromolecules. Humoral
immunity may be transferred passively with antibodies or
serum containing antibodies.

Humoral antibody is found in the blood plasma, lymph,
and other body fluids. Humoral antibody, together with
complement, mediates humoral immunity which is based
upon soluble effector molecules.

Protective immunity refers to both natural, nonspecific
immune mechanisms and actively acquired specific immu-
nity that result in the defense of a host against a particular
pathogenic microorganism. Protective immunity may be
induced either by active immunization with a vaccine pre-
pared from antigens of a pathogenic microorganism or by
experiencing either a subclinical or clinical infection with
the pathogenic microorganism.

Protective antigens are the antigenic determinants of a
pathogenic microorganism that stimulate an immune
response that can protect a host against an infection by
that microorganism. Thus, these particular antigenic spec-
ificities can be used for prophylactic immunization in vac-
cines to immunize susceptible hosts against possible
future infections.

Functional immunity: See protective immunity.

Preemptive immunity refers to resistance shown by
virus-infected cells to superinfection with a different virus.

Artificial passive immunity refers to the transfer of
immunoglobulins from an immune individual to a nonim-
mune, susceptible recipient.

Passive immunity is a form of acquired immunity
induced by the transfer of immune serum containing spe-
cific antibodies or of sensitized lymphoid cells from an
immune to a nonimmune recipient host. Examples of pas-
sive immunity are the transfer of IgG antibodies across
the placenta from mother to fetus or the ingestion of
colostrum-containing antibodies by an infant. Antitoxins
generated to protect against diphtheria or tetanus toxins
represent a second example of passive humoral immunity,
as used in the past. Specifically sensitized lymphoid cells
transferred from an immune to a previously nonimmune
recipient is termed adoptive immunization. The passive
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transfer of antibodies in immune serum can be used for
the temporary protection of individuals exposed to certain
infectious disease agents. They may be injected with
hyperimmune globulin.

Gravity and immunity: Space flight has been associated
with the development of neutrophilia, slight T cell lym-
phopenia, and diminished blastogenic responsiveness of
T cells in postflight blood samples. Eosinophilia has been
noted. Lymphopenia was marked by a decreased numbers
of T cells and natural killer (NK) cells. Changes have also
been observed in postflight concentrations of immunoglo-
bulins, complement components, lysozyme, interferon,
and o,-macroglobulin. There is a modest depression in
cell-mediated immunity after both short and long space
flights. Human NK cells diminished and revealed
decreased cytotoxic activity after both long and short
space flights. Delayed-type dermal hypersensitivity
(DTH) reactions decreased or even disappeared during
prolonged residence in space. IgA and IgM rose but IgG
remained constant during long space flights. No defects
in humoral immunity have been noted. IL-2 and interferon
synthesis by lymphocytes was significantly decreased in
both humans and rodents after long flights.

Exercise and immunity: Exercise leads to altered distri-
bution and function of immunocompetent cells. This is
related in part to changes in hormone release, blood flow
distribution, and other factors that affect immune system
function. Vigorous exercise leads to an immediate leuco-
cytosis. Exercise-induced immunosuppression or immu-
noenhancement may affect disease risk. Absolute numbers
of CD3+, CD8*, and CD16*/C56* (natural Kkiller) cells
increase after exercise. B lymphocytes also rise with acute
exercise. But these increases return to preexercise levels
within a few hours following its cessation. The
CD4+/CD8* lymphocyte helper/suppressor ratio dimin-
ishes soon after exercise, attributable to increased CD8
counts. Acute exercise is followed by increase in the con-
centration and in vitro cytolytic activity of CD16*/CD56*
cells, but exhaustive exercise leads to a decrease in the
cytolytic activity of NK cells. Exercise also leads to cytok-
ine-m lease, such as the elevation of IL-6 but not of IL-1.
After exercise, TNF-a and GMCSF are essentially unde-
tectable. IL-2 levels also decrease following exercise.
Increased urinary concentrations of IFN-y, TNF-a, and
IL-6 have been demonstrated following long distance run-
ning. Exercise has little functional impact on immune
effector cells. The response of lymphocytes to T cell mito-
gen such as PHA and con A is diminished immediately
after exercise but returns to normal within 24 hours. The
proliferative response to B cell mitogens such as LPS is
mixed. T and B cell mitogens such as PWM increase
following exercise. Antibody synthesis is not much
affected by limited exercise. IgG, IgM, and IgA levels as



well as the ability to synthesize antibody to tetanus toxoid
antigen are not compromised by exercise. Exercise prior
to exposure to infection diminishes morbidity or mortality,
yet exercise during an infection produces the reverse
effect. Prolonged intense exercise is followed by some
immunosuppression. The immune parameters altered by
physical exercise are related to the neuroendocrine
changes such as those that occur in response to physical
or psychological stress.

Nonspecific immunity: Refers to mechanisms such as
phagocytosis that nonspecifically remove invading micro-
organisms, as well as the action of chemical and physical
barriers to infection such as acid in the stomach and the
skin. Other nonspecific protective factors include
lysozyme, P lysin, and interferon. Nonspecific or natural
immunity does not depend on immunologic memory. Nat-
ural killer cells represent an important part of the natural
immune cell system. Phagocytosis of invading microor-
ganisms by polymorphonuclear neutrophils and mono-
cytes represents another important aspect of nonspecific
immunity.

Nutrition and immunity: The most frequent cause of
immunodeficiency worldwide is malnutrition. Protein-
energy malnutrition has an adverse effect on immunity,
increases the frequency of opportunistic infections, and
leads to lymphoid tissue atrophy with reduction in the size
of the thymus and depletion of lymphoid cells in thymus
dependent areas of lymph nodes, as well as a loss of
lymphoid cells around small vessels in the spleen. It leads
to delayed hypersensitivity responses in the skin to both
new and recall antigens. The helper/suppressor ratio is
significantly decreased, and lymphocyte proliferation and
synthesis of DNA are diminished. Serum antibody
responses are usually unaffected in protein-energy malnu-
trition. Phagocytosis is affected as a consequence of
decreased complement, component C3, factor B, and total
hemolytic activity; ingestion by phagocytes is intact and
metabolic destruction of microorganisms is decreased as
is synthesis of various cytokines including interleukin-2
and interferon-y. Deficiency of pyridoxin, folic acid, vita-
min A, vitamin C, and vitamin E lead to impaired cell-
mediated immunity and diminished antibody responses.
Vitamin B, deficiency leads to decreased lymphocyte stim-
ulation responses to mitogens. A moderate increase in
vitamin A enhances immune responses. Zinc deficiency
leads to lymphoid atrophy, decreased cutaneous delayed
hypersensitivity responses and allograft rejection, and
diminished thymic hormone activity. Iron deficiency is the
most common nutritional problem worldwide. It leads to
impaired lymphocyte proliferation in response to mito-
gens and antigens and a low response to tetanus toxoid
and herpes simplex antigens. Copper-deficient animals
have fewer antibody forming cells compared to healthy
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controls. Dietary deficiencies of selected amino acids
diminish antibody responses, but in other states an amino
acid imbalance may enhance selected antibody responses,
perhaps reflecting alterations in suppressor cells.

