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Preface

In the past several decades we have made monumental
advances in our understanding of the workings of the
immune system. The cellular constituents of the im-
mune system have been identified, often through an
appreciation of cell-specific surface protein markers.
Often these “phenotypic markers” prove to represent
proteins that provide critical cell-specific functional
attributes. The precise identity and function of cell
surface and secreted proteins have been studied exhaus-
tively. The secreted factors, both preformed and newly
synthesized, profoundly alter the microenvironment in
which cell-cell and cell-stromal bilateral interactions
occur. This line of inquiry has yielded detailed and
perhaps unforeseen insights into the remarkable com-
plexity of the immune system.

In very recent years, a more refined and exacting
knowledge of the immune system has been garnered
through a structure/function analysis of important
immune system proteins, which increasingly reveal the
role individual genes play in immune system recogni-
tion and the attendant responses.

It was natural to anticipate that conceptual break-
throughs in understanding the afferent and effect limbs
of the immune response would rapidly translate from
the bench to the bedside. In fact, the advances at the
bench were not closely followed by dramatic changes
in the clinic. Until recently most therapeutic advances
were derived from bold and inspired empiricism or
even serendipity, rather than basic conceptual under-
standings. The initial clinical deployment of cortico-
steroids, antimetabolites, radiomimetics, and organ
transplantation preceded the definition of the dis-
tinctive cell-specific surface phenotypic markers of
T cells and B cells and of stromal and hematopoietic
cytokines. Nonetheless, a large community of immu-
nologist physician/scientists (including the editors) fer-
vently believed that given a solid understanding of the
basic workings of the immune system, new therapies

would follow through conceptual design. We believe
that we are now at this stage—*“our time” has come.
The pace at which new and increasingly effective
therapies have entered the clinic has quickened. It
would appear that sophisticated molecular approaches
are responsible. This perception has driven our efforts
to produce Therapeutic Immunology. Our library shelves
are well stacked with excellent works concerning basic
immunology, disease-oriented clinical immunology,
and organ-directed immunopathology. Less attention
has been paid to the therapies themselves. We hope
this book will provide a framework for understanding
the mechanism by which therapies—old, recent, incipi-
ent or embryonic, and anticipated—manipulate the
immune system to benefit the patient.

The task of organizing and editing a text with
multiple authors in order to address the range of
therapeutic interventions for diseases of immunologic
origin is complex and intimidating. We deeply appreci-
ate the support that we have received from the staff of
our individual offices. We thank Victoria Reeders,
Acquisitions Editor; Kathleen Broderick, Development
Editor; and Karen Feeney, Book Production Manager,
at Blackwell Science, for their support and wise coun-
sel. We are most appreciative of Ms. Arlene Stolper
Simon for the countless hours she spent editing various
chapters as well as the index, and in reviewing proofs.
Finally, we are particularly appreciative of the prodi-
gious effort that the authors provided in order to share
their knowledge with our readers, and to initiate this
volume that directs our attention to a key aspect of
immunologic diseases, namely their management.

K.FA.
S.LB.
ES\R,
TB.S.
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The Immune System

Baruj Benacerraf

The immune system directs defense mechanisms to
foreign, harmful invaders while preserving autologous
cells and tissues from injury. The defense mechanisms
include neutralization of toxins by antibody, phago-
cytosis of opsonized microorganisms by macrophages
and polymorphonuclear leukocytes, triggering of in-
flammatory phenomena through the release of active
mediators from T cells and mast cells, lysis of opsonized
cells and bacteria by molecules of the complement
system, and killing and lysis of target cells by specific
killer T cells and natural killer (NK) cells.

Nature had to resolve major problems to construct
an efficient immune system, including 1) how to
package in a single antibody or T-cell receptor the
structure to mediate defense mechanisms, such as
phagocytosis or lysis, as well as the specificity necessary
to recognize and react with the universe of foreign
molecules; 2) how to produce rapidly on initial or
repeated contacts antibody molecules capable of react-
ing with up to a million or more foreign molecules that
the organism had never encountered before; and 3)
how to protect autologous cells and tissues against such
a powerful and all-encompassing recognition system,
which must learn how to differentiate self from
nonself.

Two distinct immunologic systems with different
recognition characteristics have evolved to mediate
immune phenomena.

1. The antibodies or immunoglobulin molecules,
which react specifically with antigens in body fluids
and which are produced by B lymphocytes and plasma
cells for this purpose.

2. The immune cells or T (thymus-derived) lympho-
cytes, which recognize and react with antigen on the
surface of live, autologous, or foreign cells.

