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Preface to the first edition

The rapid developments in immunology in recent
years have dramatically expanded our knowledge of
mammalian host defence mechanisms.The molecu-
lar mechanisms of cellular interactions during
immune responses have been unravelled, the intra-
cellular responses involved in signal transduction
delineated and an everincreasing number of soluble
mediators of immune and inflammatory reponses
have been discovered.

The initial result of this explosion of knowledge
has been to provide the researcher and the clinician
with an arsenal of diagnostic tools with which the
immunological bases of disease processes can be
investigated. This has made disease diagnosis much
more precise,enabling the physician to tailor therapy
much more closely to the individual patient’s needs.
However, better understanding of disease processes
only provides a gradual improvement in therapy This
is because the new molecular targets that have been
uncovered must first be tested as potential bases for
immunomodulatory drug actions and then the new
compounds must be subject to extensive develop-
ment studies.As a result of the molecular unravelling
of the immune system,we now understand more pre-
cisely the mechanisms of action of some established
therapies, such as anti-allergic and anti-asthma
agents, including the corticosteroids. New rational
treatments based on molecular mechanisms also are
now entering clinical practice and are making their
mark on cancer,infectious and autoimmune disease
therapy.

Concomitantly with these advances in under-
standing of molecular mechanisms of immunity,
immunodiagnosis and immunotherapy, it has
become possible to test more accurately the way in
which a variety of drug classes interact with the
immune system. It is of particular importance to reg-
ulatory authorities that the toxic side-effects of

immunomodulatory drugs can be distinguished
from their beneficial therapeutic effects.

Currently, it is only possible to obtain an overview
of these various aspects of immunopharmacology
by reading a range of immunological, pharmacolog-
ical, diagnostic and toxicological literature. Good
immunological textbooks are available, while
immunopharmacology is covered mainly in terms of
the inflammatory response. Principles of Immuno-
pharmacology is intended to provide for the first time
in a single volume a basic understanding of
immunological mechanisms, a review of important
immunodiagnostic tools and a description of the
main pharmacological agents which modify the
immune response, together with an introduction to
immunotoxicology. As such we hope that it will be
useful as a reference text for physicians, researchers
and students with a rudimentary knowledge of
immunology.

We, the editors, are grateful to all the authors who
have invested their time and effort into this volume.
We have received continuous help and encourage-
ment from Petra Gerlach and Katrin Serries of
Birkhduser Verlag and particular thanks are due to
Dinij van der Pal for administrative assistance.

Frans P. Nijkamp
Michael J. Parnham
March, 1999



Preface to the second edition

Our knowledge of immunological processes and
their modulation has progressed considerably since
the first edition of Principles of Immunopharmacolo-
gy.Molecular mechanisms have been elucidated so
that we are now in a position to understand many of
the complex pathways leading from surface stimula-
tion to cellular responses. We now appreciate much
better that the innate immune response is also regu-
lated by far more external and internal stimuli than
was previously realised and are starting to under-
stand the role of memory and regulatory cells.
Advances in genomics and proteomics have
enabled the identification of many genes and new
proteins that are intimately involved in the responses
of the immune system.We have sought to include the
most important of these advances in the first part of
this second edition of Principles of Inmunopharma-
cology. In addition to including new mechanisms in
the section on the immune response, we have also
included the new techniques of the genomic and
proteomic revolution in the diagnostics section, as
methods such as microarrays have now become an
essential aspect of cellular analyses.

Inevitably, our increased understanding of
immune mechanisms has opened opportunities for
the development of novel drugs to treat inflamma-
tion and disorders of the immune system. Biologicals
are now commanding worldwide interest, both in
research and development and in clinical practice.
The section on therapy has now been expanded to
accommodate these new therapeutic approaches,as
well as describing our improved understanding of
the mechanisms of action of established agents.The
final section on immunotoxicology has also been
updated, particularly with regard to new regulatory
changes.

While maintaining the unique approach of pro-
viding sections on immunology,immunodiagnostics,

therapy and immunotoxicology in a single volume,
we have also introduced a new double-column for-
mat to provide easier access to the text. Important
statements are highlighted and instead of giving
annotations in the margins, key terms are now indi-
cated in the text and presented in a glossary* at the
end of the book.A new appendix summarises impor-
tant characteristics of commercially available thera-
peutic agents.

We are very grateful to many of the contributors
to the first edition,who have kindly revised and mod-
ified their chapters, as well as to the additional
authors who have added totally new information.
The preparation of this second edition has been the
result of close collaboration with Dr. Hans-Detlef
Kliber and his colleagues at Birkh&user Verlag.
Thanks for all your help, advice and hard work. We
hope you, the reader, will find the new edition useful
and informative.

Frans P Nijkamp
Michael J. Parnham
March, 2005

* Words included in the glossary are highlighted in
the text with CAPITAL LETTERS.
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AAA:
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ABC trans-
porter:
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ACE:
ACTH:

ADCC:
ADP:
AFC:
Ag:
AGP:
AgR:
AHA:
AICD:
AICAR:

AID:
AIDS:

ALG:
ALL:
ALS:
ALXR:

AML:
AML:
ANC:
ANLL:
ANP:
AP-1:
AP50:

APC:

calcium ionophore
arachidonic acid
abdominal aortic aneurysm
antibodies, antibody
antibacterial agents

ATP-binding cassette transporter
anticomplementary activity
angiotensin converting enzyme
corticotropin, adrenocorticotrophic
hormone

antibody-dependent cellular cytotoxicity

adenosine diphosphate
antibody-forming cell assay
antigen

acid glycoprotein

antigen receptor

autoimmune haemolytic anemia
activation-induced cell death
S-aminoimidazole-4-carboxamide
ribonucleotide

activation-induced cytidine deaminase
acquired immune deficiency
syndrome

anti-lymphocyte globulin

acute lymphocytic leukemia
amyotrophic lateral sclerosis
affinity G-protein coupled lipoxin
receptors

acute myelogenous leukemia
acute myeloid leukaemia

absolute neutrophil count

acute non-lymphocytic leukemia
atrial natriuretic peptide

activator protein-1

complement activity that causes 50%
haemolysis via the alternative route
allophycocyanin