Vitamin A and immunity: A deficiency of vitamin A
compromises acquired, adaptive, antigen-specific immu-
nity. The deficiency has been linked to atrophy of thymus,
spleen, lymph nodes, and Peyer’s patches pointing to
major alterations of immune effector cell mechanisms.
Vitamin A deficiency is also associated with impaired
ability to form an antibody response to T cell-dependent
antigens such as tetanus toxoid, proteins, and viral infec-
tions. It is also linked to decreased antibody responsive-
ness to T cell-independent antigens such as pneumococcal
polysaccharide and meningococcal polysaccharide. Vita-
min A deficiency also compromises natural innate immu-
nity since it is necessary for maintenance of mucosal
surfaces, the first line of defense against infection.
Immune effector cells that mediate nonspecific immunity
include polymorphonuclear cells, macrophages, and nat-
ural killer (NK) cells. Neutrophil phagocytosis is dimin-
ished by Vitamin A deficiency, and viral infections are
more severe because of diminished cytolytic activity by
NK cells.

Immunologically, vitamin A may serve as an adjuvant to
elevate antibody responses to soluble protein antigens in
mice. The adjuvant effect is produced whether vitamin A
is given orally or parenterally.

Vitamin B and immunity: B complex vitamins differ
greatly in chemical structure and biological actions. Vita-
min B, deficiency induces marked changes in immune
function, especially the thymus. Thymic hormone activity
is diminished and lymphopenia occurs. Vitamin B, defi-
ciency suppresses delayed cutaneous hypersensitivity
responses, primary and secondary T-cell mediator cyto-
toxicity, and skin graft rejection. It also impairs humoral
immunity. The number of circulating lymphocytes is
decreased. Folate and vitamin B,, deficiencies are linked
to diminished host resistance and impaired lymphocyte
function. Pantothenic acid deficiency suppresses humoral
antibody responses to antigens. Thiamin, biotin, and ribo-
flavin deficiencies have a moderate interfering action on
immune function. Riboflavin deficiency diminishes
humoral antibody formation in response to antigen. Intake
of micronutrients, including the B complex vitamins two
to three times higher than the U.S. RDA recommended
dose, helps to maintain optimal immune function in
healthy elderly adults.

Vitamin C and immunity: Ascorbic acid (vitamin C) is
needed for the cells, tissues, and organs of the body to
function properly. It is an antioxidant and a cofactor in many
hydroxylating reactions. The immune system is sensitive to



the level of vitamin C intake. Leukocytes have high con-
centrations of ascorbate that is used rapidly during infec-
tion and phagocytosis, which points to vitamin C’s role
in immunity. Vitamin C facilitates neutrophil chemotaxis
and migration, induces interferon synthesis, maintains
mucous membrane integrity, and has a role in the expres-
sion of delay type hypersensitivity. High dose vitamin C
supplementation is believed to increase T and B lympho-
cyte proliferation. It diminishes nonspecific extracellular
free radical injury and autotoxicity after the oxidative burst
activity of stimulated neutrophils. It further enhances
immune function indirectly by maintaining optimal levels
of vitamin E.

Vitamin D and immunity: Calcitriol, the hormonal form
of vitamin D, has a significant regulatory role in cell
differentiation and proliferation of the immune system. It
mediates its action through specific intracellular Vitamin
D, receptors (VDRs). Among calcitriol’s numerous effects
on the immune system are the inhibition of cytokine
release from monocytes; the prolongation of skin allograft
survival in mice; the inhibition of autoimmune encepha-
lomyelitis and thyroiditis in mice; the potentiation of
murine primary immune responses; the restoration of
defective macrophage and lymphocyte functions in vita-
min D deficient rickets patients; and restoration of lym-
phocyte proliferation IL-2 synthesis in human dialysis
patients, among many others.

Vitamin E and immunity: Vitamin E is required by the
immune system. It is a major antioxidant that protects cell
membranes from free radical attack. It is effective in pre-
venting biological injury by immunoenhancement. Vita-
min E in high doses diminishes CD8* T cells and increases
CD4+:CD8* T cell ratio; increases total lymphocyte count
and stimulates cytotoxic cells, natural killer cells, phago-
cytosis by macrophages, and mitogen responsiveness. The
immunostimulatory action of vitamin E renders it useful
for therapeutic enhancement of the immune response in
patients. Vitamin E’s effect on the immune system
depends on its interaction with other antioxidant and pre-
oxidant nutrients, polyunsaturated fatty acids, and other
factors that affect the immune response, including age and
stress. Vitamin E stimulation of immunity is particularly
important in the elderly in whom infectious disease and
tumor incidence increase with age. Vitamin E facilitates
host defense by inhibiting increases in tissue prostaglandin
synthesis from arachidonic acid during infection. In vitro,
vitamin E has been shown to stimulate IL-2 and interferon-
v by mitogen-stimulated lymphocytes. Vitamin E prevents
lipid peroxidation of cell membranes, which may be a
mechanism to enhance immune responses and phagocy-
tosis.

Zinc is an element of great significance to the immune
system as well as to other nonantigen-specific host defenses.
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The interleukins of the immune system play a role in zinc
distribution and metabolism in the body. As a constituent
of the active site in multiple metalloenzymes, zinc is
critical in chemical prothesis within lymphocytes and leu-
kocytes. Its role in the reproduction of cells is of critical
significance for immunological reactions since nucleic
acid synthesis depends, in part, on zinc metalloenzymes.
Zinc facilitates cell membrane modification and stabiliza-
tion. Zinc deficiency is associated with reversible dys-
function of T lymphocytes in man. It causes atrophy of
the thymus and other lymphoid organs and is associated
with diminished numbers of lymphocytes in the T cell
areas of lymphoid tissues. There is also lymphopenia.
Anergy develops in zinc-deficient patients; this signifies
disordered cell-mediated immunity as a consequence of
the deficiency. There is also a decrease in the synthesis
of antibodies to T cell-dependent antigens. In zinc defi-
ciency, there is a selective decline in the number of CD4+
helper T cells and a strikingly decreased proliferative
response to phytomitogens including PHA. Thymic hor-
monal function requires zinc. Deficiency of this element
is also associated with decreased formation of monocytes
and macrophages and with altered chemotaxis of granu-
locytes. Wound healing is impaired in these individuals
who also show greatly increased susceptibility to infec-
tious diseases, which are especially severe when they do
develop.

Zinc and immunity: Zinc is found in all tissues and fluids
of the body. It is mainly an intracellular ion with over 95%
found within cells; 60 to 80% of the cellular zinc is located
in the cytosol. About 85% of the total body zinc is present
in the skeletal muscle and bone. Zinc is absorbed all along
the small intestine but is taken up primarily in the jejunum.
Its function falls into three categories: catalytic, structural,
and regulatory. Catalytic roles are present in all six classes
of enzymes. Over 50 different enzymes require zinc for
normal activity, e.g., zinc metalloenzymes, in which its
role is usually structural. Regulation of gene expression
is also a significant biochemical function of zinc. Classic
symptoms of zinc deficiency in experimental animals
include retarded growth, depressed immune function, skin
lesions, depressed appetite, skeletal abnormalities, and
impaired reproduction. In humans, zinc deficiency causes
severe growth retardation and sexual immaturity. Acute
zinc toxicity may occur with intakes in the range of 1 to
2 g, which leads to gastric distress, dizziness, and nausea.
High chronic intakes from supplements (150 to 300 mg/d)
may impair immune function and reduce concentrations
of high-density lipoprotein cholesterol. High intakes of
zinc have been used to treat Wilson’s disease, a copper
accumulation disorder. Zinc is believed to induce synthesis
of metallothionein in the intestinal mucosal cells. Though
relatively nontoxic, chronic use of zinc supplements may
induce nutrient imbalances and physiological effects.



