Answer 11-3

(1) Red blood cells coated with anti-red blood cell antibodies bind to
splenic macrophages via Fc receptors, Inducing phagocytosis of the
red blood cell by receptor-mediated endocytosis. (2) Red blood cells
bound by anti-red blood cell antibodies fix complement, which
causes deposition of C3b on the red blood cell surface. C3b then
binds to the receptor CR1 on splenic macrophages, Inducing red
blood cell phagocytosis. (3) Anti-red blood cell antibody triggers the
complement cascade and the formation of membrane-attack com-
plexes on the red blood cell, leading to cell lysis.

Answer 11-4

Antibodies and complement bound to neutrophil surfaces do not
impair the normal function of these cells. In addition, white blood
cells are far less susceptible to the formation of membrane-attack
complexes, owing to continual production of complement regula-
tory proteins in these nucleated cells. Hence, the mechanism that
destroys the antibody-targeted neutrophils is phagocytosis by
splenic macrophages via Fc receptors and the complement receptor
CR1. Splenectomy would reduce the rate at which neutrophils are
destroyed because splenic macrophages are the major site of anti-
body and complement-coated cell clearance.

Answer 11-5

First, endocrine glands synthesize tissue-specific proteins unique to
that gland. These proteins are not normally found in primary lym-
phoid organs where lymphocyte maturation occurs. Hence, the pop-
ulation of T and B lymphocytes is not tolerant to some endocrine
gland-specific proteins, and these self proteins are thus recognized as
foreign antigens. Second, endocrine glands are highly vascularized
because their products need to gain access to the circulation. This
feature gives leukocytes relatively easy access to endocrine tissue.

Answer 11-6

Both Hashimoto's and Graves’ diseases disrupt normal production
of the thyroid hormones tri-iodothyronine (T3) and thyroxine (T4),
derived from thyroglobulin in thyroid follicles. Formation of T3 and
T4 requires engagement of the thyroid-stimulating hormone recep-
tor (TSHR) with thyroid-stimulating hormone (TSH) secreted from
the pituitary gland, a key step in the regulation of thyroid hormone
production. This step malfunctions for these two diseases.

In Hashimoto's disease, anti-thyroid antigen antibodies and Ty1
effector cells are involved. Large numbers of lymphocytes take up
residence in the gland tissue, establishing germinal centers that
resemble those in lymph nodes, Eventually the thyroid tissue is
destroyed and thyroid follicles are no longer able to respond to TSH
and make T3 or T4, a condition called hypothyroidism.

Graves' disease, in contrast, results in hyperthyroidism. Anti-
TSHR antibodies act agonistically mimicking TSH, even in the
absence of TSH. The thyroid follicle is chronically overstimulated by
these antibodies and overproduces T3 and T4. The effector T cells are
of the Ty2 type and the absence of lymphocyte infiltration retains
the thyroid gland in operable condition. Therefore T3 and T4, no
longer regulated by TSH, are secreted continuously in excess of con-
centrations required by the body.

Answer 11-7

Hashimoto's and Graves' diseases are treated differently because,
although they both affect the thyroid gland, they exert opposing
effects on the production of thyroid hormones—inhibition and
overproduction, respectively. Hashimoto's disease is treated by
administering synthetic thyroid hormones orally to replace the defi-
ciencies in T3 and T4. Graves’ disease is treated either by suppress-
ing thyroid function with inhibitory drugs, or by thyroidectomy
combined with thyroid hormone replacement therapy.

Answer 11-8
A. The negative selection of developing autoreactive T cells in
the thymus.
B. The underlying genetic defect is in a gene encoding a protein
called AIRE (autoimmune regulator). This is a transcription
factor that, when working normally, causes several hundreds
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of proteins otherwise expressed only in particular peripheral
tissues to be expressed by medullary epithelial cells in the thy-
mus. This induces the negative selection of T cells specific for
these proteins and their deletion from the T-cell repertoire.
The T cells emerging from the thymus are therefore tolerant to
a large number of antigens found primarily on organs and tis-
sues elsewhere in the body. When AIRE is defective and these
proteins are not expressed in the thymus, the population of
naive T cells that develops will contain T cells reactive against
these antigens of peripheral tissues.

Answer 11-9

These cells are called regulatory CD4 T cells (Tg). When activated by
encounter with their corresponding self antigen they become able to
suppress the activation of naive autoreactive T cells. This active sup-
pression of autoreactive T cells in the periphery is now thought to be
an important method of preventing autoimmune reactions.

Answer 11-10

A. Genes of the HLA complex, specifically the HLA class I and
class Il genes. Associations with HLA class I genes are most
common. Various alleles of these genes are associated with a
higher or lower susceptibility to particular autoimmune dis-
eases compared with the incidence of the diseases in the pop-
ulation as a whole.

B. The polymorphic HLA genes encode the proteins that present
peptide antigens to T cells. It has been proposed that particu-
lar alleles of these genes are associated with particular
autoimmune diseases because of their ability to present the
required peptide epitope(s) to autoreactive T cells. Associa-
tions with HLA class II genes are more common than those
with HLA class [ because CD4 T cells rather than CD8 T cells
are most commonly involved in autoimmunity.

Answer 11-11

The condition is precipitated by food antigens—the gluten proteins
in wheat, barley, and rye—which makes it similar to a hypersensi-
tivity reaction. But, unlike other common food allergies, the condi-
tion does not involve sensitization to the antigen and production of
IgE antibodies. Instead, the disease is considered to result from a
loss of the normal oral tolerance to gluten. The inflammatory reac-
tion in the gut could be caused both by the indirect effects of the
reaction to gluten (as in a type IV hypersensitivity reaction) and by
autoimmune reactions mounted against gut tissue antigens. As in a
hypersensitivity reaction, Tyl cells specific for peptides from the
gluten proteins are found in the inflammatory lesions. However,
autoantibodies against a fissue enzyme—tissue transglutaminase—
are also produced.

Answer 11-12

A. Molecular mimicry refers to the phenomenon in which a
pathogen expresses an antigen that bears a chemical similar-
ity to a host-cell antigen. Once pathogen-specific antibodies
or effector T cells are generated, they have the potential to
cross-react with self antigen.

B. An autoimmune disease involving molecular mimicry is
theumatic fever. Infection with Streptococcus pyogenes (for
example ‘strep throat’) results in the production of antibodies
specific for the bacterial cell-wall proteins. These antibodies
cross-react with chemically similar (but not identical) self
antigen expressed on heart tissue. This is followed by comple-
ment activation and production of inflammatory mediators,
which cause damage to heart tissue and valves and the forma-
tion of scar tissue, which can lead to cardiovascular complica-
tions later in life. This type of immunological aftermath can be
avoided if antibiotics are administered early during infection.

Answer 11-13
A. Epitope spreading is the phenomenon in which the immune
response, having initially targeted a particular epitope on an
antigen molecule, progressively involves other cross-reactive
epitopes on the same molecule,
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B. Pemphigus foliaceus. Autoantibody production against the
protein desmoglein, a component of desmosomes, initially
involves epitopes that do not result in any tissue damage or
symptoms. Only when additional desmoglein epitopes
become involved, as a result of epitope spreading, does the
autoimmune response cause damage to desmosomes and the
resulting lesions in the skin (the disease pemphigus).

Chapter 12

Answer 12-1

A. Inactivated virus vaccines are made of virus particles that are
not able to replicate because they have been chemically or
physically treated (for example, heat treatment) in a way that
inactivates the nucleic acid. Examples: Salk polio vaccine,
rabies vaccine, influenza vaccine.

B. Live-attenuated virus vaccines are made of viruses that have
lost their pathogenicity and ability to reproduce efficiently in
human cells through mutations accumulated as a result of
growing the virus in non-human cells. Examples: Sabin polio
vaccine (oral), measles vaccine, mumps vaccine, yellow fever
vaccine, rubella vaccine, varicella vaccine.

C. Subunit vaccines are composed only of particular antigenic
pathogen components known to induce protective immune
responses. Recombinant DNA technology enables the pro-
duction of antigenic proteins in the absence of other
pathogen gene products. Examples: hepatitis A vaccine,
hepatitis B vaccine, pertussis vaccine.

D. Toxoid vaccines are made from chemically inactivated toxins
purified from pathogenic bacteria. Toxin activity is eliminated
but not antigenic activity, so an immune response is gener-
ated in the absence of pathological damage. Examples: diph-
theria vaccine, tetanus vaccine.

E. Conjugate vaccines are made by covalently coupling antigenic
polysaccharide found in bacterial capsules to a carrier protein
(often a toxoid). This converts the otherwise T-independent
bacterial polysaccharide antigen into a T-dependent antigen.
T cells respond to an epitope on the protein carrier, whereas B
cells respond to epitopes on the polysaccharide portion of the
conjugate. This ensures that T-cell help is provided to B cells
making anti-capsule antibodies. Example: Haemophilus
influenzae type B vaccine (HIB)

Answer 12-2

A. Some potential antigens will evoke a very weak or no immune
response when injected into an animal or human in their pure
form. Immunogens, in contrast, are antigens that are able to
evoke a strong immune response when introduced into an
animal or human.

B. Adjuvants are substances that when mixed with any antigen
increase its immunogenicity. They are commonly used in
experimental immunology and in vaccines. Adjuvants work by
inducing a nonspecific antigen-independent inflammation,
which helps to drive the immune response forward. Adjuvants
delay the release of antigen at the injection site, and prevent
its rapid clearance from the body, by converting soluble anti-
gen into particulate material. The most effective adjuvants
also activate Toll-like receptors on macrophages and tissue
dendritic cells, which then produce inflammatory cytokines,
chemokines, and co-stimulatory molecules (B7) that help
drive the immune response to the antigen itself.

C. The following adjuvants are used in humans: alum, a form of
aluminum hydroxide; MF59, a squalene-oil-water emulsion;
and bacterial components included as part of some vaccines,
for example, whole Bordetella pertussis as part of the DTP
(diphtheria, tetanus, and pertussis) vaccine.

Immune stimulatory complexes (ISCOMS) are non-toxic
adjuvants that might one day be used in humans. They are
composed of lipid micelles that fuse with plasma membranes
and deliver proteins enclosed within the micelles to the

cytosol of antigen-presenting cells. Other powerful adjuvants,
such as Freund's complete adjuvant, are not used in humans
because of their adverse side-effects.

Answer 12-3

Live-attenuated virus vaccines are mutant viruses that can replicate,
albeit inefficiently, in human cells, thus simulating conditions of a
normal viral infection. The attenuated vaccine strains of virus have
been obtained by growing the virus over many generations in non-
human cells (for example, monkey cells), so that it acquires multiple
mutations that allow it to replicate but prevent it from spreading in
the human body and causing disease. When introduced into
humans as a vaccine, there is small chance that some or all of the
mutations may revert to the original nucleotide sequence, restoring
the properties of the virulent strain of the virus. Very rarely, this
occurs with the poliovirus used in the trivalent oral polio vaccine
(TVOP) and, now that polio is very rare in the United States, this vac-
cine is no longer recommended and an inactivated polio virus vac-
cine is used instead.

The more rounds of replication the vaccine virus undergoes in
the human host before being contained by the immune response,
the greater is the potential for genetic reversion. This is why individ-
uals who suffer from inherited or acquired immunodeficiencies
should never receive live-attenuated virus vaccines.

Answer 12-4

Acute rejection is due chiefly to immune responses made by the
recipient’s T cells against HLA class I and II molecules of the graft
that are different from those of the recipient and which the recipi-
ent’s immune system perceives as ‘foreign.’ The differences can be
due to the HLA molecules, the self-peptides they bind or both.
Transplantation between identical twins and transplantation of
autografts are the only situations where the graft and the recipient
are genetically identical and there are no differencs in either the HLA
molecules or the bound peptides. In these situations graft rejection
does not occur. Transplantation between donors and recipients who
have identical HLA class I and II molecules, usually HLA-identical
siblings, almost always involves differences in the peptides that are
bound by the HLA molecules. These differences trigger peptide-spe-
cific alloreactive T cells to cause graft rejection through the direct
pathway of allorecognition. Although it is possible to match donor
and recipient for many HLA class I and II allotypes, in practice most
clinical transplants involve one or more mismatched HLA loci. For
these differences in HLA type, alloreactive T-cell clones activated by
either the direct or indirect pathway of allorecognition cause graft
rejection. Destruction of the grafted organ is effected through a type
IV delayed-type hypersensitivity response.

Answer 12-5

A. The organ would be rejected immediately by the process of
hyperacute rejection as a result of the presence in the recipi-
ent’s blood of preformed antibodies against the A and B blood
group antigens present on the tissues of the graft. Such anti-
bodies are made early in life as a result of exposure to com-
mon bacteria that carry surface carbohydrates similar to those
on human cells. A person of O blood group would have made
antibodies against bacterial ‘A’ and ‘B’ antigens, because the
person does not have these antigens on their own cells and is
thus not tolerant to them. These preexisting anti-A and anti-B
antibodies in the recipient’s blood will immediately attack the
endothelium of blood vessels throughout the transplant,
which expresses the A and B blood group antigens. Blood ves-
sels become occluded through thrombus formation. The graft
is deprived of oxygen and becomes engorged with blood hem-
orrhaging from leaky blood vessels. Hyperacute rejection
occurs almost immediately after transplantation and cannot
be treated once it has started.

B. Other examples of combinations that will induce hyperacute
rejection: O recipient, A donor; O recipient, B donor; A recipi-
ent, B donor; B recipient, A donor; A recipient, AB donor; and
B recipient, AB donor.
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C. Arecipient's preformed antibodies against an HLA class I anti-
gen expressed on the endothelial cells of the transplant can
also cause hyperacute rejection. Such antibodies can be gen-
erated in pregnancies in which the fetus expresses a paternal
HILA allotype different from the maternal HLA allotype. These
antibodies can also arise from HLA-incompatible blood trans-
fusions or previous transplants.

D. Hyperacute rejection can be prevented by typing and cross-
matching donor and recipient for the A,B,O blood groups and
HLA antigens. The recipient’s serum antibodies are assayed in
vitro for their ability to bind to donor white blood cells,

Answer 12-6

A. Class 1: Corticosteroids. Examples: hydrocortisone, pred-
nisone.
Class 2: Cytotoxic drugs. Examples: azathioprine, cyclophos-
phamide, methotrexate.
Class 3: T-cell activation inhibitors. Examples: cyclosporin A,
tacrolimus (FK506), rapamycin.

B. Class 1: Side/toxic effects: fluid retention, weight gain, dia-
betes, bone demineralization, thinning of the skin.
Class 2: Side/toxic effects: nonspecifically prevent DNA repli-
cation in all mitotic cells causing, for example, diarrhea, hair
loss. More specific effects are liver damage caused by azathio-
prine, and bladder damage caused by cyclophosphamide.
Class 3: Side/toxic effects: nephrotoxicity, suppression of B-
cell and granulocyte activation.

Answer 12-7

Cyclosporin A prevents the production of IL-2 and its high-affinity
receptor, and thus prevents the activation of T cells and their prolif-
eration and differentiation. It acts by inactivating the protein cal-
cineurin. Calcineurin is a serine/threonine protein phosphatase that
is activated by the first part of the T-cell receptor pathway and that
dephosphorylates the transcription factor NFAT. This modification is
necessary for NFAT, which normally resides in the cytoplasm, to
enter the nucleus and stimulate transcription of the genes for IL-2
and the IL-2 receptor « chain. Inactivation of calcineurin by
cyclosporin thus prevents the production of IL-2 and its high-affin-
ity receptor.

Answer 12-8

A. Anti-CD3 MoAbs are often administered to patients to sup-
press T-cell activity when signs of graft rejection are observed.
Because CD3 is expressed only on T lymphocytes, this therapy
is extremely specific. Anti-CD3 antibodies cross-link CD3:T-
cell receptor complexes, leading to a reduction in the number
of these complexes on the cell surface and a reduction in the
number of T cells in the circulation. Suppression of effector T-
cell activity protects the graft.

B. Mouse MoAbs are antigenic in species other than mice and
stimulate anti-MoAb responses. Repeated doses will exacer-
bate this situation and lead to the formation and clearance of
MoAb:anti-MoAb immune complexes before the antibody can
bind to the T cells, thus rendering the mouse antibody inef-
fective. A type III hypersensitivity reaction resembling serum
sickness can also result when small immune complexes are
formed, that is, when MoAb levels exceed anti-MoAb levels,
Hence, repeated doses are discouraged, and physicians must
restrict this form of immunosuppressive therapy to one
episode of rejection.

Answer 12-9

Matching HLA between donor and recipient will reduce undesirable
and harmful alloreactions that may cause graft-versus-host disease
(GVHD) when mature donor-derived T cells in transplanted bone
marrow react against the recipient’s alloantigens in tissues and
organs. In addition, the thymic epithelium of the recipient, and thus
recipient MHC molecules, will positively select a new T-cell reper-
toire derived from the donor bone marrow. Therefore, matching is
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essential to ensure that the donor T cells are selected on the same
MHC molecules that will be used to present foreign antigen during
infection in peripheral lymphoid organs. Foreign antigen will be pre-
sented by donor-derived professional antigen-presenting cells. Fail-
ure to match MHC molecules between donor and recipient will
result in the development of a useless T-cell repertoire in the host
after transplantation.

Answer 12-10

A. Graft-versus-host disease is caused by T cells in the trans-
planted bone marrow making an immune response against
antigens on the recipient’s tissues. This can happen even
though donor and recipient are HLA matched, because there
are proteins other than HLA antigens that can differ between
people and provoke an immune response. Such antigens are
known as minor histocompatibility antigens. In a bone mar-
row transplant from a female to a male, the minor histocom-
patibility antigens most likely to cause a problem are male-
specific proteins (which are encoded on the Y chromosome)
which a female’s T cells will not be tolerant to and will see as
‘foreign’ or non-self.

B. CD8 cytotoxic T cells. The proteins that act as minor histo-
compatibility antigens are mainly intracellular proteins. Intra-
cellular proteins of the recipient's cells are processed into pep-
tides by proteasomes as part of normal protein degradation
and turnover. These peptides are transported into the endo-
plasmic reticulum and thus are eventually presented on the
surface of the recipient’s cells by HLA class I molecules. Any
peptides that are different from those in the donor may be rec-
ognized as non-self by the donor’s cytotoxic T cells, which rec-
ognize peptides bound to HLA class I molecules. The naive
CD8 T cells in the bone marrow can be activated to effector
status by the presentation of minor histocompatibility pep-
tides by dendritic cells in secondary lymphold organs.

As the brother and sister share HLA class I type, the sister's T
cells will be able to recognize non-self peptides presented by
her brother’s HLA molecules.

Answer 12-11

A. Tumor-speciflc antlgens are antlgens found exclusively on
tumor cells and are not expressed by normal cells.

B. They can originate as the result of: (1) mutations in normal
genes in the tumor cell that cause changes in amino acid
sequence that generate new epitopes; (2) the generation of
hybrid genes through genetic recombination, with the conse-
quent production of a new protein unique to the tumor cell; or
(3) viral proteins expressed as a result of viral infection or inte-
gration in the host cell genome.

C. Examples: Mucin-1 (MUC-1)—breast and pancreatic cancer;
human papilloma virus—cervical carcinoma.

Answer 12-12

A. Tumor-associated antigens are antigens expressed in tumor
cells as well as some normal cells, but often at higher levels in
tumor cells.

B. They can originate from: (1) proteins involved in mitosis that
are produced at higher concentrations because the cells are
continually dividing; (2) proteins expressed during embryoge-
nesis that have become deregulated and reactivated tran-
scriptionally; or (3) proteins expressed continuously at high
levels in tumor cells that are normally expressed at low levels
or transiently.

C. Examples: Melanoma Antigen Encoding -1 and -3 (MAGE-1
and MAGE-3)—melanoma, glioma, and breast cancer; cyclin-
dependent kinase 4—melanoma.

Answer 12-13

First, the patient's tumor-specific T cells could be expanded in u!s.-p to
generate a large number of tumor-specific effector T cells. To achieve
this, the patient's tumor-specific T cells would be co-cultured with
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tumor antigen, antigen-presenting cells, and cytokines. Second, the
patient’s purified dendritic cells could be loaded with tumor antigen
in vitro and then be placed back in the patient, where they would
stimulate tumor-specific T cells in vivo. Both of these techniques
require the tumor antigen to have been characterized and purified
so that it can be used in the co-culture in vitro.

Answer 12-14

Tumor-specific MoAbs are useful tools for the oncologist because of
their ability to home in on tumor cells in vivo. The size, location, and
extent of metastasis can be evaluated. The MoAb can be coupled
covalently to a radioactive tag (for example, iodine-131) that is
detectable by diagnostic imaging equipment.

MoAbs can be used not only to identify and characterize tumors
but also to target the tumor for destruction. This can occur through
several different mechanisms. First, if MoAbs are coupled to
radioisotopes (iodine-131 or yttrium-99), the tumor cell's DNA is
damaged and the cell dies. Coupling MoAbs to cytotoxic drugs is
another way of destroying tumor cells. Drugs coupled to antibodies
are cleaved from their MoAb transporter only after they have bound
to and been internalized by the tumor cell. Finally, alerting the host
immune system to tumors coated with MoAb can lead to the
destruction of tumors. MoAb bound to tumor cell surfaces will acti-
vate the classical complement pathway, which will induce
opsonization by phagocytes, lead to the production of inflamma-
tory mediators which will recruit additional phagocytes, and form
membrane-attack complexes on tumor cell surfaces. NK cells can
also participate in tumor eradication through antibody-dependent
cell-mediated cytotoxicity (ADCC).

—_—
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o:p T cells T cells that express an antigen receptor made up of o and
{3 chains, This majority population of T cells includes all T cells that
recognize peptide antigen presented by MHC class [ and I mole-
cules.

o::p T-cell receptor see T-cell receptor

Acquired immune deficiency syndrome (AIDS) the disease caused
by infection with the human immunodeficiency virus (HIV). It
involves a gradual destruction of the CD4 T-cell population and
increasing susceptibility to infection.

Acquired immunity see adaptive immunity
Activated dendritic cells see dendritic ceils

Acute rejection rejection of transplanted cells, tissues, or organs that
is due to a T-cell response stimulated by the transplant.

Acute-phase proteins plasma proteins made by the liver whose syn-
thesis is rapidly increased in response to infection. They include
mannose-binding lectin (MBL), C-reactive protein (CRP), and fib-
rinogen.

Acute-phase response a response of innate immunity that occurs
soon after the start of an infection and involves the synthesis of
acute-phase proteins by the liver and their secretion into the blood.

ADA see adenosine deaminase

Adaptive immune response the response of antigen-specific B and
T lymphocytes to antigen, including the development of immuno-
logical memory.

Adaptive immunity the state of resistance to infection that is pro-
duced by the adaptive immune response.

ADCC see antibody-dependent cell-mediated cytotoxicity

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

Adenosine deaminase (ADA) enzyme involved in purine break-
down. Its absence leads to the accumulation of toxic purine nucleo-
sides and nucleotides, resulting in the death of most developing
lymphocytes within the thymus. The disease that results from a
genetically determined lack of adenosine deaminase is called
adenosine deaminase deficiency. [ts symptoms are severe com-
bined immunodeficiency.

Adjuvant substance used to enhance the adaptive immune response
to any antigen. To exert its effect an adjuvant must be mixed with the
antigen before injection or vaccination.

Afferent lymphatic vessels the several vessels that bring lymph
draining from connective tissue into a lymph node en route to the
blood.

Affinity a measure of the strength with which one molecule binds to
another via a single binding site.

Affinity maturation the increase in affinity of the antigen-binding
sites of antibodies for the antigen that occurs during the course ofan
adaptive immune response.

Agglutination the clumping together of particles, usually caused by
antibody or some other multivalent binding molecule interacting
with antigens on the surfaces of adjacent particles. Such particles are
said to be agglutinated. When the particles are red blood cells, the

phenomenon is called hemagglutination. When they are white blood
cells it is called leukoagglutination.

Agonist any molecule that binds to a receptor and causes it to func-
tion.

ALG see antilymphocyte globulin
Alleles the natural variants of a single gene.

Allelic exclusion in reference to antibody production, the case that,
in a heterozygous individual, only one of the two C-region alleles at
the immunoglobulin heavy-chain or light-chain loci is expressed in
each B cell. In the B-cell population, for each locus roughly half of
the cells express one allele and the remaining cells express the other.

Allergen an antigen that elicits hypersensitivity or allergic reactions.
Allergens are usually innocuous proteins that do not inherently
threaten the integrity of the body.

Allergic asthma disease caused by an allergic reaction to inhaled
antigen, in which the bronchi constrict and the patient has difficulty
breathing.

Allergic conjunctivitis allergic reactions in the conjunctiva of the
eye, usually caused by airborne antigens.

Allergic reaction the result of a secondary immune response to an
otherwise innocuous environmental antigen, or allergen. Allergic
reactions can involve either antibodies or effector T cells.

Allergic rhinitis an allergic reaction in the nasal mucosa that causes
runny nose, sneezing, and tears. It is also known as hay fever.

Allergy a state of hypersensitivity to a normally innocuous environ-
mental antigen. It results from the interaction between the antigen
and antibodies or T cells produced by earlier exposure to the same
antigen.

Alloantibody antibody that is made by immunization of one mem-
ber of a species with antigen derived from another member of the
same species. Alloantibodies recognize antigens that are the result of
allelic variation at polymorphic genes. Common types of alloanti-
body are those recognizing blood group antigens and HLA class I
and class I molecules.

Alloantigen an antigen that differs between members of the same
species, such as HLA molecules and blood group antigens. Alloanti-
gens are determined by the different alleles of polymorphic genes.

Allogeneic describes two members of the same species who are
genetically different.

Allograft a tissue graft made between genetically non-identical
mermbers of the same species.

Alloreaction an adaptive immune response made by one member of
a species against an allogeneic antigen from another member of the
same species.

AlloreactiveT cell T cell in one member of a species that responds to
an allogeneic antigen from another member of the same species.

Allotypes natural protein variants that are encoded by the alleles of
agene,

Alternative C3 convertase the C3 convertase of the alternative path-
way of complement activation. It is composed of C3 bound to prote-
olytically active Bb (C3Bb) and cleaves C3 into C3a and C3b.
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Glossary: Alternative C5 convertase

Alternative C5 convertase the C5 convertase of the alternative path-
way of complement activation. It is composed of two molecules of
C3b bound to Bb (C3b;Bb) and cleaves C5 into C5a and C5b.

Alternative pathway of complement activation one of three path-
ways of complement activation. It is triggered by the presence of
infection but does not involve antibody. See also classical pathway of
compiement activation; lectin pathway of complement activation.

Anaphylactic shock IgE-mediated allergic reaction to systemically
administered antigen that causes circulatory collapse and suffoca-
tion due to tracheal swelling,. Also called systemic anaphylaxis.

Anaphylactoid reactlons reactions that are clinically similar to ana-
phylactic shock but do not involve IgE.

Anaphylatoxins complement fragments C5a, C4a, and C3a, which
are produced during complement activation. They recruit fluid and
inflammatory cells to sites of antigen deposition.

Anchor residues residues in MHC-binding peptides that interact
with pockets in the peptide-binding groove on the MHC molecule.
Peptides that bind to a given MHC allotype have the same or very
similar anchor residues.

Anergy a state of non-responsiveness to antigen. People are said to
be anergic when they cannot mount delayed-type hypersensitivity
reactions on challenge with an antigen. T and B cells are said to be
anergic when they cannot respond to their specific antigen.

Angiloedema swelling of the skin as a result of IgE-mediated allergic
reactions, which cause increased permeability of subcutaneous
blood vessels with consequent leakage of fluid into the skin.

Antagonist any molecule that binds to a receptor and prevents its
function.

Antibody the secreted form of the immunoglobulin made by a B cell.

Antibody repertoire the total variety of antibodies that a person can
make.

Antibody-dependent cell-mediated cytotoxicity (ADCC) the killing
of antibody-coated target cells by NK cells having the FcyRIII recep-
tor (CD16) that recognizes the Fc region of the bound antibody.

Antigen originally defined as any molecule that binds specifically
to an antibody, the term now also refers to any molecule that can
produce peptides that bind specifically to a T-cell receptor. See also
epitope.

Antlgen-binding site the site on an immunoglobulin or T-cell recep-
tor molecule that binds specific antigen.

Antigen presentation the display of antigen as peptide fragments
bound to MHC molecules on the surface of cells. This is the form in
which antigen is recognized by most T cells.

Antigen-presenting cells cells that express either MHC class 1
and/or MHC class Il molecules and thus display complexes of MHC
molecule and peptide antigen on their surfaces.

Antigen processing the intracellular degradation of proteins into
peptides that bind to MHC molecules for presentation to T cells.

Antigen receptor for a B cell, the antigen receptor is its cell-surface
immunoglobulin; for a T cell the antigen receptor is a rather similar
molecule called the T-cell receptor. Each individual lymphocyte
bears receptors of a single antigen specificity.

Antigenic determinant see epitope
Antigenic drift a process by which point mutations in influenza
virus genes cause differences in the structure of viral surface anti-

gens. This causes year-to-year antigenic differences in strains of
influenza virus.

Antigenic shift a process by which influenza viruses reassort their
segmented genomes and change their surface antigens radically.
New viruses arising by antigenic shift are the usual cause of
influenza pandemics.

Antilymphocyte globulin (ALG) a preparation of antibodies made
by immunizing animals with human lymphocytes. It is used clini-
cally to prevent rejection in organ transplantation.

Antiserum (plural antisera) the fluid component of clotted blood
from an immune individual that contains antibodies against an anti-
gen. An antiserum contains a heterogeneous collection of antibod-
ies that bind the antigen.

Antithymocyte globulin (ATG) a preparation of antibodies made by
immunizing animals with human thymocytes, It is used clinically to
prevent rejection in organ transplantation.

AP-1 a family of transcription factors, some of which participate in
lymphocyte activation.

APD see autolmmune polyendocrinopathy-candidiasis-ectoder-
mal dystrophy

APECED see autoimmune polyendocrinopathy-candidiasis-ecto-
dermal dystrophy

Apoptosis a mechanism of cell death in which the cells to be killed
are induced to degrade themselves from within, in a tidy manner.
Also called programmed cell death.

Appendix a gut-associated secondary lymphoid tissue located at the
beginning of the colon.

Arthus reactlon an immune reaction in the skin caused by the injec-
tion of antigen into the dermis. The antigen reacts with specific IgG
antibodies in the extracellular spaces, activating complement and
phagocytic cells to produce a local inflammatory response.

ATG see antithymocyte globulin

Atopic allergy (atopy) the genetically determined tendency of some
people to produce IgE-mediated hypersensitivity reactions against
innocuous substances.

Atopic dermatitis see eczema

Autoantibody an antibody produced by an individual against an
antigen produced by their own body.

Autoantigen a self antigen, an antigenic component of the body
that provokes an immune response by the individual’s own immune
system.

Autocrine describes a cytokine or other secreted molecule that acts
on the same type of cell as the one that secreted it.

Autograft a graft of tissue made from one anatomical site to another
on the same individual.

Autoimmune disease disease in which the pathology is caused by an
immune response to normal components of healthy tissue.

Autoimmune hemolytic anemia a disease characterized by reduced
numbers of red blood cells (anemia), The reduction is caused by
autoantibodies that bind to surface antigens of red blood cells and
destroy them.

