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Preface
In 1974 the Institute of Laboratory Animal Resources, National Research
Council, convened the Committee on Care and Use of the "Nude" Mouse to
prepare guidelines for maintaining, breeding, and rearing mice homozygous
for the autosomal recessive mutation "nude." These mice, which have thymic
aplasia and a developmental defect in hair growth, are difficult to maintain
because of their severely compromised T-cell immunity and, consequently,
their lack of resistance to many microbial diseases. With their increasing use
as animal models, especially in the fields of immunology, oncology, and
infectious diseases, it was recognized that guidelines were needed to ensure
the production and maintenance of healthy animals. The committee's 1976
report, Guide for the Care and Use of the Nude (Thymus-Deficient) Mouse in
Biomedical Research, provided such guidelines.
Since then many immunodeficient rodents have been identified, and the study
of these models has increased our understanding of the development and
function of the immune system. Concurrently, there has been a broadened
awareness of the increased susceptibility of immunodeficient rodents to
various infectious agents. New construction materials, shipping containers,
and animal-care equipment have helped to protect these animals from diseaseproducing agents. Many immunodeficient strains are now commercially
available in the pathogen-free state and are maintained under rigid qualityassurance programs to guarantee their microbial and genetic status. Each of
these innovations, however, places greater pressure on the users of these
models to plan in advance for their selection, transportation, housing, and
maintenance.
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The information contained in this volume is intended to assist investigators in
selecting appropriate models for immunologic research. Current knowledge
about the maintenance and breeding of these models is also included. The
Committee on Immunologically Compromised Rodents has designed this
book to be used in conjunction with several National Research Council
publications, particularly the Guide for the Care and Use of Laboratory
Animals, which was prepared by the Institute of Laboratory Animal
Resources (ILAR) and published in 1985 by the U.S. Department of Health
and Human Services.
The committee extends its appreciation to the contributors of this volume and
to the staff of ILAR, especially Dr. Dorothy Greenhouse and Judith
Grumstrup-Scott. Their dedication to and support of the committee have made
the publication of this document possible.
Fred W. Quimby, Chairman
Committee on Immunologically
Compromised Rodents
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1
Introduction
Each of the rodent strains and mutants described in this volume has some
defect in immunity. Some of the deficiencies, like that which occurs in the
nude mouse, are caused by single point mutations; others are complex
abnormalities involving multiple genes. Some of the mutations are allelic;
others, although exhibiting similar pathologic processes, are not. The ability
to establish these mutations in inbred strains and to develop congenic lines
has greatly enhanced the usefulness of these models and fostered a better
understanding of mutant gene effects. New techniques, such as DNA cloning
and sequencing, have allowed investigators to define precisely the
biochemical defect in several mutations. However, when these animals are
used, an understanding of mechanisms for ensuring genetic purity and a
knowledge of standardized nomenclature are essential.
The purpose of this volume is to summarize and furnish key references on the
genetics, pathophysiology, husbandry, and reproduction of various
immunodeficient rodent strains and mutants. To aid the reader in evaluating
these models, the organization and function of the mammalian immune
system are reviewed, and pertinent information on both gene markers and
standardized nomenclature is provided. In addition, the role of environmental
factors on normal immunologic functions is discussed.
Several of the mutants considered in this volume require strict isolation from
infectious agents, and one chapter (Chapter 4) is devoted to detailing isolation
procedures. Special approaches are necessary to propagate some of the
mutants, and another chapter (Chapter 5) discusses various mating systems.
Finally, the information in this document has been extracted from a
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body of literature spanning 20 years of research in immunology. Naturally,
during that time many synonyms and acronyms have emerged, and the
definitions of certain terms have been refined. To assist the reader with these
terms, the committee has prepared a table (see the Appendix) organizing the
rodent lymphocyte differentiation antigens into currently known cluster
designation groups and a glossary, arranged by abbreviation followed by the
complete name of each term.
Immune System Function
Host Defense Systems
All mammals live in a sea of microorganisms, which includes bacteria, fungi,
viruses, rickettsia, protozoa, and multicellular parasites. Many of these
organisms have the capacity to replicate within the animal's body and cause
disease; however, they are prevented from establishing an infection by a
complex system of interacting innate and adaptive immune mechanisms. The
innate defense system includes the integrity of the skin and mucous
membranes; mucous secretions; cilia of epithelial cells on mucous
membranes, which generate a mucous stream; nonspecific inflammatory
processes; phagocytic cells; large granular lymphocytes, which function as
natural killer cells; and biologically active molecules, such as histamine,
complement, and other acute-phase reactants. Innate defense mechanisms can
act alone to prevent the introduction of infectious agents into the body or to
survey the tissues for newly arising neoplastic cells that, once recognized, are
attacked. These nonspecific mechanisms also interact with specific (adaptive)
immune mechanisms by processing foreign material prior to its presentation
to lymphoid cells (afferent phase), amplifying relevant clones of lymphoid
cells (central phase), and assisting in the delivery of an immune-mediated
attack on foreign particles (efferent phase). When an infectious agent
successfully breaches the innate defense system, the adaptive immune system
is activated to mount an attack that is specific to the invading agent. A
mechanism of immunologic memory in the adaptive immune system
enhances the protection of the host against subsequent assaults by the same
agent.
