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To my beloved wife
for so much help she has given me
and for so much time I robbed her of.



Science cannot be restricted

by the narrow frame of a book:
it is generally intolerant of frames

Pediatric Allergy, Asthma and Immunology is a new dis-
cipline that finds its foundation in this book, whose
roots linke me to Elena and Luisa Businco, with whom I
founded the first Italian Pediatric Allergy Division some
30years ago, now called the Pediatric Allergy and Im-
munology Division. There I discovered this world,
where I had the chance to revive the significance of the
three Ss: science, safety and sympathy. Children and
their parents consult us in the hope of finding scientific
and medical knowledge as well as assurance and under-
standing sympathy, all necessary prerequisites for the
successful outcome of our everyday tasks. Above all, one
should appreciate how much the pediatrician-allergist
is, more than any other doctor, dedicated to the care of
his or her patients, since he or she must either deal with
cases of extreme severity, such as anaphylactic shock, or
perform ordinary jobs, such as giving suggestions on
the diets or the furnishings of the home. The pediatri-
cian-allergist should always find out how to protect the
infant, the child and the adolescent against discrimina-
tion because of their allergy. With proper prescriptions
and appropriate recommendations, such an objective is
always within reach, and both the child and his or her
parents will profit from a better quality of life.

The earliest roots of this book developed from my
everyday work in the Pediatric Allergy and Immunolo-
gy Division and have grown while preparing lessons
and courses to be delivered to medical students and
postgraduates in pediatrics. Of course, this ongoing
work has found its expression in a host of papers that
have inspired several chapters within this book. How-
ever, my primary aim was not one of doing something
necessary; I have hoped only to do something that is
useful to someone. With this book, I hope to have of-
fered convincing proofs and foundations to colleagues
committed to pediatric allergy and immunology. Often
its main goal is one of prevention, in all senses and us-
ing all resources, as Arnaldo Cantani Sr. wrote in 1877
in the preface to the first edition of his Textbook of Clin-
ical Pharmacology: “ ... only corresponding with a
meticulous study and the greatest exactness to the
precise indications of the case, the drugs may be use-
—ful to the patient ... in the belief that air, water, and

alimentation are the first and most powerful means to
be well.”

Pediatric allergy and immunology is a multidiscipli-
nary field of research today, and familiarity with current
concepts is important for medical students, for clini-
cians in every pediatric specialization and for re-
searchers in this attractive area. However, the issue is not
benefited by an easy approach, because pediatric allergy
and immunology has characteristic features both differ-
ent and larger in scope than adult allergy. Nor can we
disregard significant events such as the atopic-march,
the inexorably accelerating prevalence of atopic dis-
eases, which develop in 80%-90% of cases within the
very first months and years of life, while the intense
efforts of research scientists and the greater awareness
of pediatricians and of dedicated parents have widened
the positive results of prevention and treatment. The
avalanche of immunological progress shows no sign of
abating in this new millennium. I have therefore begun
with the fundamental concepts of basic immunology,
whose inferences are relevant to the later chapters. For
example, I have attempted to offer an exhaustive discus-
sion in Chap.1 to the interested reader trying to under-
stand the significance of adhesion molecules from the
pathogenic point of view. Therefore, after the chapters
on fetal-neonatal immunology and the mucosal im-
mune system, the neonate at risk of atopy, the genetic
and environmental predisposing factors and the epi-
demiology and natural history of atopic diseases, a
whole chapter encompasses the diagnosis of allergy,
from the clinical history to the provocation tests. The
book progresses chapter by chapter to elucidate the
spectrum of several diseases, including atopic dermati-
tis, food allergy, asthma, rhinoconjunctivitis, and to dis-
cuss specific immunotherapy (SIT) for these diseases. It
also places great emphasis on specialist disorders such
as sinusitis and otitis media with effusion, which are fre-
quently associated with allergic diseases. Many pages
are devoted to autoimmune diseases, primary immuno-
deficiencies and to pediatric HIV infection. The last two
chapters are comprehensively built on the earlier ones,
introducing two emerging important advances, malnu-
trition and the immune system and another of capital
importance,atopy prevention, which sums up the wealth
of new data.