Autolmmune polyendocrinopathy-candidiasis-ectodermal dys-
trophy (APECED) an autoimmune disease caused by a lack of a pro-
tein called autolmmune regulator (AIRE), which results in the pro-
duction of T cells reactive against a number of tissues in the body.
Also known as autolmmune polyglandular disease (APD).

Autolmmune response an adaptive immune response directed atan
antigenic component of the individual’s own body.
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Autolmmunity adaptive immunity specific for an antigenic compo-
nent of the individual’s own body.

Autologous describes cells, HLA molecules, and so on that derive
from the individual in question.

Autologous bone marrow transplant a bone marrow transplant in
which the donor and recipient are the same person.

Azathioprine an immunosuppressive drug that kills dividing cells. It
is used in transplantation.

Bz-microglobulin (Bzm) the invariant polypeptide that is common
to all MHC class I molecules. Also called the light chain of MHC class
I molecules.

B cells lymphocytes that are dedicated to making immunoglobulins
and antibodies.

B-cell receptor the antigen receptor on B cells. Each B cell is pro-
grammed to make a single type of immunoglobulin. The cell-surface
form of this immunoglobulin serves as the B-cell receptor for spe-
cific antigen. Associated in the membrane with the immunoglobulin
are the signal transduction molecules Igo and Igp.

B-cell co-receptor a complex of the CD19, TAPA-1, and CR2
polypeptides that associates with the B-cell receptor and augments
its response to specific antigen.

B-1 cells the minority population of B cells. They express the CD5
glycoprotein and make antibodies of broad specificities. They are
also known as CD5 B cells.

B-2 cells the majority population of B cells. They do not express the
CD5 glycoprotein and make antibodies of narrow specificities.

B7 molecules the B7.1 and B7.2 protelns, which are co-stimulatory
molecules present on the surface of professional antigen-presenting
cells.

B lymphocytes see B cells

Bacteria diverse prokaryotic microorganisms that are responsible
for many infectious diseases of humans and other animals.

Balancing selection type of evolutionary selection that acts to main-
tain a variety of phenotypes (for example MHC isoforms) in a popu-
lation.

BALT see bronchial-associated lymphoid tissue

Bare lymphocyte syndromes genetically determined diseases in
which MHC class I or II molecules are not expressed on cells. They
can be caused by various different regulatory gene defects, and their
effect is severe immunodeficiency.

Basophil white blood cell present in small numbers in the blood; it
is one of the three types of granulocyte. Basophils contain granules
that stain with basic dyes.

Benign iumor a growth due to abnormal proliferation of cells that is
localized and contained by epithelial barriers.

Bone marrow the tissue in the center of certain bones that is the
major site of generation of all the cellular elements of blood
(hematopoiesis).

Brambell receptor (FcRB) an Fc receptor that transports IgG across
epithelia and has a structure resembling an MHC class I molecule.

Bronchial-assoclated lymphoid tissues (BALT) the lymphoid cells
and organized lymphoid tissues in the respiratory tract.

Bronchiectasis chronic inflammation of the bronchioles of the lung.
C domain see constant domain

C reglon see constant region

Glossary: CD4 T cells

C-reactive protein (CRP) an acute-phase protein that binds to phos-
phocholine, a surface constituent of various bacteria. CRP binds
bacteria, opsonizing them for uptake by phagocytes.

Cl inhibitor (C1INH) a regulatory protein in plasma that inhibits
the activity of activated complement component Cl. C1INH defi-
ciency causes the disease hereditary angioneurotic edema, in which
spontaneous complement activation causes episodes of epiglottal
swelling and suffocation.

C3 convertases proteolytic enzymes that are formed during comple-
ment activation and cleave complement component C3 to C3b and
C3a, thereby enabling C3b to bond covalently to antigens. See alter-
native C3 convertase, classical C3 convertase.

C4-binding protein (C4BP) a regulatory protein in plasma that inac-
tivates the classical C3 convertase by binding to C4b and displacing
C2b.

C5 convertases proteolytic enzymes that are formed during comple-
ment activation and cleave complement component C5 to form C5a
and C5b.

Calcineurin a cytosolic serine/threonine phosphatase that con-
tributes to T-cell activation. The immunosuppressive drugs
cyclosporin A and tacrolimus act by inhibiting calcineurin.

Calnexin a membrane protein in the endoplasmic reticulum that
facilitates the folding of MHC molecules and other glycoproteins.

Calreticulin a soluble protein in the endoplasmic reticulum that is
structurally related to calnexin and helps MHC molecules and other
glycoproteins to fold properly.

CAM see cell adhesion molecule
Cancer diseases caused by abnormal and invasive cell proliferation.

Carcinogen chemical or physical agent that increases the risk of
cancer.

Carcinoma cancer of epithelial cells.

Carrler foreign protein to which small non-immunogenic antigens,
or haptens, can be coupled to render the hapten immunogenic. In
vivo, self proteins can also serve as carriers if they are suitably mod-
ified by the hapten; this is important in allergy to drugs.

Caseation necrosis a form of necrosis seen in the center of some
large granulomas. The term comes from the white cheesy appear-
ance of the central necrotic area.

Catalytic antibody an antibody that binds an antigen, chemically
changes it, and then releases it.

CCL2 a chemokine produced by activated T cells that attracts
macrophages into a site of infection. Formerly known as
macrophage chemotactic protein (MCP).

CCL21 a chemokine made by vascular endothelial cells and which is
involved in extravasation of leukocytes. Formerly known as SLC.

€D2 an adhesion molecule of T cells that binds to the LFA-3 adhe-
sion molecule of antigen-presenting cells. Also called LFA-2.

CD3 complex a complex of signaling molecules that associates with
T-cell receptors. It consists of CD3y, §, and e chains, and { chains.

CD4 a cell-surface glycoprotein on some T cells that recognize anti-
gens presented by MHC class Il molecules. CD4 binds to MHC class
11 molecules on the antigen-presenting cell and acts as a co-receptor
to augment the T cell’s response to antigen.

CD4 T cells the subset of T cells that express the CD4 co-receptor
and recognize peptide antigens presented by MHC class II mole-
cules.
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Glossary: CD5 B cells

CD5 B cells see B-1 cells

CD8 a cell-surface glycoprotein on some T cells that recognize anti-
gens presented by MHC class I molecules. CD8 binds to MHC class |
molecules on the antigen-presenting cell and acts as a co-receptor to
augment the T-cell’s response to antigen.

CD8 T cells the subset of T cells that express the CD8 co-receptor
and recognize peptide antigens presented by MHC class [ molecules.

CD19 a component of the B-cell co-receptor.

CD21 another name for complement receptor 2 (CR2). It is a com-
ponent of the B-cell receptor.

CD28 the low-affinity receptor on T cells that interacts with B7 co-
stimulatory molecules to promote T-cell activation.

CD34 a vascular addressin expressed on high endothelial venules in
lymph nodes, and which is involved in extravasation of white blood
cells.

CD40 cell-surface glycoprotein on B cells whose interaction with
CD40 ligand on T cells triggers B-cell proliferation.

CD81 a component of the B-cell receptor that is also a cellular recep-
tor for hepatitis C virus. Also called TAPA-1.

CDR see complementarity-determining regions

Celiac disease inflammatory autoimmune disease of the gut mucosa
caused by an immune response to the gluten proteins present in
some cereals such as wheat.

Cell adhesion molecules (CAMs) cell-surface proteins that enable
cells to bind to each other.

Cell-mediated immunlity (cellular immunity) any adaptive
immune response in which antigen-specific effector T cells domi-
nate. It is defined operationally as all adaptive immunity that cannot
be transferred to a naive recipient with serum antibody.

Central lymphoid tissues the anatomical sites of lymphocyte devel-
opment. In humans, B lymphocytes develop in bone marrow,
whereas T lymphocytes develop in the thymus. See also primary
lymphoid tissues.

Central MHC the class III region of the MHC, located between the
class I and II regions.

Centroblast large dividing B cell present in germinal centers.
Somatic hypermutation occurs in centroblasts, and antibody-secret-
ing and memory B cells derive from them.

Centrocyte nondividing B cell in germinal centers. Centrocytes have
undergone isotype switching and somatic hypermutation.

Chedlak-Higashi syndrome a genetic disease in which phagocytes
malfunction. Their lysosomes fail to fuse properly with phagosomes,
and killing of ingested bacteria is impaired.

Chemokines large group of small proteins involved in guiding white
blood cells to sites where their functions are needed. They have a
central role in inflammatory responses.

Chronic asthma a disease characterized by chronic inflammation of
the airways and difficulty in breathing. Although probably initiated
by exposure to an allergen, chronic asthma can be perpetuated in its
absence.

Chronic granulomatous disease an immunodeficiency disease in
which multiple granulomas form as a result of defective elimination
of bacteria by phagocytic cells. It is caused by a defect in the NADPH
oxidase system of enzymes, which generates the superoxide radical
involved in bacterial killing.

Chronic rejectlon rejection of organ grafts that occurs years after

transplantation and is characterized by degeneration and occlusion
of the blood vessels in the graft. It is caused by an antibody response
to the HLA class I alloantigens of the graft.

Chronic thyrolditis an autoimmune disease that causes progressive
destruction of the thyroid gland. Also called Hashimoto's thyroiditis
or Hashimoto’s disease.

Class I region the part of the major histocompatibility complex that
contains the MHC class I heavy-chain genes.

Class II reglon the part of the major histocompatibility complex that
contains the MHC class Il o- and B-chain genes.

Class II-associated invariant chain peptide (CLIP) a peptide of vari-
able length cleaved from the class II invariant chain by proteases in
the endosomal pathway. It remains associated with the MHC class II
molecule in an unstable form until it is removed by the HLA-DM
protein,

Class III region a region of the major histocompatibility complex
between the class [ and Il regions. Also known as the central MHC, it
contains no genes for class I or Il MHC molecules.

Class switching see isotype switching
Class see isotype

Classical C3 convertase a surface-associated serine protease of the
classical pathway of complement activation. It is composed of the
complement components C4b2a and cleaves C3 into C3a and C3b.

Classical C5 convertase C5-cleaving enzyme consisting of the com-
plement fragments C4b, C2b, and C3b.

Classical pathway of complement activation one of three pathways
of complement activation, It is activated by antibody bound to anti-
gen, and involves complement components C1, C4, and C2 in the
generation of the C3 and C5 convertases. See also alternative path-
way of complement activatlon; lectin pathway of complement
activation.

Clonal deletion the elimination of immature lymphocytes that bind
to self antigens. Clonal deletion is the main mechanism that pro-
duces self-tolerance.

Clonal selection the central principle of adaptive immunity. It is the
mechanism by which adaptive immune responses derive only from
individual antigen-specific lymphocytes, which are stimulated by
the antigen to proliferate and differentiate into antigen-specific
effector cells.

Co-receptor a cell-surface protein that increases the sensitivity of an
antigen receptor to its antigen. A co-receptor can accomplish this by
increasing adhesive interactions between the interacting cells,
and/or by enhancing signal transduction from the main receptor.

Co-stimulator molecule a molecule on an antigen-presenting cell
that delivers signals to an interacting naive lymphocyte that are
required in addition to the antigen-binding signal for the lympho-
cyte to respond. Co-stimulator molecules include the B7.1 and B7.2
proteins on professional antigen-presenting cells, which engage
molecules CD28 and CTLA-4 on T cells. CD40 ligand serves a co-
stimulatory role when it binds to CD40 on B cells.

Cognate interactions cell-cell interactions between B and T lym-
phocytes specific for the same antigen.

Collectins a family of calcium-dependent sugar-binding proteins or
lectins containing collagen-like sequences. An example is mannose-
binding lectin.

Combination therapy antiviral therapy (for HIV, for example) in
which several antiviral drugs are used together to try and avoid the
rapid generation of mutant viruses resistant to one of the drugs alone.
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Combination vaccine vaccine that contains antigens derived from
more than one pathogen and is designed to provide protection
against more than one disease.

Common lymphoid progenitor stem cell that gives rise to all lym-
phocytes and is derived from a pluripotent hematopoietic stem cell.

Complement a set of plasma proteins that act in a cascade of reac-
tions to attack extracellular forms of pathogens. As a result of com-
plement activation, pathogens become coated with complement
components, which can either kill the pathogen directly or cause its
engulfment and destruction by phagocytes.

Complement activation the initiation by pathogens of a series of
reactions involving the complement components of plasma, leading
to the death and elimination of the pathogen. See also alternative
pathway of complement activatlon; classical pathway of comple-
ment actlvation; lectin pathway of complement activation.

Complement control protein (CCP) modules family of structurally
similar protein modules found in many of the proteins that regulate
complement activity.

Complement receptors (CR) cell-surface proteins on various cell
types that recognize and bind complement proteins bound to anti-
gens. Complement receptors on phagocytes facilitate the phagocytic
engulfment of pathogens coated with complement. Complement
receptors include CR1, CR2, CR3, CR4, and the receptor for Clq.

Complement system see complement

Complementarity-determining reglons (CDRs) the localized
regions of immunoglobulin and T-cell receptor chains that deter-
mine the antigenlc speclficity and bind to the antigen. The CDRs are
the most variable parts of the variable domains and are also called
hypervariable regions.

Conformatlonal epltopes epitopes on a protein antigen that are
formed from several separate regions in the primary sequence of a
protein brought together by protein folding. Antibodies that bind
conformational epitopes bind only to native folded proteins. Also
called discontinuous epitopes.

Conjugate vaccine a vaccine made from capsular polysaccharides
bound to an immunogenic protein such as tetanus toxoid. The pro-
tein provides peptide epitopes that stimulate CD4 T cells to help B
cells specific for the polysaccharide.

Constant domains (C domains) the constituent domains of the con-
stant regions of immunoglobulin and T-cell receptor polypeptides.

Constant reglon (C reglon) the part of an immunoglobulin or T-cell
receptor (or of its constituent polypeptide chains) that is of identical
amino-acid sequence in molecules of the same isotype but different
antigen-binding specificities.

Contact sensltivity a form of delayed-type hypersensitivity in which
T cells respond to antigens that are introduced into the body by con-
tact with the skin.

Corticosterolds compounds related to the steroid hormones pro-
duced in the adrenal cortex, such as cortisone. They suppress
immune responses and are widely used as anti-inflammatory and
immunosuppressive agents in medicine.

CR, CR1, CR2, CR3, CR4 see complement receptors

Cross-match testlng a test used in blood typing and histocompati-
bility testing to determine whether donor and recipient have anti-
bodies against each other’s cells that might interfere with successful
transfusion or transplantation.

CRP see C-reactlve protein
Cryptlc epitope antigenic determinant on a molecule that is nor-

Glossary: Dendritic epidermal T cells (dETC)

mally hidden from the immune system but becomes revealed under
conditions of infection or inflammation.

CTLA-4 a high-affinity inhibitory receptor on T cells that interacts
with B7 co-stimulatory molecules.

Cutaneous T-cell lymphoma a malignant growth of T cells that
home to the skin. Also known as mycosis fungoides.

CXCL8 a chemokine involved in the extravasation of neutrophils.
Formerly known as IL-8.

Cyclophilins family of cytoplasmic proteins that bind to the
immunosuppressive drugs cyclosporin A and tacrolimus. The com-
plex of drug and cyclophilin binds calcineurin and this prevents T-
cell activation.

Cyclophosphamide an alkylating agent used as an immunosuppres-
sive drug. It acts by killing rapidly dividing cells, including lympho-
cytes proliferating in response to antigen.

Cyclosporin A an immunosuppressive drug that specifically pre-
vents T-cell activation and effector function. Also called
cyclosporine.

Cytokines proteins made by cells that affect the behavior of other
cells. Cytokines made by lymphocytes are often called lymphokines
or interleukins (abbreviated IL). Cytokines bind to specific receptors
on their target cells.

Cytotoxlc CDB T cells the subset of T cells that express the CD8 co-
receptor and recognize peptide antigen presented by MHC class 1
molecules.

Cytotoxic T cells T cells that can kill other cells. Almost all cytotoxic
T cells are CD8 T cells. Cytotoxic T cells are important in host defense
against viruses and other cytosolic pathogens, because they recog-
nize and kill the infected cells.

Cytotoxins proteins made by cytotoxic T cells that participate in the
destruction of target cells. Perforins, granzymes or fragmentins, and
granulysin are examples of cytotoxins.

Dark zone the part of a germinal center in secondary lymphoid tis-
sue that contains dividing centroblasts.

Decay-accelerating factor (DAF) a cell-surface protein that prevents
complement activation on human cells. DAF binds to C3 conver-
tases of both the alternative and classical pathways of complement
activation and, by displacing Bb and C2b respectively, prevents their
action.

Degenerate binding specificity the type of antigen-binding speci-
flcity exhibited by MHC class I and 11 molecules, in which each MHC
allotype can bind numerous peptides of different amino acid
sequences.

Delayed-type hypersensitivity (DTH) a form of cell-mediated
immunity elicited by antigen in the skin and mediated by CD4 Tl
cells. It is called delayed-type hypersensitivity because the reaction
appears hours to days after antigen is injected.

Dendritlc cells professional antigen-presenting cells with a
branched, dendritic morphology. They are the most potent stimula-
tors of T-cell responses. Also known as interdigitating reticular cells,
they are derived from the bone marrow and are distinct from the fol-
licular dendritic cell that presents antigen to B cells. Inmature den-
dritic cells take up and process antigens but cannot yet stimulate T
cells. Mature or activated dendritic cells are present in secondary
lymphoid tissues and are able to stimulate T cells.

Dendritic epldermal T cells (dETC) a specialized class of v:3 T cells
found in the skin of mice and some other species, but not humans.
All dETCs have the same 1.8 T-cell receptor; their function is
unknown.
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Glossary: Desensitization

Desensitization a therapeutic procedure in which an allergic indi-
vidual is exposed to increasing doses of allergen with the goal of
inhibiting their allergic reactions. It probably works by shifting the
balance between CD4 Tyl and Ty2 cells and thus changing the anti-
body produced from IgE to IgG.

Diapedesis the movement of white blood cells from the blood across
blood vessel walls into tissues.

DiGeorge syndrome a recessive genetic immunodeficiency disease
in which thymic epithelium fails to develop.

Diphtheria toxin the toxin secreted by the bacterium Corynebac-
terium diphtheriae, the cause of diphtheria, which causes the dis-
ease symptoms. The diphtheria vaccine consists of an inactive form
of the toxin called diphtheria toxoid.

Direct pathway of allorecognition type of alloreactive response in
which T cells of the recipient of a transplant are stimulated by direct
interaction of their receptors with the allogeneic HLA molecules
expressed by dendritic cells from the donor, present in the trans-
plant.

Directional selectlon type of natural selection that replaces older
alleles with newer variants (for example in the MHC). Its character-
istic outcome is change.

Discontinuous epitopes see conformational epitopes

Diversity (D) gene segments short DNA sequences present in
immunoglobulin heavy-chain loci and in T-cell receptor B- and 6-
chain loci, In the rearranged functional genes at these loci, a D
region connects the V and ] regions.

Double-negative thymocyte immature T cell within the thymus that
expresses neither CD4 nor CD8,

Double-positive thymocyte T cell at an intermediate stage of devel-
opment in the thymus. It expresses both CD4 and CD8.

Dralning lymph node the lymph node to which extracellular fluid
collected at a site of infection first travels,

DTH see delayed-type hypensensitivity
E-selectin see selectins
Early pro-B cell see pro-B cell

Eczema a common skin disease of children, appearing as scaly, red-
dened and itchy patches on the skin. Its etiology is poorly under-
stood. Also called atopic dermatitis.

Edema abnormal accumulation of fluid in connective tissue, leading
to swelling.

Effector cells lymphocytes that can mediate the removal of
pathogens from the body without the need for further differentia-
tion.

Effector mechanisms the physiological and cellular processes used
by the immune system to destroy pathogens and remove them from
the body.

Efferent lymphatic vessel the single vessel in which lymph and lym-
phocytes leave a lymph node en route to the blood.

Encapsulated bacteria bacteria that possess thick carbohydrate
coats that protect them from phagocytosis. Encapsulated bacteria
cause extracellular infections and can be dealt with by phagocytes
only if the bacteria are first coated with antibody and complement.

Endocytic vesicle membrane vesicle that is pinched off from the
plasma membrane and takes extracellular material into cells.

Endocytosis the uptake of extracellular material into cells by endo-
cytic vesicles that form by pinching off pieces of plasma membrane.

Engraftment the time at which a bone marrow transplant is making
new blood cells.

Eosinophil white blood cell that is one of the three types of granulo-
cyte. It contains granules that stain with eosin and whose contents
are secreted when the cell is stimulated. Eosinophils contribute
chiefly to defense against parasitic infections.

Eotaxin-1 and eotaxin-2 chemokines that act specifically on
eosinophils. Now called CXCL11 and CXCL24, respectively.

Epldemic an outbreak of infectious disease that affects many indi-
viduals within a population.

Epitope the portion of an antigenic molecule that is bound by an
antibody or gives rise to the MHC-binding peptide that is recognized
by a T-cell receptor, Also called an antigenic determinant.

Erythrocyte red blood cell.

Extravasation the movement of cells or fluid from within blood ves-
sels to the surrounding tissues.

F(ab’)z a proteolytic fragment of IgG that consists of the two Fab
arms held together by a disulfide bond. It is produced by digesting
IgG with pepsin.

Fab fragment a proteolytic fragment of IgG that consists of the light
chain and the amino-terminal half of the heavy chain held together
by an interchain disulfide bond. It is called Fab because it is the Frag-
ment with antigen binding specificity. In the intact IgG molecule the
parts corresponding to the Fab fragment are often called Fab or Fab
arms.

Pactor B plasma protein that binds to C3(OH) or C3b and is cleaved
to form part of the C3 convertases (C3(OH),Bb and C3b,Bb) in the
alternative pathway of complement activation.

Factor D plasma protease that cleaves factor B to Bb and Ba in the
alternative pathway of complement activation.

Factor H a complement regulatory protein of plasma that inacti-
vates the C3 convertase of the alternative pathway and C5 conver-
tases by binding to C3b and rendering it susceptible to cleavage by
factor I to produce inactive iC3b.

Factor I a regulatory protease of complement that can cleave C3b
and C4b into inactive forms.

Factor P see properdin

Farmer’s lung a hypersensitivity disease caused by the interaction of
IgG antibodies with large partlcles of inhaled allergen in the alveolar
wall of the lung. The resulting inflammation compromises gas
exchange by the lungs. The disease is caused by chronic exposure to
large quantities of the allergen.

Fas a member of the TNF receptor family that is expressed on certain
cells and makes them susceptible to killing by cells expressing Fas
ligand, a cell-surface member of the TNF family of proteins, Binding
of Fas ligand to Fas triggers apoptosis in the Fas-bearing cell.

Fc fragment a fragment of an antibody, resulting from proteolytic
cleavage, that consists of the carboxy-terminal halves of the two
heavy chains disulfide-bonded to each other by the residual hinge
region. It is called Fc because it was the fragment that was most
readily crystallized in early studies of IgG antibody structure. In an
intact antibody the part corresponding to the Fc fragment is called
Fc, Fc reglon, or Fc plece.

Fc receptors cell-surface receptors for the Fe portion of some
immunoglobulin isotypes. They include the Fcy and Fce receptors.

Fc reglon see Fc fragment

Fce receptor (FceRI) a receptor present on the surface of mast cells,
basophils and activated eosinophils that binds free IgE with very
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high affinity. When antigen binds to IgE and cross-links FceRI it
causes cellular activation and degranulation.

Feyreceptors receptors present on various cell types that are specific
for the Fc regions of IgG antibodies. There are different receptors for
different subclasses of IgG.

FDC see follicular dendritic cells

Fever a rise of body temperature above the normal. It is caused by
cytokines produced in response to infection.

FK-binding proteins another name for the cyclophilins that bind
tacrolimus (FK506). See also cyclophilins.

FK506 see tacrolimus
Follicular center cell lymphoma a malignancy of mature B cells.

Follicular dendritic cells (FDCs) characteristic nonlymphoid cells of
follicles in secondary lymphoid tissues. They have long branching
processes that make intimate contact with B cells and have Fc and
complement receptors that hold antigen:antibody:complement
complexes on their surfaces for long periods. These cells are crucial
in selecting antigen-binding B cells during antibody responses.

Framework regions relatively invariant regions within the variable
domains of immunoglobulins and T-cell receptors that provide a
protein scaffold for the hypervariable regions.

Freund’s complete adjuvant an adjuvant consisting of an emulsion
of mineral oil and water contalning killed mycobacteria.

Pungi single-celled and multicellular eukaryotic organisms, includ-
ing the yeasts and molds, that can cause a variety of diseases. Immu-
nity to fungi involves both humoral and cell-mediated responses.

18 T cells a minority population of T cells that express receptors
made up of yand & chains. The antigen specificities and functions of
these cells are uncertain.

GALT see gut-assoclated lymphoid tissues

Gene family a set of genes encoding proteins of similar structure,
and often of similar function, such as the MHC class I genes.

Gene segments multiple short DNA sequences in the immunoglob-
ulin and T-cell receptor genes. These can be rearranged in many dif-
ferent combinations to produce the vast diversity of inmunoglobu-
lin or T-cell receptor polypeptide chains. See also D gene segments;
] gene segments; V gene segments.

Genetic polymorphism variation in a population due to the exis-
tence of two or more alleles of a gene.

Germinal center area in secondary lymphoid tissue that is a site of
intense B-cell proliferation, selection, maturation, and death. Ger-
minal centers form around follicular dendritic cell networks when
activated B cells migrate into lymphoid follicles.

Germline conflguration the organization of the immunoglobulin
and T-cell receptor genes in the DNA of germ cells and in the vast
majority of somatic cells that do not undergo somatic recombina-
tion.

GlyCAM-1 a vascular addressin found on the high endothelial
venules of lymphoid tissues. It is an important ligand for the L-
selectin molecule on naive lymphocytes and directs these cells to
leave the blood and enter the lymphoid tissues.

GM-CSF see granulocyte-macrophage colony-stimulating factor

Goodpasture’s syndrome an autoimmune disease in which autoan-
tibodies against type IV collagen of the basement membrane of
blood vessel endotheiium cause extensive vasculitis.

Graft-versus-host disease (GVHD) pathological condlfion caused

Glossary: Hematopoiesis

by the graft-versus-host reaction (GVHR), which is the response of
mature donor-derived T cells in transplanted bone marrow against
the alloantigens of the recipient’s tissues.

Graft-versus-leukemia (GVL) effect an effect in bone marrow trans-
plantation as therapy for leukemia where some degree of genetic
incompatibility between donor and recipient is thought to help T
cells or NK cells from the transplant to eliminate residual leukemia
cells in the recipient. Also known as a graft-versus-tumor effect.

Granulocyte-macrophage colony-stimulating factor (GM-CSF) a
cytokine involved in the growth and differentiation of cells in the
granulocyte and monocyte lineages.

Granulocytes white blood cells with irregularly shaped, multilobed
nuclei and cytoplasmic granules. There are three types of granulo-
cyte: neutrophils, eosinophils, and basophils. They are also known as
polymorphonuclear leukocytes.

Granuloma a site of chronic inflammation usually triggered by per-
sistent infectious agents such as mycobacteria, or by a non-degrad-
able foreign body. Granulomas have a central area of macrophages,
often fused into multinucleate giant cells, surrounded by T lympho-
cytes.

Granulysin a membrane-perturbing protein present in the granules
of cytotoxic T cells. With perforin it is thought to make pores in the
target cell's membrane.

Granzymes serine esterases present in the granules of cytotoxic T
cells and NK cells. On entering the cytosol of a target cell, granzymes
induce apoptosis of the target. Also called fragmentins.

Graves' disease an autoimmune disease in which antibodies against
the thyroid-stimulating hormone receptor cause the overproduction
of thyroid hormone and the symptoms of hyperthyroidism.

Gut-assoclated lymphold tissues (GALT) lymphoid tissues closely
assoclated with the gastrointestinal tract, including the palatine ton-
sils, Peyer's patches in the intestine, and layers of intraepithelial lym-
phocytes.

H chain see heavy chain
HAART see highly active anti-retroviral therapy
HANE see hereditary angloneurotic edema

Haploldentical transplant a transplant from a donor who shares
one HLA haplotype with the patient but differs in the second.

Haplotype in respect of a linked cluster of polymorphic genes, the
set of alleles carried on a single chromosome is called a haplotype.
Every person inherits two haplotypes, one from each parent. The
term was first used in connection with the genes of the major histo-
compatibility complex.

Hashimoto's disease see Hashimoto's thyrolditis

Hashimoto’s thyrolditis an autoimmune disease characterized by
persistent high levels of antibodies against thyroid-specific antigens.
These antibodies recruit NK cells to the thyroid, leading to damage
and inflammation.

Heavy chain (H chain) the larger of the two component polypep-
tides of an immunoglobulin molecule. Heavy chains come in a vari-
ety of heavy-chain classes or isotypes, each of which confers a dis-
tinctive effector function on the antibody molecule.

Helper CD4 T cells CD4 T cells are sometimes generally known as
helper cells because their function is to help other cell types to per-
form their functions. The term helper T cell sometimes refers to Ty2
cells only, the cells that help B cells to produce antibody.

Hematopolesls the generation of the cellular elements of blood,
including the red blood cells, white blood cells, and platelets. These
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Glossary: Hematopoietic stem cell transplantation

cells all originate from pluripotent hematopoietic stem cells whose
differentiated progeny divide under the influence of various
hematopoietic growth factors.

Hematopoietic stem cell transplantatlon any transplantation in
which the role of the graft is to replace the hematopoietic system.
Sources of hematopoietic stem cells include bone marrow and
umbilical cord blood.

Hemolytic anemia of the newborn a potentially fatal disease caused
by maternal IgG antibodies directed towards paternal antigens
expressed on fetal red blood cells. The usual target of this response is
the Rh blood group antigen. Maternal anti-Rh IgG antibodies cross
the placenta to attack the fetal red blood cells. Also called erythrob-
lastosis fetalis.

Herd immunity the phenomenon whereby those people in a popu-
lation who have no protective immunity against a pathogen are
largely protected from infection when the majority of the population
is resistant to the pathogen.

Hereditary angioneurotic edema (HANE) a genetic disease due to
deficiency of the C1 inhibitor of the complement system. In the
absence of C1 inhibitor, spontaneous activation of the complement
system causes diffuse fluid leakage from blood vessels, the most seri-
ous consequence of which is epiglottal swelling leading to suffocation.

Heterozygous describes an individual who has inherited different
forms (alleles) of a given gene from their two parents.

Highly active anti-retroviral therapy (HAART) combination ther-
apy for HIV infection, in which several antiviral drugs are used
together to try and avoid the rapid generation of drug-resistant
mutant viruses that occurs when one of the drugs is used alone.

Highly polymorphic genes that have many alleles and for which
most individuals in a population are heterozygotes.

Histamine a vasoactive amine stored in mast cell granules. Hista-
mine is released when antigen binds to IgE molecules on mast cells
and causes dilation of local blood vessels and contraction of smooth
muscle, producing some of the symptoms of immediate hypersensi-
tivity reactions. Anti-histamines are drugs that counter histamine
action.

Histocompatibility literally, the ability of tissues (Greek histo) to get
along with each other. The term is used in immunology to describe
the genetic systems that determine the rejection of tissue and organ
grafts as a result of the immunological recognition of alloantigens
(known in this context as histocompatibility antigens).