Diagnosis of zinc deficiency is difficult because of the
lack of a sensitive specific indicator of zinc status. Stress,
infection, food intake, short-term fasting, and the individ-
ual’s hormonal status all influence plasma zinc levels. Zinc
deficiency is best assessed by using a combination of
dietary, static, and functional signs of depletion. Red meat
and shellfish constitute the best food sources of zinc.

Iron and immunity: Iron has two effects on immune
function: (1) Micronutrients, such as iron, are redistributed
in the body during infection and (2) dietary iron deficiency
produces iron deficiency anemia and decreases immuno-
competence. Both iron deficiency and iron excess com-
promise the immune system.

A eukaryote is a cell or organism with a real nucleus
containing chromosomes encircled by a nuclear mem-
brane.

Genome: All genetic information that is contained in a
cell or in a gamete. It is the total genetic material found
in the haploid set of chromosomes.

Germ line refers to unaltered genetic material that is
transmitted from one generation to the next through
gametes. An individual’s germ line genes are those present
in the zygote from which it arose. It refers to unrearranged
genes rather than those rearranged for the production of
immunoglobulin or T cell receptor (TCR) molecules.

Genomic DNA is found in the chromosomes. See DNA.

DNA library refers to a gene library or clone library
comprised of multiple nucleotide sequences that are rep-
resentative of all sections of the DNA in a particular
genome. It is a random assemblage of DNA fragments
from one organism, linked to vectors and cloned in an
appropriate host. This prevents any individual sequence
from being systematically excluded. Adjacent clones will
overlap, and cloning large fragments helps to ensure that
the library will contain all sequences. The DNA to be
investigated is reduced to fragments by enzymatic or
mechanical treatment, and the fragments are linked to
appropriate vectors such as plasmids or viruses. The
altered vectors are then introduced into host cells. This is
followed by cloning. Transcribed DNA fragments termed
exons and nontranscribed DNA fragments termed introns
or spacers are part of the gene library. A probe may be
used to screen a gene library to locate specific DNA
sequences.

The term gene bank is a synonym for DNA library.

Hairpin loop describes the looped structure of hairpin
DNA.

Kilobase (kb): 1000 DNA or RNA base pairs.
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That segment of a strand of DNA responsible for coding is
known as an exon. This continuous DNA sequence in a gene
encodes the amino acid sequence of the gene product. Exons
are buttressed on both ends by introns, which are noncoding
regions of DNA. The coding sequence is transcribed in
mature mRNA and subsequently translated into proteins.
Exons produce folding regions, functional regions, domains,
and subdomains. Introns, which are junk DNA, are spliced
out. They constitute the turns or edges of secondary structure.

An intron is a structural gene segment that is not tran-
scribed into RNA. Introns have no known function and
are believed to be derived from “junk” DNA.

Intervening sequence: See intron.

An inverted repeat is a complementary sequence seg-
ments on a single strand of DNA. It is a palindrome when
an inverted repeat’s halves are placed side by side.

A palindrome is a DNA segment with dyad symmetrical
structure. When read from 5’ to the 3’, it reveals an equiv-
alent sequence whether read from forward or backward
or from left or right. The base sequence in one strand is
identical to the sequence in the second strand.

TATA box: An oligonucleotide sequence comprised of
thymidine-adenine-thymidine-adenine found in numerous
genes that are transcribed often or rapidly.

DNA polymerase is an enzyme that catalyzes DNA syn-
thesis from deoxyribonucleotide triphosphate by employ-
ing a template of either single- or double-stranded DNA.
This is termed DNA-dependent (direct) DNA polymerase
in contrast to RNA-dependent (direct) DNA polymerase
which employs an RNA template for DNA synthesis.

DNA polymerase I is DNA-dependent DNA polymerase
whose principal function is in DNA repair and synthesis.
It catalyzes DNA synthesis in the 5" to 3" sense. It also
has a proofreading function (3" — 5" exonuclease) and a
5" — 3’ exonuclease activity.

DNA polymerase II is DNA-dependent DNA polymerase
in prokaryotes. It catalyzes DNA synthesis in the 5" to 3’
sense, has a proofreading function (3" — 5" exonuclease),
and is thought to play a role in DNA repair.

DNA polymerase III is DNA-dependent DNA poly-
merase in prokaryotes that catalyzes DNA synthesis in the
5" to 3’ sense. It is the principal synthetic enzyme in DNA
replication. It has a proofreading function (3" — 5" exo-
nuclease) and 5° — 3’ exonuclease activity.

DNA-dependent RNA polymerase is an enzyme that
participates in DNA transcription. With DNA as a tem-
plate, it catalyzes RNA synthesis from the ribonucleoside-
5’-triphosphates.



DNA nucleotidylexotransferase (terminal
deoxynucleotidyl-transferase [TdT]): DNA polymerase
that randomly catalyzes deoxynucleotide addition to the
3’-OH end of a DNA strand in the absence of a template.
It can also be employed to add homopolymer tails. Imma-
ture T and B lymphocytes contain TdT. The thymus is rich
in TdT, which is also present in the bone marrow. TdT
inserts a few nucleotides in T cell receptor gene and immu-
noglobulin gene segments at the V-D, D-J, and V-J junc-
tions. This enhances sequence diversity.

DNA ligase is an enzyme that joins DNA strands during
repair and replication. It serves as a catalyst in phosphod-
iester, binding between the 3’-OH and the 5’-PO, of the
phosphate backbone of DNA.

Deoxyribonuclease is an endonuclease that catalyzes
DNA hydrolysis.

Deoxyribonuclease I is an enzyme that catalyzes DNA
hydrolysis to a mono- and oligonucleotides mixture com-
prised of fragments terminating in a 5’-phosphoryl nucle-
otide.

Deoxyribonuclease II is an enzyme that catalyzes DNA
hydrolysis to a mono- and oligonucleotides mixture com-
prised of fragments terminating in a 3’-phosphoryl nucle-
otide.

Gene conversion is the recombination between two
homologous genes in which a local segment of one gene
is replaced by homologous segment of a second gene. In
avian species and lagomorphs, gene conversion facilitates
immunoglobulin receptor diversity principally through
homologous inactive V gene segments exchanging short
sequences with an active, rearranged variable-region gene.

Gene mapping refers to gene localization or gene order.
Gene localization can be in relationship to other genes or
to a chromosomal band. The term may also refer to the
ordering of gene segments.

Pseudogene refers to a sequence of DNA that is similar
to a sequence of a true gene but does not encode a protein
due to defects that inhibit gene expression. Thus, pseudo-
genes represent nonusable or junk DNA. They may result
from duplicated genes and have several defects as muta-
tions accumulate.

Genetic code refers to the codons, i.e., nucleotide triplets,
correlating with amino acid residues in protein synthesis.
The nucleotide linear sequence in mRNA is translated into
the amino acid residue sequence.

An open reading frame (ORF) is a length of RNA or
DNA that encodes a protein and may signal the identifi-
cation of a protein not described previously. An ORF
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begins with a start codon and does not contain a termina-
tion codon, but it ends at a stop codon.

An unidentified reading frame (URF) is an open read-
ing frame (ORF) that does not correlate with a defined
protein.