Until recently, the expansion of immunology was
undervalued. In this breakthrough my major thrust was
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to attest to the ferments of activity that have revolution-
ized, so to say, the exciting new area of research, such as
the therapeutic strategies exemplified by the switch
from Th2 to Thl lymphocytes in the immune system
manipulations through SIT and anti-IgE therapy, gene
therapy of primary immunodeficiencies and the mater-
nofetal treatment of HIV infection. A growing body of
literature is shaping our knowledge of the fetal immune
system. We are now aware that the fetus can be im-
munocompetent from the 18th to 20thweek of in-
trauterine life, and that from the 22nd week it can react
to food and inhalant allergens of maternal origin, sug-
gesting that heredity and maternal intake of foods or
drugs or allergen inhalation may anticipate the founda-
tions of pediatric allergy and immunology in intrauter-
ine life, thus requiring an advancement of preventive
measures. In this context, immunology is the new mile-
stone when one refers to the so-called collagen diseases,
revisited as a deviation from the normal mechanisms of
self-recognition, to the viruses that deceive the immune
system, modulating apoptosis at will, and to the im-
munological components of breast milk, rich in prebi-
otics and TLRs and protecting infants even from dia-
betes. From this viewpoint we cannot underestimate the
impact of transgenic foods and pesticides, which are
revolutionizing foods, and of polluted air breathed by
newborns. Among the food offenders, the first level
refers to hidden allergens, or those regularly absent
from the labels, and the growing number of cross-reac-
tions, with the remarkable latex—fruit syndrome and the
mite-mollusc correlations. The role of infectious agents
could likely be the opposite of current theories, namely
that of protecting infants from the onset of allergic dis-
ease, whose higher frequency could be favored by the
improvement in the standard of living. The hygiene hy-
pothesis is intriguing, but milk may kill by inhalation,
casein may remain active for 2,500years and egg for
500years. We move forward in pediatric allergy and im-
munology: fascinating findings focus on the increasing
number of wheezing infants and on the success of de-
sensitization shared by food-allergic and asthmatic
children, thus leaving these children without disease.
Immunodeficiencies are radically cured by bone mar-
row transplantation, autoimmune diseases are starting
to be cured with stem cell transplantation, diabetes
seems to be cured by mother-daughter transplantation
of pancreatic cells and immunodeficiencies by bone
marrow transplantation. HIV infection can be “cured”
by prevention.

In the presentation of the diverse conditions, I have
preferred a complete description in a traditional se-
quence, beginning with an introduction, the definitions
and the epidemiology, then continuing with the im-
munological characteristics, pathogenesis, symptoms,
diagnosis and treatment. Further, being compelled to
deal with aspects sometimes so distant or different has
certainly implied possible errors in measure and a
certain degree of overlap. A very hard task was that of

selecting, among the relevant literature in an unending
stream of data on pathogenic and therapeutic aspects,
the most significant ones, especially in the field of pedi-
atrics. It is not always easy and productive to interweave
basic and clinical material. I have tried to inform the
reader more comprehensively following a logical pro-
gression, synthetically reviewing the most recent state of
this rapidly advancing specialization, leaving in the
background the data pertaining to the basic knowledge
of pediatricians and allergist-immunologists.

My purpose was also that of lightening the text with
the aid of approximately 1,400 high-quality figures cov-
ering basic aspects and tables abounding with practical
information facilitating day-to-day diagnosis and man-
agement. My approach has been that of utilizing the fig-
ures and tables as both a commentary and an extension
of the text. The appendices complete the volume, while
the abbreviations and acronyms are listed separately. In
addition, I have adopted the Systéme International des
Unités (SI) where appropriate. At the end of each chap-
ter a list of references includes leading articles and sub-
specialty reviews, so that readers are referred to numer-
ous points of departure from which to explore further
the subjects closer to their interests.

I have attempted, therefore, to offer to dedicated
pediatricians and family practitioners a comprehensive,
clear and timely distillation of current information
making it possible to keep abreast of recent advances
and to acquire the basic principles necessary in their
practice. The careful reader will find practical advice on
which to base actions that will block the atopic and im-
munological march by preventing, managing and treat-
ing allergic-immunological diseases, and by appropri-
ately informing parents, without neglecting to raise
public awareness of the threat posed by the march and
to provide the means to stop it. Managing childhood
atopic and immune disorders requires a new strategy.
Millions of children and their parents expect disease
prevention and cure, and allergists or immunologists
are challenged to provide interventions that achieve
optimal health from childhood to adulthood.I hope that
students and postgraduate doctors willing to find a
detailed reference for this fascinating and demanding
area of pediatrics and willing to develop an allergic-im-
munological viewpoint will succeed in identifying the
diverse pathologies and will be motivated to become
more actively involved in the daily health needs of
atopic infants, children and adolescents.