HIV see human immunodeficiency virus

Hives itchy red swellings in the skin caused by IgE-mediated reac-
tions. Also called urticaria or nettle rash.

HLA the acronym for Human Leukocyte Antigen. 1t is the genetic
designation for the human MHC. Individual loci are designated by
capital letters, as in HLA-A, and alleles are designated by numbers,
as in HLA-A*0201.

HLA class I molecules the name for the human version of the MHC
class [ molecules.

HLA class Il molecules the name for the human version of the MHC
class Il molecules.

HLA-A, HLA-B, and HLA-C the highly polymorphic human MHC
class [ genes.

HLA-DM an invariant MHC class I molecule in humans that is
involved in the intracellular loading of MHC class I molecules with
peptides.

HLA-DO a relatively invariant human MHC class II molecule.

Although not precisely defined, the function of HLA-DO is thought
to modify that of HLA-DM.

HLA-DP, HLA-DQ, and HLA-DR the highly polymorphic human
MHC class 1l molecules. Each class Il molecule is made from «c and B
chains encoded by A and B genes respectively. For example, the
HLA-DPo. and HLA-DPP chains are encoded by the HLA-DPA and
HLA-DPB genes respectively. All the genes are in the MHC.

HLA-E, HLA-G relatively invariant human MHC class I molecules
that form ligands for NK-cell receptors.

HLA-F a monomorphic human MHC class [ molecule of unknown
function.

HLA type the combination of HLA class I and class Il allotypes that a
Person expresses.

Hodgkin's disease a malignant disease caused by transformed ger-
minal center B cells.

Homing the movement of naive T cells into secondary lymphoid tis-
sues, or of effector T cells to an effector site.

Homozygous describes an individual who has inherited the same
form (allele) of a given gene from both parents.

Human immunodeficiency virus (HIV) the causative agent of the
acquired immune deficiency syndrome (AIDS). HIV is a retrovirus of
the lentivirus family that infects CD4 T cells, leading to their slow
depletion, which eventually results in immunodeficiency.

Human leukocyte antigen (HLA) complex the human major histo-
compatibility complex (MHC).

Humanize to replace, by means of genetic engineering, the CDR
loops in a human antibody with the corresponding CDR sequences
of a desired specificity from a mouse antibody.

Humoral immunity immunity that is mediated by antibodies and
can therefore be transferred to a non-immune recipient by serum.

HV reglons see hypervariable regions

Hybridomas hybrid cell lines that make monoclonal antibodies of
defined specificity. They are formed by fusing a specific antibody-
producing B lymphocyte with a myeloma cell that grows in tissue
culture and does not make any immunoglobulin chains of its own.

Hygiene hypothesis hypothesis advanced to explain the increasing
incidence of hypersensitivity and autoimmune diseases in devel-
oped countries, in which the increase is proposed to be due to wide-
spread hygiene, vaccination, and antibiotic therapy, preventing chil-
dren’s immune systems from becoming used to dealing correctly
with infections.

Hyperacute rejection rejection of an allogeneic tissue graft as a
result of preformed antibodies that react against A,B,O blood group
antigens or HLA class [ antigens on the graft. The antibodies bind to
endothelium and trigger the blood clotting cascade, leading to
ischemia and death of the transplanted organ or tissue.

Hyper-IgM syndrome a genetically determined X-linked immunod-
eficiency disease in which B cells cannot switch their immunoglob-
ulin heavy-chain isotype. It arises from the absence of CD40 ligand.

Hypereosinophila abnormally high numbers of eosinophils in the
blood.

Hypersensitivity reactions immune responses to innocuous anti-
gens that lead to symptomatic reactions on reexposure. These can
cause hypersensitivity diseases if they occur repetitively. This state
of heightened reactivity to an antigen is called hypersensitivity.
Hypersensitivity reactions are classified by mechanism: type  hyper-
sensitivity reactions involve the triggering of mast cells by IgE anti-
bodies; type II hypersensitivity reactions involve IgG antibodies
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against cell-surface or matrix antigens; type IIl hypersensitivity reac-
tions involve antigen:antibody complexes; and type IV hypersensi-
tivity reactions are mediated by effector T cells.

Hyperthyrold refers to an abnormally high production of thyroid
hormones by the thyroid gland.

Hypervariable regions (HV reglons) small regions of high amino-
acid sequence diversity within the variable regions of immunoglob-
ulin and T-cell receptors. They correspond to the complementarity-
determining regions.

Hypothyrold refers to an abnormally low production of thyroid hor-
mone by the thyroid gland.

ICAM-1, ICAM-2, ICAM-3 the three different types of ICAM. See also
intercellular adhesion molecules.

Iccosomes immune-complex coated bodies. Small fragments of
membrane coated with immune complexes that bud off from the
processes of follicular dendritic cells in lymphoid follicles.

IDDM see insulin-dependent diabetes mellitus
IFN-ct, IFN-fB, IFN-v see interferons

Ig domain see immunoglobulin domains

Igo, IgP see B-cell antigen receptor

IgA the class of immunoglobulin having o heavy chains. IgA anti-
bodies in dimeric form are the antibodies present in mucosal secre-
tions. IgA in monomeric form is present in the blood.

IgD the class of immunoglobulin having & heavy chains, It appears
as surface immunoglobulin on mature naive B cells but its function
is unknown.

IgE the class of immunoglobulin having € heavy chains. It is involved
in allergic reactions.

IgG the class of immunoglobulin having y heavy chains. It is the most
abundant class of immunoglobulin in plasma.

IgM the class of immunoglobulin having 1 heavy chains. It is the first
immunoglobulin to appear on the surface of B cells and the first
antibody secreted during an immune response. It is secreted in pen-
tameric form.

Ii see invariant chain

IL-1 (Interleukin-1) a cytokine released by macrophages, which
with IL-6 and TNF-o induces a wide range of inflammatory
responses at early times in infection.

IL-2 (interleukin-2) a cytokine produced by activated T cells, which
is essential for the development of adaptive immune responses.

IL-3 (interleukin-3) a growth factor for hematopoietic progenitor
cells.

IL-4 (interleukin-4) a cytokine secreted by CD4 Tu2 cells, which
helps to initiate the proliferation and clonal expansion of B cells.

IL-6 (interleukin-6) a cytokine released by macrophages, which
with IL-1 and TNF-o induces a wide range of inflammatory
responses at early times in infection.

IL-10 (Interleukin-10) a cytokine released by CD4 T2 cells.

IL-12 (interleukin-12) a cytokine released by macrophages, which
activates NK cells.

IL-13 (interleukin-13) a cytokine secreted by CD4 T2 cells.

Immature B cells B cells that have rearranged a heavy- and a light-
chain variable-region gene and express surface IgM but not IgD.

Immature dendritic cells dendritic cells present in tissues, which

Glossary: Immunophilins

take up antigen but do not express co-stimulatory molecules and
cannot yet act as professional antigen-presenting cells to naive T
cells.

Immediate reactions reactions occurring within minutes of expo-
sure to antigen. They are mediated by preexisting antibodies in the
circulation. Also called immediate hypersensitivity reactions.

Immune resistant to infection.

Immune complex the protein complex formed from the binding of
antibodies to soluble antigens. The size of the immune complexes
formed depends on the relative concentrations of antigen and anti-
body. Large immune complexes are cleared by phagocytes bearing
Fc and complement receptors. Small soluble immune complexes
tend to be deposited on the walls of small blood vessels, where they
can activate complement and cause damage.

Immune-complex coated bodies see iccosomes

Immune stimulatory complexes (ISCOMSs) lipid carriers that act as
adjuvants.

Immune system the tissues, cells, and molecules involved in host
defense mechanisms, primarily against infectious agents.

Immunity the ability to resist infection.

Immunization the deliberate provocation of an adaptive immune
response by introducing antigen into the body.

vdeficiency dis a group of inherited or acquired disor-
ders in which some part or parts of host defense are either absent or

defective.

Immunogenetics a subfield of immunology that was originally con-
cerned with the analysis of genetic traits by means of antibodies
against genetically polymorphic molecules such as blood group
antigens and MHC proteins. Immunogenetics now encompasses the
genetic analysis, by any technique, of molecules that are of specific
importance to the immune system.

Immunoglobulin A see IgA
Immunoglobulin D see gD

Immunoglobulin domains (Ig domains) components of protein
structure consisting of about 100 amino acids that fold into a sand-
wich of two P sheets held together by a disulfide bond.
Immunoglobulin heavy and light chains are made up of a series of
immunoglobulin domains. Similar domains are present in many
other proteins.

Immunoglobulin E see IgE
Immunoglobulin G see IgG
Immunoglobulin M see IgM

Immunoglobulin superfamily (Ig superfamily) the name given to
all the proteins that contain one or more immunoglobulin or
immunoglobulin-like domains.

Immunoglobulin-like domains protein domains that resemble the
immunoglobulin domain in structure but are present in a variety of
other proteins.

Immunoglobulins (Ig) the antigen-binding molecules of B cells.

Immunological memory the capacity of the immune system to
make quicker and stronger adaptive immune responses to succes-
sive encounters with an antigen. Immunological memory is specific
for a particular antigen and is long-lived.

Immunophilins intracellular proteins with peptidyl-prolyl cis-trans
isomerase activity that bind the immunosuppressive drugs
cyclosporin A, tacrolimus, and sirolimus (rapamycin).
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Glossary: Immunoreceptor tyrosine-based activation motifs (ITAMs)

Immunoreceptor tyrosine-based activation motifs (ITAMs)
sequences in the cytoplasmic domains of membrane receptors that
are sites of tyrosine phosphorylation and of association with tyro-
sine kinases and phosphotyrosine-binding proteins involved in sig-
nal transduction. Related motifs with opposing effects are
Immunoreceptor tyrosine-based inhibitory motifs (ITIMs), which
recruit phosphatases that remove the phosphate groups added by
tyrosine kinases.

Immunosuppressive drugs compounds that inhibit adaptive
immune responses.

Immunotoxins conjugates made of a specific antibody that is chem-
ically coupled to a toxic protein usually derived from a plant or
microbe. The antibody delivers the toxin moiety to the surface of the
target cells.

Inactivated virus vaccines see killed virus vacclnes

Indirect pathway of allorecognition one means by which alloreac-
tive T cells in a transplant recipient can be stimulated to react
against the transplant. The alloreactive T cells do not directly recog-
nize the transplanted cells but recognize subcellular material that
has been processed and presented by autologous antigen-present-
ing cells.

Inflammation a general term for the local accumulation of fluid,
plasma proteins, and white blood cells that is initiated by physical
injury, infection, or a local immune response. This is also known as
an Inflammatory response. The cells that invade tissues undergoing
inflammatory responses are often called inflammatory celis or an
inflammatory infiltrate,

Inflammatory mediators a variety of substances released by various
cell types that contribute to the production of inflammation at a site
of infection or trauma.

Influenza hemagglutinin a glycoprotein of the influenza virus coat
that binds to certain carbohydrates on human cells, the first step in
viral infection. Changes in the hemaggiutinin are the major source of
antigenic shift.

Innate immunity the host defense mechanisms that act from the
start of an infection and do not adapt to a particular pathogen. Also
called the innate immune response.

Insulin-dependent diabetes mellitus (IDDM) an autoimmune dis-
ease in which insulin-secreting p cells of the pancreatic islets of
Langerhans are gradually destroyed.

Insulitis an infiltration of the pancreatic islets of Langerhans with
lymphocytes and other leukocytes. This is a symptom of incipient
diabetes.

Integrins a class of cell-surface glycoproteins that mediate adhesive
interactions between cells and the extracellular matrix.

Interallelic conversion a mechanism of genetic recombination
between two alleles of a locus in which a segment of one allele is
replaced with the homologous segment from the other. This mecha-
nism is used to generate new HLA class 1 and II alleles.

Intercellular adhesion molecules (ICAMs) ligands for the leukocyte
integrins that enable lymphocytes and other leukocytes to bind to
other cells, including antigen-presenting cells and endothelial cells.

Interdigitating reticular cells see dendritic cells

Interferons cytokines that help cells to resist viral infection. Inter-
feron-o (IFN-o) and interferon-B (IFN-B) are produced by leuko-
cytes and fibroblasts respectively, as well as by other cells, whereas
interferon-y (IFN-y) is a product of CD4 Tg1 cells, CD8 T cells, and
NK cells. IFN-yacts principally to activate macrophages.

Interferon response changes in the expression of a variety of human
genes in cells exposed to interferon.

Interferon-producing cells (IPCs) specialized lymphocyte-like cells
in the blood that secrete up to 1000-fold more type I interferon than
other cells. See also plasmacytoid dendritic cells.

Interleukin (IL) a generic term used for many of the cytokines pro-
duced by leukocytes. See also IL-1, IL-2, IL-3, etc.

Intermolecular epitope spreading the process by which the
immune response initially reacts against an epitope of one antigenic
molecule and then progresses to epitopes on different proteins.

Intramolecular epitope spreading the process by which the
immune response initially reacts against epitopes in one part of an
antigenic molecule and then progresses to other, non-cross-reactive,
epitopes of the same molecule.

Invariant chain (Ii) polypeptide that associates with major histo-
compatibility complex (MHC) class II proteins in the endoplasmic
reticulum and prevents them from binding peptides there. It guides
the MHC class II molecules to endosomes where Ii is degraded,
enabling MHC class Il molecules to bind peptides present in the
endosomes.

Ischemia deficient blood supply due to obstructed blood vessels.
ISCOMSs see immune stimulatory complexes

Islets of Langerhans the endocrine hormone-producing tissue of
the pancreas, which includes the p cells that produce insulin.

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

Isograft a tissue or organ graft from one genetically identical indi-
vidual to another.

Isotype switching the process by which a B cell changes the class of
immunoglobulin made while preserving the antigenic specificity of
the immunoglobulin. Isotype switching involves somatic recombi-
nation that attaches a different heavy-chain constant-region gene to
the variable-region exon. :

Isotypes classes of immunoglobulin—IgM, IgG, IgD, IgA, and IgE—
each of which has a distinct heavy-chain constant region encoded by
a different constant-region gene. The heavy-chain constant region
determines the effector properties of each antibody class.

ITAMs see immunoreceptor tyrosine-based activation motifs

ITIMs immunoreceptor tyrosine-based inhibitory motifs. See also
immunoreceptor tyrosine-based activation motifs.

J gene segments see joining (J) gene segments

Janus kinases (JAKs) a family of tyrosine kinases that transduce acti-
vating signals from cytokine receptors.

Joining (J) gene segments one of the types of gene segment in
immunoglobulin and T-cell receptor genes that is rearranged to
make functional variable-region exons.

Junctional diversity diversity present in immunoglobulin and T-cell
receptor polypeptides that is created during the process of gene
rearrangement by the addition of nucleotides into the junctions
between gene segments.

kappa (x) one of the two types of immunoglobulin light chain.

Killed virus vaccines vaccines that contain viral particles that have
been deliberately killed by heat, chemicals, or radiation.

Killer cell immunoglobulin-like receptors (KIRs) receptors on NK
cells that bind to MHC class | molecules and can send either activat-
ing or inhibitory signals to the NK cell.

Kupffer cells phagocytic cells of the liver that line the hepatic sinu-
soids.

A5 see pre-B-cell receptor
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L chain see light chain

L-selectin an adhesion molecule of the selectin family found on
lymphocytes. It binds to CD34 and GlyCAM-1 on high endothelial
venules to initiate the migration of naive lymphocytes into sec-
ondary lymphoid tissue.

lambda (A) one of the two types of immunoglobulin light chain.

Langerhans' cells phagocytic dendritic cells found in the epidermis.
They can migrate in lymph from the epidermis to lymph nodes,
where they differentiate into dendritic cells.

Large granular lymphocytes see natural killer cells

Large pre-B cells immature B cells that have a cell-surface pre-B-cell
receptor.

Late pro-B cell see pro-B cell

Late-phase reaction that part of a type 1 immediate hypersensitivity
reaction that occurs 7-12 hours after contact with antigen and is
resistant to treatment with anti-histamine.

Latency a state adopted by some viruses in which they have entered
cells but do not replicate.

Lck a protein tyrosine kinase associated with the CD4 and CD8 co-
receptors of T cells.

Lectin pathway of complement activation one of the three path-
ways of complement activation. It is activated by the binding of a
mannose-binding lectin present in blood plasma to mannose-con-
taining peptidoglycans on bacterial surfaces. See also alternative
pathway of complement activation; classical pathway of comple-
ment activation.

Lentiviruses group of slow retroviruses that includes the human
immunodeficiency virus (HIV). They have a long incubation period
and disease can take years to become apparent.

Leukemia the unrestrained proliferation of a malignant white blood
cell characterized by abnormally high numbers of white cells in the
blood. A leukemia can be lymphocytic, myelocytic, or monocytic
depending on the type of white blood cell that became malignant.

Leukocyte a general term for a white blood cell, Lymphocytes, gran-
ulocytes, and monocytes are all leukocytes.

Leukocyte adhesion deficiency an immunodeficiency disease in
which the common i chain of the leukocyte integrins is absent. This
mainly affects the ability of leukocytes to enter sites infected with
extracellular pathogens, so such infections cannot be effectively
eradicated.

Leukocytosis increased numbers of leukocytes in the blood. It is
commonly seen in acute infection.

LFA-1 see lymphocyte function-associated antigen-1
LYA-3 see lymphocyte function-associated antigen-3

Light chain (L chain) the smaller of the two types of polypeptide
chain that make up immunoglobulins. It consists of one variable and
one constant domain, and in the immunoglobulin molecule it is
disulfide-bonded to a heavy chain. There are two classes of light
chain, known as x and A.

Light zone the part of a germinal center in secondary lymphoid tis-
sue that contains non-dividing centrocytes interacting with follicu-
lar dendritic cells.

Linear epitope epitope of a protein recognized by antibody that
consists of a linear sequence of amino acids within the protein’s pri-
mary structure,

Linkage disequilibrium (LD) the situation when particular alleles of
two or more polymorphic genes (for example those comprising an

Glossary: Macrophage activation

HLA haplotype) are inherited together at frequencies higher than
expected by chance. ;

Live-attenuated virai vaccines vaccines composed of live viruses
that have an accumulation of mutations that impedes their growth
in human cells and their capacity to cause disease.

LPS-binding protein plasma protein that binds bacterial
lipopolysaccharide (LPS) and delivers it to LPS receptors on neu-
trophils and macrophages.

LT see lymphotoxin

Lymph mixture of extracellular fluid and cells that is carried by the
lymphatic system.

Lymph nodes a type of secondary lymphoid tissue found at many
sites in the body where lymphatic vessels converge. Antigens are
delivered by the lymph and presented to lymphocytes within the
lymph node where adaptive immune responses are initiated.

Lymphatic vessels (lymphatics) thin-walled vessels that carry
lymph from tissues to secondary lymphoid tissues (with the excep-
tion of the spleen) and from secondary lymphoid tissues to the tho-
racic duct.

Lymphocyte function-assoclated antigen-1 (LFA-1) one of the
leukocyte integrins that mediate the adhesion of lymphocytes, espe-
cially T cells, to endothelial cells and antigen-presenting cells,

Lymphocyte function-associated antigen-3 (LFA-3) cell adhesion
molecule of the immunoglobulin superfamily that is expressed on
antigen-presenting cells (and other types of cell) and mediates their
adhesion to T cells.

Lymphocytes a class of white blood cells that consist of small and large
lymphocytes. The small lymphocytes bear variable cell-surface recep-
tors for antigen and are responsible for adaptive immune responses.
There are two main classes of small lymphocyte—B lymphocytes (B
cells) and T lymphocytes (T cells). Large granular lymphocytes are nat-
ural killer (NK) cells, lymphocytes of innate immunity.

Lymphoid containing lymphocytes, or pertaining to lymphocytes.

Lymphold lineage all types of lymphocyte, and the bone marrow
cells that give rise to them.

Lymphoid organs (lymphoid tissues) organized tissues that contain
very large numbers of lymphocytes held in a non-lymphoid stroma.
The primary lymphoid organs, where lymphocytes are generated,
are the thymus and bone marrow. The main secondary lymphoid tis-
sues, in which adaptive immune responses are initiated, are the
lymph nodes, spleen, and mucosa-associated lymphoid tissues such
as tonsils, Peyer’s patches, and the appendix.

Lymphoid progenitor stem cell in bone marrow cell that gives rise to
all lymphocytes.

Lymphokines cytokines produced by lymphocytes.

Lymphomas tumors of lymphocytes that grow in lymphoid and
other tissues but do not enter the blood in large numbers.

Lymphotoxin (LT) a cytotoxic cytokine secreted by some CD4 T cells.
Also known as tumor necrosis factor- (TNF-f).

Lytic granules intracellular storage granules of cytotoxic T cells and
NK cells that contain perforin and granzymes.

M cells specialized cells in intestinal epithelium through which anti-
gens and pathogens enter gut-associated lymphoid tissue from the
intestines. Short for microfold cells.

Macrophage activation stimulation of macrophages, which
increases their phagocytic, antigen-presenting, and bacterial killing
functions. It occurs in the course of infection.
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Macrophages large mononuclear phagocytic cells resident in most
tissues. They are derived from blood monocytes and contribute to
innate immunity and early nonadaptive phases of host defense.
They function as professional antigen-presenting cells and as effec-
tor cells in humoral and cell-mediated immunity.

MAdCAM-1 mucosal cell adhesion molecule-1, a mucosal addressin
that is recognized by the lymphocyte surface proteins L-selectin and
VLA-4. This interaction mediates the specific homing of lympho-
cytes to mucosal tissues.

Major basic protein a constituent of eosinophil granules that is
released on eosinophil activation. It acts on mast cells to cause their
degranulation.

Major histocompatibility complex (MHC) a cluster of genes on the
short arm of human chromosome 6 that encodes a set of polymor-
phic membrane glycoproteins called the MHC molecules, which are
involved in presenting peptide antigens to T cells.

Major histocompatibility complex (MHC) molecules see MHC mol-

ecules

Malignant transformation the changes that occur in a cell to make
it cancerous.

Malignant tumors tumors that are capable of uncontrolled and
invasive growth.

MALT see mucosa-assoclated lymphoid tissues

Mannose-binding lectin (MBL) an acute-phase protein in the blood
that binds to mannose residues on pathogen surfaces and when
bound activates the complement system. It is also known as man-
nose-binding protein (MBP) and mannan-binding lectin.

Mannose-binding protein pathway see lectin-mediated pathway

Mantle zone in lymphoid follicles, a rim of B lymphocytes that sur-
rounds a follicle.

Mast cells large bone marrow derived cells found resident in con-
nectlve tlssues throughout the body. They contain large granules
that store a variety of chemical mediators including histamine. Mast
cells have high-affinity Fce receptors (FceRI) that bind free IgE. Anti-
gen binding to mast cell associated IgE triggers mast cell activation
and degranulation, producing a local or systemic immediate hyper-
sensitivity reaction. Mast cells have a crucial role in allergic reac-
tions.

Mature B cells B cells that have IgM and IgD on their surface and are
able to respond to antigen.

Mature dendritic cells dendritic cells in secondary lymphoid tissues
that express co-stimulatory molecules and other cell-surface mole-
cules that enable them to present antigen to naive T cells and acti-
vate them.

Megakaryocytes large cells of the erythroid lineage, produced in the
bone marrow and resident there. They produce platelets.

Membrane co-factor protein (MCP) complement regulatory pro-
tein on human cells that promotes the inactivation of C3b and C4b
by factor L.

Membrane-attack complex the complex of terminal complement
components that forms a pore in the membrane of the target cell,
damaging the membrane and leading to cell lysis.

Memory B cells long-lived antigen-specific B cells that are produced
from activated naive B cells during the primary immune response to
an antigen. On subsequent exposure to their specific antigen they
are reactivated to differentiate into plasma cells as part of the sec-
ondary and subsequent immune responses.

Memory cells general term for lymphocytes that are responsible

for the phenomenon of immunological memory and protective
immunity.

Memory T cells long-lived antigen-specific T cells that are activated
in secondary and subsequent immune responses to an antigen.

Metastasls the spread of a tumor from its site of origin to other tis-
sues. Some cells from the primary tumor invade other tissues and
grow and divide to become secondary tumors.

Methotrexate cytotoxic drug used to inhibit graft-versus-host reac-
tions in bone marrow transplant recipients.

MHC see major histocompatibility complex

MHC class I molecules the class of MHC molecules that present pep-
tides generated in the cytosol to CD8 T cells. They consist of a het-
erodimer of a class I heavy chain associated with B-microglobulin.

MHC class II molecules the class of MHC molecules that present
peptides generated in intracellular vesicles to CD4 T cells. They con-
sist of a heterodimer of class II o and B chains.

MHC class II transactivator (CIITA) a transcriptional activator of
MHC class II genes. When defective it causes a type of bare lympho-
cyte syndrome.

MHC molecules major histocompatibility complex molecules.
Highly polymorphic glycoproteins encoded by the major histocom-
patibility complex (MHC). They form complexes with peptides and
present peptide antigens to T cells. There are two classes—MHC
class I and MHC class Il molecules—with different roles in the
immune response. They are also known as major histocompatibility
antigens because they are the main alloantigens involved in the
rejection of transplanted tissues.

MHC restriction the fact that a given T-cell receptor will recognize
its peptide antigen only when the peptide is bound to a particular
form of MHC molecule.

Microfold cells see M cells

Minor histocompatibility antigens (minor H antigens) peptides of
polymorphic cellular proteins that can lead to graft rejection when
they are bound by MHC molecules and recognized by T cells.

Minor histocompatibility locl the genes encoding proteins that can
act as minor histocompatibility antigens.

Mixed lymphocyte reaction cellular assay for detecting MHC differ-
ences between two individuals. The T cells from one individual pro-
liferate in response to allogeneic MHC molecules on the cells of the
other individual.

Molecular mimicry antigenic similarity between a pathogen anti-
gen and a cellular antigen, which results in the induction of anti-
bodies or T cells that act against the pathogen but also cross-react
with the self antigen.

Monoclonal antibodies antibodies produced by a single clone of B
lymphocytes and that are therefore identical in structure and anti-
gen specificity.

Monocytes white blood cells with a bean-shaped nucleus. They are
the precursors of tissue macrophages.
Monocyte chemoattractant protein (MCP-1) see CCL2

Monomorphic having only one form. The term is used, for example,
for genes that have only one allele.

Mucosa the mucus-secreting epithelia that line the respiratory,
intestinal, and urogenital tracts. The conjunctiva of the eye and the
mammary glands are also in this category.

Mucosa-associated lymphoid tissue (MALT) aggregations of lym-
phoid cells in mucosal epithelia and in the lamina propria beneath.
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The main mucosa-associated lymphoid tissues are the gut-associ-
ated lymphoid tissues (GALT) and the bronchial-associated lym-
phoid tissues (BALT).

Mucosal surfaces see mucosa

Mucus slimy protective secretion produced by many internal
epithelia.

Multiple sclerosis a chronic progressive neurological disease char-
acterized by patches of demyelination in the central nervous system
and lymphocyte infiltration into the brain. It is believed to be an
autoimmune disease.

Multivalent having more than one binding site for the same or dif-
ferent ligands.

Mutagen any agent, such as a chemical or radiation, that can cause
a mutation.

Mutation an alteration in the DNA sequence of a gene.

Myasthenia gravis an autoimmune disease in which autoantibodies
against the acetylcholine receptor on skeletal muscle cells cause a
block of signal transmission from nerve to muscle at neuromuscular
junctions, leading to progressive muscle weakness and eventually to
death.

Myeloablative therapy a conditioning regime used before a bone
marrow transplant. The recipient’s immune system is destroyed with
a combination of cytotoxic drugs and irradiation.

Myeloid lineage a subset of bone-marrow derived cells comprising
granulocytes, monocytes, and macrophages.

Myelold progenitors stem cells in the bone marrow that give rise to
granulocytes, monocytes, and macrophages.

Myelomas tumors of plasma cells resident in bone marrow.

Myelopoiesis the production of monocytes and granulocytes in the
bone marrow.

N-nucleotides nucleotides added at the junctions between gene
segments of T-cell receptor and immunoglobulin heavy-chain vari-
able-region sequences during somatic recombination, which con-
tribute to the diversity of these molecules. They are not encoded in
the gene segments but are inserted by the enzyme terminal
deoxynucleotidyltransferase (TdT).

Naive B cell a mature B cell that has left the bone marrow but has not
yet encountered its specific antigen.

Naive T cell a mature T cell that has left the thymus but not yet
encountered its specific antigen.

Natural cytotoxicity receptors (NCRs) a group of activating NK-cell
receptors of the immunoglobulin superfamily.

Natural interferon-producing cells (NIPCs) see interferon-produc-
ing cells

Natural killer cells (NK cells) large, granular, cytotoxic lymphocytes
that circulate in the blood. NK cells are important in innate immu-
nity to viruses and other intracellular pathogens and also kill certain
tumor cells. They are the cytotoxic cells in antibody-dependent cell-
mediated cytotoxicity (ADCC).

NCR see natural cytotoxicity receptor

Necrosis the death of cells by lysis that results from chemical or
physical injury. It leaves extensive cellular debris that must be
removed by phagocytes. Neighboring tissue is also damaged by the
molecules released from necrotic cells.

Negative selection process in the thymus whereby developingT cells
that recognize self antigens are induced to die by apoptosis.

Glossary: Original antigenic sin

Neoplasm a tumor, which may be benign or malignant.

Neutralization the mechanism by which antibodies binding to sites
on pathogens prevent growth of the pathogen and/or its entry into
cells. The toxicity of bacterial toxins can similarly be neutralized by
bound antibody.

Neutropenia a deficiency of neutrophils in the blood.

Neutrophils phagocytic white blood cells that enter infected tissues
in large numbers. They contain granules that stain with neutral dyes.
After their entry into infected tissues, neutrophils engulf and kill
extracellular pathogens in large numbers. They are also known as
neutrophilic polymorphonuclear leukocytes and are a type of gran-
ulocyte. The most abundant white blood cell.

NFAT (nuclear factor of activated T cells) a transcription factor that
is activated as a result of signaling from the T-cell receptor. It func-
tions as a complex of the NFAT protein with the dimer of Fos and Jun
proteins known as AP-1.

NFxB nuclear factor kB, a transcription factor that helps turn on the
expression of many immune system genes.

NIPC see interferon-producing cell
NK cells see natural killer cells

NK-cell lectin-like receptors one of the two main structural classes
of NK-cell receptors, They include both activating and inhibitory
receptors.

Non-obese diabetic (NOD) mice a strain of mice in which diabetes
arises spontaneously and has clinical and immunological character-
istics similar to those in human insulin-dependent diabetes melli-
tus.

Oligomorphic describes genes that have only a small number of dif-
ferent alleles in the population.

Oncogenes genes involved in the control of cell growth. When these
genes are defective in either structure or expression, they can cause
cells to proliferate abnormally and form a tumor.

Oncogenic viruses viruses that are involved in causing cancer.

Oncology the clinical discipline that deals with the study, diagnosis,
and treatment of cancer.

Opportunistic pathogen a microorganism that causes disease only
in individuals whose immune systems are in some way compro-
mised.

Opsonins antibodies and complement components that bind to
pathogens and facilitate their phagocytosis by neutrophils or
macrophages.

Opsonizatlon the coating of the surface of a pathogen or other par-
ticle with any molecule that makes it more readily ingested by
phagocytes. Antibody and complement opsonize extracellular bac-
teria for phagocytosis by neutrophils and macrophages because the
phagocytic cells carry receptors for these molecules.