APC:
BARK:
ATF-2:
ATG:
ATL:
ATP:
AVP:
AZA:

BAGE:
BAL:
BALT:
BCG:
B-CLL:
BCR:
BCR-ABL:
BDP:
BFU:
BLNK:
BM:
BMT:
B-NHL:
BPI:

BRM:
BT
Btk:

C/E:
C:
C3b:
Cha:
Ca*:
Ca%y:
CAD:
CAM:
CaM:
CCD:

antigen-presenting cell
B-adrenergic receptor kinase
activating transcription factor
anti-thymocyte globulin
aspirin-triggered lipoxins
adenosine triphosphate
arginine vasopressin
azathioprine

B antigen

bronchoalveolar lavage
bronchus-associated lymphoid tissue
bacille Calmette-Guérin

B-chronic lymphocytic leukemia

B cell receptor

breakpoint cluster region-Abelson
beclomethasone dipropionate
burst-forming unit

B cell linker protein

bone marrow

bone marrow transplantation
B-non-Hodgkin’s lymphoma
bactericidal permeability increasing
protein

biological response modifier
Buehler test

Bruton’s tyrosine kinase

cellular/extracellular concentration ratio

constant (gene segment)

large fragment of complement factor 3
small fragment of complement factor 5
calcium ion

intracellular calcium

coronary artery disease

cell adhesion molecule
cytokine-activated monocyte
charge-coupled device
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CCLI:
CD:
CD40L:
cDNA:
CDR:
CEA:
CF:
CFA:
CFTR:

CFU:
CGD:
cGMP:
CGRP:
CH50:

CHC:
CyN:

CL:

CML:
CMP:
CNS:
COMT:
Con A:
COPD:
COX:

CpG DNA:

CpG:
CPMP:

CR:
CRAC:
CRH:
CRMO:
CRP:
CsA:
CSAID:

CSF:

CT

CTL:
CX3CLI:

CC chemokine-1

cluster of differentiation

CD40 ligand

complementary deoxyribonucleic acid
complementarity determining region
carcinoembryonic antigen

cystic fibrosis

complete Freund’s adjuvant

cystic fibrosis transmembrane conduc-
tance regulator

colony-forming unit

chronic granulomatous disease

cyclic guanosine monophosphate
calcitonin gene-related peptide
complement activity that causes 50%
haemolysis via the classical route
chronic hepatitis C

constant domain number N of the heavy
chain (N=1,2 or 3 for IgA, IgD and IgG
and 1,2, 3 or 4 for IgE and IgM)
chloride ion

class

chronic myelogenous leukemia
cytidine monophosphate

central nervous system
catechol-o-methyl transferase
concavalin A

chronic obstructive pulmonary disease
cyclo-oxygenase

synthetic oligodeoxyribonucleotides con-
taining CpG-dinucleotides
cytosine-phosphate-guanosine

E.U. Committee on Proprietary Medicinal
Products

complement receptor

Ca?* release-activated Ca* current
corticotropin-releasing hormone
chronic recurrent multifocal osteomyelitis
C-reactive protein

cyclosporin A

cytokine suppressive antiinflammatory
drugs

colony-stimulating factor

chemotaxis

cytotoxic T lymphocyte

fractalkine

CXC or CXCL: CXC chemokine

CXCR:

CY:

Cy5/Cy3:

CYP isoforms:
CYP:

cysLL:

D:

DAF:
DAG:
DAO:
DC:

2DE:
DHODH:
DISC:
DLL
DLN:
DMARD:
DNT cells:
DNA:
DNAM-1:
dNTP:
DP:

DPB:
DRESS:

DSF:
DTH:
DTP:

EAE:
EAE:

EBV:
EDTA:
EGCG:
EGFR:
eGPx:
ELISPOT:
ELK-1:
EMEA:

ENA-78:
ENC:
eNOS:
EP:
Ep-CAM:

CXC chemokine receptor
cyclophosphamide
cyanine dye 5 and 3
cytochrome P450 isoforms
cyclophilin

cysteinyl leukotrienes

diversity (gene segment)
decay-accelerating protein
diacylglycerol

diamine oxidase

dendritic cell

two-dimensional gel electrophoresis
dihydroorotate dehydrogenase
death-inducing signaling complexes
donor leukocyte infusion

draining lymph nodes

disease modifying anti-rheumatic drugs
double negative T cells
deoxyribonucleic acid

DNAX accessory molecule 1
desoxynucleoside triphosphates
PGD receptor

diffuse panbronchiolitis

Drug Rash with Eosinophilia and Systemic
Symptoms

disease-free survival

delayed-type hypersensitivity
diphtheria-tetanus-polio

encephalomyelitis

experimental auto-immune
encephalomyelitis

Epstein-Barr virus

ethylene diamine tetraacetic acid
epigallocatechin-3-gallate

epidermal growth factor receptor
extracellular glutathione peroxidase
enzyme-linked immunospot assay
member of ETS oncogene family
European Agency for the Evaluation of
Medicines

epithelial neutrophil-activating protein-78
endotoxin neutralizing capacity
endothelial nitric oxide synthase

PGE receptor

epithelial cell adhesion molecule



EPO:
E-selectin:
ESI:

EST:

Fab:

Fabc:

FasL:
Fc receptor:

FeyRI:
FceRI:
FeyRlIlb:
Fc:
FcRn:
FDA:
FEV,:
FGF:
FKBP:
FLAP:
fMLP:
FP:
FSH:
5FU:

G-CSF:
GAGE:
GALT:
G-CSF:
GH:
GHRH:

GL:
GlyCAM-1:

GM-CSF:

GMP:
GMP:
gp:
GPCR:
GPI:
GPMT:
GR:
GRE:

erythropoietin
endothelial selectin
electrospray ionization
expressed sequence tags

antigen-binding fragment of immuno-
globulins

monovalent antigen-binding fragment of
immunoglobulins comprising one Fab and
Fc part