The Nature of Adaptive Immunity
Through eons of selection, vertebrates have evolved a system of interacting
cells and molecular substances that operate in a coordinated fashion to deliver
16

an attack of exquisite specificity. This high degree of specificity is often
necessary to direct effector cells and substances against targeted agents
without also damaging bystander cells and tissues. However, in order to
achieve this degree of specificity, two major obstacles must first be overcome.
The
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first is the requirement for a system that can generate an enormous number of
unique recognition sites capable of binding to the myriad of potentially
harmful agents that animals encounter on a daily basis. The second obstacle is
to confine the action of this system to elements, both cellular and molecular,
that are foreign to the host. The adaptive immune system has developed novel
and very complex solutions to these problems.
The great complexity involved in generating immunologic specificity affords
opportunities for errors to arise in the system. These errors, although
relatively rare, are frequently devastating to the host. They may be
characterized by the inability of the host to eliminate or neutralize foreign
substances (immunodeficiency) or the failure to discriminate between self and
nonself (autoimmunity).
The adaptive immune system is composed of various functionally distinct
cells and their products. Cells of the lymphoid series play a principal role and
are characterized by the presence on the cell surface of distinct glycopeptides
that serve as developmental markers and functional receptors. Postnatally,
pluripotential hematopoietic stem cells reside in the bone marrow. Certain
committed lymphocyte precursors home to the thymus, where they interact
with thymic stromal cells and subsequently emerge as mature T cells,
expressing new surface markers (differentiation antigens). Surface molecules
on lymphocytes can be used to identify functional subpopulations of cells or
stages of maturation. Many of the surface glycoproteins of T cells play a key
role in cell-to-cell communication and in antigen recognition. Various T cells
are known to assist or suppress antibody synthesis by another set of
lymphocytes, B cells, or to engage in cytotoxic activity. T cells are the major
cell type involved in the defense against virus-infected cells, the rejection of
allogeneic cells and tissues, and delayed-type hypersensitivity reactions.
B cells differentiate along a pathway distinct from that for T cells and express
their own unique surface molecules. B cells produce immunoglobulin or
antibody. Each B cell is genetically precommitted to the production of
antibody with a defined structure and, therefore, with a defined specificity.
When a B cell proliferates, forming a clone, its daughter cells make precisely
the same antibody. As a B cell matures, it expresses a specific cell-surface
receptor for antigen. This receptor and the immunoglobulin that the B cell
will secrete at maturity have similar molecular structures and identical
binding specificities. There is a third group of cells, including dendritic and
18

Langerhans' cells and monocyte-macrophages, that function by presenting
antigen to T cells.
Once antibody is produced, it interacts with antigen and a variety of
nonspecific factors (i.e., complement, polymorphonuclear leukocytes, and
mast cells) that make up the innate defense system. These innate defense
system components direct and magnify the neutralizing effects of antibody on
a specifically targeted foreign substance. The recruitment of various
nonspecific
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factors in the efferent phase of the immune response greatly amplifies the
activity of antibody and is crucial for the development of effective bodily
defenses. An example of this interaction between antibody and a nonspecific
defense system is the activation of the complement pathway.
The complement system is characterized by an array of peptides, proenzymes,
enzymes, receptors, and biologically active effector molecules. This system,
which is made up of a minimum of 20 components, interacts through at least
two separate pathways (cascades) to achieve a major biological amplification
of the action of specific antibody molecules. The fragments of several of these
peptides enhance phagocytosis and chemotaxis and alter vascular
permeability. The formation of a membrane attack complex (a complex
molecule composed of five complement components) on the surface of a
eukaryotic cell induces a structural alteration of the plasma membrane,
resulting in cytolysis. A similar mechanism has been shown to be effective on
some prokaryotic cells. The complement system, operating in conjunction
with other components of the innate immune system (i.e., segmented
neutrophils and other host systems, including the coagulation and fibrinolytic
enzyme systems), can induce an acute inflammatory response in areas of
microbial invasion.
Immunologic Specificity
The specificity imparted on the adaptive immune system involves the
production and surface display of receptors capable of binding unique
epitopes found on foreign cells, microbes, and substances. Structurally
different but functionally similar receptors are found on B and T lymphocytes.
Each mature B cell has a surface receptor that is encoded by the same genes
as the immunoglobulin it is capable of secreting. It is estimated that more than
1 million different immunoglobulin molecules are produced by the B cells of
individual mice and humans (and most likely all other mammalian species).
When fully differentiated, each B lymphocyte is equipped to produce
antibody molecules with a single specificity. This is accomplished by a
mechanism of gene rearrangement that occurs during B-cell maturation.
Immunoglobulin molecules (Figure 1-1) are glycoproteins with a basic fourchain structure composed of two large heavy chains, which are covalently
linked by disulfide bonds, and two smaller light chains, which are attached to
the heavy chains by disulfide bonds. The region where heavy chains are
united is called the hinge region. Each heavy chain is composed of four
20