Oral tolerance the fact that harmless antigens, such as those in food,
taken into the body by mouth do not usually cause an immune
response.

Organ-specific autoimmune diseases autoimmune diseases tar-
geted at a particular organ, such as the thyroid in Graves’ disease.

Original antigenic sin a bias seen in successive immune responses
to structurally related antigens such as those on different strains of
influenza virus. On infection for the second time with influenza, the
antibody response is restricted to epitopes that the second strain
shares with the first strain to which the person was exposed. Other
highly immunogenic epitopes on the second and subsequent
viruses are ignored.
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Glossary: P-nucleotides

P-nucleotides nucleotides added into the junctions between gene
segments during the somatic recombination that generates a
rearranged variable-region sequence. They are an inverse repeat (a
palindrome) of the nucleotide sequence at the end of the adjacent
gene segment, which gives them their name of palindromic or P-
nucleotides.

P-selectin see selectins
Pandemic outbreak of an infectious disease that spreads worldwide.

Panel reactive antibody (PRA) a measure of the likelihood that a
patient seeking a transplant is sensitized to potential donors. The
patient’s serum is tested against tissue from a representative panel of
individuals for antibodies that would cause immediate hyperacute
rejection of a graft. The PRA is the percentage of individuals in the
panel whose cells react with the patient’s antibodies.

Paracrine term applied to a cytokine that is released from one type
of cell and acts on other cells nearby.

Parasites the unicellular protozoa and multicellular worms that
infect animals and humans and live within them.

Paroxysmal nocturnal hemoglobinuria (PNH) a disease in which
the complement regulatory proteins CD59 and DAF are defective, so
that complement activation leads to episodes of spontaneous
hemolysis. The defect is in the attachment of CD59 and DAF to cell
membranes via a glycolipid anchor.

Passive immunization the injection of specific antibodies to provide
protection against a pathogen or toxin. The administered antibodies
may derive from human blood donors, immunized animals or
hybridoma cell lines.

Passive transfer of immunity transfer of immunity to a non-
immune individual by the injection of specific antibody, immune
serum, or T cells.

Pathogen an organism, most commonly a microorganism, that can
cause disease.

Pathology the scientific study of disease or detectable damage to tis-
sue caused by disease.

Pemphigus foliaceus and pemphigus vulgaris autoimmune dis-
eases involving blistering of the skin.

Pentraxins a family of acute-phase proteins to which C-reactive pro-
tein belongs. They are formed of five identical subunits.

Peptide-binding motif of an MHC isoform, the combination of
anchor residues that are common to the amino-acid sequences of
peptides that bind to the isoform.

Perforin one of the proteins released by cytotoxic T cells on contact
with their target cells. It forms pores in the target cell membrane that
contribute to cell killing.

Peripheral lymphoid tissues see secondary lymphoid tissues

Peyer’s patches gut-associated lymphoid tissue present in the wall
of the small intestine, especially the ileum.

Phagocyte a cell specialized to perform phagocytosis. The principal
phagocytic cells in mammals are neutrophils and macrophages.

Phagocytosis cellular internalization of particulate matter, such as
bacteria, by means of endocytosis. Cells specialized in phagocytosis
are known as phagocytes.

Phagolysosome intracellular vesicle formed by fusion of a phago-
some with a lysosome, in which the phagocytosed material is broken
down by degradative lysosomal enzymes.

Phagosome intracellular vesicle containing material taken up by
phagocytosis.

Plasma cells terminally differentiated B lymphocytes that secrete
antibody.

Plasmablast an activated B cell differentiating within a lymphoid
follicle at the stage at which it shows some features of a plasma cell.

Plasmacytoid dendritic cells (PDCs) dendritic-like cells derived
from interferon-producing cells cultured with microbial products
and inflammatory cytokines.

Pluripotent hematopoietic stem cell stern cell in bone marrow that
gives rise to all the cellular elements of the blood.

PNH see paroxysmal nocturnal hemoglobinuria

Poly-Ig receptor a receptor present on the basolateral membrane of
epithelial cells that binds polymeric immunoglobulins, especially
dimeric IgA, and transports them across the epithelium by transcy-
tosis.

Polymorphism the existence of different variants of a gene or trait in
the population. Genetic polymorphism is defined as the existence of
two or more forms (alleles) of a given gene within the population,
with the variant alleles each occurring at a frequency greater than 1%.

Polymorphonuclear leukocytes see granulocytes

Polyspecificity the ability to bind to many different antigens, a prop-
erty shown by some antibodies. It is also known as polyreactivity.

Positive selection a process in the thymus that selects immature T
cells with receptors that recognize peptide antigens presented by
self-MHC molecules. Only cells that are positively selected are
allowed to continue their maturation.

PRA see panel reactive antibody

Pre-B cells a stage in B-cell development at which the B cells have
rearranged their heavy-chain genes but not their light-chain genes.

Pre-B-cell receptor immunoglobulin-like receptor that is expressed
on the surface of pre-B cells. It consists of i heavy chains in associa-
tion with surrogate light chains. Its appearance signals the cessation
of heavy-chain gene rearrangement.

Pre-T-cell receptor receptor that is present on the surface of some
immature thymocytes. It consists of a T-cell receptor § chain associ-
ated with a surrogate o chain called pTa.

Prednisolone the biologically active compound to which the
immunosuppressive drug prednisone is converted in vivo.

Prednisone a synthetic steroid drug with potent anti-inflammatory
and immunosuppressive activity. Prescribed to patients who have
had organ transplants.

Present cells carrying cell-surface complexes of peptide antigens
and MHC molecules are said to present these antigens to T lympho-
cytes.

Primary immune response or primary response the adaptive
immune response that follows a person’s first exposure to an anti-
gen.

Primary lymphoid follicles the name given to the B-cell areas of
secondary lymphoid tissues in the absence of an immune response.
They contain resting B lymphocytes.

Primary lymphoid tissues anatomical sites of lymphocyte develop-
ment. The bone marrow and the thymus gland.

Pro-B cells an early stage in B-cell development at which B-cell pre-
cursors express B-cell marker proteins and rearrange their heavy-
chain genes. Dy to ] joining occurs at the early pro-B cell stage, fol-
lowed by Vi to DJy joining at the late pro-B cell stage.

Pro-drug biologically inactive compound that is metabolized in the
body to produce an active drug.
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Productive rearrangements DNA rearrangements within
immunoglobulin and T-cell receptor genes that lead to a gene that
can direct the synthesis of a functional polypeptide chain.

Professional antigen-presenting cells cells that can present antigen
to naive T cells and activate them. A professional antigen-presenting
cell not only displays peptide antigens bound to appropriate MHC
molecules but also has co-stimulatory molecules on its surface that
are needed to activate the T cell. Only dendritic cells, macrophages,
and B cells can be professional antigen-presenting cells.

Programmed cell death see apoptosis

Properdin a blood protein that helps to activate the alternative
pathway of complement activation. It binds to and stabilizes the
alternative pathway C3 and C5 convertases on the surfaces of bacte-
rial cells. It is also known as factor P

Proteasome large multisubunit protease present in the cytosol of all
cells that degrades cytoplasmic proteins. It generates the peptides
presented by MHC class I molecules.

Protective immunity the specific immunological resistance to a
pathogen that follows either from specific vaccination or recovery
from an infection with the pathogen.

Proteln tyrosine kinases enzymes that phosphorylate tyrosine
residues on proteins. They are involved in signal transduction from
many types of cell-surface receptor, including the antigen receptors
on B cells and T cells.

Proto-oncogenes cellular genes that regulate the control of cell
growth and division. When mutated or aberrantly expressed, they
contribute to the malignant transformation of cells, which leads to
cancer,

Provirus the DNA form of a retrovirus when it is integrated into the
host cell genome. In this state it can remain transcriptionally inac-
tive for a long time.

pTo see pre-T-cell receptor

Purine nucleotide phophorylase (PNP) enzyme involved in purine
metabolism. Its deficiency results in the accumulation of purine
nucleosides, which are toxic for developing T cells. This leads to
severe combined immunodeficiency.

Pus thick yellowish-white fluid that is formed in infected wounds. It
is composed of dead and dying white blood cells (principally neu-
trophils), tissue debris, and dead microorganisms.

Pyogenic bacteria extracellular encapsulated bacteria that cause the
formation of pus at sites of infection.

RAG-1, RAG-2 see recombination activation genes
Rapamycin see sirolimus

Receptor editing a process in developing B cells that have generated
a self-reactive receptor by which further rounds of light-chain gene
rearrangement can produce a new light chain to replace the self-
reactive one.

Recirculation of lymphocytes, their continual movement from
blood to secondary lymphoid tissues to lymph and back to the
blood. An exception to this pattern is traffic to the spleen; lympho-
cytes both enter and leave the spleen in the blood.

Recombination activation genes (RAG-1, RAG-2) two genes whose
expression is required for immunoglobulin and T-cell receptor gene
rearrangement in B cells and T cells.

Recombination signal sequences (RSSs) short stretches of DNA that
flank the gene segments that are rearranged to generate V-region
exons. They are the sites at which somatic recombination occurs.

Regulators of complement activation (RCA) proteins that regulate

Glossary: Self peptides

the activity of complement and contain a particular structural motif
called the CCP motif,

Regulatory CD4 T cells (Tr) antigen-specific CD4 T cells whose
actions can suppress immune responses.

Respiratory burst metabolic change accompanied by a transient
increase in oxygen consumption that occurs in neutrophils and
macrophages when they have taken up opsonized particles. It leads
to the generation of toxic oxygen metabolites and other anti-bacter-
ial substances that attack the phagocytosed material.

Respiratory syncytial virus (RSV) a paramyxovirus that is a com-
mon cause of severe chest infection in young children. Often associ-
ated with wheezing.

Rev protein product of the rev gene of the human immunodefi-
ciency virus (HIV). The protein promotes the passage of viral RNA
from nucleus to cytoplasm during HIV replication.

Rheumatic fever autoimmune disease involving inflammation of
the heart, joints, and kidneys, which can follow 2-3 weeks after a
throat infection with certain strains of Streptococcus pyogenes. It is
due to antibodies made against bacterial antigens cross-reacting
with components of heart tissue, and the continued deposition of
immune complexes.

Rheumatoid arthritis a common inflammatory disease of joints
that is due to an autoimmune response.

Rheumatoid factor an IgM antibody with specificity for human IgG
that is produced in some people with rheumatoid arthritis.

RSS see recombination signal sequences

RSV see respiratory syncytial virus

Sarcoma a tumor that arises from a cell of connective tissue.
SCID, scid see severe combined immunodeficiency

SE see staphylococcal enterotoxins

Sccondary immune response or secondary response the adaptive
immune response provoked by a second exposure to an antigen. It
differs from the primary response by starting sooner and building
more quickly.

Secondary lymphoid follicle the name given to the B-cell areas of
secondary lymphoid tissues that are responding to antigen. They
contain proliferating B cells.

Secondary lymphoid tissues the lymph nodes, spleen and mucosa-
associated lymphoid tissues. These are the tissues in which immune
responses are initiated. The more highly organized tissues such as
lymph nodes and spleen are also often known as secondary lym-
phoid organs.

Secretory component (secretory piece) fragment of the poly-Ig
receptor left attached to dimeric IgA after its transport across epithe-
lial cells.

Segmental exchange see gene conversion

Selectins family of adhesion molecules present on the surfaces of
leukocytes and endothelial cells. They are lectins and bind to sugar
moieties on certain mucin-like glycoproteins.

Self antigens a term used to describe all the normal constituents of
the body to which the immune system would respond were it not for
the mechanisms of tolerance that destroy or inactivate self-reactive
B andT cells.

Self-MHC a person’s own MHC molecules.

Self peptides peptides produced from the body’s own proteins. In
the absence of infection these peptides occupy the peptide-binding
sites of MHC molecules on cell surfaces.
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Glossary: Self renewal

Self-renewal the ability of a population of cells to renew itself.

Self-tolerance the normal situation whereby a person’s immune sys-
tem does not respond to constituents of the person’s body.

Sensitization in connection with allergy, the first exposure to an
allergen that elicits an IgE response. Allergic reactions occur only in
individuals who have already been sensitized.

Sepsis the toxic effects of infection of the bloodstream. Usually
caused by Gram-negative bacteria. See also septic shock.

Septic shock shock syndrome that is frequently fatal, caused by the
systemic release of the cytokine TNF-o after bacterial infection of
the bloodstream, usually with Gram-negative bacteria.

Septicemia bacterial invasion of the blood.

Seroconversion the phase of an infection when antibodies against
the infecting agent are first detectable in the blood.

Serotypes antigenically different strains of a bacterium or other
pathogen that can be distinguished by immunological means, for
example by antibody-based detection tests. Also used to describe
human alloantigens such as HLA and blood group antigens.

Serum sickness the collection of symptoms that follow the injection
of large amounts of a foreign molecule (such as a serum protein) into
a person. It is caused by the immune complexes formed between the
injected protein and the antibodies that are made against it. Charac-
terized by fever, arthralgias, and nephritis.

Severe combined immune deficiency (SCID) immune deficiency
disease in which neither antibody nor T-cell responses are made. It
is usually the result of genetic defects that lead to T-cell deficiencies,
and is fatal in childhood if not treated.

Single-positive thymocytes a late stage of T-cell development in the
thymus characterized by the expression of either the CD4 or the CD8
co-receptor on the cell surface.

Sirolimus the proprietary name for the immunosuppressive drug
rapamycin. Both names are in common use,

SLE see systemic lupus erythematosus

Small lymphocytes the general name for resting T and B lympho-
cytes as they recirculate.

Small pre-B ceils pre-B cells in which light-chain gene rearrange-
ments are being made.

Somatic gene therapy a possible therapy for curing inherited
immunodeficiency diseases. Stem cells isolated from the patient are
transfected with a normal copy of the gene that is defective in the
patient. The stem cells, which now express a good copy of the for-
merly defective gene, are reinfused into the patient’s circulation.

Somatic hypermutation mutation that occurs at high frequency in
the rearranged variable-region DNA of immunoglobulin genes in
activated B cells, resulting in the production of variant antibodies,
some of which have a higher affinity for the antigen.

Somatic recombination DNA recombination that occurs between
gene segments in the immunoglobulin genes and T-cell receptor
genes in developing B cells and T cells respectively. It generates a
complete exon that encodes the variable region of an immunoglob-
ulin or T-cell receptor polypeptide chain.

Specificity the property of antibodies and other antigen-binding
molecules for selective interaction with only one or a few types of
molecule or cell.

Spleen organ situated adjacent to the cardiac end of the stomach.
One function of the spleen is to remove old or damaged red blood
cells from the circulation; the other is as a secondary lymphoid
organ that responds to blood-borne pathogens and antigens.

Staphylococcal enterotoxins (SEs) toxins secreted by strains of
staphylococcus that act on the gut and cause the symptoms of food
poisoning. They are also superantigens.

STATs signal transducers and activators of transcription. Proteins
that are activated to become transcription factors through the Janus
kinase signaling pathway from cytokine receptors.

Stromal cells cells that provide the supporting framework of a tissue
or organ.

Subunit vaccines vaccines composed only of isolated antigenic
components of a pathogen and not the pathogen itself, either alive
or dead.

Superantigens molecules that, by binding non-specifically to MHC
class Il molecules and T-cell receptors, stimulate the polyclonal acti-
vation of T cells.

Suppressor CD4 T cells see regulatory CD4 T cells.

Surrogate light chaln a protein that mimics an immunoglobulin
light chain and made up of two subunits, VpreB and A5. It is pro-
duced by pro-B cells and together with p heavy chain forms the pre-
B-cell receptor.

Switch regions (switch sequences) DNA sequences preceding
heavy-chain constant-region genes at which somatic recombination
occurs when B cells switch from producing one immunoglobulin
isotype to another.

Sympathetic ophthalmia an autoimmune response that sometimes
follows damage to an eye and affects both the damaged eye and the
healthy eye.

Syngeneic genetically identical. A syngeneic tissue graft is one made
between two genetically identical individuals. It does not provoke an
immune response or a rejection reaction.

Systemic anaphylaxis a rapid-onset and potentially fatal form of
IgE-mediated allergic reaction, in which antigen in the bloodstream
triggers the activation of mast cells throughout the body, causing cir-
culatory collapse and suffocation due to tracheal swelling.

Systemic autoimmune disease (systemic autoimmunity) autoim-
munity that involves reactions to common components of the body
and whose effects are not confined to one particular organ.

Systemic lupus erythematosus a systemic autoimmune disease in
which autoantibodies made against DNA, RNA, and nucleoprotein
particles form immune complexes that damage small blood vessels.

T cells (T lymphocytes) lymphocytes that develop in the thymus
and are responsible for cell-mediated immunity. Their cell-surface
antigen receptor is called the T-cell receptor.

T-cell activation the stimulation of mature naive T cells by antigen
presented to them by professional antigen-presenting cells. It leads
to their proliferation and differentiation into effector T cells.

T-cell areas parts of secondary lymphoid tissues where the lympho-
cytes are predominantly T cells.

T-cell priming the activation of mature naive T cells by antigen pre-
sented to them by professional antigen-presenting cells.

T-cell receptor a chain (TCRe) one of the two polypeptide chains
that make up the most common form of T-cell receptor.

T-cell receptor B chaln (TCRp) one of the two polypeptide chains
that make up the most common form of T-cell receptor.

T-cell receptor complex the complex of T-cell receptor o and f
chains and the invariant CD3 and { chains that makes up a func-
tional antigen receptor on the T-cell surface.

T-cell receptor the highly variable antigen receptor of T lympho-
cytes. On most T cells it is composed of a variable « chain and §8
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chain and is known as the o:p T-cell receptor. On a minority of T
cells, the variable chains are y and & chains, and this receptor is
known as the 1.8 T-cell receptor. Both types of receptor are present at
the cell surface in association with the complex of invariant CD3
chains and { chains, which have a signaling function.

T lymphocyte see T cells

Tacrolimus immunosuppressive polypeptide drug that inactivates T
cells by inhibiting signal transduction from the T-cell receptor. It is
widely used to suppress transplant rejection. It is also known as
FK506.

TAP see transporter of antigen processing

Tapasin TAP-associated protein, a chaperone protein involved in the
assembly of peptide-MHC class I molecule complexes in the endo-
plasmic reticulum.

Target cell any cell that is acted on directly by effector T cells, effec-
tor cells or molecules. For example, virus-infected cells are the tar-
gets of cytotoxic T cells, which kill them, and naive B cells are the tar-
gets of effector CD4 T cells, which help to stimulate them to produce
antibodies.

Tat protein product of the tat gene of the human immunodeficiency
virus (HIV), which enhances the rate of transcription of viral RNA.

TD antigens see thymus-dependent antigens

Terminal deoxynucleotidyltransferase (TdT) enzyme that inserts
nontemplated nucleotides (N-nucleotides) into the junctions
between gene segments during the rearrangement of T-cell receptor
and immunoglobulin heavy-chain genes.

Tetanus toxin protein neurotoxin produced by the bacterium
Clostridium tetani. The cause of the disease tetanus.

TGF-P see transforming growth factor-p

Tul cells a subset of CD4 T cells that are characterized by the
cytokines they produce. They are involved mainly in activating
macrophages. Also called inflammatory T cells.

Tu2 cells a subset of CD4 T cells that are characterized by the
cytokines they produce, They are involved mainly in stimulating B
cells to produce antibody. Also called helper T cells.

Thymectomy the surgical removal of the thymus gland.

Thymic anlage the tissue from which the thymic stroma develops
during embryogenesis.

Thymic stroma the reticular epithelial cells and connective tissue of
the thymus, which form the essential microenvironment for T-cell
development,

Thymocytes developing T cells in the thymus.

Thymus a lymphoepithelial organ in the upper part of the middle of
the chest, just behind the breastbone. It is the site of T-cell develop-
ment.

Thymus-dependent antigens (TD antigens) antigens for which the
elicitation of an antibody response on immunization or vaccination
is dependent upon help provided by antigen-specific T cells. Most
protein antigens are of this type.

Thymus-dependent lymphocyte see T cells

Thymus-independent antigens (TI antigens) antigens that can
elicit antibody production in the absence of T cells. There are two
types of TI antigen: TI-1 antigens, which have intrinsic B-cell acti-
vating activity, and TI-2 antigens, which have multiple identical epi-
topes that cross-link B-cell receptors.

TI-1 antigens, TI-2 antigens see thymus-independent antigens

Glossary: Tumor necrosis factor-o (TNF-)

Tingible body macrophages phagocytic cells that are seen in histo-
logical sections enguifing apoptotic B cells in germinal centers.

TNF-o see tumor necrosis factor-o
TNF-B see lymphotoxin

Tolerance when the immune system of a person does not or cannot
respond to an antigen. In such cases the individual is said to be tol-
erant of the antigen.

Tonsils large aggregates of lymphoid cells lying on each side of the
pharynx.

Toxic shock syndrome a systemic toxic reaction caused by the over-
production of cytokines by CD4 T cells activated by the bacterial
superantigen toxic shock syndrome toxin-1 (TSST-1), which is
secreted by Staphylococcus aureus.

Toxoids toxins that have been deliberately inactivated by heat or
chemical treatment so that they are no longer toxic but can still pro-
voke a protective immune response on vaccination.

Toxoplasmosis the disease caused by the protozoan parasite Toxo-
plasma gondii.

Transcytosis the transport of molecules from one side of an epithe-
lium to the other by endocytosis into vesicles within the epithelial
cells at one face of the epithelium and release of the vesicles at the
other.

Transforming growth factor-p (TGF-B) a multifunctional cytokine
produced by Ty2 cells and other cell types.

Transfusion effect improved outcome of transplantation if the
recipient has been given prior blood transfusions from people who
share an HLA-DR allotype with the organ with which the patient is
subsequently transplanted.

Translocation a chromosomal abnormality in which a piece of one
chromosome has become joined to another chromosome. The rear-
ranging genes of B and T cells are often the sites of translocation in
B-cell and T-cell tumors.

Transplant rejection immune reaction that is directed towards
transplanted tissue and leads to death of the graft.

Transplantation the grafting of organs or tissues from one individ-
ual to another.

Transporter associated with antigen processing (TAP) an ATP-
binding protein in the endoplasmic reticulum membrane that trans-
ports peptides from the cytosol to the endoplasmic reticulum
lumen. It is composed of two subunits, TAP-1 and TAP-2. It supplies
MHC class I molecules with peptides.

Tuberculin test clinical test to detect exposure to Mycobacterium
tuberculosis, the causal agent of tuberculosis. Subcutaneous injec-
tion of purified protein derivative (PPD) of M. tuberculosis elicits a
delayed-type hypersensitivity reaction in individuals who have had
tuberculosis or have been immunized against it.

Tumor a growth arising from uncontrolled cell proliferation. It may
be benign and self-limiting, or malignant and invasive.

Tumor antigens cell-surface components of tumor cells that can
elicit an immune response in the affected individuals. See also
tumor-associated antigens; tumor-specific antigens.

Tumor-associated antigens antigens characteristic of certain tumor
cells that are also present on some types of normal cells.

Tumor necrosis factor-o. (TNF-0) a cytokine produced by
macrophages and T cells that has several functions in the immune
response and is the prototype of the TNF family of cytokines. These
cytokines function as cell-associated or secreted proteins that interact
with receptors of the tumor necrosis factor receptor (TNFR) family.
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Glossary: Tumor-specific antigens

Tumor-specific antigens antigens that are characteristic of tumor
cells and are not expressed by normal cells.

Tumor suppressor genes genes for cellular proteins that function to
prevent cells from becoming cancerous.

Type I, type 11, type 111, type IV hypersensitivity reactions see hyper-
sensitivity reactions

Type 1 interferon cytokines (interferons-oc and -p) produced by
virus-infected cells that interfere with viral replication by the
infected cell, and also signal neighboring uninfected cells to prepare
for infection.

Unproductive rearrangements DNA rearrangements of
immunoglobulin and T-cell receptor genes that produce a gene that
cannot make a functional polypeptide chain.

Urticaria the technical term for hives, which are red, itchy skin welts
usually brought on by an allergic reaction.

V domain see variable domain
V gene segment see variable (V) gene segment

V(D)J] recombinase the set of enzymes needed to recombine V, D,
and | segments.

Vreglon see variable region.

Vaccination the deliberate induction of protective immunity to a
pathogen by the administration of killed or non-pathogenic forms of
the pathogen, or its antigens, to induce an immune response.

Vaccine any preparation made from a pathogen that is used for vac-
cination and provides protective immunity against infection with
the pathogen.

Vaccinia the cowpox virus. It causes a limited infection in humans
that leads to immunity to the human smallpox virus, Was used as a
vaccine against smallpox.

Variable domain (V domain) the amino-terminal domain of
immunoglobulin and T-cell receptor polypeptide chains. Paired vari-
able domains make up the antigen-binding site.

Variable (V) gene segment DNA sequence in the immunoglobulin
or T-cell receptor genes that encodes the first 95 or so amino acids of
the V domain. There are multiple different V gene segments in the
germline genome. To produce a complete exon encoding a V
domain, one V gene segment must be rearranged to join up with a |
or a rearranged D] gene segment.

Variable region (V region) the part of an immunoglobulin or T-cell
receptor, or of its constituent polypeptide chains, that varies in
amino acid sequence between isoforms having different antigenic
specificities. It is responsible for determining antigen specificity.

Variable surface glycoproteins (VSGs) glycoproteins that form the
surface coat of African trypanosomes. The trypanosome can repeat-
edly change its glycoprotein coat by expressing different glycopro-
tein genes using a process akin to gene conversion.

Variola name given to both the smallpox virus and the disease it
causes: smallpox.

Variolation historical procedure for immunization against smallpox
in which a small amount of live smallpox virus was introduced
through scarification of the skin,

Vascular addressins mucin-like cell adhesion molecules on
endothelial cells to which some leukocyte adhesion molecules bind.
They determine the selective homing of leukocytes to particular sites
in the body.

Viruses submicroscopic pathogens composed of a nucleic acid
genome enclosed in a protein coat. They replicate only in a living cell
because they do not possess all the metabolic machinery required
for independent life. A viral particle is called a virion.

VLA-4 integrin present on the surface of T lymphocytes that binds to
mucosal cell adhesion molecules.

VpreB see pre-B-cell receptor

Weibel-Palade bodies granules containing P-selectin, which are
present inside endothelial cells.

Wheal-and-flare reaction the reaction observed when small
amounts of allergen are injected into the dermis of an individual
who is allergic to the antigen. It consists of a raised area of skin con-
taining fluid (the wheal) with a spreading, red, itchy reaction around
it (the flare).

Wiskott-Aldrich syndrome a genetic disease in which interactions
of T cells and B cells are defective. Antibody responses against poly-
saccharide antigens are deficient, and patients are susceptible to
infection with pyogenic bacteria.

X-linked agammaglobulinemia (XLA) a genetic disorder in which
B-cell development is arrested at the pre-B-cell stage and neither
mature B cells or antibodies are formed. The disease is due to a
defect in the gene encoding the protein tyrosine kinase Btk.

X-linked hyper-IgM syndrome see hyper IgM syndrome

X-linked lymphoproliferative syndrome immunodeficiency due to
a defect in the SH2DIA gene on the X chromosome, resulting in an
inability to control EBV infections.

Xenoantibodies antibodies produced in one species against the
antigens of another species.

Xenoantigens antigens on the tissues of one species that provoke an
immune response in members of another species.

Xenogeneic coming from a different species.
Xenograft an organ from one species transplanted into another
species.

Xenotransplantation the transplantation of organs from one
species into another. [t is being explored as a possible solution to the
shortage of human organs for clinical transplantation.

ZAP-70 a cytoplasmic tyrosine kinase in T cells that forms part of the
signal transduction pathway from T-cell receptors.

Zymogen the inactive form in which some enzymes are synthesized.
Active enzyme is usually produced by proteolytic cleavage of the
zymogen.
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Opener image: Colored SEM of macrophage engulfing protozoan.
@© Science Photo Library.
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panel ¢ © A.B. Dowsett/Science Photo Library;
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Figure 1.19 reprinted from B R. Wheater et al., Functional Histology
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Chapter 2

Opener image: Crystal from which the first antibody structure was
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Chapter 3

Opener image: Activated T cell looking for invading cancer cells.
Courtesy of James Allison.
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Figure 3.4 reprinted from L. Roitt et al., Immunology 5th Edition
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Opener image: Plasma Cell. © Donald Fawcett
Visuals Unlimited.
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Chapter 5

Opener image: Three-dimensional rotation of a live

T cell dendritic cell conjugate. Courtesy of Tomasz Zal and
Nicholas Gascoigne.

Figure 5.5 reprinted by permission from C. D. Surh and J. Sprent,
Nature, 372:100-103. © (1994) Macmillan Magazines Ltd.

Chapter 6

Opener image: TCRs, visualized by direct fusion of CD3( with the
green fluorescent protein, coalesce into the mature immunological
synpase. Courtesy of Matthew Krummel at UCSF and Mark Davis at
Stanford University.

Figure 6.2 reprinted by permission from P. Pierre and S.J. Turley et
al., Nature, 388:787-792. © (1997) Macmillan Magazines Ltd.

Figure 6.21 left panel from G. Kaplan and Z. A. Cohn, International
Review of Experimental Pathology, 28:45-78. © (1986) with
permission from Elsevier.

Figure 6.28 panel ¢ from PA. Henkart and E. Martx (eds), Second
International Workshop on Cell Mediated Cytotoxicity © (1985)
Kluwer/Plenum Publishers.

Figure 6.32 from H. D. Oche et al., Primary Immunodeficiency
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permission Oxford University Press, Inc. Also Chapter 28,

J. Puck et al., Inherited Disorders with Autoimmunity and Defective
Lymphocyte Regulation. (1999) Oxford University Press.

Chapter 7

Opener image: Scanning electron micrograph of Cryptococcus
neoformans interacting with macrophages. Courtesy of

Drs C. P Taborda and A. Casadevall. Also C. P. Taborda et al.,
Immunity, 16(6). © (2002) with permission from Elsevier.

Figure 7.4 from D. Zucker-Franklin et al., Atlas of Blood Cells:
Function and Pathology 2nd Edition, Milan, [taly (1988) Lippincott,
Williams and Wilkins.

Figure 7.11 left panel reprinted with permission from A. K. Szakal
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Figure 7.11 middle and right panel reprinted with permission from
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Figure 7.31 from S. Thiel and K.M. Reid, FEBS Letters, 250:78-84.
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Chapter 8

Opener image: Herpes Simplex Virus. © Dr Linda Stannard, UCT/
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Figure 8.27 reproduced with permission from E P. Siegal et al.,
American Scientist, 284(5421):1855-1837. © (1999) American
Association for the Advancement of Science.

Chapter 9

Opener image: Influenza A virus (RNA virus, Orthomyxoviridae
family). ® Dennis Kunkel Microscopy, Inc.
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Chapter 10 Chapter 12

Opener image: Back-scattered electron microscope image of pollen  Opener image: Chronic transplant rejection with fibrinoid necrosis.
grains from Lilium auratum (oriental lily). Courtesy of Science Courtesy of UK Pathology Videodisc Project. © BioMed Image
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Microscope Facility, Dartmouth College, Hanover, New A
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Figure 12.19 from B. D. Kahn and C. Ponticelli, Principles and
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with permission Themson Publishing.

Figure 12.22 from G. Opelz et al., Review of Immunogenetics,

Chapter 11 1(3):334-42 (1999). By permission of Blackwell Publishing Ltd.