Nonproductive rearrangement refers to rearrangements
in which gene segments are joined out of phase leading
to failure to preserve the triplet-reading frame for transla-
tion. Nonproductive rearrangements of gene segments
encoding T and B cell receptors lead to failure to encode
a protein because the coding sequences are in wrong trans-
lational reading frame.

Complementarity is a genetic term that indicates the
requirement for more than one gene to express a trait.

Homologous recombination describes the exchange of
DNA fragments between two DNA molecules or chroma-
tids of paired chromosomes (during crossover) at the site
of identical nucleotide sequences.

Nuclear matrix proteins (NMPs) are substances that
organize the nuclear chromatin. They are associated with
DNA replication and RNA synthesis in hormone receptor
binding. Antibodies against NMPs react with nuclear
mitotic apparatus protein (NUMA). Thus, much of the
nuclear matrix is devoted to formation of the mitotic appa-
ratus (MA). NMPs participate in the cellular events that
result in programmed cell death or apoptosis.

A genotype is an organism’s genetic makeup. It consti-
tutes the combined genetic constituents inherited from
both parents and refers to the alleles present at one or
more specific loci. When referring to microinjected trans-
genics, mice can be homozygous (transgene is present on
only one chromosome in a pair), hemizygous (transgene
is present on only one chromosome in a pair), or wild type
(transgene is not present on either chromosome in a pair).
When referring to knockout mice, the correct term is
homozygous (sometimes called null mice).

Dominant phenotype: Trait manifested in an individual
who is heterozygous at the gene locus of interest.

A karyotype is the number and shape of chromosomes
within a cell. The karyotype may be characteristic for a
particular species.

Haploid refers to a single copy of each autosome and one
sex chromosome. This constitutes one set of unpaired
chromosomes in a nucleus. The adjective may also refer
to a cell containing this number of chromosomes.

Diploid is a descriptor to indicate dual copies of each
autosome and two sex chromosomes in a cell nucleus.



The diploid cell has twice the number of chromosomes in
a haploid cell.

An allele is one of the alternative forms of a gene at a
single locus on a chromosome that encodes the phenotypic
features of a certain inherited characteristic. The presence
of multiple alleles such as at the MHC locus leads to
polymorphism.

Pseudoalleles are genes that are closely linked but dis-
tinct. They have functional similarity and act as alleles in
complementation investigations. However, crossover stud-
ies may separate them.

Highly polymorphic describes genes with many alleles
and for which most subjects in a population are heterzy-
gotes.

Allelic dropout: In the amplification of a DNA segment
by the polymerase chain reaction, one of the alleles may
not be amplified, leading to the false impression that the
allele is absent. The phenomenon takes place at 82 to 90°C
in the thermocycler.

Heterozygosity refers to the presence of different alleles
at one or more loci on homologous chromosomes.

Heterozygous is the descriptor for individuals possessing
two different alleles of a particular gene.

GATA-2 gene is a gene that encodes a transcription factor
that is requisite for the development of lymphoid, eryth-
roid, and myeloid hematopoietic cell lineages.

Genetic polymorphism refers to variation in a population
attributable to the existence of two or more alleles of a gene.

A codon is a three-adjacent nucleotide sequence mRNA
that acts as a coding unit for a specific amino acid during
protein synthesis. The codon controls which amino acid
is incorporated into the protein molecule at a certain posi-
tion in the polypeptide chain. Out of 64 codons, 61 encode
amino acids and 3 act as termination codons.

Consensus sequence refers to the typical nucleic acid or
protein sequence where a nucleotide or amino acid residue
present at each position is that found most often during
comparison of numerous similar sequences in a specific
molecular region.

Ras: One of a group of 21-kDa guanine nucleotide-bind-
ing proteins with intrinsic GTPase activity that participates
in numerous different signal transduction pathways in a
variety of cells. Ras gene mutations may be associated
with tumor transformation. Ras is attracted to the plasma
membrane by tyrosine phosphorylated adaptor proteins dur-
ing T lymphocyte activation, where GDP-GTP exchange
factors activated. GTP-Ras then activates the MAP kinase
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cascade that results in fos gene expression and assembly of
AP-1 transcription factor. See small G proteins.

Polygenic is an adjective that refers to several nonallelic
genes encoding the same or similar proteins. It may also
signify any trait attributable to inheritance of more than
one gene.

Recombinant DNA is the physical union of two or more
strands of available DNA to form another DNA strand.
The term describes the exchange of DNA during meiosis,
mitosis, or gene conversion. It may also refer to DNA
strands produced in vitro.

Recombinant DNA technology is the technique of isolat-
ing genes from one organism and purifying and reproduc-
ing them in another organism. This is often accomplished
through ligation of genomic or cDNA into a plasmid or
viral vector where replication of DNA takes place.

Gene cloning refers to the use of recombinant DNA tech-
nology to replicate genes or their fragments.

Restriction endonuclease are bacterial products that
identify and combine with a short sequence of DNA. The
enzyme acts as molecular scissors by cleaving the DNA
at either the recognition site or at another location. Restric-
tion endonucleases catalyze degradation of foreign DNA.
They recognize precise base sequences of DNA and cut
it into relatively few fragments termed restriction frag-
ments. There are three major types of restriction endonu-
cleases. Type I enzymes identify specific base sequences
but cut the DNA elsewhere, i.e., approximately 1000 bp
from the recognition site. Type II enzymes identify spe-
cific base sequences and cut the DNA either within or
adjacent to these sequences. Type III endonucleases iden-
tify specific base sequences and cut the DNA approxi-
mately 25 bp from the recognition site.

An isoschizomer is one of several restriction endonu-
cleases derived from different organisms that identify the
same DNA base sequence for cleavage but do not always
cleave DNA at the same location in the sequence. Target
sequence methylation affects the action of isoschizomers
which are valuable in investigations of DNA methylation.

A restriction map is a diagram of either a linear or
circular molecule of DNA that indicates the points
where one or more restriction enzymes would cleave the
DNA. DNA is first digested with restriction endonu-
cleases, which split the DNA into fragments that can be
separated by gel electrophoresis. Size determination is
accomplished by comparison with DNA fragments of
known size.

RFLP (restriction fragment length polymorphism):
Denotes local DNA sequence variations of man or other



animals that may be revealed by the use of restriction endo-
nucleases. These enzymes cut double-stranded DNA at
points where they recognize a very specific oligonucleotide
sequence, resulting in DNA fragments of different lengths
that are unique to each individual animal or person. The
fragments of different sizes are separated by electrophore-
sis. The technique is useful for a variety of purposes such
as identifying genes associated with neurologic diseases
(e.g., myotonic dystrophy) which are inherited as autosomal
dominant genes or in documenting chimerism. The frag-
ments may also be used as genetic markers to help identify
the inheritance patterns of particular genes.

DNA fingerprinting is a method to demonstrate short,
tandem-repeated, highly specific genomic sequences
known as minisatellites. There is only a 1-in-30-billion
probability that two persons would have the identical DNA
fingerprint. It has greater specificity than RFLP analysis.
Each individual has a different number of repeats. The
insert-free wild-type M13 bacteriophage identifies the
hypervariable minisatellites. The sequence of DNA that
identifies the differences is confined to two clusters of 15-
bp repeats in the protein III gene of the bacteriophage.
The specificity of this probe, known as the Jeffries probe,
renders it applicable to human genome mapping, parent-
age testing, and forensic science.
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RNA may also be split into fragments by enzymatic
digestion followed by electrophoresis. A characteristic
pattern for that molecule is produced, which aids in iden-
tifying it.