I am deeply grateful to my wife, Maria Susana Cam-
postrini, who assisted me in this challenging enterprise
and helped me to add expressive illustrations to the
book. I wish to acknowledge the assistance of several
colleagues for their helpful discussions and contribu-
tions, including Doctors Daniele Ceccoli, Franco Frati,
Oreste Marciano and my referees Professors Emanuele
Errigo and Massimo Fiorilli. The consultation of nu-
merous journals was of particular help, especially in
the libraries of the Pediatric Department of Rome Uni-



versity “La Sapienza” and Rome University “Tor Vergata,”
the Pediatric Department of Sassari University, the
National Council for Scientific Research, the Italian
Institute of Public Health and several university
libraries of the Hospital Policlinico Umberto I where I
work, especially the Department of Experimental Medi-
cine.I extend my gratitude to many colleagues and pub-
lishers who have kindly provided many figures includ-
ing the late Professor Luisa Businco and the UCB that
kindly supplied many figures related to the SCORAD
and ETAC studies. In particular, I am deeply indebted
to Professors Molkhou, Revillard and Wiithrich and
their publishers. My thanks to Professors Mogi, Ring
and Wiithrich, who presented me with their books
and Professors Bernstein, Brandtzaeg, Buckley, Gerrard,
Patriarca, Roos and Sullivan for sending me reprints
not easily found otherwise. I owe particular gratitude

to Springer-Verlag and especially to Ms Ute Bujard for
her meticulous editing skills that allowed the publica-
tion of this book. I would also like to thank Martha Berg
whose excellent assistance helped me very much.

To offer a wide panorama of results, several data have
been presented throughout the book and reported in
the tables and in the figures, independently of how the
children were identified as affected with allergic-im-
munologic disease. Of course I do not expect that my
opinions or my suggestions “to live better with allergy”
meet the unconditioned favor of all readers: I would be
grateful if they would point out “the errors and the
omissions” so that I can correct them in a future edition.

Rome, September 2007
ARNALDO CANTANI



Foreword

For those who believe that I may not be the best suited
person to present Pediatric Allergy, Asthma and Im-
munology by Arnaldo Cantani, I would like to explain
the reasons that encouraged me - a specialist of adult
disease of intellectual development, with professional
experiences substantially different from those of the
author - to agree to his request with great pleasure.
These reasons are either of a personal nature or of a
more general and ideological nature.

Professor Cantani’s knowledge has its deep roots in
his extensive work at the Department of Pediatrics of
the University of Rome “La Sapienza” and especially at
the chair of the late Professor E. Rezza. Only recently,
however, when I had more frequent opportunities of
collaborating with him, was I struck by the profound
“team spirit” that Arnaldo Cantani feels for pediatric
allergy and immunology as well as by his exactness and
precision in dealing with the commitment necessary to
report his own experience.

As Past President of the European Academy of Aller-
gology and Clinical Immunology, I am fully aware of
the problems, both general and specific, that pertain to
the discipline of “pediatric allergy and immunology.”
The opportunity to acknowledge this discipline as an
autonomous specialization is of primary necessity, espe-
cially in north European centers. This orientation is
opposed by some pediatric specialists or allergy special-
ists. However, it should be appreciated that pediatric
allergy and immunology differs widely from that of
adults, as evidenced by this textbook. This difference is
particularly important not only in the newborn period
but above all in the diseases typical and specific to the
pediatric age as well as in those also common to adult
patients, of wholly peculiar physiopathologic, diagnos-
tic and therapeutic characteristics. These current points
of view are confirmed by the recent proposal to consid-
er both internal medicine and pediatrics as common
branches of the allergology and clinical immunology

specialization, as well as the decision of the European
Academy of Allergology and Clinical Immunology to
create a Section of Pediatric Allergology, thus satisfying
the need to gather under a single roof specialists of
the “general” discipline, thereby recognizing and war-
ranting the importance and autonomy of the pediatric
allergologist.