Fas ligand

receptor for the constant binding fragment
of immunoglobulins

Fc gamma receptor [

receptor [ for IgE

receptor IIb for immunoglobulin G
constant fragment of immunoglobulin
neonatal receptor for IgG

U.S.Food and Drug Administration
forced expiratory volume in 1 second
fibroblast growth factor

FK506-binding proteins
five-lipoxygenase-activating-protein
formyl-methionyl-leucyl-phenylalanine
PGF receptor

follicle-stimulating hormone
Sfluorouracil

granulocyte-colony stimulating factor
G antigen

gut-associated lymphoid tissue
granulocyte colony-stimulating factor
growth hormone

growth hormone releasing hormone
gastro-intestinal
glycosylation-dependent cell adhesion
molecule 1

granulocyte-monocyte colony-stimulating
factor

Good Manufacturing Practice
guanosine monophosphate
glycoprotein

G protein-coupled receptor
glycosylphosphatidyl inositol

guinea pig maximization test
corticosteroid receptor

glucocorticoid response element

GSH:
GSH-Px:
GTP:
GVHD:
GVT

H&N:

H:
H,0,:
HAART:
HAE:
HAMA:
HBD:
HBsAg:
HBV:
HCMV:
HCV:
HDAC:
HDL:
HDT:
Her2/neu:
HER-2:
HETE:
HFA:
HGPRT:

Hib:
HIV:
HLA:
HMT:
HMW:
HOCI:
HOP:
HPA:
HPETE:
HPT
HPV:
HREF:
HSA:
HSC:
HSP:
HSR:
5-HT:
HTL:
i.d.
i.m.:

Abbreviations XixX

glutathione

glutathione peroxidase

guanosine triphosphate
graft-versus-host disease
graft-versus-tumor

squamous cell carcinoma occurring in the
head and neck region

histamine

hydrogen peroxide

highly active antiretroviral therapy
hereditary angio-oedema

human anti-mouse antibody
human-f defensin

hepatitis B surface antigen
hepatitis B virus

human cytomegalovirus

hepatitis C virus

histone deacetylase

high-density lipoprotein

high-dose chemotherapy

human epidermal receptor-2/neurological
human epidermal growth factor R 2
hydroxyeicosatetraenoic acid
hydrofluoroalkane
hypoxanthine-guanine phosphoribosyl-
transferase

Haemophilus influenzae type b
human immunodeficiency virus
human leukocyte antigen
histamine N-methyltransferase
high molecular weight
hypochlorous acid

HSP70/HSP90 organizing protein
hypothalamo-pituitary adrenal axis
hydroperoxyeicosatetraenoic acids
hypothalamic pituitary thyroid
human papilloma virus
homologous restriction factor
human serum albumin
hematopoietic stem cells

heat shock protein

heat shock response

serotonin

helper T lymphocyte
intradermal(ly)

intramuscular(ly)
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Abbreviations

v
IAR:
IC:
iC3b:

(G

ICAM:
ICAM-1:
ICAT:
ICE:
ICH:

intravenous(ly)

immediate asthma response
intracellular

inactivated large fragment of complement
factor 3

inhibitory concentration 50% (concentra-
tion which inhibits 50% of activity)
intercellular adhesion molecule
intercellular adhesion molecule-1
isotope-coded affinity tagging
interleukin-lo. converting enzyme
International Conference on Harmoniza-
tion of Technical Requirements for
Registration of Pharmaceuticals for
Human Use

isoelectric focusing

interferon

interferon gamma

immunoglobulin

immunoglobulin A

immunoglobulin D

immunoglobulin E

insulin-like growth factor1
immunoglobulin G

immunoglobulin G antibodies
immunoglobulin M

immunoglobulin X (X=A,D,E,G or M)
interleukin

interleukin 1

interleukin 2

interleukin 6

interleukin 10

interleukin 12

interleukin-1 receptor

inosine monophosphate dehydrogenase
isoniazide

inducible nitric oxide synthase
immediate nasal response

inducible protein

PGI, receptor

inositol 1,4,5-triphosphate
interferon-producing cell

immobilized pH gradient

inactivated polio vaccine

interleukin-1 receptor-associated kinase
immune response modifier

insulin receptor substrates

IS:
ITAM:

ITIM:

ITP:
[U:
IVIG:
[-xB:

J:
JAK/STAT:

JAK:
JC virus:
JNK:

Kea:
kDa:
KIR:

LABA:
LAD:
LAF:
LAK:
LAR:
LBP:
LDL:
LFA-1:
LH:
LHRH:
LLNA:
LMP:
LMW:
L-NAME:
L-NMMA:
LNR:
5-LO:
LOXs:
LPS:
LRR:
LT
LTB,:

mAb
Mac-1:

immunological synapse

immunoreceptor tyrosine-based activation
motif

immunoreceptor tyrosine-based inhibition
motif

idiopathic thrombocytopenic purpurea
international unit

intravenous immunoglobulin

inhibitorkB

joining (gene segment)

Janus activated kinase/signal transducer
activator transcription

Janus-activated kinase

a human polyoma virus

cjun N-terminal kinase

calcium-activated potassium channel
kilo Dalton
killer cell immunoglobulin-like receptor

igand

ong-acting inhaled P,-agonists
eukocyte adhesion deficiency
ymphocyte-activation factor
ymphokine-activated killer

ate asthma response

LPS-binding protein

low-density lipoproteins

leukocyte function-associated antigen-1
luteinizing hormone

luteinizing hormone releasing hormone
local lymph node assay
]
]

1
]
1
1
]
|

atent membrane protein
ow molecular weight
L-NG-nitro-arginine methyl ester
L-NG-monomethyl arginine
late nasal response
5-lipoxygenase
lipoxygenases
lipopolysaccharide
leucine-rich repeat
leukotriene

leukotriene B,

monoclonal antibody(ies)
macrophage adhesion protein-1 (CR3)