DNA laddering: Endonucleases are activated during apop-
tosis. Activated endonucleases nick genomic DNA at
internucleosomal sites to produce DNA fragments. Not all
cell types generate uniformly nicked genomic DNA during
apoptosis. Following gel electrophoresis, DNA fragments
migrate in a pattern resembling a ladder with individual
bands differing by approximately 200 bp.

TdT is an abbreviation for terminal deoxynucleotidyl
transferase.

Terminal transferase: See DNA nucleotidyl exotrans-
ferase.

An allophenic mouse is a tetraparental, chimeric mouse
whose genetic makeup is derived from four separate par-
ents. It is produced by the association of two early eight
cell embryos that differ genetically. A single blastocyst
forms, it is placed in a pseudopregnant female uterus, and
is permitted to develop to term. Tetraparental mice are
widely used in immunological research.



3 Antigens and Immunogens

An infectious agent, whether a bacterium, fungus, virus,
or parasite, contains an abundance of substances capable
of inducing an immune response. These are called immu-
nogens or antigens. Specifically, an immunogen is a sub-
stance capable of stimulating B cell, T cell, or both limbs
of the immune response. An antigen is a substance that
reacts with the products of an immune response stimulated
by a specific immunogen, including both antibodies and/or
T lymphocyte receptors. The “traditional” definition of
antigen more correctly refers to an immunogen. A com-
plete antigen is one that both induces an immune response
and reacts with the products of it, whereas an incomplete
antigen or hapten is unable to induce an immune response
alone but is able to react with its products, e.g., antibodies.
Haptens could be rendered immunogenic by covalently
linking them to a carrier molecule.

Following the administration of an antigen (immunogen)
to a host animal, antibody synthesis and/or cell-mediated
immunity or immunologic tolerance may result. To be
immunogenic, a substance usually needs to be foreign,
although some autoantigens represent an exception. They
should usually have a molecular weight of at least 10,000
kDa and be either proteins or polysaccharides. Neverthe-
less, immunogenicity depends upon the genetic capacity
of the host to respond rather than merely depending upon
the antigenic properties of an injected immunogen.

The specific parts of antigen molecules that elicit immune
reactivity are known as antigenic determinants or epitopes.
Even the earliest investigators in immunology recognized
that small molecular weight substances such as simple
chemicals could react with the products of an immune
response but were not themselves immunogenic. These
were termed haptens. Thus, a hapten is a relatively small
molecule which by itself is unable to elicit an immune
response when injected into an animal but is capable of
reacting in vitro with an antibody specific for it. However,
a hapten may be covalently linked to a carrier macromole-
cule such as a foreign protein that renders it immunogenic,
and can form new antigenic determinants. Haptens often
have highly reactive chemical groupings which permit them
to autocouple with a substance such as a tissue protein. This
type of reaction occurs in individuals who develop contact
hypersensitivity to poison ivy or poison oak.

An antigenic determinant (Figure 3.1) interacts with the
specific antigen-binding site in the variable region of an
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antibody molecule known as a paratope. The excellent fit
between epitope and paratope is based on their three-
dimensional interaction and noncovalent union. An anti-
genic determinant or epitope may also react with a T cell
receptor for which it is specific. A single antigen molecule
may have several different epitopes. Whereas an epitope
interacts with the antigen binding region of an antibody
molecule or with the T cell receptor, a separate region of
the antigen that combines with class II MHC molecules
is known as an agretope.

Antigenic determinants may be either conformational or lin-
ear. A conformational determinant is produced by spatial
juxtaposition during folding of amino acid residues from
different segments of the linear amino acid sequence. Con-
formational determinants are usually associated with natural
rather than denatured proteins. A linear determinant is one
produced by adjacent amino acid residues in the covalently
sequenced proteins. They are usually available for interaction
with an antibody only following denaturation of a protein
and are not customarily in the native configuration. Antigenic
determinants or epitopes are sometimes called immunodom-
inant groups. In contrast to the natural antigens that constitute
part of a microbe, one derived exclusively by laboratory syn-
thesis and not obtained from living cells is termed a synthetic
antigen (Figure 3.2). Synthetic polypeptide antigens have a
backbone consisting of amino acids that usually include
lysine. Side chains of different amino acids are attached
directly to the backbone and then elongated with a homopoly-
mer or, conversely, attached via the homopolymer. Side
chains have contributed much to our knowledge of epitope
structure and function. Side chains have well-defined speci-
ficities determined by the particular arrangement, number,
and nature of the amino acid components of the molecule,
and they may be made more complex by further coupling to
haptens or derivatized with various compounds. The size of
the molecule is less critical with synthetic antigens than with
natural antigens. Thus, molecules as small as those of p-
azobenzenearsonate coupled to three L-lysine residues
(mol wt 750 kDa) or even of p-azobenzenearsonate-N-
acetyl-L-tyrosine (mol wt 451 kDa) may be immunogenic.
Specific antibodies are markedly stereospecific, and there is
no crossreaction between them, e.g., poly-p-alanyl and poly-
L-alanyl determinants. Studies employing synthetic antigens
demonstrated the significance of aromatic, charged amino
acid residues in proving the ability of synthetic polypeptides
to induce an immune response.
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FIGURE 3.2 Synthetic polypeptide antigen with multichain
copolymer (phe, G)-A-L.

An antigen molecule has two or more epitopes (or anti-
genic determinants) per molecule. Epitopes consists of
approximately six amino acids or six monosaccharides.
Epitopes that stimulate a greater antibody response than
others are referred to as immunodominant epitopes.

The principal chemical features of antigens include their
large size, complexity, and ability to be degraded by
enzymes within phagocytes. Most antigens are of 10,000
kDa or greater molecular weight. Exceptions include such
substances as insulin with 5700 kDa. Antigenicity is usu-
ally more easily demonstrated with molecules of greater
molecular weight. However, size alone does not make the
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molecule antigenic. It must have a certain amount of inter-
nal structural complexity. Linear polymers of polylysine
comprised of a repeating simple structure are not antigenic.
The majority of protein antigens contain 20 different amino
acids in an assorted arrangement. Oligosaccharides com-
prised of both monosaccharides and complex sugars are
antigenic. The antigen must also be degradable by phago-
cytes to be antigenic. Antigen processing includes enzy-
matic digestion to prepare soluble macromolecular antigen.
Substances such as b-amino acid polypeptides that cannot
be degraded in phagocytes are not antigenic even though
they might otherwise possess the characteristics of anti-
gens. Foreignness is another characteristic that is critical
for antigenicity. We do not respond to our own self-anti-
gens because we are immunologically tolerant of them.
During development, the body becomes tolerant of self-
antigens as well as foreign antigens that may have been
artificially introduced into the host prior to development
of the immune system. The latter situation describes the
induction of actively acquired immunologic tolerance,
which was discovered by Medawar, Billingham, and Brent
in the 1950s in studies on skin grafting. They inoculated
fetal or newborn mice with cells of a different mouse strain
prior to development of immunologic competence in the
recipients. Once the recipient mice reached maturity, they
were able to accept skin grafts from the donor strain with-
out rejecting them. Since that time, many studies have been
conducted defining the nature of T cell and B cell tolerance.
In general, T cells are rendered tolerant with lower doses
of antigen and for longer periods of time than are B cells.
B cell tolerance is for relatively brief duration and requires
much greater quantities of antigen than does T cell toler-
ance. Tolerance is a type of antigen-induced specific immu-
nosuppression and antigen must remain in contact with
immunocompetent cells for the tolerant state to be main-
tained. Tolerance induction is favored by the route of
administration and the physical nature of the injected anti-
gen. For example, the intravenous route of injection of
solubilized antigen favors tolerance induction. By contrast,
the injection of antigen in particulate form into the skin
favors the development of immunity. An antigen that
induces tolerance is often referred to as a tolerogen.