Opener image: X-Ray of hand with rheumatoid arthritis. Courtesy Figure 12.34 from E. W, Petersdorf et al., Blood, 92:3515-3520.
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Gerontology, 38:833-841. © (2003) with permission from Elsevier.
Figure 12.42 Reproduced from J. H. E Falkenburg et al,
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Figure 12.48 from M. J. Scanlan et al., Immunological Reviews,
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Index

A

Acetylcholine receptors, autoantibodies,
Fig. 11.14, Fig. 11.15
Acquired immunity, definition, 9, 11
Acquired immunodeficiency syndrome
(AIDS), 30, 279, 296-306
see also Human immunodeficiency virus
(I1v)
CD4 T-cell numbers, 169
development, 299-302
incidence, 296, Fig.9.12
latency, 299, 304-305, Fig.9.16
opportunistic infections, 305-306,
Fig.9.22
Activated dendritic cells, 147
Activation-induced cytidine deaminase
(AID), 56
Acute lymphoblastic leukemia (ALL), 125,
Fig. 4.19, Fig. 5.16
haploidentical bone marrow transplants,
421
Acute myelogenous leukemia (AML),
haploidentical bone marrow
transplants, 421
Acute rejection of tissue/organ transplants
see Transplants, rejection
Acute-phase proteins, 248-250, Fig. 8.23
Acute-phase response, Fig.8.23
Adaptive immune response, 6, 20-33, 227,
260-275
see also B cell(s); Cytotoxic T cells; Helper
T cells; T cell(s)
antibodies, 21-23, 265-268
diversity, 23
cell-surface molecules, 8-9
characteristics, Fig. 1.7
cytokine peptides, Fig.8.39
definition, 8
effector mechanisms, 8-9
HIV infection, 299-300, Fig. 9.18
hypersensitivity reactions in
see Hypersensitivity reactions
infection clearance, 267
innate immune response vs., 8-11,
Fig. 8.1
ADCC (antibody-dependent cell-mediated
cytotoxicity), 204-205, Fig.7.28
Addison’s disease, Fig.11.4
HLA allotypes association, Fig.11.23
Addressins, Fig.6.4
vascular seeVascular addressins
Adenoids, 19, Fig. 1.9
Adenosine deaminase (ADA) deficiency, 294
inheritance, Fig.9.11
Adjuvants, Fig.12.4, 383-384
see also individual adjuvants
mechanism of action, 154
vaccine effectiveness, 382-383
Afferent lymphatic vessels, 17
Affinity maturation, 57, 190-191, Fig. 7.13
Agglutination, 199-200

AIDS see Acquired immunodeficiency
syndrome (AIDS)
ALL see Acute lymphoblastic leukemia
(ALL)
Alleles, definition, 86
Allelic exclusion, 52-53
Allergens, 30, 311, Fig. 10.1
inhaled, 284-285, 326
IgG response to, 336
properties, Fig.10.14, Fig, 10.15
sensitization to, Fig, 10.15
sensitization, 313
types, 320-321, Fig. 10.12
Allergic asthma, 322-323, 326, Fig. 10.17,
Fig. 10.22
prevalence, 329

treatment, 324, Fig, 10.20

Anaphylactoid reactions, 324
Anaphylotoxins, 217, 235, Fig. 7.46

see also individual types C3a, Cda, C5a

Anchor residues, definition, 90
Anemia, autoimmune hemolytic, 331, 344,

Fig.11.1, Fig. 11.2

Anergy, 111, Fig. 4.13

see also Allergic reactions
B-cell development, 113-114

Angioedema, 326-327
Ankylosing spondylitis, HLA allotype

association, 360, 363, Fig. 11.23

Anthrax, Fig.7.21
Antibiotics, effects on nonpathogenic

bacteria, Fig.8.7

response to inhaled allergen in, Fig. 10.17  Antibodies, 21-22, 23, 37

Allergic conjunctivitis, 326
Allergic reactions, 30, 311
see also Anergy; Hypersensitivity
reactions, type I; individual
diseases/disorders
approaches to treatment, 329-330
etiology, Fig. 1.32
genetic predisposition, 321-322
IgE level, 328-329
incidence, 31
prevalence, 329
Allergic rhinitis (hay fever), 325-326,
Fig. 10.12, Fig. 10.21
Alloantibodies, 94
Allografts
definition, 93, 391
fetus as, 395, Fig. 12,15
Alloreactions
after transplants, 296, 391, 411,
Fig. 12.11
in bone marrow transplants, 295-296
definition, 94
Alloreacrive T cells, 94
Allorecognition
direct pathway, acute transplant
rejection, 396-397, Fig. 12.18,
Fig.12.19
indirect pathway
acute transplant rejection, 397,
Fig.12.19
chronic transplant rejection, Fig. 12.21
Allotypes, definition, 86
o chains, T-cell receptor, 22, 68-69
o heavy chains, 40
o:f T-cell receptors see T-cell receptor
BT cells see T cell(s)
Alternative complement pathway see
Complement, alternative pathway
Alum (aluminum hydroxide), Fig.12.4, 383
Anaphylactic shock, 324, Fig.10.19
allergens causing, 324, 325
systemic, Fig. 10.12, Fig. 10.19,
Fig. 10.20
type I hypersensitivity reactions,
324-325

see also B cell(s); Immunoglobulin(s);
individual types
affinities, 45
to altered human cell components,
331-332
antigen-binding sites, 39-40, 42-44,
Fig.2.3
binding forces, 43-44
diversity, 49-51, Fig. 2.19
gene rearrangements, 49-51, Fig. 2.19
hypervariable regions, 41-42, 42-44
recombination enzymes, Fig. 2.19
anti-idiotypic, Fig. 12.53
Bl cells vs. B2 cells, Fig. 4.12
catalytic, 44
complement interaction, 205-222
conjugate, Fig. 12,54
diversification, 23, 37
after B-cell encounter with antigen,
55-61
genetic rearrangement, 47-55
recombination enzymes, 51-52
structural basis, 38-47
epitopes bound by see also Epitope(s)
types, 23, 42-44
functions, 58-61, 194-205, Fig. 2.29
neutralizing, 59 see also Neutralization
opsonization, 27-28, 59, 181, 201-202,
Fig. 7.25
pathogen elimination by, 26-28,
Fig. 1.29
Ty2 regulation, 265-268, Fig. 8.43
high affinity
memory B cells, 269-270
toxin neutralization, 197-199
viral/bacterial neutralization, 199-200
humanization, 47
humoral, 26-28 see also B cell(s)
inherited deficiencies, 289-290
treatment, 290
isotypes, 22, 26, 38, 58-61
after antigen encounter by B cells,
55-61, 114, Fig. 4.17
effector functions, 58-61, Fig. 2.29
physical properties, Fig. 2.28
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Index

production, 55-61
structure, 40, Fig, 2.4
subclasses, 58-59
switching see Isotype switching
monoclonal see Monoclonal antibodies
in neonates, 196
polyspecificity, 109-110
production, 182-194 see also B cell(s)
in infants, 197
memory B cells, 269-270
repertoire, 37
secreted, 18, 21-22, 55-61, Flg. 2.24
see also Plasma cells
somatic recombination, 23
specificity, 21, 37, Fig. 1.22
structure, 21-22, 38-47, Fig. 1.21,
Fig. 2.3, Flg. 2.5
antigen-binding sites see above
constant regions, 38-40
Fab fragments, 39-40, Fig.2.3
Fc fragments, 39-40, Fig. 2.3
heavy chains see Heavy chains
light chains see Light chains
protease dissection, Fig. 2.3
protein domains, 40-41
variable regions, 38-40
surface, 21, 47-55, Fig. 2.24
Antibody-dependent cell-mediated
cytotoxicity (ADCC), 204-205,
Fig.7.28
Antigen(s), 21
dendritic cell uptake/transport, 146-148,
261, Fig. 6.1, Fig. 6.2
detection by flow cytometry, 125-126
multivalent, 42, Fig,2.9
receptors, 21 see also B-cell receptors;
T-cell receptor
responses, Bl cells vs. B2 cells, Fig.4.12
self- see Self-antigens
stimulation of effector T cells by, 63-164
thymus dependent see Thymus-
dependent (TD) antigens
thymus independent see Thymus-
independent (TI) antigens
transport to lymph nodes, Fig. 1.18
Antigen presentation, 23-24, 82-84, Fig. 3.9
apoptotic cells, autoimmune disease, 372
Bcells, 24, 151, 153-154, Fig. 6.8,
Fig. 6.10, Fig. 6.14, Fig. 6.38
gene regulation, 89
MHC restriction, 75, Fig. 3.21
proteins in, genes, 88-89
T cells, 23-24, 74-85, 261, Fig. 6.8
CD4 T cells, 75, Fig. 6.22
CD8 T cells, 75, Fig. 6.22
cell types, Fig.6.38
costimulatory signals, Fig.6.19
signaling, Fig.6.16
Antigen presenting cells (APCs)
see also B cell(s); Dendritic cells;
Macrophages
activation of T cells by, 147-148, Fig. 6.8
B cells, 24
MHC expression, 84, Fig. 3.22
professional, 24, Fig. 6.10
types, 151-155, Fig. 6.38
Antigen processing, 23-24, 73-74, Fig. 3.9,
Fig.3.17, Fig. 3.19
endocytic vesicles, 80
gene regulation, 89

MHC molecules, 78-82
class [ interaction, Fig.3.18
specificity, Fig.3.19
proteins in, genes, 88-89
transporter associated with antigen
processing, 78-79
Antigen-binding sites see under Antibodies
Antigenic determinants see Epitope(s)
Antigenic drift/shift, in influenza virus,
281, Fig. 9.2
Antihistamines, 329
Antilymphocyte globulin (ALG), 406
Antisera, definition, 45
Anti-T-cell antibodies, in transplantation,
406-407
Antithymocyte globulin (ATG), 406
Antiviral agents, Fig.9.21
AP-1 transcription factor, 156
APD (autoimmune polyglandular disease),
357, Fig. 11.19, Fig. 11.20
APECED (autoimmune
polyendocrinopathy-candidiasis-
ectodermal dystrophy), 357,
Fig. 11.19, Fig. 11.20
Apoptosis, 168
in acute transplant rejection, 397
antigen presentation in autoimmune
disease, 372
B-cell/T-cell clonal selection, 25-26
CD8 T cell induction of, 168-169,
Fig.6.31
mechanism, Fig.6.30
time course, Fig.6.31
Appendix, 19, 147, Fig. 1.9
Arthritis, reactive, 367-368
Arthus reaction, 334, Fig. 10.30
Asthma, Fig.10.12
allergic see Allergic asthma
chronic, 326, Fig. 10.23
Ataxia telangiectasia, Fig.9.7
Atopic dermatitis, 327
Atopy, 321
Autoantibodies
acetylcholine receptors, Fig.11.14,
Fig.11.15
celiac disease, 365
definition, 344
desmogleins, 370, Fig. 11.33
desmosomes, 370
in Graves' disease, 355
insulin receptor, Fig. 11.15
in myasthenia gravis, 353
tissue transglutaminase, 365
TSH receptor, Fig.11.5, Fig. 11.15
Autoantigens

genetic susceptibility, 359-363
family studies, 359-360, Fig. 11.22
HLA, 359-363
HLA-DR association, 360-361
hygiene hypothesis, 373-374
hypoglycemia as, 354, Fig. 11.15
infections, 366-370, 368-370, Fig. 11.30,
Fig.11.31
molecular mimicry, 367-368, Fig. 1.33,
Fig.11.31
MHC class 11, 369-370, Fig. 11.32
of nervous system, 352-354
noninfectious environmental factors,
363-364
oral tolerance loss, 364-366
pathogenesis, 344-346
identification, 348-349
progression, 370-373
rheumatologic, 352, Fig, 11.11
symptoms associated with, Fig. 11.1
in newborns, 348-349, Fig. 11.7
systemic, 351-354
T cells, 344-346
activation, 368-370, Fig. 11.31
co-stimulation, 357-358
IDDM, 350-351, Fig.11.8
incomplete deletion of self-reactive,
356-357
multiple sclerosis, 353
regulatory protection, 358-359
rheumatic disease, 352, Fig.11.11,
Fig. 11.13
senescence, 373, Fig. 11.36
tolerance breakage, 355-356
trauma, 364
in utero transfer, Fig. 11.7
Autoimmune hemolytic anermnia, 331, 344,
Fig.11.1, Fig.11.2
Autoimmune
polyendocrinopathy-candidiasis—
ectodermal dystrophy (APECED), 357,
Fig.11.19, Fig. 11.20
Autoimmune polyglandular disease (APD),
357, Fig. 11.19, Fig. 11.20
Autoimmune regulator (AIRE), 356-357
Autoimmune sympathetic ophthalmia,
Fig. 11.27
Autoimmune thrombocytopenic purpura,
Fig. 11.1
Autologous transplants, definition, 93
Azathioprine, 403
myasthenia gravis, 353
structure, Fig, 12,26

associated with autoimmune di
Fig.11.1
definition, 344
identification, 348-349
Autocrine action, of cytokines, 164
Autografts, definition, 391
Autoimmune diseases, 30, 343-376
see also individual diseases/disorders
antibodies against cell-surface receptors,
Fig.11.15
autoantigens, Fig. 11.1
identification, 348-349
caspases, 372
endocrine glands, 346-348, Fig. 11.4
thyroid gland, Fig. 11.5

B-1 cells see under B cell(s)

B-2 cells see under B cell(s)

B7 molecules, Fig. 6.9
T-cell activation, 151

B7.1 (CD80), T-cell activation, 151

B7.2 (CD82), T-cell activation, 151

Bacille Calmette-Guerin (BCG) vaccine, 382
cancer treatment, 417

Bacillus anthracis, Fig. 7.21

Bacteria, 3
complement evasion mechanisms, 235
encapsulated, 382
high-affinity antibody neutralization,

199-200, Fig. 7.23
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intravesicular, Ty1 cell response,
171-172, Fig. 6.34
vaccines seeVaccines
Bacterial endocarditis, Flg, 11.1
Bactericidal agents, 247
Bacteroides fragilis, 382
BAGE, Fig. 12.48
Balancing selection, definition, 92
BALT (bronchial-associated lymphoid
tissue), 19
Bare lymphocyte syndromes, 80, 133,
294-295
Basophils, 13, Fig. 1.9, Fig. 10.11
derivation, Fig. 1.11
IgE affinity, 202-203, 314
parasites, action on, 202
type I hypersensitivity, 314, 319
T2 origins, 319-320, Fig. 10.13
B-cell(s), 14, 181
activation, Fig. 3.11
inhibition, Fig. 8.51
polyclonal, 184-185
secondary lymphoid tissue, 185-188,
265-268, Fig. 6.6, Fig. 8.43
Ty2 cells, 172-173
adaptive immune response, Fig. 6.37
pathogen recognition, 24
antibodies, 55-61, 194-205, 265-268,
Fig. 8.43 see also Antibodies
as antigen presenting cells, 24, 151,
153-154, Fig. 6.10, Fig. 6.14, Fig. 6.38
B-1 cells, 108-110, 258, Fig.8.34
B-cell tumor source, 110
innate immune response, 258, Fig. 8.34
properties, Fig. 4.12
B-2 cells, 108-110
properties, Fig. 4.12
chronic transplant rejection, 397-398
complement interaction, 205-222
co-receptors, 183, Fig. 7.3
development see B cell(s), development
epitope spreading, 371
immune complexes, 189-190, Fig.7.10,
Flg. 7.11
immunodeficiency diseases, 289-290
immunosuppressive drug effects,
Fig. 12.28
innate immune response, 258-260
mitogens, 184
naive, 100, 112-113
definition, 52
lymphoid follicle access, 112-113
plasma cells vs., 191, Fig.7.13
population dynamics, Fig. 4.20
self-reactive, 111-112, Fig. 4.13
subsets, 108-110 see also above
surface immunoglobulins, 54 see also
B cell(s), development
Ty2 cell interactions, Fig. 3.11
thymus independent/dependent
antigens, 184, Fig. 7.6
tumors see B-cell tumors
B cell(s), development, 16, 52~53, 99-120,
110-117, Fig. 4.1, Fig. 4.21, Fig. 4.22
affinity maturation, 57, 190-191,
Flg.7.13
anergy, 111,113-114
peripheral, 356, Fig. 11.17
apoptosis, rescue from, Fig. 7.12
bone marrow, 16, 47-48, 99-110, Fig. 4.2
apoptosis, 104

control, Fig. 4.10
phases, 99
proteins involved, 106-108, Fig. 4,10
receptor editing, 112, Fig. 4.14
stromal cells, 100-102, Fig. 4.5
clonal deletion, 112, 355, Fig. 4.13
clonal selection, 23, 24-26, 45, 274,
Fig. 2.12, Fig. 8,51
apoptosis, 25-26
control, 106-108, Fig. 4.10
derivation, Fig. 1.11
differentiation, 55-61, 113-115, Fig. 4.17
antigen presentation, Flg. 4.17
Ty2 cell stimulation, Fig. 6.36
genetic rearrangement in, 47-55,
100-106, Fig. 4.3
germinal center formation, 186-188
immunoglobulins, 47-55, 57-58,
105-106, Fig. 4.9
antigen activation, 55-61
heavy/light chains, 102-104
isotype switching, 192, Fig.7.14
low-level transcription facilitation, 104
lymphoid follicles, 112-113, Fig. 4.15,
Fig.4.16, Fig. 7.9
memory, 114-115
mRNA splicing, 52, Fig. 2.20, Fig. 2.21
phases, 99, Fig. 4,21, Fig. 4.22
polyclonal activation, 184-185
self-reactive inactivation, 355, Fig. 11.16
apoptosis in germinal centers,
Fig.11.18
signaling from B-cell receptors, 181-182,
Fig. 7.3, Fig. 7.16
somatic hypermutation, 23, 188-192,
Fig.7.12
somatic recombination, 22-23, 49-51,
Fig.2.14
surface immunoglobulin cross-linking,
182-183
surface molecules, 54 see also B-cell
receptors
CD5, 108-109
CR2, 213-214
immunoglobulins see above
MHC expression, 84, Fig. 3.22
B-cell lymphoproliferative disease, 284
B-cell receptors, Fig.2.23, Fig. 4.4
see also B cell(s), development
in activation, 186-187
CD5 expression and, 108-109
cross-linking, Fig. 7.1
formation, 52-53
signaling, 181-182, Fig. 7.3, Fig.7.16
B-cell tumors
clonal analysis, Fig. 4.18
development of B cells vs., 115, Fig. 4.19
DNA analysis, 53, Fig. 2.22
immunoglobulin/cell growth genes, 53,
108, Fig. 4.11
BCG vaccine see Bacille Calmette-Guerin
(BCG) vaccine
Bcl-2 protein, 108
BCL2 proto-oncogene, 108
Bcel-XL protein, 190
Benign tumors, definition, 413
B chains, of T-cell receptor, 22
f sheets, immunoglobulin domains, 41
B-TG, Fig. 8.16
Birbeck granules, Langerhans cells, 152
Blood group antigens

Index

cross-match test, 393, Flg. 12.13
in transplants, 392-394, Flg. 12,12

Bloom's syndrome, Fig. 9.7
Bone marrow

B-cell development see B cell(s),
development

hematopoiesis, 11

lymphocyte derivation in, 15

T-cell development in, 123

transplantation see below

Bone marrow transplants, 132-133,

408-411, Fig. 5.10
alloreactions, 409-410
applications, Fig. 12.31
cancer treatment, 417-418, 421,
Fig. 12,41
inherited immunodeficiency correction
by, 295-296
severe combined immunodeficiency
disease, 70-71
cytokine storm, 410
engraftment, 408
graft-versus-host disease see Graft-
versus-host disease (GVHD)
graft-versus-leukemia effect, 420-421,
Fig. 12.45
graft-versus-tumor effect, 420
hematopoietic reconstitution, 409
HLA matching, 410-411, Fig.5.11,
Fig. 12.34
autologous, 418
haploidentical, 420-421, Fig, 12.44
myeloablative therapy, 409
procedure, 408-409
rejection
alloreaction in, 295-296
HLA matching effects, 132-133
immune system and, 31
MHC in, 31
umbilical cord blood, 418
Bordetella pertussis, Fig. 7.21
complement component binding, 238
vaccines, 382, 386, Fig. 12.7
Borrelia burgdorferi, autoimmune diseases,
Fig. 11.30
Botulism, Fig. 7.21
Bradykinin, innate immune response, 236
Brain, MHC expression, Fig. 3.22
Brambell receptor (FcRB), 196, Fig.7.18
Bronchial asthma, Fig. 10.12
see also Asthma
Bronchial-associated lymphoid tissue
(BALT), 19
Bronchiectasis, 290
Btk (Bruton's tyrosine kinase)
in B-cell development, 107, Fig. 4.10
defective (X-linked
agammaglobulinemia), Fig. 9.8
deficiency, 107
Burkitt's lymphoma, Fig. 4.19
chromosomal rearrangement in, 108,
Fig.4.11
Butterfly rash, Fig. 11.10

C

C chemokines, Fig.8.16
C domains see Constant regions (C regions)
C regions see Constant regions (C regions)
C1, 207-209, Fig. 7.31

assembly, 207-208
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Index

classical pathway initiation, Fig. 7.32
C1 inhibitor, 218-219, Fig. 7.47
Clq, 207, 208
Clr, 207, 208-209
Cls, 207, 208-209
c2
classical pathway, 208-210
cleavage, 209, Fig. 7.34
C2b, production, 210, Fig. 7.34
c3
activation, 233-234, Fig.8.8 see also
C3 convertase
bacterial tagging, 210, 212-214
cleavage, 210
C3 convertase, 206
see also C3
alternative pathway see Complement,
alternative pathway
classical pathway see Complement,
classical pathway
cleavage, 207
factor B, 211
factor D, 211
opsonization, Fig.7.41
stabilization, 235, Fig.8.10
C3a, formation, 234
C3b
in alternative pathway, Fig.8.9
bacterial deposition, 237
formation, 234, Fig. 8.9
opsonization, Fig.7.41
production, 210
C4
bacterial tagging, 210, 212-214
in classical pathway, 209-210
cleavage, 207, 209, Fig. 7.33, Fig. 7.34
deficiency, 210-211
systemic lupus erythematosus, 211
genetic diversity, 210-211, Fig. 7.35
Cda, production, 208-209, Fig. 7.33,
Fig. 7.34
C4b, production, 208-209, Fig. 7.33,
Fig.7.34
C4-binding protein (C4BP), 219, 220,
Fig. 7.49
C4BP (C4 binding protein), 219, 220,
Fig. 7.49
C5, 215-219, Fig. 7.43
cleavage, Fig.7.44
C5 convertase, 215-216
action, Fig,7.44
innate immune response, Fig. 8.9
Csa
as anaphylotoxin, 235
receptors, neutrophils, 244
C5b, production, Fig.7.44
C6, 215-219, Fig.7.43
C7, 215-219, Fig. 7.43
C8, 215-219, Fig. 7.43
C9, 215-219, Fig. 7.43
CAGE, Fig. 12.48
Calcineurin, 404
Calnexin, Fig.3.18, 79-80
tumors, 426
Calreticulin, 79-80
tumors, 426
Campylobacter jejuni, autoimmune
diseases, Fig.11.30
Cancers, 412-429
see also Tumors
definition, 413

detection, 428-429, Fig. 12,53
etiology
environmental factors, 415-416
HIV infection, Fig.12.38
mutations, 413, 421-422, Flg. 12.37
viruses, 416, Fig. 12,38
immune system insensitivity, 417
tissue types, 413-414, Fig. 12.36
treatment, antibody targeting, 428-429,
Fig. 12.54
Candida albicans, 368, Fig. 1.3
in AIDS, 305
autoimmune
polyendocrinopathy-candidiasis—
ectodermal dystrophy, 357
complement component binding, 238
severe combined immunodeficiency,
Fig.3.4
Carcinogens, 415-416
Caseation necrosis, 172
Caspase-8, Fig.12.47
Caspases, in autoimmune disease, 372
Catalytic antibodies, 44
B-Catenin, Fig.12.47
CC chemokines, Fig.8.16
CCL2, Fig.8.16
CCL18
dendritic cells homing, 152
T-cell homing, 261
CCL21, 172
T-cell activation, 149
CCRS5 chemokine receptor, in HIV infection,
298-299, 302
CD antigens, monoclonal antibodies to, 45
CDI1D, innate immune response, 258-259
CD2
T-cell activation, 150, Fig. 6.23
T-cell memory, Fig.8.49
CD3
T-cell memory, Fig.8.49
T-cell receptor development, 71,
125-126, Fig. 3.6, Fig. 5.6, Fig. 6.17
CD4, 74, Fig. 3.10
expression, 126-129
T-cell activation, Fig.6.23
in T-cell receptor complex, Fig.6.17
CDAT cells, 74, 163, 263-264
see also Helper T cells
activation, 159-160, Fig. 6.20, Fig. 6.39
antigen presentation, 75, Fig, 6.22
CD8 T-cell activation, Flg.6.22
development, 125-131, 133, 159-160
HIV infection, 30, 74, 169, 298-299
humoral vs. cell-mediated immune
response, 160
memory, Fig.8.49
MHC class Il molecules, Fig.3.12
molecules secreted, 170, Fig. 6.26
cytokines, Fig.8.39
regulatory, 173-174, 358-359
autoimmune diseases, 358-359
CTLA-4, 358-359, Fig. 11.21
FoxP3, 359
selection, 133, Fig,5.12
CD5, in B-cell development, 108-110
CD8, 62, Fig.3.10
expression, 126-129
CD8T cells, 74, 163-164, 264-265, Fig. 6.28
see also Cytotoxic T cells
activation, 160-161, 164-165, Fig. 6.22,
Fig. 6.39

CD4T cells, Fig.6.22
adaptive immune response, Fig.8.40
allogeneic tumors, Fig.12.40
antigens expressed, Fig. 12.47
antigen presentation, 75, Fig. 6.22
HLA subtypes, 86-87
cell interactions, Fig,3.11
development, 125-131, 133
differentiation, 160-161
functions, Fig.8.45
cytotoxicity, Fig.6.30, Fig.6.31
interferon-y production, 170
MHC class I molecules, Fig.3.12
molecules produced by, Fig.6.26
polarization, Fig.6.28
selection, 133, Fig.5.12
Tx1/TwH2 balance, 263-264, Fig. 8,40
CD14 see Lipopolysaccharide receptor
(CD14)
CD19, 183
CD21 see CR2 (complement receptor 2)
CD25, inhibitory/regulatory T cell
production, 174
CD28, Fig.6.9
T-cell activation, 151
in T-cell receptor complex, Fig.6.17
CD34
hematopoietic stem cell marker, 418
T-cell homing, 148-149
CD40, chronic transplant rejection,
397-398
CD40 ligand (CD40L)
macrophage activation, 171-172
synthesis by helper T cells, 172-173
T-cell activation, 164
CD44
T-cell activation, Fig. 6.23
T-cell memory, Fig.8.49
CD45
memory T cells, Fig.8.49
naive T cells vs., 270
in T-cell receptor complex, Fig.6.17
CD45R, in B-cell development, Fig.4.10
CD45RA
naive T-cell expression, 270-271
T-cell activation, Fig.6.23
T-cell memory, Fig.8.49
CD45RO
T-cell activation, Fig.6.23
T-cell memory, Fig.8.49
CD59, 220
complement regulation, Fig.7.51
terminal component inactivation,
Fig. 7.51
CD80 (B7.1), T-cell activation, 151
CDs8l1, 183
CD82 (B7.2), T-cell activation, 151
CDR see Complementarity-determining
regions (CDRs)
Celiac disease, 365-366, Fig, 11.1
HLA allotypes, 365, Fig.11.23
HLA-DQ, 365
pathogenesis, Fig.11.28
Cell adhesion molecules (CAMs), Fig. 4.5
high endothelial venules, 148-149
T-cell homing, 148-149, 163-164,
264-265, Fig. 6.4, Fig. 8.41
Cell differentiation antigens see under CD
Cell-mediated immune response, 160
Central lymphoid tissues, 15-16, Fig. 1.9
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Centroblasts, 114
Centrocytes, 114
plasma cell development, 190-191
Cervical tumours, human papilloma
virus-16, 427
Chediak-Higashi syndrome, 293, Fig.9.10
Chemokines, 240-242, Fig. 8.16
see also individual chemokines
neutrophil recruitment, 242
properties, Fig.8.16
receptor binding, Fig.8.17
T-cell activation, 149
in type I hypersensitivity reactions,
Fig. 10.5
Chickenpox see Varicella (chickenpox)
Children see Infants
Chlamydia trachomatis, autoimmune
dlseases, Fig.11.30
Cholera, Fig.7.21, Fig.8.3
vaccines, Fig. 12.7
Chronic granulomatous disease, 293,
Fig. 9.10
Chronic lymphocytic leukemia (CLL), 110,
Fig. 4.19, Fig.5.16
Cigarette smoke, autoimmune disease,
363-364
Class Il-associated invariant-chain peptide
(CLIP), B2-83, Fig. 3.20
Class switching see Isotype switching
Classical complement pathway see
Complement, classical pathway
Clonal deletion, B-cell development, 112,
355, Fig, 4.13
Clonal selection
B cells see B cell(s), development
effector cells, 23
of lymphocytes, 23
by pathogen, 274
T cells seeT cell(s)
Clostridium botulinum, Fig.7.21
Clostridium perfringens, Fig.7.21
Clostridium tetani, 382, Flg.7.21
Cognate interactions, 173, Fig. 7.7
Cold sores see Herpes simplex virus (HSV)
Colicins, Escherichia coli, 233
Collectins, 249-250
Colon cancer, detection, Fig. 12.53
Combination therapy, HIV infection,
303-304, Fig. 9.20
Combination vaccines, 382
see also individual types
Complement, 7, 181
activation
pathways, Fig.7.29
peptide release during, 216-217,
Fig. 7.46
regulation, 217-219, Fig. 7.50, Fig. 7.51
in type II hypersensitivity reactions,
331-332, Fig. 10.28
alternative pathway see Complement,
alternative pathway
antibody-bound antigen tagged by,
207-209
bacterial evasion mechanisms, 235
classical pathway see Complement,
classical pathway
components, Fig. 7.53 see also
individual components
inherited immunodeficiency diseases,
291-292, Fig. 9.9

small fragment, Flg.7.46
terminal, Flg.7.50
control proteins, 220
functions i
immune complex clearance, 214-215,
291-292, Fig. 7.42
opsonization, 237-238
pathogen membrane lysis, 215-2186,
Fig.7.45
immunodeficiency diseases, 291-292,
Fig.9.9
lectin pathway see Complement, lectin
pathway
receptors, 212-214 see also individual
receptors (CR1-CR4)
distribution/function, Fig.7.40
macrophages, 153
neutrophils, 246
Complement, alternative pathway, 206,
Fig. 7.29
activation, 206, Fig. 7.29
C3 convertase, 212, Fig. 7.36, Fig. 7.38
C3 activation, Fig.7.38
classical vs,, 211-212, Fig.7.37
formation, 234-235, Fig. 8.8, Fig. 8.9
inactivation, 219, Fig. 7.43
C3b, 234-235
C5 convertase, 215
inflammatory response, 216-217
innate immune response, 233-235,
Fig. 8.9
Complement, classical pathway, 205,
207-212, Fig. 7.52
actlvatlon, 205, Fig. 7.29
C1, 207-209
C2, 209-210
C3 convertase, 209-210, 210
alternative vs., 211-212, Flg.7.37
inactivation, 219-220, Fig, 7.49
innate immune response and, Fig.8.9
C4, 209-210
C5 convertase, 215
Complement, lectin pathway, 205-206
activation, 249-250, Fig. 7.29, Fig.8.24
in acute phase infection, 249-250,
Fig. 8.24
Complementarity-determining regions
(CDRs), Fig.2.7, 42, Fig.2.7
see also Hypervariable (HV) regions
T-cell receptors, 69, Fig. 3.2
Conformational epitopes, 43, Fig.2.11
Conjugate vaccines, 381-382