MAdCAM-1:

MAGE:
Mal:
MALDI:
MALT:
MAO:
MAPK:
MART:
MASP:
MBL:
MCAT:
MCP:
MCP-1:
M-CSF:
MDI:
MDP:
MDR:
MG:
mHAg:
MHC:
MHLW:

MIC:
mlg:
MIMP:
MKK:
MLV:
MMP:
MMR:
MOA:
MODS:
MOX:
MPA:
Ma:
MPL:
MPO:
MPTP:

Mr:
mRNA:
MS/MS:
MS:
MS:
MSH:
o-MSH:
MTD:

mucosal addressin cell adhesion
molecule 1

melanoma antigen
MyD88-adapterlike

matrix-assisted laser desorption/ionisation
mucosa-associated lymphoid tissue
monoamine oxidase
mitogen-activated protein kinase
melanoma antigen recognized by T cells
MBL-associated serine protease
mannan-binding lectin

mass-coded abundance tagging
membrane cofactor protein
monocyte chemotactic protein 1
macrophage colony-stimulating factor
metered-dose inhaler

muramy! dipeptides

multiple drug resistance

myasthenia gravis

minor histocompatibility antigen
major histocompatibility complex
Ministry of Health, Labour and Welfare in
Japan

minimal inhibitory concentration
membrane-bound immunoglobulin
methyl inosine monophosphate
MAPK kinase kinase

multilamellar vesicles

matrix metalloproteinase
measles-mumps-rubella

mechanism of action

multiple organ dysfunction syndrome
monooxygenase

mycophenolic acid

macrophages

monophosphoryl lipid A
myeloperoxidase

I-methyl-4-phenyl 1,2,3,6-tetrahydro-
pyridine

molecular mass

messenger ribonucleic acid

tandem mass spectrometry

mass spectrometry

multiple sclerosis
melanocyte-stimulating hormone
o-melanocyte stimulating hormone
maximum tolerated dose

mTOR:
MTP-PE:

MTX:
MudPIT:

NADPH:

NDV:
NF-xB:
NFAT:
NGF:
NHL:
NIEHS:

NIOSH:

NK:
NKA:
NKB:
NKR:
nNOS:
NO:
NOD:

NOXs:
NSAID:

(N)SCLC:

NTP:
NY-ESO:

(O
ODN:
OECD:

OID:
ONOO™:
OPV:
OS:

PAF:
PALE:
PALS:
PAMP:
PBL:
PBMCs:

Abbreviations XXi

mammalian target of rapamycin
muramy! tripeptide phos-
phatidylethanolamide

methotrexate

multidimensional protein identification
technology

nicotinamide adenine dinucleotide
phosphate, reduced form

Newcastle disease virus

nuclear factor kappa-B

nuclear factor of activated T cells
nerve growth factor

non-Hodgkin’s lymphoma

U.S. National Institute of Environmental
Health Sciences

U.S. National Institute for Occupational
Safety and Health

natural killer (cells)

neurokinin A

neurokinin B

natural killer receptors

neuronal nitric oxide synthase

nitric oxide

nucleotide-binding oligomerisation
domain protein

non-phagocytic oxidases
non-steroidal anti-inflammatory drugs
(non) small-cell lung cancer

U.S. National Toxicology Program
New York-esophagus

superoxide

oligodeoxynucleotide

Organization for Economic Co-operation
and Development

optimal immunomodulatory dose
peroxynitrite

oral polio vaccine

overall survival

platelet-activating factor

post-antibiotic leukocyte enhancement
periarteriolar lymphoid sheath of spleen
pathogen-associated molecular pattern
peripheral blood leukocyte

peripheral blood mononuclear cells
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Abbreviations

PBP:

PBS:

PCR:
pDC:
PDE:
PDGF:
PE:
PECAM-1:

PEG:
PerCP:
PFN:
PFS:
PGE,:
PGlI,:
PGN:
P-gP:
PGs:
PHA:
pl:

PI3 kinase:
PIP2:
PIP3:
PKB:
PKC-ou:
PKC:
PLA,:
PLC:
PLD:
PLNA:
PMA:
PMBC:
PMF:
PML-RARo::

PMN:
PNH:
POMC:
PPH:
PRL:
PRR:
PSA:
PSCT:
PSGL-1:
PSMA:
PTCA:

penicillin-binding protein
phosphate buffered saline
polymerase chain reaction
plasmacytoid dendritic cell
phosphodiesterases

platelet-derived growth factor
phycoerythrin
platelet-endothelial-cell adhesion
molecule 1

polyethylene glycol

peridinin chlorophyll protein
perforin

progression-free survival
prostaglandin E,

prostacyclin

peptidoglycan

P-glycoprotein

prostaglandins

phytohaemagglutinin

isoelectric point
phosphatidylinositol-3-kinase
phosphatidyl-4,5-inositol bisphosphate
phosphatidylinositol (3,4,5) trisphosphate
protein kinase B

protein kinase C-a

protein kinase C

phospholipase A,

phospholipase C

phospholipase D

popliteal lymph node assay

phorbol myristate acetate

peripheral mononuclear blood cells
peptide mass fingerprinting
promyelocytic leukemia-retinoic acid
receptor o

polymorphonuclear leukocyte
paroxysmal nocturnal haemoglobinurea
proopiomelanocortin

phosphatidate phosphohydrolase
prolactin

pattern recognition receptor
prostate-specific antigen

peripheral stem cell transplant
P-selectin glycoprotein ligand-1
prostate-specific membrane antigen
percutaneous transluminal coronary
angioplasty

PTK:
PTM:
Px:

QSAR:
QTOF:

RA:

RA:
RAG:
RANTES:

RA-PLNA:

RBL:
RDA:
rf:
RFS:
RIVM:

RNA:
RNCIL:
ROS:
rRNA:
RSV:
RT:

SAP:
SAPHO:

SAR:
SRBC:
SARS:
SCF:
SCID:

(N)SCLC:
SCT
SD:

SDS-PAGE:

Sel P:

protein tyrosine kinase
post-translational modification
peroxidase

quantitative structure-activity relation-
ship
quadrupole time-of-flight

reporter antigen

rheumatoid arthritis

recombinant activation gene protein
regulated on activation,normal T cell
expressed and secreted

reporter antigen popliteal lymph node
assay

rat basophil leukaemia
recommended daily allowance

radio frequency

recurrence-free survival

Rijks Institute voor Volksgezondheit en
Milieu (Dutch National Institute for Public
Health and the Environment)
ribonucleic acid

secondary N-chloramine

reactive oxygen species

ribosomal RNA

respiratory syncytial virus

reverse transcription

subcutaneous

Svedberg coefficient or chemical symbol
for sulphur

serum amyloid protein

synovitis acne pustulosis hyperostosis
osteitis

structure-activity relationship

sheep red blood cells

severe acute respiratory syndrome

stem cell factor

severe combined immunodeficient
(mouse)

(non) small-cell lung cancer

stem cell transplantation

standard deviation or solvent-detergent
sodium dodecyl sulphate polyacryl amid
gel electrophoresis

selenoprotein P



SEREX:

SG:
SH2:
SHIP:
SHP:

slgX:

SIRP:
SIRS:
SJS:
SLE:
SLP:
SMAC:
SMX:
SOD:
SOM:
SP:
SRBC:
SRS-A:
STAT:

STZ:

Tal:
TAA:
TACE:
TAP:

TCC:
TCD:
TCGF:
TCR:
TDI:
TdT:
TEN:
TGF-3:
TGF:
Th:
TIL:
TIR:
TIRAP:
TLR:
TLRL:
TMP:
TNF:

serological identification of antigens by
recombinant expression cloning
serglycin

src-homology 2

SH2-containing inositol phosphatase
SH2-containing protein tyrosine phos-
phatase

surface immunoglobulin of class X (for X
see 1gX)

signal regulatory protein

systemic inflammatory response syndrome
Stevens-Johnson syndrome

systemic lupus erythematosus

S-layer protein

supramolecular activation complexes
sulfamethoxazole

superoxide dismutase

somatostatin

substance P

sheep red blood cells

slow-reacting substance of anaphylaxis
signal transducers and activators of
transcription

streptozotocin

thymosin-a1

tumorassociated antigen
TNF-a converting enzyme
transporter associated with antigen
processing

terminal complement complex
T cell-depleted

T cell growth factor

T cell receptor (for antigen)
toluene diisocyanate

terminal deoxynucleotidyl transferase
toxic epidermal necrolysis
transforming growth factor8
transforming growth factor

T helper cell

tumor-infiltrating lymphocyte
Toll/IL-1 receptor

TIR adapter protein

Toll-like receptor

Toll-like receptor ligand
trimethoprim

tumor necrosis factor

TNF-ou:
TNFR:
TNFSFL:
TOF:
Tollip:
TP:
TPEN:

TPLL:
TR:
TRAF:
TRAIL:
TREC:
Treg:
TRH:
TRIF:

TSH:
TX:

UMP:

V/Q:

V:

VCAM:
VE-cadherin
VEGF:

VIP:

VLA:

WBC:
WHO:

XLA:

ZAP70:

Abbreviations XXiii

tumour necrosis factoro.

TNF receptor

TNF-super family ligand

time-of-flight

Toll/IL-1R-interacting protein

TXA, receptor

(N,N,N,N’-teterakis (2-pyridilmethyl)
ethylenediamine

Tprolymphocytic leukemia
thioredoxin reductase

TNF receptor-associated factor
TNF-related apoptosis-inducing ligand
T-cell receptor excision circle
regulatory T cell

thyrotropin-releasing hormone

TIR domain-containing adapter inducing
IFN-

thyrotropin

thromboxane

uridine monophosphate

ventilation-perfusion

variable (gene segment)

vascular cell adhesion molecule
Vascular endothelium cadherin
vascular endothelial cell growth factor
vasoactive intestinal polypeptide

very late antigen

white blood cells
World Health Organization

X-linked agammaglobulinemia

zeta chain-associated protein 70
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Hematopoiesis, including lymphocyte
development and maturation

Valerie F.J. Quesniaux, Julian D. Down, Henk-Jan Schuurman

Introduction: acquisition of specificity

The immune system has some unique properties
which distinguish it from other homeostatic systems
in the body. First, it shows an extreme specificity and
discrimination in recognition of ‘self’ and ‘nonself’
ANTIGENS of potentially pathogenic microorganisms
or substances in the external environment.Second, it
carries ‘memory’, resulting in a more rapid and avid
response to ANTIGENS upon secondary contact. Third,
it responds to antigen in multiple ways, resulting in a
variety of potential mechanisms to inactivate or
destruct its targets. Related to this, there is a finely-
tuned regulatory network of cells and their products
maintaining homeostasis in the system or dampen-
ing reactions when imbalances arise. LYMPHOCYTES
have a central function; for instance, specificity is a
characteristic of these cells. This chapter describes
their development and maturation, up until the stage
at which the cells are able to exert their function in
host defence. Development and maturation of lym-
phoid cells is part of the production of blood cells
called HEMATOPOIESIS. HEMATOPOIESIS includes the for-
mation of ERYTHROCYTES (red blood cells), THROMBO-
cyTes (platelets), and LeukocyTes (WBC, white blood
cells) in blood; white blood cells can be differentiat-
ed into POLYMORPHONUCLEAR neutrophilic GRANULO-
CYTES, eosinophilic GRANULOCYTES and basophilic
GRANULOCYTES, MONOCYTES, and LYMPHOCYTES. In
organs, including LYMPHOID ORGANS, the products of
hematopoiesis are DENDRITIC CELLS, MACROPHAGES (his-
tiocytes) and mast cells. Although the focus of this
chapter is on the lymphoid lineage, some aspects of
hematopoiesis will be described as well. Within the
lymphoid lineage, the focus is on the acquisition of
specificity, because this is the major event during
development and maturation. Memory is a typical

characteristic of the competent immune system, and
is only touched upon in describing affinity matura-
tion of matured B cells. Most of the knowledge
described in this chapter is based on studies in mice;
although there are many differences between
rodents and humans in the complex structure and
function of the immune system [1], T and B LYMPHO-
CYTE maturation in other species relevant for the dis-
cipline of immunopharmacology (rat, man) follows
similar principles.