This latter system is also concerned with regulation
of the immune system through the synthesis and
secretion of lymphokines, and with the fundamental
responsibility of distinguishing self from nonself.

These two systems differ in their immunologic
specificities. Antibodies bind to determinants contrib-
uted by the native conformation of the antigen.

T-cell receptors are specific for internal sequential
determinants of protein antigens, which are generated
inside cells by a mechanism generally referred to as
“antigen processing” and which involve the denatura-
tion and unfolding of the antigen molecule by enzy-
matic action. In addition, most T-cell receptors are
restricted to recognize these peptides on the surface of
cells only when associated with transplantation anti-
gens of the major histocompatibility complex (MHC), a
process referred to as “presentation.”

Because optimal immune responses to protein anti-
gens, whether cellular or humoral, require the involve-
ment of antigen-specific helper T cells, the phenomena
of antigen processing and presentation are fundamental
requirements to initiate immune responses.

MAJOR HISTOCOMPATIBILITY COMPLEX

There are two classes of MHC molecules. Class I MHC
molecules, which are expressed on the surface mem-
brane of all cells, are destined to present peptides
generated in the cytosol from internally synthesized
proteins, displaying in this manner the identity of the
cell to the immune system. In contrast, class II MHC
molecules, which are expressed only on antigen-
presenting cells, macrophages, dendritic cells, and B
cells, are specialized in the presentation of peptides
generated from foreign antigens that pass through
lysosomes and endosomes (Fig 1.1). The structure of
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FIGURE 1.1 Schematic representation of an antigen-
presenting cell engaged in the processing of 1) foreign
antigens through the phagolysosome pathway to generate
the immunogenic peptides bound to class II major histo-
compatibility complex (MHC) molecules and 2) internal
proteins processed in the cytoplasm to generate peptides
bound by class 1 MHC molecules. The complexes of peptides
and MHC molecules are then expressed on the cell
membrane. (Endog. = endogenous.)

the two classes of MHC molecules differs slightly in a
manner related to their distinctive functions as well as
to the optimal size of the peptides they bind.

The commitment of T lymphocytes to recognize
foreign antigens only when associated with MHC
molecules occurs in the thymus where the immune
system learns to differentiate self from nonself. In the
thymus, T cells specific for autologous MHC molecules
are initially stimulated to expand clonally. Then those
cells specific for self MHC molecules associated with
autologous peptides are deleted. Only cells remain with
a high affinity for self MHC molecules plus foreign
peptides or for alloantigens of the MHC of the species.

Another most important aspect of MHC molecules is
their considerable polymorphism, which is why we
reject tissue from each other. The existence of a highly
polymorphic MHC complex and the commitment of T
cells to recognize antigen only in the context of
autologous MHC molecules has had two important
consequences: 1) the linkage of certain immunologic
diseases to select human leukocyte antigens, the hu-
man MHC and 2) the survival of the species against
any conceivable attack by potentially immunogenic
infectious agents. Certain individuals would always be
expected to be immunologically better adapted to
survive the challenge.

Cells of the immune system

The cells of the immune system are, first, those con-
cerned with antigen processing and presentation,

4 x INTRODUCTION

macrophages, dendritic cells, and Langerhans’ cells.
These cells are not immunologically specific.

The functions of macrophages are phagocytosis,
digestion, and destruction of phagocytized microorgan-
isms, especially when macrophages are activated; anti-
gen processing and presentation to T cells in the context
of class II histocompatibility antigens; and synthesis
and secretion of inflammatory cytokines such as
interleukin-1 (IL-1) and tumor necrosis factor (TNF).

Interleukin-1 is produced when the cell is activated
by T cells, antigen-antibody (Ag-Ab) complexes, or
bacterial products. Interleukin-1 is an important inflam-
matory molecule. It induces fever and the synthesis of
important defense molecules such as complement com-
ponents C2, C3, C4, and C5, factor B, interferon, and
important enzymes.

Macrophages are, therefore, critically important both
as the initiators of immune responses by presenting
antigen appropriately to T cells and as the effectors of
important defense mechanisms.

Second, there are immunologically specific cells, or
lymphocytes. Lymphocytes can be subdivided into two
classes: B lymphocytes and T lymphocytes. B lympho-
cytes synthesize immunoglobulins and express them as
receptors for soluble intact antigens. T lymphocytes
consist of regulating cells, helper and suppressor T cells,
and effector T cells, such as cytolytic T cells (CTLs),
which destroy target cells bearing antigens for which
they are specific. T cells recognize antigen on the sur-
face of other cells, especially macrophages and den-
dritic cells. As stated earlier, T cells have receptors for
gene products of the MHC. They recognize and react
with foreign antigens only when presented as peptides
bound to autologous MHC molecules.