.Conjunctivitis, allergic, 326

Constant regions (C regions), 39
genetic rearrangement, Fig. 2.27, 57-58
immunoglobulins, 21, 22
isotype switching and, 57-58, Flg. 2.26
light chain, 40-41, Fig. 2.5, Fig. 2.6
Contact sensitivity, 338, Fig. 10.36
Co-receptors
B cells, 183
T cells, 74
Corticosteroids, 401-402
allergy treatment, 329
definition, 401
immune system effects, Fig.12.25
mechanism of action, Fig.12.24
physiological effects, 401-402
side effects, 402
structure, Fig. 12.23

Index

Corynebacterium diphtheriae, 382,
Fig. 7.21
Coxsackie virus
autoimmune diseases, 368, Fig. 11.30
IDDM, Fig, 1.33
CR1 (complement receptor 1), 212, 213,
220
distribution/function, Fig.7.40
erythrocytes, 214-215, Fig. 7.42
immune complex removal, 214-215
innate immune response, 235
macrophages, 237
CR2 (complement receptor 2), 183,212,
213-214, 220
distribution/function, Fig.7.40
CR3 (complement receptor 3), 212-213,
214
distribution/function, Fig.7.40
macrophages, Fig.8.12
neutrophils, Fig.8.20
pathogen binding, 238
CR4 (complement receptor 4), 212-213,
214
distribution/function, Fig.7.40
neutrophils, Fig.8.20
pathogen binding, 238
C-reactive protein, 248
Cromolyn sodium, allergy treatment, 329
Cross-match test, blood group antigens,
393, Fig. 12.13
Cryptic epitopes, 370
Cryptidins, 233
CT antigens, 423-424, Fig. 12.48
CTAGE-1, Fig.12.48
CTLA-4
deficiency, 357-358
regulatory T cells, 358-359, Fig. 11.21
T-cell activation/development, 151,
357-358
CTpll, Fig. 12.48
Cutaneous T-cell lymphoma, 125, Fig. 5.16
CXC chemokines, Fig. 8.16
CXCLS (interleukin-8), 240-242
in diapedesis, 246
functions, 242
inflammatory response, Fig.8.15
properties, Fig.8.16
receptors, neutrophils, 244
synthesis
eosinophils, Fig.10.9
macrophages, 240
CXXXC chemokines, Fig. 8.16
Cyclin-dependent kinase 4, Fig, 12.47
Cyclophillins, 404
Cyclophosphamide, 403-404
structure, Fig. 12.26
Cyclosporins
immune system effects, 404-405,
Fig. 12.28
mechanism of action, Fig. 12.24, 158,
404, Fig. 12.24
in organ transplants, 404, Fig. 12,24
Cytokine storm, bone marrow transplants,
410
Cytokines
see also individual cytokines
autocrine action, 164
extravasation, 242
inflammatory responses see
Inflammatory cytokines
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Index

innate immune response, 7-8
isotype switching induction, 192,
Flg.7.14
in leprosy, 165, Fig. 6.27
macrophage activation, 170-171
paracrine action, 164
production
inhibitory/regulatory T cells, 174
macrophage, Fig.8.15, Fig. 8.22
macrophages, 240-242
superantigen stimulation, 286
T cells, 164-165
signaling pathways, Fig. 6.25
in type I hypersensitivity reactions,
Fig. 10.5
vaccine production, 389
vasodilation, 8
Cytotoxic drugs, 403-404
see also individual drugs
bone marrow ablation, 409
structures, Fig. 12.26
Cytotoxic T cells, 17, 18, 165-169, Fig. 1.18
see also CD8T cells
functions/roles, Fig. 8.45
hypersensitivity reactions, 30
mechanism of action, 168-169, Fig. 3.11,
Fig. 6.28, Fig. 6.39
molecules produced by, Fig. 6.26
Cytotoxins, produced by effector T cells, 164
D
D gene segments see Diversity (D) gene
segments
Dark zone, of germinal center, 187, Fig. 7.9
DC-51GN, dendritic cells homing, 152
Decay-accelerating factor (DAF), 220
innate immune response, 235
Defensins, 233
Degenerate binding specificity, 77
Delayed-type hypersensitivity reactions
(DTH) see Hypersensitivity reactions,
type IV
& heavy chains see Heavy chains
Dendritic cells, 13, 24, Fig. 1.9
activation, 147
antigen presentation, 146-148, 151, 152,
Fig. 1.18, Fig. 6.10, Fig. 6.38
lymph nodes, Fig. 6.1
antigen transport, 261
antigen uptake, 146-148, Fig. 6.1, Fig.6.2
chronic transplant rejection, 398
derivation, Fig.1.11
differential expression of MHC molecules
in, 24
follicular see Follicular dendritic cells
(FDCs)
functional changes, Fig.6.2
HIV infection, 298-299
lymph node homing, 152
macropinocytosis, 152
maturation, 147
in lymphoid tissues, Fig.6.12
MHC expression, 24, 84, Fig, 3.22
spleen, 262
tumor antigen presentation, Pig.12.52
Dendritic epidermal T cells (dETC), 130
Dermatitis, atopic, 327
Dermatophagoides pteronyssimus (house
mite), allergies to, 320-321
Desensitization, allergic reactions, 330

Desmogleins, autoantibodies, 370,
Fig. 11.33
Desmosomes, autoantibodies, 370
Diabetes mellitus
insulin-dependent see Insulin-dependent
diabetes mellitus (IDDM)
insulin-resistant, Fig.11.15
Diapedesis, 246
neutrophils, 246, Fig. 8.19
DiGeorge syndrome, 124-125, Fig. 9.7
Diphtheria, Fig.7.21
vaccines, Fig.12.7
Diphtheria toxin, 382
Diphtheria-tetanus-pertussis (DPT)
vaccine, 382, 386
recommended vaccination schedule,
Fig. 12.3
Diphyllobothrium latum, 203
Direct pathway of allorecognition, acute
transplant rejection, 396-397,
Fig. 12.19
Directional selection, definition, 92-93
Discontinuous epitopes, 43, Fig. 2.11
Disseminated intravascular coagulation
(DIC), 242, Fig.8.18
Diversity (D) gene segments, 4849,
Fig.2.14
number, Fig. 2.16
DNA damage, radiation, 415-416
DNA ligase, junctional diversity, 51
DNA-dependent protein kinase (DNA-PK)
deficiency, 295
junctional diversity, 51
Double-negative thymocyles, 126
Double-positive thymocytes, 129
Draining lymph nodes, 17

E

Early pro-B-cells, 100
Echoviruses, autoimmune diseases,
Fig. 11.30
Eczema, 327
Edema, 17, 219
inflammation, 8
Effector cells, 18
see also individual types
clonal selection, 23
Effector T cells
see also individual types
in acute transplant rejection, 396-397,
Fig.12.18
adhesion molecule guidance, 264-265,
Fig. 8.41
antigen stimulation, 136-137, 163-164
in autoimmune response
identification, 349
mechanisms, 344-346
classes, Fig. 6.26, Fig. 8.45
co-stimulatory signals and, 163-164
cytokines production, 164
cytotoxins production, 164-165
Efferent lymphatic vessels, 17-18
Encapsulated bacteria, 381
Endocarditis, bacterial, Fig.11.1
Endocrine glands, autoimmune diseases,
346-348, Fig. 11.4
Endocytic vesicles, antigen processing, 80
Endocytosis
antigen processing, 80
receptor-mediated, Fig.6.14

env protein, Fig.9.14
Eosinophil collagenase, Fig.10.9
Eosinophil peroxidase, Fig.10.9
Eosinophils, 12-13, Fig. 1.9, Fig. 10.8
activation, Fig. 10.9
derivation, Fig. 1.11
IgE affinity, 202-203, 314
numbers in blood, Fig. 1.12
parasites, effect on, 202, 317-318,
Fig. 10.9
schistosomes, Fig. 7.27
toxic proteins secreted by, 318, Fig. 10.9
tissue damage from, 318-319,
Fig. 10.10
type [ hypersensitivity reactions, 314,
317-319, 319-320
Ty2 origins, 319-320, Fig. 10.13
Eulaxin, 318
properties, Fig.8.16
Epidemics, influenza, 281
Epidermophyton floccosum, Fig. 1.3
Epitope(s), 21
bound by antibodies, 23, 4244
conformational, 43, Fig. 2.11
cryptic, 370
discontinuous, 43, Fig. 2.11
linear, 43, Fig. 2,11
of molecularly altered human cells,
331-332
structural differences, Fig.2.10
structural properties, 42-44
surface, Fig.2.8
Epitope spreading
B cells, 371
intermolecular, 370-372
intramolecular, 370
systemic lupus erythematosus, Fig. 11.35
T cells, 371-372
viral infections, 372
€ heavy chains, 40
Epstein-Barr virus (EBV)
in B-cell development, Fig.4.10
cancer associations, Fig.12.38
CR2 binding, 214
in immunodeficiency, 295
AIDS, 305
latency, 284
Erythroblasts, Fig. 1.11
Erythrocytes, Fig. 1.9
CR1, 214-215, Fig. 7.42
derivation, Fig.1.11
MHC expression, 83, Fig.3.22
Erythroid progenitor cells, 11
Escherichia coli, 2-3, 362
bacterial defense, 233
E-Selectin, neutrophil extravasation, 245
Extravasation
cytokines, 242
neutrophils, 244-246, Fig. 8.19

F

Fab (fragment antigen binding)
see Antibodies
Fab (fragment antigen binding) receptors,
39-40, Fig. 2.3
Factor B
C3 convertase, 211
in innate immune response, 234-235,
Fig. 8.9
Factor D
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C3 convertase, 211
in innate immune response, 234-235,
Fig. 8.9
Factor H, 219, 220
innate immune response, 235
Factor 1, 219
Factor P (properdin), 235
Family studies
autoimmune diseases, 359-360,
Fig.11.22
IDDM, Fig.11.22
Farmer’s lung, 336
Fas ligand (FasL), 164
in apoptosis, 169
Fc receptors, 40, 194, Fig. 2.3
antibodies binding, 200-201, Fig.7.24
antibody coated pathogens uptake,
200-201, Fig. 7.25
hematopoietic cells, 200-201
immune system cells, Fig.7.24
natural killer cell activation, 204-205,
Fig.7.28
neutrophils, 246, Fig. 8.20
Fco receptors, Fig.7.24
FceRI receptors, 313-314, Fig. 7.24,
Fig.10.3
Feyreceptors, 201-202, Fig. 7.24
B-cell downregulation, Fig. 8.51
FcRB (Brambell receptor), 196, Fig.7.18
Fertilin beta, Fig.12.48
Fever, 247-248
FK506 (tacrolimus)
effect on immune system, Fig. 12.28
mode of action, 158, 404-405, Fig. 12.24
FK-binding proteins, 404
Flow cytometry
cell identification, 40
mechanism of action, Fig.2.13
Follicular center cell lymphoma, 115,
lig. 4.19
Follicular dendritic cells (FDCs), 187,
Fig. 7.9
CR2, 213-214
Food allergies, 328, Fig. 10.12
Food poisoning, Fig.7.21
FoxP3
deficiency, 359
regulatory CD4 T cells, 359
Fractalkine, Fig.8.16
Framework (F) regions, 41-42, Fig. 2.7
Framework regions, light chains, 41-42
Freund’s complete adjuvant, Fig.12.4, 383
Freund's incomplete adjuvant, Fig. 12.4
Fungi, 3

G

Gag protein, Fig.9.14
GAGE-A, Fig.12.48
Gamma globulin infusions, antibody-
deficiency, 290
18 T cells seeT cell(s)
v heavy chains see Heavy chains
Gas gangrene, Fig.7.21
GATA-2, in B-cell development, Fig. 4.10
Gene conversion, 101-102
in chickens, Fig.4.6
Gene families, MHC molecules, 86
Gene knockouts, 289
Gene rearrangements

immunoglobulins
antibody diversity, 47-55
B cells, 57-58, Fig, 2.27
surface production, Fig. 4.7
T cells, 23, Fig. 1.23
termination, Fig.4.9
productive, 102-104
termination, 105-106
unproductive, 102
T-cell development, 129
T-cell receptor, Fig.5.7
Genome sequences, vaccine design, 389
Germinal centers, 114, Fig. 4.17
B-cell apoptosis, Fig.11.18
formation, 186-188, Fig. 7.7, Fig. 7.8,
Fig.7.9
Germ-line configuration, 23, 47
human, Fig.2.14
in other animals, 53
Germline form, 47
Gliadins, 365
Glomerulonephritis, Fig. 11.3, 344-346
Glucan receptor, macrophages, Fig.8.12
Glucose-6-phosphate dehydrogenase
deficiency, Fig.9.10
Gluten proteins, celiac disease, 365
Glutenins, 365
GlyCAM-1, T-cell homing, 148-149
Glycan receptor, neutrophils, Fig. 8.20
Goodpasture’s syndrome, 344-346,
Fig.11.1, Fig. 11L.3
gp4l, in infection, 298
gpl20
in HIV vaccine design, 390
in infection, 298
G-protein-coupled receptors, chemokine
binding, Fig.8.17
Graft-versus-host disease (GVHD), 296,
Fig. 12.11
bone marrow transplants, 409-410,
418-420, Fig. 12.32, Fig. 12.33
autologous, 418-420
in engraftment, 420
definition, 391
hyperbilirubinemia, 410
methotrexate, 410
skin rash, 409, Fig.12.32
Graft-versus-host reaction (GVHR),
391-393, Fig. 12.11
Graft-versus-leukemia (GVL) effect, bone
marrow transplants, 420-421,
Fig. 12.45
Graft-versus-tumor (GVT) effect, bone
marrow transplants, 420
Granulocyte colony stimulating factor
(G-CSF), 418
Granulocyte-macrophage colony
stimulating factor (GM-CSF)
deficiency, 291
T-cell activation, 164-165
Granulocytes, 11-12
see also individual cells
immunosuppressive drug effects,
Fig. 12.28
Granulomas, formation, 172
Granulysin, cytotoxic T cells, 168
Granzymes, cytotoxic T cells, 168
Graves' disease, 348, Fig. 11.1, Fig. 11.4,
Fig. 11.5, Fig. 11.15
autoantibodies, 355

Index

CTLA-4 deficiency, 358
HLA allotypes association, Fig, 11.23
neonatal incidence/transfer, 349

Growth factors, innate immune response,

236

Gut-associated lymphoid tissues (GALT),

19, 147, Fig. 1.20

H

HA-1, Fig.12.42

HA-2, Fig.12.42

HA-8, Fig.12.42
Haemophilus influenzae B

antibody-deficiency, 289

recommended vaccination schedule,
Fig. 12.3

vaccine design, 173, 382, Fig. 6.37

vaccines, Fig.12.7

X-linked agammaglobulinemia, 107

Haploidentical bone marrow transplants,

420-421, Fig. 12.44

Haplotype, definition, 88
Hashimoto's disease, Fig. 11.4, 348

CTLA-4 deficiency, 358

Hay fever (allergic rhinitis), 325-326,

Fig. 10.12, Fig. 10.21

HB-1, Fig.12.42
Heart transplants, numbers, Fig.12.30
Heart-lung transplants, numbers,

Fig. 12.30

Heat-shock proteins

corticosteroid binding, 402
tumors, 426-427, Fig. 12,52

Heavy chains, 21, 38-40

o, 40
constant regions, 40-41, Fig. 2.5
isotype definition, Fig.2.4
&, 40
early transcription, 52
g, 40
framework regions, 41-42, Fig. 2.7
v, 40
protein domains, 40-35
gene segments, Fig. 2.17
rearrangement, 103-104, Fig. 2.20
transcription, 52
variable region, 48-49, Fig. 2.14
germline configuration, 47, Fig. 2.14
hypervariable regions, 41-42, Fig.2.7
isotypes, 40
W, 40
early transcription, 52
production, RNA processing, 55
variable region, 40-41, Fig.2.5
gene segments, 48-49, Fig. 2.14

Helicobacter pylori, tumour association, 416
Helminths, IgE protection against, 204
Helper T cells, 17, 18,74

see also CD4 T cells
Bl cells vs. B2 cells, Fig. 4.12
interleukin-4 secretion, 172-173
molecules produced by, Fig.6.26
Ty1/Ty2 balance, 172-173, 263-264,
Fig. 8.40
CD8T cells, 263-264
Mycobacterium leprae, 165, Fig.6.21
vaccine design, 389
type 1 (Tul) see below
type 2 (Tu2) see below
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Helper T cells type 1 (Tul), 74, 151-156,
159-160, 169-172, 225-232, 263,
Fig. 6.33
activation, 164-165
autoimmune diseases
IDDM, 350, Fig.11.8
multiple sclerosis, 353
rheumatic disease, 352, Fig. 11.11
CD8 T-cell inter-regulation, Fig.8.40
cell interactions, Fig.3.11
cytokine secretion, 165, 173-174
in type IV hypersensitivity reactions,
337, Fig. 10.35
development, 263, Fig. 8.39
functions/roles, Fig.8.45
adaptive immune response, Fig.8.40
granuloma formation, Flg. 6.35
intravesicular pathogen response,
171-172, Fig. 6.34
macrophage activation, Fig.6.33
in tuberculoid leprosy, 165
hypersensitivity reactions, 30
in type IV, 337, Fig. 10.35
mechanism of action, Fig.6.39
molecules produced by, Fig.6.26
T2 balance see Helper T cells
Ty2 vs., 165
Helper T cells type 2 (Tn2), 74, 151-156,
159-160, 225-232, 263, Fig. 6.33
adaptive immune response, Fig. 8.40
allergic asthma, Fig.10.22
in B-cell response, 172-173, 182,
Fig. 6.36
cell interactions, Fig.3.11
cytokine production, 165, 173-174
development, 266-267, Fig. 8.39
interleukin-4, 263
functions/roles, Fig.8.45
in lepromatous leprosy, 165, 263-264
mechanism of action, Fig.6.39
molecules produced by, Fig. 6.26
regulation of effector antibodies by,
265-268, Fig. 8.43
Tyl balance see Helper T cells
Tyl cells vs.,, 165 [
type I hypersensitivity reactions,
319-320, Fig. 10.13
Hematopoiesis, 11, Fig. 1.10
Hematopoietic cell transplantation
see Bone marrow transplants
Hematopoietic stem cells, 11, Fig. 1.11
lineages, 11
transplantation“see Bone marrow
transplants
Hemolytic anemia
autoimmune, 331, 344, Fig. 11.1,
Fig. 11,2 '
of newborn, 273
Hepatitis A vaccines, Fig. 12.7
Hepatitis B
interferon therapy, 252
tumor associations, 416, Fig. 12.38
liver cancer, 427
vaccines, 381,427, Fig. 12.7
recommended schedule, Fig. 12,3
Hepatitis C
interferon therapy, 252
vaccine
development of infection, 388
effects, Fig.12.9

tumour association, 416
Hepatocytes, MHC expression, Fig.3.22
Herd immunity, 387
Hereditary angioneurotic edema (HANE),

219,292, Fig. 7.48
Herpes simplex virus (HSV), 283-284
latency, 283-284, Fig. 9.4
Herpes viruses
in AIDS, 305
immune system evasion, 283-284,
Fig. 9.4, Fig. 9.5
latency, 283-284, Fig. 9.4
Heterozygosity, definition, 86
High endothelial venules (HEVs)
cell adhesion molecules, 148-149
lymph nodes, 147
Highly active antiretroviral therapy
(HAART), HIV infection, 304
Histamine, Fig. 10.6
in mast cells, 202
secretion, 315-316
Histocompatibility, 400
Histoplasma, complement component
binding, 238
HIV see Human immunodeficiency virus
(HIV)
Hives, 326-327
HLA (human leukocyte antigen), 86
see also MHC (major histocompatibility
complex); individual allotypes
antibodies to, 394-395, Fig. 12,15
autoimmune diseases, 359-363,
Fig. 11.23

ankylosing spondylitis, 360, 363

celiac disease, 365

IDDM, 361-362, Fig. 11.22, Fig. 11.24,

Fig. 11.25
rheumatoid arthritis, Fig.11.26
systemic lupus erythematosus, 363
deficiencies in, 294-295
functional gene limitation, 137-139,
Fig. 5.14
HIV infection, 93, Fig. 3.34
T-cell development, 132-133
T-cell selection, 132-133
in transplants, 400, Fig. 12,22
bone marrow, 410-411, Fig.5.11,
Fig. 12,34
hyperacute rejection, 394
tumor downregulation, 425-425,
Fig. 12.50
tumor necrosis factor-o, 360
HLA-A, Fig.3.23
in antigen presentation, 86-87
HLA-B, Fig.3.23
in antigen presentation, 86-87
HLA-C, Fig.3.23
in antigen presentation, 86-87
natural killer cells, 257
HLA-DM, Fig.3.20, 82-83, Fig. 3.23
functions, 87
gene transcription control, 89
genes, 88, Fig.3.25
HLA-DO, Fig.3.23
functions, 87
genes, 88
HLA-DP, Fig.3.23
functions, 87
genes, 88, Fig. 3.25
transcription control, 89

HLA-DQ, Fig.3.23
celiac disease, 365
functions, 87
genes, 88, Fig.3.25
transcription control, 89
IDDM association, 361-362, Fig. 11.24,
Fig. 11.25
HLA-DR, Fig.3.23
autoimmune disease association,
360-361
IDDM, 361-362, Fig. 11.25
rheumatoid arthritis, 363
functions, 87
genes, 88, Fig.3.25
number variation, Fig.3.26
transcription control, 89
HLA-E, Fig.3.23
HLA-E Fig.3.23
HLA-G, Fig.3.23
Hodgkin's disease, 115, 125, Fig. 4.19,
Fig. 5.16
Homing
definition, 148-149
dendritic cells, 152
neutrophils, 244-246
T cells seeT cell(s)
Homozygosity, definition, 86
HOM-TES-85, Fig.12.48
House mite (Dermatophagoides
pteronyssimus), allergies, 320-321
Human herpes virus-8 (HHV-8)
in AIDS, 305
cancer associations, Fig. 12,38
Human immunodeficiency virus (HIV),
279, 296, Fig. 1.3
see also Acquired immunodeficiency
syndrome (AIDS)
adaptive immune response, 299-300,
Fig.9.18
cancer associations, Fig.12.38
characteristics, 297-298, Fig.9.13
combination therapy, 303-304, Fig. 9.20
genes, 297, Fig. 9.14
highly active antiretroviral therapy, 304
immune cell infection, 298-299, Fig. 9.15
CD4 T cells, 30, 298-299
incidence, 296, Fig. 9.12
infection
HLA polymorphism effects, 93,
Fig.3.34
mechanism, 298-299
resistance to, 302
life cycle, Fig.9.15
infectious virion production, 299
mutation rates, 303
antiviral drugs resistance, 302-304,
Fig. 9.19, Fig. 9.21
progression to AIDS, Fig.9.17
proteins, 297, Fig.9.14
strains, 296
vaccine development, 390
Human papilloma virus-16 (HPV16), 427
Human T-cell leukemia virus type 1
(HTLV-1), cancer associations,
Fig. 12.38
Humoral immune response, 26-28, 160
HY-Al, Fig.12.42
HY-A2, Fig.12.42
HY-B7, Fig.12.42
HY-BS8, Fig.12.42
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HY-B60, Fig.12.42
Hybridoma cell line, 45
HY-DQ5, Fig.12.42
Hydrocortisone, structure, Fig.12.23
Hydrolytic enzymes, innate immune
response, 236
Hygiene hypothesis, 31, 329
autoimmune diseases, 373-374
Hyperacute rejection, transplants, 394,
Fig. 12.14
Hyperbilirubinemia, graft-versus-host
disease, 410
Hypereosinophilia, 318-319
Hyper-lgM syndrome, 192
lymph nodes, Fig.7.15
Hypersensitivity reactions, 30, 311-313
see also individual types
adaptive immune response, Fig.10.2
incidence, 31
Hypersensitivity reactions, type I, 204,
311-312, 311-331, Fig. 10.2, Fig. 10.12
allergen stimulation, 320-321
allergic rhinitis, 325-326
asthma, 325-326
basophils, 317-320, 319
eosinophils, 317-320
food allergies, 328
genetic predisposition, 321-322
IgE/Fc receptors binding, 313-314,
Fig.10.3
immediate responses, 322-323,
Fig. 10.16, Fig. 10.17
interleukin-4, 319-320, Fig. 10.13
in intestine, 328, Fig. 10.25
late-phase reactions, 322-323, Fig. 10.16,
Fig. 10.17
mast-cell activation, 323-324, Fig. 10.18
inflammatory mediators, 314-317,
Fig. 10.5
parasitic infection as protection, 328-329
in skin, 326-327, Fig. 10.24
systemic anaphylaxis, 324-325,
Fig. 10.19, Fig. 10.20
Ty2 initiation, Fig. 10,13
treatment, 329-330
Hypersensitivity reactions, type II, 312,
331-332, Fig. 10.2, Fig. 10.26
complement activation, Fig.10.28
diseases caused by, Fig, 11.1
penicillin, Fig. 10.26
penicillin-protein conjugates, Fig. 10.27
Hypersensitivity reactions, type III, 312,
333-336, Fig. 10.2
antigens, 334-336, Fig. 10.29, Fig. 10.312
immune complexes, 333-334, Fig. 10.29,
Fig. 10.30
systemic diseases, Fig. 11.1, 334-336,
Fig. 10.31, Fig. 10.32
Hypersensitivity reactions, type IV, 313,
336-338, Fig. 10.2, Fig. 10.33
antigens, 338
diseases, Fig.11.1
celiac disease, 366
stages, Fig,10.34
Tul cell cytokine release, 337, Fig, 10.35
time course, Fig.10.34
types, 336-337, Fig. 10.33
Hyperthyroidism, 348
Hypervariable (HV) regions, 41-42, Fig. 2.7

see also Complementarity-determining
regions (CDRs)
antibodies, 41-42, 42-44
Hypoglycemia, as autoimmune disease,
Fig.11.15
Hypothyroidism, 348

Iccosomes, Fig.7.11, 189-190
IgA see Immunoglobulin A (IgA)
Ige, 54, Fig. 2.23
B-cell development, 107, Fig. 4.10
IgP, 54, Fig.2.23
B-cell development, 107, Fig. 4.10
IgD see Immunoglobulin D (IgD)
IgG see Immunoglobulin G (IgG)
[gM see Immunoglobulin M (IgM)
Immature B cells, 47-55, 101-102, Fig. 4.3
Immature dendritic cells, 147
Immediate reaction, allergic response,
322-323, Fig. 10.16
Immune complexes, Fig.7.11
accumulation, immunodeficiency
diseases, 291-292, Fig. 9.9
B-cell activation, 189-190, Fig.7.10
clearance
from circulation, 214-215, Fig. 7.42
deficiency in, 291-292
rheumatoid arthritis, 352
systemic disease caused, 334-336,
Fig. 10.31, Fig. 10.32
transplant rejection, 395
type 11l hypersensitivity reactions,
Fig. 10.29, Fig. 10.30
Iimniune dysregulation,
polyendocrinopathy,enteropathy, and
X-linked syndrome (IPEX), 359
Immune response
adaptive see Adaptive immune response
bone marrow transplantation, 295-296
cell-mediated, 160
definition, 1
humoral, 26-28, 160
innate see Innate immune response
pathology contribution, 284-285,
286-287, Fig. 9.5
primary see Primary immune response
protective, 1
secondary see Secondary immune
response
tissues involved in, 15-20
Immune stimulatory complexes (ISCOMs),
as adjuvants, Fig. 12.4, 383-384,
Fig, 12.5
Immune system
cells, 11-15 see also individual cells
derivation, 2, 11-15, Fig. 1.11
and human survival, 1
tissues, 15-20
Immune-complex coated bodies, 189-190,
Fig.7.11
Immunisation seeVaccination
Immunity
acquired, definition, 9
passive transfer, Fig.7.19
Immunity, passive transfer, 196-197
Immunizations
antibody increase after, Fig. 8.47
defined, 1-2

Index

passive, 199
Immunodeficiency diseases, 29-30, 279
see also individual diseases/disorders
disease susceptibilities, 295
inherited, 287-296, Fig. 9.7
B-cell defects, 289-290
complement defects, 291-292, Fig. 9.9
correction, 295-296
genetic defects, 287-289, Fig. 9.7
pathogen susceptibilities, 289, Fig. 9.7
phagocyte defects, 292-293, Fig. 9.10
T-cell defects, 291, 294-295
Immunogenetics, definition, 391
Immunoglobulin(s), 21-22, 37
see also individual types
adaptive immune response, 21-23
diversity, 23
B1 cells vs. B2 cells, Fig.4.12
as cell surface receptors, 14
production, Fig.4.7
classes, 26,38
diversification, 22-23, 47-55, 100-102
after B cell encounter with antigen,
55-61
structural basis, 38-47
effector functions, 58-61
gene rearrangements, 23, 47-55, 100-102
termination, Fig. 4.9
genes, chromosome locations, 48, 109,
Fig.2.14
secreted, Fig. 2.24
structure, 21-22, Fig. 1.21, Fig, 2.3,
Fig.2.5
antigen-binding sites, 42-44
constant regions, 21, 22, 38-40
Fab fragments, Fig.2.3
Fc fragments, Fig.2.3
heavy chains see Heavy chains
light chains see Light chains
MHC molecules, 77
protein domains, 40-41
variable regions, 21, 38-40
superfamily, 41, Fig. 6.4
surface, 54, Fig. 2.24
B-cell development, 105-106
Immunoglobulin A (IgA), 26
dimeric, 60, Fig. 2.30
transcytosis, Fig.7.17
epithelial barrier transport, 195-197
functions, 60, 194-195
high affinity, 197-199
neutralization of toxins/venoms by,
197-199
secretory, 195-196
structure, Fig. 2.4
heavy chains, 40
Immunoglobulin D (IgD), 26
production in naive B cells, Fig,2.21
structure, Fig.2.4
heavy chains, 40
Immunoglobulin E (IgE), 26, 202
allergic reactions see Hypersensitivity
reactions, type I
cross-linking, 202, Fig.7.26
functions/characteristics, 60-61
immune cell affinity, 202-203
levels, 328-329
mast cell activation, 28, Fig. 7.26,
Fig. 10.18
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in protection against parasites, 203-204,
323-324
structure, Fig. 2.4
heavy chains, 40
Immunoglobulin G (IgG), 26
autoimmune disease, 344-346, 351-354,
Fig. 11.9
epithelial transport, 195-197
functions, 59-60, 194-195
high affinity, 197-199
hypersensitivity reactions, 30
immune complexes, 333-334, Fig. 10.29
opsonization, 27-28
structure, Flg, 2.2, Fig.2.4
heavy chains, 40
toxin neutralization, 197-199, Fig. 7.22
in type III hypersensitivity reactions,
Fig. 10.29
Immunoglobulin M (IgM), 26, 44
biosynthesis, 57, Fig. 2.31
naive B cell, Fig.2.21
functions, 59, 194-195
monomeric, 57, Fig. 2.26
opsonization, 27-28
pentameric, 57, Fig. 2.26
structure, Fig, 2.4
heavy chains, 40
Immunoglobulin-like domains, 41
Immunological memory see Memory
Immunological tolerance see Tolerance
Immunophillins, 404
Immunoreceptor tyrosine-based activation
motifs (ITAMs), 155, 182, Fig. 6.16
in B-cell response, 182
Immunoreceptor tyrosine-based inhibition
motifs (ITIMs), 201
Immunosuppression, pathogens, 286
Immunosuppressive drugs, 400-402
see also individual drugs
myasthenia gravis, 353
side effects, 401
Immunotoxins, 428-429
Inactivated viral vaccines, 380
Indirect pathway of allorecognition
acute transplant rejection, 397,
Fig. 12.19
chronic transplant rejection, Fig. 12,21
Infants
antibody production in, 197, Fig. 7.20
passive immunity in, 196-197, Fig. 7.19
Infections, 1, 228-232, Fig. 8.2
see also Pathogens; individual infections
adaptive immune response, 260
antibody mechanisms, 26-28, Fig. 1.29
autoimmune diseases see Autoimmune
diseases
causes, 1
clearance, 267
innate immune response, 227
physical barriers, 6-7, 232233, Fig. 1.4,
Fig. 8.6
epithelial protection, 232-233, Fig. 8.6
rheumatic fever, 367, Fig. 11.29
stages, Fig.8.5
time course, Fig. 8.1
Inflammation, Fig. 1.34
alternative complement pathway
activation, 216-217, 235
chemokines, Fig.8.16
edema, 8

innate immune response, 7-8, Fig. 1.6

interferons, 250-252

macrophage activation, 239-242,

Fig.8.15

neutrophil activation, 244

peptide release, 216-217, Fig. 7.46

rheumatoid arthritis, 352

transplant rejection, 395-396
Inflammatory cells, 8

Inflammatory cytokines, 202-203, 247-250,

Fig. 8.15, Fig. 8.22
macrophage production, 242
rheumatoid arthritis, 352

Influenza virus, Fig. 1.3, Fig. 8.3
antigenic drift, 281, Fig. 9.2
antigenic shift, 281, Fig. 9.2
epidemics caused, 281
hemagglutinin, 199
human evolutionary relationship, 3, 5
immune response evasion, 280-281,