Hematopoiesis

A diagram of HEMATOPOIESIS [2] is presented in Fig-
ure 1. It starts with the pluripotent hematopoietic
STEm CELL. While blood cells in the embryo may first
be derived from hematopoietic cells residing in the
yolk sac; current evidence strongly suggests that the
AORTA-GONAD-MESONEPHROS region is the source of
the definitive adult hematopoietic system,which sub-
sequently colonizes the liver and then the BONE MAR-
rRow [3]. In adults, hematopoietic STEM CELLS occur
almost uniquely in the BONE MARROW; only a very
small subset of hematopoietic cells in the peripheral
circulation has STEM CELL potential. In rodents,
extramedullary hematopoietic activity can also be
observed in the red pulp of the spleen. Hematopoiet-
ic STEM CELLs are self-renewing and produce a contin-
uous supply of mature cells for the whole life-span.
The progeny of the pluripotent hematopoietic STEM
CELL comprises cells committed to different lineages
in the hematopoietic system; a first differentiation
involves the production of myeloid and lymphoid
committed progenitor cells. The myeloid progenitor
subsequently gives rise to precursors of erythrocytes,
thrombocytes, GRANULOCYTES, and MONOCYTES. These
precursor cells can be measured in vitro in so-called
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FIGURE 1 (continued on next page)

Schematic representation of hematopoiesis, starting with a pluripotent stem cell that develops in a common myeloid
progenitor cell or a common lymphoid progenitor cell, and subsequently results in the generation of all blood cell pop-
ulations: erythrocytes or red blood cells, thrombocytes or platelets, and white blood cells that include macrophages,
neutrophilic, eosinophilic and basophilic granulocytes, and mature T or B lymphocytes. The nomenclature of cells in
intermittent phases is shown, as well as the cytokines promoting various steps in the development of hematopoietic

cells in distinct lineages.
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FIGURE 1 (continued)

Abbreviations: BFU-E, burst-forming unit — erythroid; CFU-Bas, colony-stimulating unit — basophilic granulocyte; CFU-
E, colony-stimulating unit — erythroid; CFU-Eo, colony-stimulating unit — eosinophilic granulocyte; CFU-G, colony-stim-
ulating unit — granulocyte; CFU-GEMM, colony-stimulating unit — granulocyte-erythroid-macrophage-megakaryocyte;
CFU-GM, colony-stimulating unit — granulocyte-macrophage; CFU-M, colony-stimulating unit — monocyte/macrophage;
CFU-Meg, colony-stimulating unit — megakaryocyte; EPO, erythropoietin; FL, FIt3 ligand; G-CSF, granulocyte colony-
stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; M-CSF, macrophage
colony-stimulating factor; NK, natural killer; SCF, stem cell factor; TNF, tumor necrosis factor; TPO, thrombopoietin.
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colony-forming assays (colony-forming unit, CFU), in
which precursors are cultured in soft agar together
with appropriate cyTokiNEs (see Fig. 1) and form
colonies that can be observed under a microscope;
burst-forming units (BFU-E) are precursors for ery-
throcytes, CFU-Meg are precursors for thrombocytes,
CFU-M are precursors of MONOCYTES/MACROPHAGES,
CFU-G, CFU-Eo, and CFU-Bas are precursors for neu-
trophilic, eosinophilic and basophilic GRANULOCYTES,
respectively. The existence of a common lymphoid
progenitor cell is still controversial, but there is evi-
dence for the presence of progenitor cells that are
committed to the T or B cell lineage. A cell surface
marker that has been widely used to identify (and
enrich) hematopoietic stem and progenitor cells is
the CD34 molecule, a molecule with a mucin-like
structure whose function is still largely unknown.
Other well-recognized antigenic markers of
hematopoietic STEM CELLs and progenitors include
CD117 (ckit), CD133 (previously AC133) and, in the
case of the mouse, Sca-1.

Besides LYMPHOCYTES, HEMATOPOIESIS results in the
production of cells that have relevant functions in
the immune system, either in the induction or effec-
tor phase of an immune response. Regarding the
induction phase, DENDRITIC CELLS deserve attention
[4]. Some DENDRITIC CELLS, or precursors thereof,
migrate to the thymus where they serve as ANTIGEN-
PRESENTING CELLS (APC) and participate in thymic edu-
cation. Others enter the circulation where they are
distributed among tissues and organs to exert their
APC function:in skin (epidermis),these cells are the
so-called Langerhans cells, and in the draining
lymph they are the so-called veiled MACROPHAGES.
Subclasses of DENDRITIC CELLS have now been identi-
fied and are actively being investigated, but their
functions are not yet fully understood.The interstitial
tissue in organs harbours so-called ‘passenger leuko-
cytes’ that, by virtue of their strong expression of
MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) class Il (see
also Chapter A.2), are supposed to have an antigen-
presentation function as well. It is noteworthy that in
secondary FoOLLICLES of lymphoid tissue, a site for B
LYMPHOCYTE activation and differentiation, so-called
FOLLICULAR DENDRITIC CELLS form part of the stroma
with APC function; these cells are not a product of
HEMATOPOIESIS but are of mesenchymal origin.

Regarding the effector phase, products of the
myeloid lineage like GRANULOCYTES act in concert
with ANTIBODIES, for example in PHAGOCYTOSIS of
pathogens (see also Chapter A.5). MACROPHAGES in tis-
sue, being the counterpart of MONOCYTES in blood,
have a similar function; in the liver, an organ with a
huge phagocytic activity, these cells are the so-called
Kuppfer cells in sinusoidal spaces.The tissue equiva-
lent of the basophilic granulocyte is the mast cell,
that together with IgE-class ANTIBODIES can cause
allergic reactions (see also Chapter A.8).