To mount an immune response to an antigen, a host must
have appropriate immune response (Ir) genes. This has been
proven in animal studies in which inbred strain-2 guinea
pigs were shown to be responders whereas strain-13 were
not. Lymphocyte proteins in man encoded by Ir genes
include the class II MHC molecules designated DP, DQ,
and DR that are found on human B cells and macrophages.
This enables recognition among B cells, T cells, and mac-
rophages. Antigens may be classified as either T cell depen-
dent (TD) or T cell independent (TI). As shown in
Figure 3.1, TD antigens are much more complex than TI
antigens, are usually proteins, stimulate a full complement



of immunoglobulins with all five classes represented, elicit
an anamnestic or memory response, and are present in most
pathogenic microorganisms. This ensures that an effective
immune response can be generated in a host infected with
these pathogens. By contrast, the simpler TI antigens are
often polysaccharides or lipopolysaccharides that elicit only
an IgM response and fail to stimulate an anamnestic
response compared with T cell dependent antigens.

A homopolymer is a molecule comprised of repeating
units of only one amino acid.

An antigen is a substance that reacts with the products of an
immune response stimulated by a specific immunogen,
including both antibodies and/or T lymphocyte receptors. It
is presently considered to be one of many kinds of substances
with which an antibody molecule or T cell receptor may bind.
These include sugars, lipids, intermediary metabolites, auto-
coids, hormones, complex carbohydrates, phospholipids,
nucleic acids, and proteins. By contrast, the traditional defi-
nition of antigen is a substance that may stimulate B and/or
T cell limbs of the immune response and react with the
products of that response, including immunoglobulin anti-
bodies and/or specific receptors on T cells. (See definition of
immunogen.) The traditional definition of antigen more cor-
rectly refers to an immunogen. A complete antigen is one
that both induces an immune response and reacts with its
products, whereas an incomplete antigen or hapten is unable
to induce an immune response alone but is able to react with
its products, e.g., antibodies. Haptens could be rendered
immunogenic by covalently linking them to a carrier mole-
cule. Following the administration of an antigen (immuno-
gen) to a host animal, antibody synthesis and/or cell-mediated
immunity or immunologic tolerance may result. To be immu-
nogenic a substance usually needs to be foreign, although
some autoantigens represent an exception. They should usu-
ally have a mol wt of at least 1000 kDa and be either proteins
or polysaccharides. Nevertheless, immunogenicity depends
also upon the genetic capacity of the host to respond to, rather
than merely upon the antigenic properties of, an injected
immunogen.

A superantigen is an antigen such as a bacterial toxin
that is capable of stimulating many CD4+ T cells, leading
to the release of relatively large quantities of cytokines.
Selected bacterial toxins may stimulate all T lymphocytes
in the body that contain a certain family of V 3 T cell
receptor genes. Superantigens may induce proliferation of
10% of CD4+* T cells by combining with the T cell receptor
V B and to the MHC HLA-DR -1 domain. Superantigens
are thymus-dependent (TD) antigens that do not require
phagocytic processing. Instead of fitting into the T cell
receptor (TCR) internal groove where a typical processed
peptide antigen fits, superantigens bind to the external
region of the o TCR and simultaneously link to DP, DQ,
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or DR molecules on antigen-presenting cells. Superanti-
gens react with multiple TCR molecules whose peripheral
structure is similar. Thus, they stimulate multiple T cells
that augment a protective T and B cell antibody response.
This enhanced responsiveness to antigens such as toxins
produced by staphylococci and streptococci is an impor-
tant protective mechanism in the infected individual. Sev-
eral staphylococcal enterotoxins are superantigens and
may activate many T cells, resulting in the release of large
quantities of cytokines that provoke pathophysiologic
manifestations resembling endotoxin shock.

Abrin is a powerful toxin and lectin used in immunolog-
ical research by Paul Ehrlich (circa 1900). It is extracted
from the seeds of the jequirity plant and causes aggluti-
nation of erythrocytes.

An alloantigen is an antigen present in some members or
strains of a species but not in others. Alloantigens include
blood group substances on erythrocytes and histocompat-
ibility antigens present in grafted tissues that stimulate an
alloimmune response in the recipient not possessing them,
as well as various proteins and enzymes. Two animals of
a given species are said to be allogeneic with respect to
each other. Alloantigens are commonly products of poly-
morphic genes.

Bovine serum albumin (BSA) is from the blood sera of
cows and has been used extensively as an antigen in exper-
imental immunologic research.

A soluble antigen is an antigen solubilized in an aqueous
medium.

Toxins are poisons that are usually immunogenic and
stimulate production of antibodies, termed antitoxins, with
the ability to neutralize the harmful effects of the particular
toxins eliciting their synthesis. The general groups of tox-
ins include: (1) bacterial toxins — those produced by
microorganisms such as those causing tetanus, diphtheria,
botulism, and gas gangrene, as well as toxins of staphy-
lococci, (2) phytotoxins — plant toxins such as ricin of
the castor bean, crotein, and abrin derived from the Indian
licorice seed, Gerukia, and (3) zootoxins — snake, spider,
scorpion, bee, and wasp venoms.

Supratypic antigen is an inclusive term to describe an
antigenic mosaic that can be separated into smaller but
related parts called inclusions, splits, and subtypic anti-
gens. Bw4 and Bw6 are classic examples of supertypic
antigens. This implies that an antibody that detects Bw4
will also react with all antigens associated with Bw4, and
an antibody that detects Bw6 will also react with all anti-
gens associated with Bwo6.

Supratypic antigen: See public antigen.



Venom is a poisonous or toxic substance produced by
selected species such as snakes, arthropods, and bees. The
poison is transmitted to the recipient through a bite or
sting. At least 100 species of fish inject venoms that are
hazardous to humans. These include sharks, rays, catfish,
weever fish, scorpion fish, and stargazers.

T-dependent antigen: See thymus-dependent antigen.

TFA antigens are antigens in rabbits and rats that result
from changes in liver cell components as a consequence of
exposure to the anesthetic halothane. Rats that were admin-
istered halothane intraperitoneally expressed maximum
amounts of the 100-, 76-, 59- and 57-kDa antigens after 12
h. The antigens were still detectable after 7 d. TFA antigen
expression varies in humans as a consequence of variability
of hepatic cytochrome P-450 isoenzyme profiles.

T-independent antigen: See thymus-independent antigen.

Biochemical sequestration refers to antigenic determi-
nants hidden in a molecule which may be unable to act
as immunogens or to react with antibody. Structural alter-
ations in the molecule may render them identifiable and
capable of serving as immunogens.

HSA is the abbreviation for human serum albumin, an
antigen commonly used in experimental immunology.