Fig.9.2
pandemics caused, 281
vaccines, Fig.12.7

Inhaled allergens see Allergens
Innate immune response, 6, 227-260,

Fig. 8.53
adaptive immune response effects, 8-11
adaptive immune response vs., Fig, 8.1
definition, 7
effector mechanisms, 7

alternative pathway complement
activation, 235, Fig. 8.9
bradykinin, 236
chemokines, Fig.8.16
cytokines, 7-8
epithelial protection, 232-233, Fig. 8.6
growth factors, 236
hydrolytic enzymes, 236
inflammation, 7-8, Fig. 1.6
interferons, 250-252
oz-macroglobulins, 236-237
macrophages, 237-238
natural killer cell activation, Fig. 8.28
phagocytosis, 237-238
plasma proteins, 236-237
platelets, 236
prostaglandins, 236
protease inhibitors, 236-237
pathogens, 228-232, Fig. 8.2
recognition, Fig. 1.5
viruses, 250-252
principal characteristics, Fig.1.7

Insulin receptor, autoantibodies, Fig.11.15

Insulin-dependent diabetes mellitus
(IDDM), Fig. 11.4, 350-351, Fig. 11.1,
Fig.11.8

CTLA-4 deficiency, 358
family studies, Fig.11.22
HLA allotypes association, Fig.11.22,
361-362, Fig. 11.23, Fig. 11.24,
Fig. 11.25
HLA-DQ, 361-362, Fig. 11.24,
Fig. 11.25
HLA-DR, 361-362, Fig. 11.25
pathogenesis, Flg. 1.33

Insulin-resistant diabetes, 354, Fig. 11.15

Insulitis, 350

Integrins, 148-149, Fig. 6.4, Fig. 6.6

T-cell memory, Fig.8.49
VLA-4, 164, 264, Fig. 8.41

Interallelic conversion, 93, Fig. 3.33
Intercellular adhesion molecule-1
(ICAM-1), 149
Intercellular adhesion molecule-2
(ICAM-2), 149
Intercellular adhesion molecule-3
(ICAM-3), 150
Intercellular adhesion molecules
(ICAMs), Fig.6.4
T-cell activation, 149
Interdigitating reticular cells, 152, Fig.6.11
Interferon(s)
see also individual types
actions, 250-252
cell surface changes, 251-252
functions, vs., 8.26
MHC class I induction, 251-252
TAP peptide transporter protein
induction, 251-252
innate immune response, 250-252
oligoadenylate synthetase, 250
signal transduction, 250-251
synthesis, Toll-like receptor-3 induction,
250
as therapy, 252
Interferon-c (IFN-c)
antigen processing/presentation, 89
functions, vs., 8.26
inflammation, 250-252
multiple sclerosis, 353
natural killer cell stimulation, 253
Interferon-p (IEN-f)
antigen processing/presentation, 89
functions, vs., 8.26
inflammation, 250-252
multiple sclerosis treatment, 353
natural killer cell stimulation, 253
Interferon-y (IFN-y)
antigen processing/presentation, 89
deficiency, 287
HLA gene expression, 89
leprosy, 165, Fig. 6.27
macrophage activation, 170, 171-172
MHC expression, 84
production
CD8T cells, 170
natural killer cells, 253
Tyl development, 263
virus-infected cell death, 168
Interferon-producing cells (IPCs), 252
Interferon-response factor 3 (IRF3), 250
Interferon-response factor 7 (IRF7), 251
Interleukin(s)
see also individual types
T-cell activation, 164
Interleukin-1 (IL-1)
actions, 242
fever, 247
inflammation, Fig.8.15
acute phase, Fig.8.22
macrophage production, 240
release, superantigen stimulation, 286
signal transduction, 239
Interleukin-2 (IL-2)
adaptive immune response, 158
cyclosporin A effects, 404
leprosy, 165, Fig, 6.27
natural killer cell stimulation, 253
T-cell activation, 156, 158, Fig. 6.18
Interleukin-3 (IL-3)
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eosinophils, synthesis by, Fig.10.9
T-cell activation, 164-165
Interleukin-4 (IL-4), 192
helper T-cell secretion, 172-173
inhibitory/regulatory T-cell production,
174
leprosy, 165, Fig. 6.27
macrophage activation, 170
regulatory CD4 T cells, 358
Tu2 development, 263
type I hypersensitivity reactions,
319-320, Fig. 10.13
Interleukin-5 (IL-5), 192
B-cell activation, 186-187
eosinophils, synthesis by, Fig.10.9
leprosy, 165, Fig.6.27
Interleukin-6 (IL-6)
B-cell activation, 186-187
fever, 247
inflammation, Fig.8.15
acute phase, Fig. 8.22
macrophages, synthesis by, 240
Interleukin-8 (IL-8) see CXCLS
(interleukin-8)
Interleukin-10 (IL-10)
inhibitory/regulatory T-cell production,
174
leprosy, 165, Fig. 6.27
macrophage activation, 170
regulatory CD4 T cells, 358
Interleukin-12 (IL-12)
functions, 242
inflammation, Fig.8.15
macrophages, synthesis by, 240
natural killer cell activation, 242
Tyl development, 263
Interleukin-13 (IL-13), macrophage
activation, 170
Interleukin-15 (IL-15), immunological
memory maintenance, 272-273
Intermolecular epitope spreading, 370-372
Intestines, type I hypersensitivity reactions,
Fig. 10.25
Intracellular adhesion molecule (ICAM-1),
B-cell activation, 186-187
Intramolecular epitope spreading, 370
Intravesicular pathogens, Tyl cell action,
171-172, Fig. 6.34
Ischemia
chronic transplant rejection, 397
organ transplants, 395-396
Islets of Langerhans, 350
Isoforms, definition, 86
Isografts, definition, 391
Isotype switching, 57-58, Fig. 2.26,
Fig. 2,27
in B-cell response, 192, 270
cytokines, Fig.7.14
Isotypes see Antibodies

J

Janus kinases (JAKs)
signaling, Flg. 6.25
T-cell activation, 164-165

Jenner, Edward, 2

Joining (J) gene segments, 49, Fig. 2.14
number, Fig.2.16

Junctional diversity, Fig.2.19
generation, 51-52, Fig.2.19

K

Kaposi's sarcoma, in AIDS, 305
Kappa light chains see Light chains
Kidney, MHC expression, Fig.3.22
Kidney transplants, 407
numbers, Fig.12.30
Kidney-pancreas transplants, numbers,
Fig. 12.30
Killed viral vaccines, 380
Killed virus vaccines, 380
Killer-cell immunoglobulin-like receptors
(KIR), 254-255
diversity, 255-257
genes, 255, Fig.8.31
MHC interactions, 255, Fig. 8.30
Klebsiella pneumoniae, 382
Ku protein, junctional diversity, 51
Kupffer cells, 237

L

Lambda light chains see Light chains
A5, in B-cell development, Fig. 4.10
Langerhans cells, 152
Large pre-B-cells, 100
Late pro-B-cells, 100
Latency
definition, 283
of Herpes viruses, 283-284, Fig. 9.4
Lck protein tyrosine kinase, 155-156
Lectin complement pathway see
Complement, lectin pathway
Leishmania
complement component binding, 238
macrophage infection, 171-172
Lentiviruses, 297
Lepromatous leprosy see Mycobacterium
leprae, lepromatous
Leukemias, Fig.4.19
acute lymphoblastic see Acute
lymphoblastic leukemia (ALL)
acute myelogenous, haploidentical bone
marrow transplants, 421
chronic lymphocytic, 110, Fig. 4.19,
Fig.5.16
interferon therapy, 252
Leukocyte adhesion deficiency (LAD),
292-293, Fig. 9.10
Leukocyte adhesion molecules, T-cell
activation, 149, Fig. 6.4
Leukocyte immunoglobulin-like receptor
(LILR) genes, 255, Fig. 8.31
Leukocyte receptor complex (LRC),
Fig. 8.31
KIR genes, 255, Fig. 8.31
leukocyte immunoglobulin-like receptor
genes, 255, Fig. 8.31
Leukocytes, 11
see also specific white blood cells
numbers in blood, Fig. 1.12
Leukocytosis, 291
Leukotrienes, synthesis
eosinophils, Fig.10.9
macrophages, 242
mast cells, 316-317, Fig. 10.7
LEA see Lymphocyte function-associated
antigen (LEFA)
Light chains, 21, 38-40
constant regions, 40-41, Fig, 2.5, Fig. 2.6

Index

framework regions, 41-42, Fig. 2.7
gene rearrangements, 104-105, Fig. 4.8
germline configuration, 47, Fig. 2.14
hypervariable regions, 41-42, Fig. 2.7
kappa, 40
genes, Fig.2.17
lambda, 40
genes, Fig,2.17
A5 substitution, 106
surrogate, 106
variable regions, 40-41, Fig. 2.5, Fig. 2.6
gene segments, 48-49, Fig. 2,14
Light zone, of germinal center, 187, Fig. 7.9
Linear epitopes, 43, Fig.2.11
Linkage disequilibrium (LD), definition, 360
Lipophosphoglycan, complement
component binding, 238
Lipopolysaccharide (LPS), complement
component binding, 238
Lipopolysaccharide receptor (CD14)
macrophages, Fig.8.12
neutrophils, Fig.8.20
Listeria monocytogenes, Fig. 1.3
evasion of immune cells by, 284
in macrophages, 153
Live-attenuated vaccines seeVaccines
Liver
hematopoiesis, 11
transplants, 407
numbers, Fig.12.30
Liver cancer, hepatitis B, 427
Long-term nonprogressors, HIV infections,
301
L-Selectin see Selectin
Lung transplants, numbers, Flg.12.30
Lymph, 15-16
circulation, 16-18
Lymph nodes, 147
see also Lymphoid tissues
anatomy, Fig.1.17
antigen presenting cell distribution,
Fig. 6.10
antigen transport, Fig.1.18
cellular traffic
B cells, 112-113, Fig. 4.16
dendritic cells, 152, Fig. 6.1
infections, Fig.1.18
T cells, 148-149
draining, 17
high endothelial venules, 147-147
hyper-IgM syndrome, Fig.7.15
passive antigen accumulation, 261-262
Lymphatic vessels, 15-16, Fig. 1.9
afferent and efferent, 16-17
Lymphocyte function-associated antigen
(LFA), Fig.6.4
in crossing endothelial venules, Fig. 6.65
in lymphocyte interaction with target
cells, Fig.6.4
T-cell activation, 149, 150, Fig. 6.23
T-cell memory, Fig.8.49
Lymphocytes, 14, Fig. 1.9
see also individual types
activation, 16-19
clonal selection, 23, 26
effector, 18-19
numbers in blood, Fig.1.12
recirculation, 15-16, Fig. 1.16
selection by pathogens, 9, Fig.1.8
tissue locations, 15-16

11

Daiichi Ex. 2001.503
OnCusp v. Daiichi
PGR2023-00037



12

Index

Lymphoid follicles, Fig.4.15
B-cells development, 112-113, 185-188,
Fig. 4.186, Fig. 7.9
primary, 112
secondary, 114
Lymphoid organs, 15-16, Fig. 1.9
Lymphoid progenitor cells, 11, 14-15
Lymphoid tissues, 2, 15-16, Fig. 1.9
see also Lymph nodes; individual types
primary, 15, 99, Fig. 1.9, Fig. 4.15
B-cell development, 112-113
secondary, 15, 99, Fig. 1.9
B-cell activation in, 185-188, 265-268,
Flg. 6.6, Fig. 8.43
germinal center formation, Fig.7.8,
Fig.7.9
lymphocyte activation in, 17-19, 114,
Fig. 4.17
T-cell zone, Fig.7.7
T cells, 136-137, 147-148, 261, Fig. 6.3,
Fig. 6.6, Fig. 8.37
tumors, 125-126, Fig. 5.16
Lymphokines, T-cell activation, 164
Lymphomas, Fig. 4.19
Burkitt's see Burkitt's lymphoma
cutaneous T cell, 125, Fig.5.16
follicular center cell, 115
Hodgkin's, 115, 125, Fig. 4.19, Fig. 5.16
interferon therapy, 252
Lymphotactin, properties, Fig. 8.16
Lymphotexin (LT) see Tumor necrosis
factor-p (TNE-f)
Lytic granules, cytotoxic T cells, 166

M

M cells see Microfold cells (M cells)
a-Macroglobulins, protease inhibition,
Fig.8.11
oz-Macroglobulins, innate immune
response, 236-237
Macrophages, 13, Fig. 1.9
activation, 153, Fig.3.11
cytokines, 171-172
inflammation, 239-242
microbial induction, Fig.6.13
Tyl cells, 169, Fig. 6.33
as antigen presenting cells, Fig.6.10, 24,
146, 151, 152-153, Fig. 6.38
MHC class I, 153
characteristics, 147
cytokine production, 240-242, Fig. 8.15,
Fig.8.22
CXCL8 production, 240
derivation, Fig. 1.11
effector molecule secretion, 242
inflammatory mediators, 242
functions, 153, Fig. 1.14
HI1V infection, 298-299
inflammation initiation, Fig.8.15
innate immune response, 237-238
Leishmania infection, 171-172
Listeria monocytogenes infection, 153
phagocytosis, 153, 201-202, Fig. 7.25
surface molecules/receptors, 153,
238-239, Fig.8.12
complement receptors, 153
CR1, 213,237
mannose receptor, 153
MHC class II expression, 24, 84,
Fig. 3.22

scavenger receptor, 153
Toll-like receptors, 153, 230-239
Tyl cell interactions, Fig.3.11
tingible body, 191
Macropinocytosis, dendritic cells, 152
MAdCAM-1, 264-265
MAGE-1, Fig.12.47
MAGE-2, Fig.12.47
MAGE-3, 423-424
MAGE-A, Fig. 12.48
MAGE-B, Fig.12.48
Major basic protein (MBP), 319
synthesis by eosinophils, Fig.10.9
Malignant melanoma, treatment, 423-434
Malignant tumors
definition, 413
transformation, Fig.12.37
Mannan-binding lectin (MBL), 249
deficiency, 250
Mannose receptors
macrophages, 153, Fig. 8.12
neutrophils, Fig.8.20
Mantle cell lymphoma, Fig. 4.19
Mantle zone, of germinal center, 187-188,
Fig.7.9
Mast cells, 13-14, Fig. 1.9
activation, Fig.7.26
affinity, to 1gE, 202-203, 314
allergic reactions, 30, 204
classification, 315
degranulation, 202-203, 314, Fig. 7.26,
Fig. 10.3
inflammatory mediators, 314-317,
Fig. 10.5
skin reactions, Fig. 10.24
tissue effects, Fig. 10.18
derivation, Fig. 1.11
histamine secreted, 315-316
leukotriene synthesis, 316-317, Fig. 10.7
prostaglandin synthesis, 316-317,
Fig. 10.7
protection against parasites, 202
receptors, 314
type I hypersensitivity reactions,
314-317, Fig. 10.3, Fig. 10.4, Fig. 10.5
Tw2 origins, 319-320, Fig. 10.13
Mature dendritic cells, 147
Measles, vaccines, Fig.12.7
Measles/mumps/rubella (MMR) vaccine
autism links, 386
recommended schedule, Fig.12.3
uptake, 386, Fig. 12.6
Megakaryocytes, 11, Fig. 1.9, Fig. 1.11
Membrane attack complex (MAC),
215-216, Fig. 7.45
Membrane cofactor protein (MCP), 220
innate immune response, 235
Memory, 9,11
Bl cells vs. B2 cells, Fig.4.12
definition, 269
maintenance, 272-273
Memory B cells, 114-115, 269-270,
Fig. 4.17
chronic transplant rejection, 398
Memory cells, 28
Memory T cell(s), 270-272, Fig. 8.49
CD4 T cells, 272
CD8T cells, 271-272, Fig. 8.50
Meningitis, vaccines, Fig. 12.7
6-Mercaptopurine, structure, Fig. 12.26

Messenger RNA splicing, in naive B cells,
Fig.2.21
Metastasis, definition, 413
Methotrexate, 404
graft-versus-host disease, 410
structure, Fig. 12.26
MF59, as adjuvant, Fig. 12.4, 383-384
MHC {major histocompatibility complex),
68, 86-94
see also HLA (human leukocyte antigen)
class | region, 87, Fig. 3.25
class Il region, 87, Fig. 3.25, Fig. 3.27
class Il region, 87, Fig. 3.25
class V region, 87
genes, 87-89, Fig.3.25
incompatibilities, transplants, 31
killer-cell immunoglobulin-like receptors
interactions, 255, Fig. 8.30
polymorphism, 86-87, 89-90, Fig. 3.15,
Fig. 3.28
advantages, 91-92, Fig. 3.31
antigen presentation effects, 89-90
HIVinfection, 93
pathogen selection, 90-93, Fig. 3.32
transplant rejection, 93-94
self, 123
MHC class II transactivator (CITA), 89
MHC molecules, 23-24, 67-68, Fig. 1.25
antigen presentation, T-cell receptor
specificity, 83
antigen processing, 78-82, Fig. 3.17
compartments, 80-83
control, 82-83
class | or class Il see MHC molecules,
class I; MHC molecules, class [1
differential expression, 83-84
dendritic cells, 24
diversity, 86-87
gene families, 86
peptide-binding, 77-78, Fig. 3.15,
Fig.3.29
T-cell receptors, 83, Fig. 3.21
structure, 76-77, Fig. 3.13
immunoglobulin-like domains, 77
MHC molecules, class 1, 24,75
antigen presentation, Fig. 1.26
CD8 co-receptors, Fig.3.12
cellular expression, Fig.3.22
deficiency, Fig.9.7
genes see MHC (major histocompatibility
complex)
interferon induction, 251-252
isotypes, 86-87 see also individual
isotypes
natural killer cell response, Fig. 8.32
new variants, 92
peptide formation, 78-80, Fig. 3.17,
Fig.3.18
peptide-binding groove, 77-78, Fig. 3.15
polymorphism, Fig.3.23, Fig. 3.24
structure, 76, Fig.3.13
thymic selection, 137-139, Fig. 5.15
MHC molecules, class I1, 24, 75
antigen presentation, Fig. 1.27
macrophages, 153
peptide binding groove, 77-78,
Fig. 3.15
antigen processing, 80-83
peptide formation, Fig. 3.19
autoimmune disease, 369-370, Fig. 11.32
CD4 co-receptors, Fig. 3.12
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cellular expression, Fig.3.22
deficiency, Fig. 9.7
dendritic cells, 24
genes see MHC (major histocompatibility
complex)
invariant chain and peptide binding,
Fig. 3.20
isotypes, 86-87 see also individual
isotypes
new variants, 92
polymorphism, Fig. 3.23, Fig. 3.24
structure, 76-77, Fig. 3.13
thymic selection, 137-139, Fig. 5.15
MHC restriction, Fig.3.30
definition, 90
MIC proteins
natural killer cells, 253-254
tumors, 425-426
Microfold cells (M cells), 19
Peyer’s patches, 262-263, Fig. 8.38
Ba-Microglobulin, 76
Microorganisms, causing human disease,
228-232, Fig. 8.2
Minor histocompatibility antigens, 419,
Fig. 12.42, Fig. 12.43
MIPI1 proteins, Fig.8.16
Mixed essential cryoglobulinemia, Fig.11.1
Mixed lymphocyte reaction (MLR),
137-138, Fig. 5.14
MMA-1, Fig.12.48
Molecular mimicry, autoimmune diseases,
367-368, Fig. 11.31
Monoclonal antibodies, 45
cancer detection/targeting, 428-429,
Fig. 12.53, Fig. 12.54
CD antigens vs., 45
humanization, in transplant rejection,
406-407
production, Fig.2.12
therapeutic uses, 45, 47
Monocyte chemoattractant protein
(MCP-1), Fig.8.16
Monocytes, 13, Fig. 1.9
numbers in blood, Fig. 1.12
Monomorphism, definition, 86
Mononucleosis, 284
Montagu, Mary Wortley, 1-2
mRNA splicing, in naive B cells, Fig.2.21
u heavy chains see Heavy chains
MUC-1, Fig.12.47
Mucosa, Fig. 1.4
as physical barriers to infection, 6-7
Mucosa-associated lymphoid tissue
(MALT), 19, 262-263
Multiple myeloma, Fig.4.19
Multiple sclerosis, 352-353, Fig. 11.1
HLA allotypes association, Fig.11.23
interferon therapy, 252
Multivalent antigens, 42, Fig. 2.9
Mumps, vaccines, Fig.12.7
Mutagens, 415-416
Myasthenia gravis, 353, Fig. 11.1,
Fig. 11.14, Fig. 11.15
HLA allotypes association, Fig.11.23
MYC proto-oncogene, 108
Mpycobacterium avium, in
immunodeficiency, 295
in AIDS, 305
Mycobacterium leprae
cytokines, 165, Fig. 6.27
helper T-cell balance, 160, 165, Fig. 6.21

lepromatous, 165
tuberculoid vs., 165, Fig. 6.21
tuberculoid, 165
lepromatous vs., 165, Fig. 6.21
Tw2 response, 263-264
Mycobacterium tuberculosis, Fig. 1.3,
Fig. 8.3
see also Tuberculosis
in AIDS, 305
delayed-type hypersensitivity, 336-337
evasion of immune cells, 284
vaccine production, 382
Mycolic acid, 259, Fig. 8.36
Mycosis fungoides, 125, Fig.5.16
Myeloablative therapy, bone marrow
transplants, 409
Myeloid progenitor cells, 11-14
Myeloma, 115
multiple, Fig.4.19
Myeloperoxidase deficiency, Fig,9.10
Myelopoiesis, cytokine stimulation, 164

N nucleotides, 52
N regions, Bl cells vs. B2 cells, Fig.4.12
Naive B cells see B cell(s)
Naive T cells seeT cell(s)
NAP-2, Fig. 8.16
Narcolepsy, HLA allotypes association,
Fig. 11.23
Natural cytotoxicity receptors (NCRs), 255
Natural interferon producing cells (NIPCs),
252
Natural killer (NK) cells, 14, 252-257,
Fig. 1.9
activation
Fc receptors, 204-205, Fig. 7.28
interferon-a, 253
interferon-B, 253
interleukin-2, 253
interleukin-12, 242
cytotoxicity, 253
deficiency, 252-253
derivation, Fig.1.11
genetics, 255-257, Fig. 8.31
interferon-y production, 253
MHC class | expression and, Fig.8.32
non-self recognition, 255-257, Fig. 8.32,
Fig.8.33
receptors, 253-255, Fig. 8.29
HLA subtypes as ligands, 86-87
ligands, 253-254
viral infected cell attack, 251-252
Necrosis, definition, 150
nef protein, Fig.9.14
Negative selection, of T cells, 135-136,
Fig.5.13
Neisseria, complement effects, 235
Neisseria gonorrhoeae, 200, 382
immune system evasion, 283
Neisseria meningiditis
mannose-binding lectin deficiency, 250
vaccines, Fig. 12.7
Neoplasm, definition, 413
Neutralization, 181, Fig. 1.29
of bacteria and viruses, 199-200,
Fig.7.23
definition, 26, 59
of toxins and venoms, 197-199
Neutropenia, 291, 344

Index 1113

Neutrophils, 12, 243-247, Fig. 1.9
activation
inflammation, 244
respiratory burst, 247
bactericidal agent release, Fig. 8.20
derivation, Fig.1.11
extravasation, 244-246, Fig, 8.19
diapedesis, 246, Fig. 8.19
E-selectin, 245
P-selectin, 245
Weibel-Palade bodies, 245
granules, 246-247
homing, 244-246
mechanism of action, 246-247
mobilization/recruitment, Fig.1.13
chemokines, 242
numbers in blood, Fig.1.12
peptides, 233
phagocytosis by, Fig. 8.20
reserves in bone marrow, Fig. 1.13
surface receptors, 244, Fig. 8.20
complement receptors, 246
CR1, 213
Fc receptor, 246, Fig. 8.20
MHC expression, Fig.3.22
NFxB transcription factor, 156
corticosteroid inhibition, 402
Nitric oxide, production, macrophages, 242
NK-cell lectin-like receptors, 253-254
NKG2D receptors, tumor antagonism,
425-426, Fig. 12.51
NOD (non-obese diabetic) strain, 351, 367
Nonhomologous end-juining, Junctional
diversity generation, 51
Non-self recognition, natural killer cells,
255-257, Fig. 8.32, Fig. 8.33
Nuclear factor of activated T cells (NFAT),
156
NY-ESO-1, Fig. 12.48

(0]

Oct-2, in B-cell development, Fig.4.10
Oligoadenylate synthetase, interferons, 250
Omenn syndrome, 71, Fig.3.5
Oncogenes, 108
Oncogenic viruses, 416, Fig. 12,38
vaccination, 427
Ophthalmia
autoimmune sympathetic, Fig. 11.27
sympathetic, 364
Opportunistic infections, 3
AIDS, 305-306, Fig. 9.22
mechanism of infection, 169
Opsonins, 59
Opsonization
see also Phagocytosis
antibody-mediated, 27-28, 59, 181,
201-202, Fig. 7.25
1gG, 27-28
IgM, 27-28
complement-mediated, 213, 237-238
C3b, Fig. 7.41
Oral tolerance
definition, 364
loss in autoimmunity, 364-366
Original antigenic sin, 273-274, 281
Oxygen species
in inflammatory response, 247
production, macrophages, 242
OY-TES-1, Fig.12.48
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P

P nucleotides, 51-52
p53 tumor suppressor gene, 414-415
Pancreas transplants, numbers, Fig. 12.30
Pandemic disease, 281
Panel reactive antibody (PRA), 395
Papillomavirus, cancer associations,
Fig, 12.38
Paracrine action, of cytokines, 164
Parasites
definition, 228
eosinophils, action, 317-318
IgE protection against, 203-204, 323-324
Paratyphoid fever, vaccines, Fig.12.7
Paroxysmal nocturnal hemoglobinuria, 220
Passive transfer, of immunity, 196-197,
Fig. 7.19
Pathogens, 2-3, Fig. 1.17
see also Infections; individual pathogens
clearance
effector mechanisms, 267
extracellular, 26
clonal lymphocyte selection, 23
complement binding, 237-238
diversity, 3, 5, 228-232, Fig. 1.3, Fig. 8.2
epithelial protection, 232-233, Fig. 8.6
host evolutionary relationship, 3
immune response, 6
immune response evasion, 279-287,
284-285
genetic variation, 280
herpes viruses, 283-284, Fig, 9.4
influenza virus, 280-281, Fig. 9.2
Streptococcus pneumoniae, 280, Fig. 9.1
trypanosomes, 281-283, Fig. 9.3
infective dose, 231
neutralization, 26,59, 181, Fig. 1.29
microorganisms, 199-200, Fig. 7.23
stability in environment, 231
tissue damage, Fig.8.3
specificity, 230-231, Fig. 8.4
transport to lymph nodes, 17-19,
Fig.1.18
types, Fig. 1.2
Pathology, of disease, 286-287
Pemphigus foliaceus, 370
progression, Fig.11.33
Pemphigus vulgaris, 370, Fig, 11.1
Penicillin
human cell modification, 332, Fig. 10.26
protein conjugates, Fig. 10.27
erythrocyte lysis, Fig. 10.28
type I hypersensitivity reactions,
Fig. 10.26
Pentadecacatechol, Fig. 10.36, 3238
Pentraxin, 248
Peptide-binding groove, MHC molecules,
77-78, Fig.3.15
Peptides
as antigens, 23-24, Fig. 1.24
cytokines, Fig.8.39
MHC binding
intracellular, Fig.3.17
polymorphism effects, 77-83, Fig. 3.15,
Fig. 3.17, Fig. 3.18, Fig. 3.19
T-cell receptors, Fig.3.21
release
complement activation, 216-217,
Fig. 7.46

inflammatory response, 216-217,
Fig. 7.46
self, 123
Perforin, cytotoxic T cells, 168
Peripheral anergy, B-cell development, 356,
Fig. 11.17
Peripheral lymphoid tissues, 15-16, Fig. 1.9
Peroxidases, macrophage production, 242
Pertussis, vaccines, Fig.12.7
Peyer’s patches, 19, 147, 262-263, 264,
Fig. 1.9, Fig. 8.38
microfold cells, 262-263, Fig. 8.38
Phagocytes, 200-201, Fig. 7.23
see also individual types
complement receptors, Fig.7.40
defects, 292-293, Fig. 9.10
derivation, 12
pathogen neutralization, 199-200,
200-201, Fig. 7.23
Phagocytosis
see also Opsonization
antigen processing, 80
bactericidal agents, 247
cytokine secretion, Fig.1.14
inflammatory response, 201-202,
Fig. 7.25, Fig. 8.15
innate immune response, 237-238
macrophages, 153, Fig. 1.14
neutrophils, Fig. 8.20
Phagolysosomes, antigen processing, 80
Phagosomes
antigen processing, 80
definition, 246
Phospholipase, macrophage production,
242
Phosphoramide mustard, Fig. 12.26
Physical barriers, against infections, 6-7,
Fig. 1.4
Plague, Fig.8.3
vaccines, Fig, 12.7
Plasma cells, Fig. 1.9, Fig. 7.4
activation, 17, 37, Fig. 2.1
antibody secretion, 267-268
B-cell differentiation, 113-114, 191,
Fig. 4.17
B cells vs., Fig.7.13
derivation, Fig.1.11
development, 113-114
tissue locations, 267, Fig. 8.44
Plasma proteins, innate immune response,
236-237
Plasmablasts, 267
Plasmacytoid dendritic cells (PDCs), 252
Plasminogen activator, macrophage
production, 242
Platelet-activating factor (PAF), production
eosinophils, Fig.10.9
macrophages, 242
Platelets
derivation, 11, Fig. 1.11
innate immune response, 236
Pneumococcus, recommended vaccination
schedule, Fig.12.3
Preumocystis carinii, Fig. 1.3
in AIDS, 267, 305
opsonization, 249
Poison ivy (Rhus toxicodendron), allergic
reactions, 338, Fig. 10.36
pol protein, Fig. 9.14
Polio vaccines, Fig. 12.7
see also individual types

recommended schedule, Fig.12.3
Poly-Ig receptor, 195
Polymorphonuclear leukocytes, 11-12
granulocytes see Granulocytes
neutrophils see Neutrophils
Positive selection, T-cell development,
25-26, 132-133, Fig. 1.28, Fig. 5.13
Pox viruses, evasion of immune system by,
Fig. 9.5
Pre-B-cell leukemia, Fig.4.19
Pre-B-cells, 100, 104
receptors, 100, 106, Fig. 4.4
Prednisolone, 401
structure, Fig.12.23
Prednisone, 401
structure, Fig.12.23
Pre-T-cell receptors, 126
development, 126-131
Primary immune response, 9, 11, 28, 260
secondary immune response vs.,
Fig. 1.30
Primary lymphoid tissues see Lymphoid
tissues
Pro-B-cells, 100, 103-104
Pro-drug, definition, 401
Programmed cell death see Apoptosis
Properdin (factor P), 235
Prostaglandins
innate immune response, 236
synthesis
macrophages, 242
mast cells, 316-317, Fig. 10.7
Protease inhibitors, Fig. 8.11
innate immune response, 236-237
Proteasome, 78-79, Fig. 3.17
genes, 89
Protective immunity, 1
definition, 9, 11, 268
Protein tyrosine kinases, ITAM association,
155
Proteins, as antigens, Fig.1.24
Proto-oncogenes, 108
Provirus, 297
P-Selectin, neutrophil extravasation, 245
Psoriasis vulgaris, HLA allotypes
association, Flg.11.23
pTo, 126
Purine nucleotide phosphorylase (PNP),
defects, 294
Pyridostigmine, myasthenia gravis, 353