One characteristic typical of both myeloid and
lymphoid committed progenitor populations is that
many are actively proliferating and are thus suscepti-
ble to radiation and many chemotherapeutic agents,
including those that are immunosuppressive (e.g.,
the alkylating drug cyclophosphamide). The loss of
myeloid as well as lymphoid progenitors therefore
accounts for acute hematological toxicity (leukocy-
topenia, thrombocytopenia or anemia) as a com-
mon adverse side-effect of therapies designed to tar-
get the immune system.The rarer and more primitive
pluripotent STEM CELLs, however, usually reside in a
quiescent non-cycling (GO) state that renders them
resistant to most cytotoxic drugs.

T and B lymphocytes: common origin
from hematopoietic stem cells

The development of LYMPHOCYTES starts with the
common lymphoid progenitor derived from the
pluripotent stem cerL (Fig. 1) [5]. T LYMPHOCYTES
gained their name because they develop in the
microenvironment of the thymus, an organ located
in the mediastinum anterior to the heart; the molec-
ular basis of antigen recognition by these cells is the
T ceLL RECEPTOR (TCR) complex described in Chapter
A.2. B LYMPHOCYTES gained their name because they
develop in avian species in the microenvironment of
the bursa of Fabricius, an organ located in the intes-
tine near the cloaca,just underneath the epithelium;
this organ does not exist in mammalian species,and
in these species the BONE MARROW functions as the
bursa-equivalent. The molecular basis of antigen
recognition of B LYMPHOCYTES is the IMMUNOGLOBULIN



(Ig) molecule described in Chapter A.3. The major
B/T types of LympHOCYTES are divided into subsets
with different functions, e.g., Thelper and T-cytotoxic
LYMPHOCYTES,which are further described in Chapters
A2and A3.

The differentiation of the common lymphoid pro-
genitor cell into committed progenitors of T or B cell
lineage (Fig. 1) is poorly understood. The process
seems to involve tight interactions between STEM
CELLs and the BONE MARROW microenvironment (stro-
mal cells),and to be under the control of CYTOKINES.
VLA-4 is an example of a cell adhesion molecule of
the INTEGRIN series for which a pivotal role in differen-
tiation of STEM CELLs into lineage-specific progenitors
(Iymphoid, myeloid) has been demonstrated.
Another example is hyaluronic acid on stromal cells
which binds the CD44 molecule on sTem ceLL and
progenitor populations. Major CYTOKINES promoting
the differentiation of pluripotent STEM CELLS into STEM
CEeLLs of the T/B LYMPHOCYTE lineage are STEM CELL fac-
tor (SCEthe c-kit ligand) and INTERLEUKIN 7 (IL-7).The
adhesion of lymphoid progenitor cells to the stroma
probably promotes the binding of SCF from the stro-
mal cells to the c-kit receptor on the progenitor cell.
In B-lymphocyte maturation, late pro-B cells
(decribed in more detail below, see Figure 3) would
then respond to IL-7 for their growth and maturation.
Finally, lineage-specific transcription factors promote
the development of various cell lineages from
hematopoietic sSTEm CELLs [6, 7]. One of these is the
lkaros gene, which encodes a family of zinc-finger
DNA-binding proteins that is crucial for early devel-
opment into the T or B lymphoid sTem ceLL [8].

Specificity: rearrangement of genes
encoding antigen receptors

A major event in the differentiation of lineage-specif-
ic STEM cELLs into mature T or B LymPHOCYTES is the
synthesis and surface expression of antigen recep-
tors. This involves the generation of all potential
specificities required for a functionally active
immune system, namely, for T cells, the o and B
chain of the TCR, and for B LympHOCYTES, the light
and heavy chains of the Ig molecule. The germline
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genome comprises a complex set of gene segments,
called V (variable), D (diversity), J (joining) and C
(constant) gene segments. A particular combination
of one V,D,J and C gene segment has to be generat-
ed before transcription and translation into a chain
of the antigen-receptor is possible. This is achieved
by gene rearrangement: one combination is pre-
pared by excision of intervening genes.As soon as a
translocation on one of the two chromosomes
encoding a receptor chain is obtained that is in-
frame (productive rearrangement), the potential
gene rearrangement of the other chromosome is
blocked, so that the cell only encodes the product of
one single V-D-J-C gene segment leading to a given
receptor specificity. Gene rearrangement is an error-
prone process, however, and can produce non-pro-
ductive translocations. Thus, most B LYMPHOCYTES
have rearranged the D-J gene segments of the heavy
chain of the Ig molecule on both chromosomes,
which is the first step in B-lymphopoiesis.

The process of gene rearrangement is unique to
T or B LYMPHOCYTES, i.e., the molecular basis of the
definition of a B cell is the presence of rearranged
genes encoding Ig chains, and that of a T cell is the
presence of rearranged genes encoding the TCR o
and B chain. Classical T cells use the oe and B chain
in the TCR complex. A small subset of T cells use two
other chains instead, the yand 8 chain.This subset is
the so-called y/8 T cell population. As it expresses a
smaller REPERTOIRE of antigen-recognition specifici-
ties, it is considered a more ‘primitive’ (less well-
developed) T cell population than o/ T LYMPHO-
cvTes.The y/8 T cell population is particularly present
during embryonic life. In adults, it apparently has a
special function, as a ‘sentinel’ in initial defence at
secretory surfaces [9].