Professor Cantani’s book is a concrete and cogent
contribution to the foundation of pediatric allergy-
immunology. This book is an impressive and compre-
hensive documentation of the progress in the under-
standing and management of allergic-immunologic
disorders of infants, children and adolescents, and is
divided into 24 chapters illustrated by more than 1,400
tables and figures that are helpful in clarifying complex
points. I have greatly appreciated the author’s approach
of discussing, in addition to the ontogeny of the immune
system, mucosal immunology and the typical pathology
of infantile immediate hypersensitivity with its very
early onset age, the mechanisms underlying specific
disease states such as the developing neonatal immune
response, autoimmune disease, immune deficiencies
and pediatric AIDS, which are increasingly recognized
as complex diseases. Such an approach entails, in fact,
that one’s eyes be kept open to the complexity of clinical
allergology and immunology, and widened beyond the
limited field of atopic disease and the “atopic march” to
the genetic relation to atopy and bone marrow trans-
plantation.

A critical analysis of how this complex and detailed
information is condensed into a readable textbook sug-
gests the author’s far-sighted attitude: on the one hand
the painstaking precision of the scientist (see the list of
abbreviations that opens the book), and on the other the
more typical Latin inclination to prefer clinical reason-
ing, which, even in its subjectivity, always represents the
essential distinguishing feature between the clinical
professor and accurately programmed reasoning.
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The findings of several schools and disciplines differ-
ent from those of Professor Cantani are critically evalu-
ated, and the virtues of single authorship, compared to
multi-authored textbooks that often lack sufficient co-
ordination and revision by the editor, are evident
throughout the book.

All chapters have reference lists with citations that
will be stimulating for those interested in more in-depth
study. Moreover, the suggestions at the end of each
chapter and the numerous discussions, also in the form
of tables and figures, promote an expert starting point
for diverse specialists interested in evidence-based
medicine, be they allergists, immunologists, pediatri-
cians or practitioners. As a result, the reader has at hand
a doubly useful book: one to be studied and consulted,
the other to be read with pleasure, a book to be ap-
proached critically.

Foreword

Although he had the excellent collaboration and
editorial assistance of Springer-Verlag throughout the
preparation of this textbook, Arnaldo Cantani has
undertaken alone the fascinating burden of putting
together Pediatric Allergy, Asthma and Immunology.
I therefore compliment the author on assembling an
outstanding opus in the interest of pediatric allergy and
immunology and in the training of all those concerned
with the “march.” Anyone who cares for allergic children
or wants to learn about immune diseases will surely
benefit from frequent consultations of this textbook.
I hope that the book will provide pleasure and insight to
all prospective readers.

Rome, May 2007
SERGIO BONINI
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A Alimentum
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a,M o, Macroglobulin

a,M-R a, Macroglobulin receptor

AAAAI American Academy of Allergy,
Asthma and Immunology

Aab Autoantibody

Aag Autoantigen

AAF Amino acid formula

AAP American Association of Pediatrics

AAPSNAD  American Association of Pediatrics
Subcommittee of Nutrition
and Allergic Disease

ABA Allergic bronchopulmonary
aspergillosis

ABC Abacavir

AC Allergic conjunctivitis

ACAAI American College of Allergy, Asthma
and Immunology

ACAT Automated computerized axial
tomography

ACC 1-Aminocyclopropane-1-carboxylic acid

ACD Allergic contact dermatitis

ACE Angiotensin-converting enzyme

ACh Acetylcholine

ACT Immune-activating cytokine

ACT-2 Immune-activating cytokine-2

AD Atopic dermatitis

AD Autosomal dominant

ADA Adenosine deaminase

ADAM a Disintegrin and a metalloproteinase

The English medical abbreviations have been cross-referenced
using Davis NM Medical Abbreviations, 8th edn, NM Davis
Associates, Huntington Valley, 1997. To offer a wide panorama
of results, several data have been presented throughout the
book and reported in the tables independently of how the chil-
dren were identified as affected with atopic disease. Drug avail-
ability has been assessed. Regarding drug usage, several tables
specify the chemical names, types of packaging, administra-
tion routes and, where possible, the pediatric doses and sched-
ules of treatment. I have taken care to make sure that the infor-
mation is correct at the time of publication; however, the ulti-
mate responsibility rests with the prescribing physician.
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ADR
ADRB2
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AECA
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AF
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AHS
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AICDA
AID
AID
AIDS
ATHA
AIM
AIN
AKC
ALA
ALCAM