Tetanus toxoid consists of formaldehyde-detoxified tox-
ins of Clostridium tetani. It is an immunizing preparation
to protect against tetanus. Individuals with increased like-
lihood of developing tetanus as a result of a deep, pene-
trating wound with a rusty nail or other contaminated
instrument are immunized by subcutaneous inoculation.
The preparation is available in both fluid and adsorbable
forms. It is included in a mixture with diphtheria toxoid
and pertussis vaccine and is known as DTP, DPT, or triple
vaccine. It is employed routinely to immunize children
less than 6 years old.

An antigenic peptide is a peptide that is able to induce
an immune response and one that complexes with MHC,
thereby permitting its recognition by a T cell receptor.

Ovalbumin (OA) is a protein derived from avian egg
albumin (the egg white). It has been used extensively as
an antigen in experimental immunology.

Antigenic profile is the total antigenic content, structure,
or distribution of epitopes of a cell or tissue.

End-binders are selected anticarbohydrate specific anti-
bodies that bind the ends of oligosaccharide antigens, in
contrast to those that bind the sides of these molecules.

A pneumococcal polysaccharide is a polysaccharide
found in the Streptococcus pneumoniae capsule that is a
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type-specific antigen. It is a virulence factor. Serotypes of
this microorganism are based upon different specificities
in the capsular polysaccharide which is comprised of oli-
gosaccharide-repeating units. Glucose and glucuronic acid
are the repeating units in type III polysaccharide.

A capsular polysaccharide is a constituent of the protec-
tive coating around a number of bacteria such as the pneu-
mococcus (Streptococcus pneumoniae), which is a
polysaccharide chemically, and stimulates the production
of antibodies specific for its epitopes. In addition to the
pneumococcus, other microorganisms such as Strepto-
cocci and certain Bacillus species have polysaccharide
capsules.

SSS III: One of more than 70 types of specific soluble
substances comprising the polysaccharide in capsules of
Streptococcus pneumoniae, commonly known as the
pneumococcus. It was used extensively by Michael
Heidelberger and associates in perfecting the quantitative
precipitation reaction.

A crossreacting antigen is an antigen that interacts with
an antibody synthesized following immunogenic chal-
lenge with a different antigen. Epitopes shared between
these two antigens or epitopes with a similar stereochem-
ical configuration may account for this type of crossreac-
tivity. The presence of the same or of a related epitope
between bacterial cells, red blood cells, or other types of
cells may crossreact with an antibody produced against
either of them.

Carbohydrate antigens: The best known carbohydrate
antigen is the specific soluble substance of the capsule of
Streptococcus pneumoniae which is immunogenic in
humans. Heidelberger developed the first effective vaccines
against purified pneumococcal polysaccharide in the early
1940s which were used in the treatment of pneumonia
caused by these microorganisms, yet interest in the vaccine
waned as antibiotics were developed for treatment. With
increased resistance of bacteria to antibiotics, however,
there is a renewed interest in immunization with polysac-
charide-based vaccines. Polysaccharides alone are rela-
tively poor immunogens, especially in infants and in immu-
nocompromised hosts. Pneumococci have 84 distinct
serotypes, which further complicates the matter. Polysac-
charides are classified as T cell-independent immunogens.
They fail to induce immunologic memory, which is needed
for booster responses in an immunization protocol. Only a
few B cell clones are activated, leading to restricted yet
polyclonal heterogeneity. The majority of polysaccharides
can induce tolerance or unresponsiveness and fail to induce
delayed-type hypersensitivity. Polysaccharide immunoge-
nicity increases with molecular weight. Those polysaccha-
rides that are less than 50 kDa are nonimmunogenic. Thus,
immunization with purified polysaccharides has not been



as effective as desired. The covalent linkage of a polysac-
charide or of its epitopes to a protein carrier to form a
conjugate vaccine has facilitated enhancement of immuno-
genecity in both humans and other animals, and induces
immunologic memory. Antibodies formed against the con-
jugate vaccine are protective and bind the capsular
polysaccharide from which they were derived. An example
of this type of immunogen is HIV polysaccharide linked
to tetanous toxoid, which has been successful in infant
immunization.

Immunogenic carbohydrates: Carbohydrates are impor-
tant in various immunological processes that include
opsonization and phagocytosis of microorganisms, and
cell activation and differentiation. They exert their effects
through interactions with carbohydrate-binding proteins
or lectins that have a widespread distribution in mamma-
lian tissues, including the immune system. Immunogenic
carbohydrates are usually large polymers of glucose (glu-
cans and lentinans), mannose (mannans), xylose, (hemi-
celluloses), fructose (levans), or mixtures of these sugars.
Complex carbohydrates may stimulate the immune system
by activating macrophages with fungal glycans or stimu-
lating T cells with lentinan. Acemannin activates macro-
phages and T cells, thereby influencing both cellular and
humoral immunity. Glucans stimulate immunity against
bacterial diseases by activating macrophages and stimu-
lating their lysosomal and phagocytic activity. Complex
carbohydrates may activate the immune systems of
patients or experimental animals with neoplastic diseases.
Some mannans and glucans are powerful anticancer
agents. Lentinin derived from an edible mushroom has an
antineoplastic effect against several different allogeneic
and syngeneic tumors without mediating cytotoxicity of
the tumor cells. Mannans derived from yeast also have a
significant antitumor effect, as do levans that activate not
only macrophages but B and T cells as well. Pectin is a
gallactose-containing carbohydrate concentrated in citrus
and has an antitumor effect.

In immunology, the term repeating units refers to antigens
in which macromolecular configurations are repeated,
such as the repeating units of -1,4-glucose--1,3-glucu-
ronic acid in type III pneumococcus polysaccharide.
Polysaccharide antigens in the cell walls of Gram-negative
bacteria also contain repeating structures. Antigens with
this type of configuration are often thymus-independent
antigens.

Biovin antigens are Salmonella O antigens. These carbo-
hydrate—lipid—protein complexes withstand trichloroace-
tic acid treatment.

A differentiation antigen is an epitope that appears at
various stages of development or in separate tissues. This
cell surface antigenic determinant is present only on cells
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of a particular lineage and at a particular developmental
stage; it may serve as an immunologic marker.

Immunopotency is the capability of a part of an antigen
molecule to function as an epitope and induce the synthe-
sis of specific antibodies.

Serum albumin is the principal protein in serum or
plasma. It is soluble in water as well as in partially con-
centrated salt solution such as 50% saturated ammonium
sulfate solution. It is coagulated by heat. It accounts for
much of the plasma colloidal osmotic pressure. Serum
albumin functions as a transport protein for fatty acids,
bilirubin, or other large organic anions. It also carries
selected hormones, including cortisol and thyroxine, and
many drugs. It is formed in the liver, and levels in the
serum decrease when there is protein malnutrition or sig-
nificant liver and kidney disease. When the pH is neutral,
albumin has a negative charge, causing its rapid movement
toward the anode during electrophoresis. It is comprised
of a single 585-amino acid residue chain and has a con-
centration of 35 to 55 mg/ml. Bovine serum albumin
(BSA) and selected other serum albumins have been used
as experimental immunogens in immunologic research.

BSA is the abbreviation for bovine serum albumin.
Lipopolysaccharide (LPS): See endotoxin.

An eclipsed antigen is an antigen such as one from a
parasite, which so closely resembles host antigens that it
fails to stimulate an immune response.