The major markers and distribution of human T cells
are listed in Table 1.1.

Third, there are plasma cells, which derive from
activated B lymphocytes. They do not divide. They lose
surface immunoglobulin during differentiation, but ac-
tively secrete monoclonal antibody of unique specificity
and a single isotype. They are short-lived cells unless
malignant, as in myelomas, and specialize as antibody
producers and secretors.

Fourth, there are NK cells, which are not immuno-
logically specific. Natural killer cells have strong Fc
receptors for immunoglobulin G (IgG); they can kill
antibody-coated nucleated cells. Natural killer cells can
also bind to and kill some tumor or virally infected cells
in the absence of antibody.

Other important effector cells activated by immune
mediators are 1) the polymorphonuclear leukocytes,
which are especially effective against antibody-coated
gram-positive pyogenic organisms; 2) the eosinophils,
which are especially effective in immunity against
parasitic infections; and 3) the mast cells, which release



Table 1.1. Major Markers and Distribution of
Human T Cells

SURFACE MOLECULE DISTRIBUTION

cD3 Mature thymocytes
All peripheral T cells

cb4 Majority of thymocytes
©07% of peripheral T cells
All helper T cells
Restricted to class I| MHC
molecules

CcD& Majority of thymocytes
30% of peripheral T cells
100% of suppressor and
cytolytic T cells
Restricted to class | MHC
molecules

MHC = major histocompatibility complex.

Table 1.2. Comparative Properties of B, T, and
NK Cells

B NK T

VARIABLE CELLS CELLS GELLS
Amount in blood 5-10% 5-10% &0-90%
Surface IgM, gD e = o
Surface lgG Very few + =
Binding of mono- o F =

meric lg
Stability of Stable Labile —

surface lg

lg = immunoglobulin; NK = natural killer.

vasoactive amines when activated by IgE antibody and
antigen.

Humoral immunity

After the injection of antigen, several days elapse
before specific antibodies can be detected in the se-
rum. The serum level of these antibodies, which
belong to the IgM class, rises to a peak in a few days
and then declines. This constitutes the primary anti-
body response.

When weeks or months later antigen is again in-
jected, a hastened secondary or anamnestic antibody
response occurs; antibody rises to a much higher serum
level, and declines more slowly after the peak. More-
over, the antibodies belong to the IgG class rather than
the IgM class. There has been a switch in antibody
class. Both primary and secondary antibody responses
are very heterogeneous, in regard to both specificity
and affinity of the antibodies. However, the secondary
response antibodies have a much greater affinity for the
antigen than the primary response antibodies. Thereby,
the immune system displays an ability to learn how to
produce better and more specific antibodies.

Primary and secondary responses reflect the clonal
expansion of B lymphocytes bearing immunoglobulin
(antibody) receptors uniquely specific for the antigen
and their differentiation into plasma cells that are
capable of producing and secreting large amounts of
antibody. This antibody is of identical specificity as the
antibody receptor on the original precursor B lympho-
cyte that was selected by the interaction with the
antigen. There are more than a million distinct B
lymphocytes bearing different antibodies for the anti-
gens to select from in a single individual.

Clonal selection theory of Burnet

To explain the great diversity of antibodies capable of
reacting with the enormous numbers of antigens in our
environment, Burnet proposed that genetic mecha-
nisms exist to code for and produce antibodies of
widely different specificities, but that antibody-
producing cells are clonally committed during differen-
tiation to produce a single homogeneous antibody of
unique specificity—a monoclonal antibody.

Furthermore, this process operates at random, so
that an enormous variety of monoclonal antibodies are
produced previous to the introduction of any antigen,
each antibody by a different clone. The antigen, in the
course of immunization, selects specific lymphocyte
clones by interacting with their immunoglobulin recep-
tors and activates them to replicate and expand the
population of antigen-stimulated clones. The differentia-
tion of the B cells then proceeds to antibody-secreting
plasma cells or memory cells. Burnet’s theory has been
verified to be absolutely correct in every aspect.

A most useful, practical application of the clonal
selection theory of Burnet is the development, many
years later, by Kohler and Milstein of the monoclonal
antibody technique, which has received widespread
application in biology and medicine.

Significance of immunologic specificity

The specificity of antigen-antibody reactions is based
on the spatial complementarity of the antibody-
combining site with the antigen determinant.
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