The process of gene rearrangement is essentially
random, ocurring under the influence of recombina-
tion activation proteins,RAG-1 and RAG-2 [10].These
molecules are upregulated in cells during the
rearrangement phase, bind to recombination signal
sequences in the DNA and so promote cutting (dou-
blestranded DNA breaks), hairpin formation and
splicing out of intervening gene segments. Specific
DNA-dependent protein kinases are involved in
opening of the coding sequences. In addition to
rearrangement of gene segments, diversity is further
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increased by N-region addition of non-germline
encoded nucleotides to V-(D)-J junctions, which is a
random process under the influence of the enzyme
terminal deoxynucleotidy! transferase (TdT). This
nuclear enzyme is present in LYMPHOCYTES during the
immature phase of development. It seems plausible
that CYTOKINES in the environment,such as IL-7, play a
role in initiating gene rearrangement, by upregula-
tion of the DNA-binding proteins and kinases
involved. Gene rearrangement occurs in a sequential
manner for the different receptor chains, and differ-
ent stages of development can be distinguished
within the rearrangement phase. This is described
below separately for T and B LYMPHOCYTES.

Selection of the antigen-recognition
repertoire

Essentially, the specificity of the immune system is
shaped after receptor gene rearrangement in the
contributing T and B cells; the progeny of each dis-
tinct cell with a given specificity is considered to be
a distinct CLONE, together constituting the whole
REPERTOIRE of antigen-recognition specificities. The
only way to change specificity within a given CLONE
is by SOMATIC MUTATION, a process which occurs later
in B cell maturation. However, not all potential
rearrangements prove to be useful: the required
REPERTOIRE must be selected out of the total potential
repertoire. Unwanted (potentially deleterious, e.g.,
self-reactive) specificities must be deleted and those
needed for proper functioning are allowed to
expand.

This selection occurs according to various
processes that are essentially similar for Band T Lym-
PHOCYTES, although the requirements for the selection
of specificities apparently differ. When the lympho-
cyte expressing the relevant receptor on its surface is
exposed to antigen, and the cell exhibits an unwant-

ed specificity, e.g., an autoreactive lymphocyte with
anti-'self’ receptor specificity, the cell is activated to
initiate cell death by apopTOsIs (programmed cell
death).Should the cell exhibit a desired specificity; it
is activated to expand.The first process is called neg-
ative selection, the second one positive selection.
Apart from environmental factors,such as the nature
of the antigen and the APC, intrinsic characteristics
of the lymphocyte in a distinct maturation stage
determine the outcome of activation, either cell
death or expansion. For example, immature T cells
undergoing negative selection exhibit an intrinsic
purine/pyrimidine metabolism, such that cell activa-
tion results in cell death by accumulation of toxic
nucleotide triphosphatases. Immature cells undergo-
ing selection also express receptors (Fas/Apo-1)
which, upon activation, induce APOPTOSIS in the cell.
The hallmark of apopTOSIS is the endonuclease-
induced fragmentation of chromosomes into about
200-basepair fragments.

T lymphocyte maturation in the thymus

The thymus plays a pivotal role in shaping the T cell
repertoire, as exemplified by the absence of a func-
tionally active T LYMPHOCYTE system in individuals
with a congenital absence of the thymus (humans
with the Di-George syndrome, rats and mice with the
rnu or nu mutation). Committed lymphoid progeni-
tors require the thymic microenvironment for differ-
entiation, gene rearrangement and the subsequent
selection processes (Fig. 2) [11-14].The thymus has
a unique microenvironment of reticular epithelium
which is not observed in other LYMPHOID ORGANS.
Other cell populations contributing to T cell develop-
ment are DENDRITIC CELLS and cells of the monocyte-
macrophage cell lineage (Fig. 1) which play a main
role in antigen presentation and are mainly found in
the medulla of the thymic lobes.

FIGURE 2

T lymphocyte development in the thymus. Various stages in development can be followed by the expression of cell
surface markers and T cell receptor o and J3 chains. During this process recombinant activating gene (RAG) proteins are
expressed which mediate gene rearrangement resulting in the capacity to produce the T cell receptor (TCR) complex,
first those genes encoding the 3 chain (VB-DB-JB) and subsequently those encoding the o chain (Vo-Joy). The process
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Lymphocytes

Four main T LYMPHOCYTE subsets, corresponding to
various stages of development, are differentiated,
based on their expression of CD3, CD4, CD8 and
CD25 antigens. As outlined in other chapters, CD4
and CD8 ANTIGENS are closely linked to the TCR com-
plex and are involved in antigen recognition in asso-
ciation with MHC class I or class Il molecules on
APCs. CD4 expression in mature T LYMPHOCYTES is
linked to helper cell activity and recognition of anti-
gen by MHC class Il molecules, and CD8 expression
is linked to cytotoxic cell activity and recognition of
antigen by MHC class [ molecules (see Chapter A.2).
The expression of CD25 (IL-2 receptor o chain) on
mature T LYMPHOCYTES is associated with a state of
activation; together with antigen- or mitogen-
induced IL-2 receptor B and y chains, it confers
responsiveness to the T cell growth factor IL-2.

In the thymus, lymphoid progenitors which form
a small subset in the outer cortex show a low expres-
sion of CD4 and are negative for CD8 and CD25.
These cells develop into so-called ‘double-negative’
cells,being CD4-CD8~ and CD3-CD25~. Upon expres-
sion of CD25,and presumably under the influence of
CYTOKINES (STEM CELL factor, IL-7), cells start to
rearrange the genes encoding the TCR complex, first
those encoding the B chain (VB-DB-JB) and subse-
quently the o chain (Vo-Joo). If this rearrangement is
successfully completed (e.g.,a productive rearrange-
ment from either one of the two chromosomes), the
cells develop into the so-called ‘double-positive’
CD4*CD8* stage, which is the major lymphocyte sub-
set in the cortex. At this stage, selection of relevant
populations (CLONES) occurs, with first positive and
subsequently negative selection. Upon completion
of this process, cells develop into so-called ‘single-
positive’ cells, either CD4*CD8~ or CD4~CD8* cells,
which form the major populations of LYMPHOCYTES in
the medullary areas of thymic lobules. The trans-
membrane tyrosine phosphatase CD45 isoforms
have been implicated in the transition from
CD4-CD§™ to CD4*CD8* thymocytes and the further
transition into single-positive cells, since these transi-
tions do not occur 