Alfaré
Allergen
ALPS

AML
AMLR
ANA
ANCA
ANF
ANP
ANS
AOM
AP-1

Antibody-dependent cell-mediated
cytotoxicity

Average daily dose

Dihomo-y-linolenic acid
Attention-deficit hyperactivity disorder
Antidiuretic hormone

Selective antibody deficiency

with normal Ig isotypes

Adrenergic receptor

Adverse drug reaction

o,-Adrenergic receptors
Antiendomysial antibodies
Antierythrocyte autoantibody
Antiendothelial cell antibodies
Anchoring filaments

Aspergillus fumigatus

a-Fetoprotein

Antigliadin antibodies

Aromatic hydrocarbons
Anticonvulsant hypersensitivity
syndrome

Amb a 1 immunostimulatory
oligodeoxynucleotide conjugate
Activation-induced cytidine deaminase
Autoimmune disease
Activation-induced cytidine deaminase
Acquired immunodeficiency syndrome
Autoimmune hemolytic anemia
Activation inducer molecule
Autoimmune neutropenia

Atopic keratoconjunctivitis

o -Lactalbumin

Activated leukocyte cell adhesion
molecule (CD166)

Alimentation facilement résorbable
Allergy generator

Autoimmune lymphoproliferative
syndrome

Acute myeloblastic leukemia
Autologous mixed lymphocyte reaction
Antinuclear antibody

Antineutrophil circulating antibodies
Antinuclear factor

Atrial natriuretic peptide

Autonomic nervous system

Acute otitis media

Activator protein-1

XXI



XXII

AP-1
Apafl
APC
APO-1
APP
APR
APT
APT
APV
AR
AR
AR
AR3
ARAM
ARC
ART
ASA
ASAT
ASCT
ASO
AST
ATA
ATAC

ATG
ATM
ATP
AU
AUR
AXT
AZT

BaDF
BALF
BALT
BAU
BCF
BCG
Bcl-2
BcR
BDP
BE

Bf
BGP-1
BH1 to BH4
BHA
B-HCB
B-HCH
BHR
BHT
bid
b.i.d.
BIV
BK
BLG
B,-m
BM
BM

Apolipoprotein 1

Apoptotic protease activating factor 1
Antigen-presenting cells
Apoptosine-1 (CD95)

Acute-phase proteins

Acute-phase response

Aptamil HA

Atopy patch test

Amprenavir

Alfaré

Allergic rhinitis
Autosomal-recessive

Apoptose receptor 3

Antigen recognition activation motif
Allergic rhinoconjunctivitis
Antiretroviral therapy
Acetylsalicylic acid

Aspartate aminotransaminase
Autologous stem cell transplantation
Allele-specific oligonucleotide
Antistreptolysin titer
Ataxia-telangiectasia
Activation-induced, T cell-derived,
and chemokine-related
Antithymocyte globulin
Ataxia-telangiectasia mutated
Deoxyadenosine triphosphate
Allergy unit

Allergy unit by RAST
Deoxyadenosine nucleotides
Azidodeoxythymidine

Basophil activating factor
Bronchoalveolar lavage fluid
Bronchus-associated lymphoid tissue
Bioequivalent allergy unit
Basophil chemotactic factor
Bacillus Calmette-Guérin

B cell lymphoma-2

B cell receptor
Beclomethasone dipropionate
Base excess

B factor

Biliary glycoprotein-1

Bcl-2 homology domains
Butylated hydroxyanisole
B-Hexachlorobenzene
B-Hexachlorocyclohexane
Bronchial hyperreactivity
Butylated hydroxytoluene

bis in die, twice a day

Bis in die, twice a day

Bovine immunodeficiency virus
Bradykinin

B-Lactoglobulin
B,-Microglobulin

Basement membrane

Bone marrow

BM
BMA
BMI
BMT
BP

BPI

BPO
BPT
BSA
BSA
BSE
B-TG
Btk
Btk
BTS
Btt

BU
BUD
bw

C
c-ANCA

C/EDPoa
C/EDP
C1-INH
C4bp
C8 bp
CA

CAF
CALC
cALL
CALLA

CALT
cAMP
CAP
CAP
CARD

CATCH 22

CB
CBC
CBIGE
CBMC
CCP
CCR
CD
CD
CD
cd

Breast milk

Breast milk allergy

Body mass index

Bone marrow transplant

Blood pressure

base pair

Bacterial permeability increasing
protein

Benzyl-penicilloyl

Bronchial provocation test
B-superantigens

Bovine serum albumin

Bovine spongiform encephalopathy
B-Thromboglobulin

Bacillus thuringiensis subspp. kurstaki
Bruton’s tyrosine kinase
Benzothiazole bisulfide