Embryonic antigens are protein or carbohydrate anti-
gens synthesized during embryonic and fetal life that are
either absent or formed in only minute quantities in nor-
mal adult subjects. Alpha fetoprotein (AFP) and carcino-
embryonic antigen (CEA) are fetal antigens that may be
synthesized once again in large amounts in individuals
with certain tumors. Their detection and level during the
course of the disease and following surgery to remove a
tumor, reducing the antigen level, may serve as a diagnos-
tic and prognostic indicator of the disease process. Blood
group antigens, such as the il, which are reversed in their
levels of expression in the fetus and in the adult, may
show a reemergence of i antigen in adults in patients with
thalassemia and hypoplastic anemia. Cold autoaggluti-
nins specific for i may be found in infectious mononu-
cleosis patients. Common acute lymphoblastic leukemia
antigen (CD10) is rarely found on peripheral blood cells
of normal subjects, whereas as CALLA’ cells coexpress-
ing IgM and CD19 molecules may be found in fetal bone
marrow and peripheral blood samples. CD10 may be
expressed in children with common acute lymphoblastic
leukemia.

An exoantigen is a released antigen.



Glycosylphosphatidylinositol- (GPI)-linked membrane
antigens comprise a class of cell surface antigens attached
to the membrane by glycosylphosphatidylinositol. Mono-
clonal antibody studies indicate that in both human and
murine subjects GTI-linked antigens are capable of stim-
ulating T cells and sometimes B cells. Structurally they
are diverse. See also Ly-5 and Qa-2.

Halothane antigens are antigenic determinants that result
from the action of halothane on rabbit and rat liver cell
components. Also referred to as TFA antigens.

p-amino acid polymers are synthetic peptides (and
polypeptides) that are antigenic. They are found very
infrequently in living organisms.

Heat-aggregated protein antigen refers to the partial
denaturation of a protein antigen by mild heating. This
diminishes the protein’s solubility but causes it to express
new epitopes. An example is the greater reactivity of rheu-
matoid factor (e.g., [gM anti-IgG autoantibody) with heat-
aggregated 7y globulin than with unheated y globulin.

A heteroantigen is an antigen that induces an immune
response in a species other than the one from which it was
derived.

Heterogenetic antigen: See heterophile antigen.
A heterologous antigen is a crossreacting antigen.
Functional antigen: See protective antigen.

A homologous antigen is an antigen (immunogen) that
stimulates the synthesis of an antibody and reacts specif-
ically with it.

Hot antigen suicide: The labeling of an antigen with a
powerful radioisotope such as 3T proves lethal upon con-
tact with antigen-binding cells that have receptors specific
for it. This leads to a failure to synthesize antibodies specific
for that antigen, provided the antigen-binding and antibody-
synthesizing cells are one and the same. Hot antigen suicide
supports the clonal selection theory of antibody formation.

Inaccessible antigens: See hidden determinant (epitopes).

Hemocyanin is a blood pigment that transports oxygen
in invertebrates. In immunology, hemocyanin of the key-
hole limpet has been widely used as an experimental
antigen.

Keyhole limpet hemocyanin (KLH) is a traditional anti-
gen widely used as a carrier in studies on immune respon-
siveness to haptens. This respiratory pigment containing
copper is found in mollusks and crustaceans. It is usually
immunogenic in vertebrate animals.

KLH is the abbreviation for keyhole limpet hemocyanin.
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Nontissue-specific antigen is an antigen that is not con-
fined to a single organ but is distributed in more than one
normal tissue or organ, such as nuclear antigens.

Surface antigens are epitopes on a cell surface such as
the bacterial antigens Vi and O.

Whereas an artificial antigen is prepared by chemical
modification of a natural antigen, a synthetic antigen
(Figure 3.2) is derived exclusively by laboratory synthesis
and not obtained from living cells.

Polyclonal activators are agents that stimulate numerous
lymphocytes without regard to their antigen specificity. The
proliferating cells produce products such as immunoglobu-
lins or cytokines. The proliferating cells lack cell-to-cell col-
laboration, which reduces mutations on polyclonal activators.
Polyclonal activators use different activation pathways than
antigen-stimulated lymphocytes, although pathways overlap
and interact. There are numerous polyclonal activators that
have different mechanisms of action on cells of immune
systems. Among the polyclonal activators are mitogenic lec-
tins that bind polysaccharides of surface structures such as
PHA, Con-A, and PWM; bacterial cell wall products that
bind lymphocyte receptors, such as lipopolysaccharide
(LPS); calcium ionophores that alter calcium signals; phos-
phorylation modifiers that increase stimulatory phosphoryla-
tion events, such as phorbol myristate acetate; antigen-recep-
tor ligands that bind to nonvariable parts of the receptor
mechanism, such as staphylococcal protein A; ligands for
costimulatory molecules that bind to lymphocytes and favor
stimulation, such as anti-CD40 and CD40L; and transform-
ing agents that infect cells and cause continued growth or
activation, such as HIV. Monoclonal activators can be used
to access the functional status of a particular lymphocyte
population. Some polyclonal activators require more than one
type of cell and may even induce inhibition and inactivation
lymphocytes. Numerous interactions occur between antigen-
specific and polyclonal forms of lymphocyte activation and
inactivation. Costimulation and coinhibition regulates spe-
cific immune responses. Defects in signals in these various
interactions, especially defects in signaling associated with
antagonism and coinhibition, may predispose to autoimmune
disease.

Phorbol ester(s) are esters of phorbol alcohol (4,9,12-
b,13,20-pentahydroxy-1,6-tigliadien-3-on) found in cro-
ton oil and myristic acid. Phorbol myristate acetate
(PMA), which is of interest to immunologists, is a phorbol
ester that is 12-O-tetradecanoylphorbol-13-acetate (TPA).
This is a powerful tumor promoter that also exerts ple-
otrophic effects on cells in culture, such as stimulation of
macromolecular synthesis and cell proliferation, induction
of prostaglandin formation, alteration in the morphology
and permeability of cells, and disappearance of surface
fibronectin. PMA also acts on leukocytes. It links to and



stimulates protein kinase C. This leads to threonine and
serine residue phosphorylation in the transmembrane pro-
tein cytoplasmic domains such as in the CD2 and CD3
molecules. These events enhance interleukin-2 receptor
expression on T cells and facilitate their proliferation in
the presence of interleukin-1 as well as TPA. Mast cells,
polymorphonuclear leukocytes, and platelets may all
degranulate in the presence of TPA.

Dextrans are polysaccharides of high molecular weight
comprised of b-glucohomopolymers with o glycoside link-
ages, principally o-1,6 bonds. Dextrans serve as murine B
lymphocyte mitogens. Some dextrans may also serve as
thymus-independent antigens. Dextrans of relatively low
molecular weight have been used as plasma expanders.

Synthetic polypeptide antigens have a backbone consisting
of amino acids that usually include lysine. Side chains of
different amino acids are attached directly to the backbone
and then elongated with a homopolymer, or conversely,
attached via the homopolymer. They have contributed much
to our knowledge of epitope structure and function. They
have well-defined specificities determined by the particular
arrangement, number, and nature of the amino acid compo-
nents of the molecule, and they may be made more complex
by further coupling to haptens or derivatized with various
compounds. The size of the molecule is less critical with
synthetic antigens than with natural antigens. Thus, mole-
cules as small as those of p-azobenzenearsonate coupled to
three L-lysine residues (mol wt 750 kDa) or even of p-
azobenzenearsonate-N-acetyl-L-tyrosine (mol wt 451) may
be immunogenic. Specif