R

Rabies, vaccines, Fig, 12,7
Radiation, DNA damage, 415-416
RANTES, Fig.8.16
Rapamycin (sirolimus), 405-406
mode of action, 158
Reactive arthritis, 367-368
Receptor agonists, 354
Receptor antagonists, 354
Receptor editing, 112, Fig. 4.14
Receptor-associated kinases, cytokine
signaling, Fig.6.25
Receptor-mediated endocytosis, Fig.6.14
Recirculation, of lymphocytes, 15-16
Recognition molecules, soluble, 24
Recombination activating genes (RAG), 51,
103-104
B-cell developmental selection, 106-107,
Fig. 4.10
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deficiency, 295
genetic defects, 70-71
signal termination, 105-106, Fig. 4.9
T-cell developmental selection, 127-128,
129
variable gene segment recombination,
Fig.2.18
Recombination enzymes, 51-52, Fig. 2.19
Recombination signal sequences (RSSs),
49-51, Fig. 2.15, Fig, 2.17, Fig. 2.18
Reed-Sternberg cells, Hodgkin's disease,
115
Regulators of complement activation (RCA),
220
Regulatory CD4 T cells see CD4 T cells
Reiter’s syndrome, 367-368
Respiratory burst, 247
Respiratory syncytial virus (RSV), 286-287
Reticular cells, interdigitating, Fig.6.11
rev protein, 299, Fig.9.14
Rheumatic autoimmune diseases, 352,
Fig. 11.11
anti-TNFo treatment, Fig. 11.13
Rheumatic fever, Fig, 8.3
acute, Fig. 11.1
infections, 367, Fig. 11.29
Rheumatoid arthritis, 352, 373, Fig. 11.1,
Fig. 11.12
HLA allotypes association, 363,
Fig. 11.23, Fig. 11,26
tumor necrosis factor-g, 352
Rheumatoid factor, 352
Rhinitis, allergic, 325-326, Fig. 10.12,
Fig. 10.21
Rhus toxicodendron (poison ivy), allergic
reaction, 338, Fig. 10.36
Rickettsia prowazekii, vaccines, Fig. 12.7
Rubella
autoimmune diseases, Fig. 11.30
vaccines, Fig. 12.7
combination
see Measles/ mumps/rubella (MMR)
vaccine

S

Sabin vaccine, Fig.12.2
reversion, 384-385

SAGE, Fig. 12,48

Salk polio vaccine, 380

Salmonella, 200, 382

Salmonella enteritidis, Fig. 1.3
autoimmune diseases, Fig.11.30

Salmonella paratyphi, vaccines, Fig.12.7

Salmonella typhi
in vaccine production, 382
vaccines, Fig. 12.7

Salmonella typhimurium, autoimmune

diseases, Fig.11.30

Scarlet fever, Fig.7.21

Scavenger receptor
macrophages, 153, Fig.8.12
neutrophils, Fig. 8.20

Schistosoma mansoni, Fig. 1.3
cell-mediated killing, Fig.7.27
eosinophils, 204

SCP-1, Fig. 12.48

Secondary immune response, 11, 28-29
B-cell memory, 269-270
characteristics, Fig. 8.46

definition, 268, 269
memory lymphocyte mediation, 274,
Fig. 8.51
primary immune response vs., Fig. 1.30
T-cell memory maintenance, 235-272,
Fig. 8.49
viral evasion, Fig.8.52
Secreted antibodies, 55-61
Secretory IgA (sIgA), 195-196
Segmental exchange, 93, Fig. 3.33
Selectin(s), 148, Fig. 6.4
E-Selectin, neutrophil extravasation, 245
L-Selectin
T-cell activation, Fig. 6.23
T-cell homing, 148-149
T-cell memory, Fig. 8.49
vascular addressin binding, Fig. 6.5
P-Selectin, neutrophil extravasation, 245
Self-antigens, 111-112
removal of T cells specific for, 132-133,
135-136, Fig. 5.13
Self-MHC T cells, 123
selection, 132-133
Self-peptides, 123
Sensitization, to allergens, 313
Septic shock, 238
pathogenesis, 242, Fig. 8.18
Septicemia, 194
Seroconversion, 299
Serotypes, 280
Serpins, Fig.8.11
Serum sickness, 334-336, Fig. 10.31,
Fig. 10.32
Severe combined immunodeficiency
disease (SCID), 70-71, 294, Fig. 9.7
infections, Fig.3.4
Sezary syndrome, Fig.5.16
Shigella flexneri, autoimmune diseases,
Fig. 11.30
Shingles, 284
in AIDS, 305
Sialic acid, complement evasion
mechanisms, 235
Signal transducers and activators of
transcription (STATS)
cytokine signaling, Fig.6.25
T-cell activation, 164
Signal transduction
interferons, 250-251
Janus kinases, Fig. 6.25
RAG genes, 105-106, Fig. 4.9
receptor-associated kinases, Fig.6.25
recombination signal sequences, 49-51,
Fig. 2.15, Fig. 2.18
STATS see Signal transducers and
activators of transcription (STATs)
T-cell receptor complex, Fig.6.17
T-cells, 155-156, Fig. 6.16, Fig.6.17
Toll-like receptors, 239, Fig. 8.14
Signaling
from B-cell receptors in B-cell response,
181-182, Fig. 7.3, Fig. 7.16
co-stimulatory, T cells, 163-164
cytokines, Fig.6.25
Single-positive thymocytes, 133
Sirolimus see Rapamycin (sirolimus)
Skin
graft-versus-host disease rash, 409,
Fig.12.32
histamine release, 326-327, Fig. 10.24

Index

localized swelling, 326-327, Fig. 10.24
type I hypersensitivity reactions, 326-327
Skin tests, 322
Small fragment complement components,
Fig. 7.46
Small pre-B-cells, 100
Smallpox, eradication, 2, Fig, 1.1
Smoke (cigarette), autoimmune disease,
363-364
Somatic gene therapy, 296
Somatic hypermutation, 23
B1 cells vs. B2 cells, Fig.4.12
B cells, 23, 188-192, Fig,7.12
Vregion rearrangement, 56-57, Fig. 2.25
Somatic recombination, 23, 49, Fig. 2.14
antibodies, 23
B cells, 22-23
SPAN-X-C1, Fig.12.48
Spleen
antigen accumulation, 262
dendritic cells, 262
as secondary lymphoid tissue, 17-18,
Fig. 1.19
$SX-2, Fig. 12.48
Staphylococcus aureus, Fig. 1.3, Fig. 7.21
antibody-deficiency, 289
complement evasion mechanisms, 235
X-linked agammaglobulinemia, 107
Stem-cell factor (SCF), 101, 315
Streptococcus Group A, autoimmune
diseases, Fig.11.30
Streptococcus pneumoniae, 382
antibody-deficiency, 289
genetic variation in, 280, Fig. 9.1
vaccines, Fig.12.7
X-linked agammaglobulinemia, 107
Streptococcus pyogenes, Fig. 1.3, Fig. 7.21,
Fig.8.3
antibody-deficiency, 289
complement evasion mechanisms, 235
rheumatic fever, 367, Fig. 11.29
X-linked agammaglobulinemia, 107
Stromal cells, 100-102, Fig. 4.5
Subacute sclerosing panencephalitis, 28
Subunit viral vaccines, 381
Superantigens, in immunosuppression,
286, Fig. 9.6
Suppressor CD4 T cells, 173-174
Surface epithelia
nonpathogenic organisms, 233
as physical barrier to infection, 6-7,
232-233, Fig. 1.4, Fig. 8.6
Surface epitopes, Fig. 2.8
Surrogate light chains, 106
Switch regions, 57-58, Fig. 2.27
Switch sequences, 57-58, Fig. 2.27
Swollen glands, Fig.1.17 i
Sympathetic ophthalmia, 364, Fig. 11.27
Syngeneic transplants, definition, 391
Systemic anaphylaxis see Anaphylactic
shock
Systemic autoimmune diseases, 351-354
Systemic lupus erythematosus (SLE), 303,
346, 351-352, Fig. 11.1, Fig. 11.9,
Fig. 11.10
C4 deficiency, 211
epitope spreading, Fig.11.35
facial rash, Fig.11.10
helper T cells, Fig. 11.34
HLA association, 363
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immune complexes, 215, Fig. 11.9
Systemic shock, 286

T

Tacrolimus see FK506 (tacrolimus)

TAP peptide transporter see Transporter
associated with antigen processing
(TAP)

Tapasin, 80

genes, 89
tat protein, 299, Fig. 9.14
T cell(s), 14
o:f, 69-70, 71, Fig. 3.3
innate immune response, 258-259
memory proportion, 272
activation seeT cell(s),
activation/development
acute transplant rejection, 396-397,
Fig.12.18
adaptive immune response, Fig.6.37
CD4 T-cell differentiation in, Fig.8.39
cytokine peptides and CD4 T-cell
response in, Flg.8.39
recognition mechanisms, 24
antigen presentation to see Antigen
presentation
B-cell response, 183-185
CD4 see CD4 T cells
CD8 see CD8 T cells
cognate helper, 183-185
co-receptors, 74
autoimmune diseases, 357-358
cytotoxic see Cytotoxic T cells
defects
antibody production, 291
immune deficiencies, 291, 294-295
development seeT cell(s),
activation/development
epitope spreading, 371-372
¥8, 71-72, Fig. 3.8 see alsoT-cell receptor
(TCR)
innate immune response, 258, Fig. 8.35
helper see Helper T cells
homing, 148-149, 163-164, 261, 264-265,
Fig. 6.4, Fig. 8.41
CCL18, 261
immunosuppressive drug effects,
Fig. 12.28
innate immune response, 258-260
interactions, Fig.3.11
leukemia, PFig.5.16
malignant, 139, Fig.5.16
MHC molecules, 23-24, 74-85, Fig. 3.22
naive, 136, 163
CD45RA, 270-271
tyrosine phosphatase CD45, 270
non-responsive, 158, Fig. 6.19
responses
HIV vaccine design, 390
identification in autoimmune diseases,
349
senescence, autoimmune disease, 373,
Fig.11.36
surface glycoproteins, 74, Fig. 3.10
tumors, 139, Fig.5.16
allogeneic, Fig. 12.40
identification, Fig.5.17
surface antigen recognition, Fig. 12.47
T cell(s), activation/development, 186, 17,

71,74, 123-143, 163-177, 260-262,
Fig. 5.6, Fig. 5.8, Fig. 5.9, Fig. 6.39
adaptive immune response, Fig. 8.37
adhesion molecules, 148-149, Fig. 6.4
intercellular adhesion molecule-3, 150
antigen presentation, 136-137, 147-148,
Fig. 6.8
professional, Fig.6.10
apoptosis, 126, Fig. 5.5
autoimmune diseases, 368-370,
Fig. 11.31
autoimmune regulator, 356-357
B7 molecules, 151
bone marrow, 123
centrocyte interaction, 188-189
o chain replacements, 129-130, Fig. 5.8
chemokines, 149
clonal selection, 23, 24-26
apoptosis, 25-26
co-stimulation, 150-151, Fig. 6.9
lack, 159
CTLA-4, 151, 357-358
derivation, 124-125, Fig. 1,11
differentiation, 136-137, 156, 158,
Fig. 6.39
to CD4 cells, 160
to CD8 cells, 160-161, Fig. 6.22
gene rearrangements, 23
off chain, 126-130, 134, Fig. 5.6, Fig. 5.8
5 chain, 130-131, Fig.5.9
unproductive, 129
gene transcription, 155-156, Fig.6.186,
Fig.6.17
incomplete deletion of self-reactive
T cell, 356-357
interleukin-2, 156, 158, Fig. 6.18
lack, Fig.6.19
lineage commitment, 125-131, Fig. 5.4
lymphocyte function-associated antigen,
149, 150
negative selection, 27, 135-136, Fig. 1.28,
Fig.5.13
positive selection, 25-26, 132-133,
Fig. 1.28, Fig.5.13
priming, 163-164
proliferation, 156, 158, 159
secondary lymphoid tissue, 136-137,
147-148, 261, Fig. 6.3, Fig. 6.6
selection, 132-139
self-MHC, 132-133
signaling, 155-156, Fig. 6.16, Fig. 6.17
surface markers
CCL21, 149
CD2, 150
CD4, 112-114
CD4 vs. CD8, 133
CD8, 112-114
CD28, 151
changes, Fig.6.23
thymocyte maturation in, 125-12
thymus, Fig.5.18, 124-125
migration to, Fig.5.1
tolerance development, co-stimulation,
357-358
T-cell receptor (TCR), 14-15, 68-73, 71,
Fig. 3.6, Fig.6.17, 7167
o:p, 68, 69-70, 71, Fig. 3.3, Fig. 3.7
p chains, 22, 68-69
commitment to, Fig. 5.4

development, 125-130, 126, 134,
Fig. 5.6, Fig.5.8
adaptive immune response, 21-22
antigen binding sites, 69
antigen presentation, MHC molecule
specificity, 83
CD3, 71, 125-126, Fig. 3.6, Fig. 5.6
complementarity-determining regions,
Fig. 3.2
¥8, 71-72, 130131, Fig. 3.7, Fig. 3.8
commitment to, Fig.5.4
development, 125-128, 126, 130-131,
Fig.5.9
gene rearrangements, 22-23, 69-71, 70,
Fig.3.3
T-cell tumor identification, 126,
Fig.5.17
unproductive, Fig.5.7
MHC molecules, 24, 137-139, Fig. 3.21,
Flg.5.15
structure, 22, 68-69, Fig. 1.21, Fig. 3.1,
Fig. 3.2
B chains, 22
polypeptide composition, Fig. 3.6
T-cell activation, Fig.6.23
thymic selection, 132-139, Fig.5.15
Terminal complement components,
216-217, Fig. 7.43, Fig. 7.50
Terminal deoxynucleotidyl transferase
(TdT), 51-52, 106
in B-cell development, 106, Fig. 4.10
Tetanus, Fig.7.21
vaccines, Fig.12.7
Tetanus toxin, 382
Tyl cells see Helper T cells type 1 (Tyl)
Tu2 cells see Helper T cells type 2 (Tu2)
6-Thioinosinic acid, structure, Fig.12.26
Thrombocytopenia, type II hypersensitivity,
331

Thrombocytopenic purpura, autoimmune,
Fig. 11.1
Thymectomy, 125
Thymic anlage, 124
Thymocytes, 124, Fig.5.2
double-negative, 126
double-positive, 129
single-positive, 133
Thymoma, 125, Fig, 5.16
Thymus, 124
ageing, autoimmune disease, 373,
Fig. 11.36
cellular organization, 124-125, Fig. 5.3
MHC expression, Fig.3.22
stroma, 124, Fig. 5.2
T-cell development, Flg.5.18, 125-131
T-cell selection, 131-137, Fig. 5.13
MHC molecules, 137-139

Thymus-dependent (TD) antigens, 184,

Fig. 7.6
properties, Fig.7.6
Thymus-independent (TI) antigens,
184-185, Fig. 7.5, Fig. 7.6
properties, Fig.7.6
TI-1 antigen, 184
TI-2 antigen, 184-185
Thyroid gland, autoimmune disease,
347-348, Fig. 11.4, Fig. 11.5
Thyroiditis
chronic, 348
HLA allotypes association, Fig. 11.23
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Thyroid-stimulating hormone (TSH)
receptor, autoantibodies, 347-348,
Fig, 11.5, Fig. 11.15
Tingible body macrophages, 191
Tissue damage
caused by pathogens, Fig,8.3
by eosinophils, 318
by mast cells, 316
Tissue transglutaminase, autoantibodies,
365
Tolerance
definition, 27, 343
development, 27
mechanisms, Fig. 11.37
oral see Oral tolerance
Toll-like receptor-3 (TLR-3), interferon
synthesis induction, 250
Toll-like receptor-4 (TLR-4), septic shock,
238
Toll-like receptors (TLR), Fig.8.13
macrophages, 153, 238-239, Fig. 8.12
signal transduction, 239, Fig. 8.14
Tonsils, 19, Fig. 1.9
Toxic shock syndrome, 286, Fig. 7.21
Toxins
diseases caused, 197-199, Fig. 7.21
[gG neutralization, Fig.7.22
vaccine production, 381-382
Toxoids, 197, 382
Toxoplasma gondii, immune evasion,
284-285
Toxoplasmosis, 284-285
Transcytosis, 195-196
Igh, Fig.7.17
Transforming growth factor-B (TGF-B), 192
inhibitory/regulatory T-cell production,
174
macrophage activation, 170
regulatory CD4 T cells, 358
Transfusion effects, definition, 399 i
Translocations, immunoglobulins-proto-
oncogenes, 108
Transplants, 31,391-412
allogeneic, 391
immunosuppressive drug use in,
401-402
alloreactions after, 411
blood group antigens, 392-394,
Fig. 12.12
bone marrow see Bone marrow
transplants
corticosteroid drugs, 401-402
cyclosporin drugs, 404
cytotoxic drugs, 403-404
demands, 407-408
disease treatment, Fig. 12.30
HLA matching, 400
incompatibilities, 31
immunosuppressive drugs, 401-402
kidney, 407
liver, 407
monoclonal antibodies, 45, 47
rejection see below
syngeneic, 391
xenogeneic, 406
Transplants, rejection, 391-393, Fig. 12.11,
Fig. 12.18
acute, 396-397, Fig. 12.18
antibodies against T cells, 406-407,
Fig. 12.29

definition, 396
direct pathway of allorecognition,
396-397, Fig. 12.18, Fig. 12.19
indirect pathway of allorecognition,
397, Fig. 12.19
antibodies
blood groups, 394, Fig. 12,14,
Fig. 12.15
HLA antigens, 394, Fig. 12.14,
Fig.12.15
T cells, 406-407
chronic, 397-399, Fig. 12.20, Fig. 12,21
indirect pathway of allorecognition,
Fig. 12.21
corticosteroid drug use, 401-402
cyclosporin drug use, 404
cytotoxic drug use, 403-404
HLA allotypes, 400, Fig. 12.22
hyperacute, 394, Fig. 12.14
immune complexes, 395
inflammation, 395-396
MHC effects, 93-94
T-cell response, 396-397, Fig. 12.18
Transporter associated with antigen
processing (TAP), 78-79
antigen processing, 78-79
genes, 89
interferon induction, 251-252
Trauma, autoimmune disease, 364
Treponema pallidum, Fig.8.3
evasion of immune cells by, 285
Trypanosoma brucei, Fig. 1.3
Trypanosomes, genetic
rearrangements/surface antigen
changes, 281-283, Fig. 9.3
Tuberculin test, 336-337
Tuberculoid leprosy see Mycobacterium
leprae, tuberculoid
Tuberculosis, Fig.8.3
see also Mycobacterium tuberculosis
vaccines, Fig.12.7
Tumor antigens
generation, 422
presentation by dendritic cells,
Fig. 12.52
vaccination with, 423-424, Fig. 12.49
Tumor necrosis factor-o. (TNF-co)
actions, 242, Fig.8.18
fever, 247
HLA polymorphism effects, 360
inflammation, Fig.8.15
acute phase, Fig.8.22
production, macrophages, 240
release, superantigen stimulation, 286
rheumatoid arthritis, 352
T-cell activation, 164
Tumor necrosis factor-§ (TNF-B)
intracellular infections, 172
in leprosy, 165, Fig. 6.27
Tumor-associated antigens, generation, 422
Tumors
see also Cancers
antigens, 422, 423-424
benign, 413
malignant vs., 413, Fig. 12.35
calnexin, 426
calreticulin, 426
CDBT cells, Fig.12.40, Flg. 12.47
definition, 413
growth, Fig.12.39

Index

heat-shock proteins, 426-427, Fig, 12,52
HLA downregulation, 425-425, Fig. 12.50
malignant, 413
benign vs.,, 413, Fig, 12.35
MIC proteins, 425-426
monoclonal antibodies in diagnosis and
treatment, Fig.12.53, Fig. 12.54
NKG2D receptor antagonism, 425-426,
Fig. 12,51
12/23 Rule, Fig.2.18
Type I hypersensitivity reactions
see Hypersensitivity reactions, type I
Type II hypersensitivity reactions
see Hypersensitivity reactions, type II
Type IIl hypersensitivity reactions see
Hypersensitivity reactions, type III
Type IV hypersensitivity reactions
see Hypersensitivity reactions, type [V
Typhoid fever, vaccines, Fig.12.7
Typhus fever, vaccines, Fig. 12.7
Tyrosinase, Fig.12.47
Tyrosine phosphatase CD45 see CD45

u

Uracil-DNA glycosylase (UNG), 56
Urticaria, 326-327

Vv

Vregions see Variable (V) regions
Vaccination, 1-25, 379-390
campaigns, Fig. 1.1, Fig. 1.31
against cowpox, 379-380, Flg.12.1
historical origins, 2
human papilloma virus-16, 427
mechanism of action, 28-29, Fig. 12.1
oncogenic viruses, 427
possibility of causing disease, 384-385
recommended schedules, Fig.12.3
route, 384
smallpox eradication by, 2
Vaccines
see also individual diseases/infections
adjuvants, 382-383
administration, 384
bacterial, 381-383
conjugate, 382-383
bacterial toxins, 381-382
chronic infection and development, 388,
Fig.12.9
combination, 382 see also individual

types
current, Fig.12.7
design/development, 1-2, 173, Fig. 6.37
genome sequences, 389
HIV, 390
disease incidence and demand for,
385-387
future or improved, 387-388, 388,
Fig. 12.8
live-attenuated, Fig.12.2, 380-381,
384-385, Fig. 12.2
production, Fig. 12.10
reversion, 384-385
origin, 1-2, 379-380
production, 389
subunit, 381
viral, 380-381
live-attenuated see above
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Vaccinia, 380
Variable (V) regions, 39, 40
gene segments, 48-49, 49, Fig. 2.14,
Fig. 2.15, Fig. 2.18
number, Fig. 2.16
immunoglobulins, 21, 36-40
light chain see Light chains
somatic hypermutation, 56-57, Fig. 2.25
Variable surface glycoproteins (V5G),
282-283
Varicella (chickenpox), 284
vaccines, Fig.12.7
recommended schedule, Fig.12.3
Varicella-zoster virus
in AIDS, 305
latency, 283-284
Variola, 380
Variolation, 380
Vascular addressins, 148-149, Fig. 6.4
L-selectin binding, Fig.6.5
Vascular endothelium, adhesive properties,
8
Vasodilation, cytokines, 8
VCAM-1, Fig.8.41
T-cell activation, 265
Vibrio cholerae, Fig.7.21, Fig.8.3
vaccines, Fig.12.7
vif protein, Fig.9.14
Viruses, 3
cancer association, 416, Fig. 12.38
cell infection
CD8T cells, Fig.3.11, Fig. 6.22,
Fig. 6.28

cytotoxic T-cell targeting, 165-166
gene rearrangements, Fig. 8.52
innate immune response, 250-252
interferon induction, 250-252, Fig. 8.25
natural killer cells, Fig. 8.28
dendritic cell response to, Fig.6.12
epitope spreading, 372
high-affinity antibody neutralization,
199-200, Fig. 7.23
vaccines seeVaccines
V(D)J recombinase, 51-52
VLA-4, 164, Fig. 8.41
T-cell activation, 264, Fig.6.23
vpr protein, Fig.9.14 ’
VpreB
in B-cell development, Fig.4.10
substitution, 106
vpu protein, Fig.9.14

w

Waldenstrom’s macroglobulinemia,
Fig. 4.19

Wegener's granulomatosis, 314-315

Weibel-Palade bodies, neutrophil
extravasation, 245

Wheal and flare reactions, 322, Fig. 10.12,
Fig. 10.16

Whooping cough, Fig.7.21

Wiskott-Aldrich syndrome (WAS), 294,
Fig. 9.7

X
Xenoantibodies, definition, 408
Xenoantigens, definition, 408
Xenografts, 406
definition, 408
X-linked agammaglobulinemia (XLA), 289,
Fig. 9.7, Fig. 9.8
genetic basis, 107
X-linked hyper-IgM syndrome, 291, Fig. 9.7
X-linked lymphoproliferative syndrome,
295, Fig. 9.7

Y
Yellow fever, vaccines, Fig. 12.7
Yersinia enterocolitica, autoimmune
diseases, Fig.11.30
Yersinia pestis, Fig.8.3
vaccines, Fig. 12,7
Yolk sac, hematopoiesis, 11

i

ZAP-70 protein tyrosine kinase, 155-156

¢ chain, of T-cell receptor complex, 71,
155~156

Zymogens, 206
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Case Studies in Immunology, Fourth Edition presents forty-two real cases that illustrate, in
a clinical context, essential points about the mechanisms of immunity, as well as describe
and explain some of the immunological problems most often seen in a clinic.

This new edition vividly illustrates the importance of an understanding of immunology in
diagnosis and therapy. Seven completely new cases have been added to this edition. Each
case is presented in a consistent format. Basic scientific facts introduce the case history,
providing essential background information. The case history is followed by a summary of
the disease under study. Cases end with several questions and discussion points that
highlight lessons learned from the case.
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CASE STUDIES IN IMMUNOLOGY

THE IMMUNE SYSTEM PAGE  CASE PAGE
o1 Elements of the Immune System and 19 1 Congenital Asplenia ) o 1
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% 2 Antibody Structure and the Generation 56 4 Activation-induced Cytidine 25 |
(33 of B-Cell Diversity 58 Deaminase | (A!D} Deﬂcsency
3  Antigen Recognition by T Lymphocytes 71 11 Omenn Syndrome 71
80 | 5 MHC Class I Deficiency ) — 31
89 25 MHC Class Il Deficiency 165
4 The Development of B Lymphocytes 107 )} 2 Xlinked Agammaglobulinemia il
115 38 Multiple Myeloma 241
5_  The Development of T Lymphocytes 133 5 MHC Class | Deficiency ) -
133 | 25 MHC Class Il Deficiency _ 165
139 33 T-Cell Lymphoma 247
6__T Cell'Mediated Tmmunity 160 | 41 Tepromatous Leprosy 261
169 31 Autoimmune Ly_mphopmllferatwe 201
Syndrome (ALPS)
7 Immunity Mediated by B Cells _ 192 Hyper [gM Immunodeficiency 17
and Antibodies ° 211 33 Systemic Lupus Erythematosus 213
216 | 14 Deficiency of the C8 Complement 89
Component e
219 12 Hereditary Angioneurotic Edema _ ..
219 | 13 Factor | Deficiency 83
8 The Body's Defenses Against Infection 235 | 13 _ Factor | Deficiency 83_
2% 8 Xlinked Hypohydrotic Ectodermal ) 51
L ~_Dysplasia and Immunodeficiency .
243 9 Toxic Shock Syndrome 57
245 | 18 Leukocyte Adhesion Deficiency 115
247 ) 21 Chronic Granulomatous Disease 139
250 14 Deficiency of the C8 Complement 89
Component
263 41 Lepromatous Leprosy . 261
273 26 Hemolytic Disease of the Newborn 171
9  Failures of the Body's Defenses 284 17  Acute Infectious Mononucleosis 407 |
286 | 9 Toxic Shock Syndrome 57
287 40 Interferon -y Recept De_fj(_:_i_t_a_ncy 255
289 2 Xlinked Agammagl 7
291 3 Hyper IgM Immunodeficiency 17
291 f 14 Defici f t .89
293 12 Hereditary Angioneurotic Edema 77
293 | 18 Leukocyte Adhesion Deficiency 115
293 | 21 Chronic Granulomatous Disease 139 |
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This introductory text has been designed for use in immunology

courses for undergraduate, medical, dental, and pharmacy students.

It synthesizes the established facts of immunology into a
comprehensible, coherent, and up-to-date account of how the
immune system works. The human immune system is emphasized
throughout, and the text has been designed to connect the

established discoveries of basis research with the practicalities of

clinical immunology. For the second edition, the book has been
updated throughout, and now includes end-of-chapter questions to
test the reader's mastery of important topics. Detailed answers to
all questions are provided in the back of the book. The second
edition also features enhanced #nd revised treatment of the
complement system, including new figures and icons to clarify
concepts; an even greater emphasis on human immunity; increased
coverage of human genetics throughout; and expanded treatment
of innate immunity, particularly the mucosal system.

is on the faculty at Stanford University where he is
a Professor in the Departments of Structural Biology, and
Microbiology and Immunology.

Praise for the first edition:

“The averall structure of the book is well thought out and follows a logical
path from basic principles to clinical applications. Written in a good, clear,
easily flowing style, it has the right balance between text and illustrations.
It also contains just the right amount of clinical and laboratory science to
keep it all real and interesting, and this will mean that it will appeal to the
broad spectrum of students currently enrolled in immunology classes.”

Immunology News

ISBN 0-8153-4093-1
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