Bacillus thuringiensis subspp.
tenebrionis

Biologic units

Budesonide

Body weight

Constant

Cytoplasmic antineutrophil circulating
antibodies

CCAAT/enhancer binding protein o
CCAAT/enhancer binding protein n
Cl-inhibitor

C4-binding protein

C8-binding protein

Capsid

CD8 T-cell antiviral factor

Calcitonin

Common acute lymphoblastic leukemia
Common acute lymphoblastic leukemia
antigen

Conjunctiva-associated lymphoid tissue
Cyclic adenosine monophosphate
Chemiluminescent assay
Chloramphenicol

Caspase activation and recruitment
domain

Cardiac abnormalities, Abnormal facies,
Thymic hypoplasia, Cleft palate,
Hypocalcemia, chromosome 22

Cord blood

Complete blood count

Cord blood IgE

Cord blood mononuclear cells
Complement control protein

CC chemokine receptor

Celiac disease

Cluster of differentiation

Crohn’s disease

Cadmium

CD11a/CD18 LFA-1
CD11b/CD18 CR3 Mac-1



CD11c/CD18 CR4 p150,95

CDC

CDR
CEA

ced

CF

CFC

CFS

CFU
CFU-GM

CFU-S
CFU-T
CGD
CGM1
CGM6
cGMP
CGRP
CH;,
CHARGE

CHF
CI

CIC
CID
CIE
CIEV
CIITA
CJD
CKR-SF
cl

CLA
CLA

CLA
CLC
CLE-0
CLE-1
CLE-2
CLIP

CM
CMA
CMI
CMV
CN
CNO
CNS
Co,
Con-A
cov
CpG

CPK
CPS
CPT

Centers for Disease Control

(and Prevention)
Complementarity-determining regions
Carcinoembryonic antigen
Cell-death defective

Cystic fibrosis
Chlorofluorocarbon

Chronic fatigue syndrome
Colony-forming unit
Colony-forming unit, granulocytes
and monocytes

Colony-forming unit, spleen
Colony-forming unit, thymus
Chronic granulomatous disease
CEA gene member 1

CEA gene member 6

Cyclic guanosine monophosphate
Calcitonin gene-related peptide
Hemolytic complement 50%
Coloboma, Heart anomalies,
Atresia of choanae, Retardation,
Genital hypoplasia, Ear anomalies
Casein hydrolyzed formula
Confidence intervals

Circulating immune complexes
Combined immunodeficiency
Crossed immunoelectrophoresis
Caprine infectious encephalitis virus
Class II transactivator
Creutzfeldt-Jakob disease
Cytokine receptor superfamily
Chlorine

Conjugated linoleic acid
Cutaneous lymphocyte-associated
antigen

System-chemiluminescent immunoassay
Charcot-Leyden crystals
Consensus lymphokine element-0
Consensus lymphokine element-1
Consensus lymphokine element-2
Class II associated invariant

chain peptide

Cow’s milk

Cow’s milk allergy

Cell-mediated immunity
Cytomegalovirus

Calcineurin

Chronic nasal obstruction

Central nervous system

Carbon dioxide

Concanavalin A

Mean coefficient of variation
Deoxycytidyl-deoxyguanosine dinu-
cleotide

Creatinine phosphokinase
Capsaicin

Conjunctival provocation test

CR

CR

Cr
CR3
CREST

CRH
CRIE
CRP

CS

CsA
CSF
CSF
CSM
CT
CTAP-III
CTL
CTLA-4

Cu
CVID
CXCR

D

D

d4T
DAF
DAG
DALIA

DARC
DBPC
DBPCCT

DBPCFC

DC
DC-CK1
DCC
ddcC
DDE
ddI
ddI
DDT
DEP
Der f
Der p
DES
DGS
DGSC
DGSP
DGST
DHA
DHST
DIC
DM
DMARDs

XXII

Complement receptor

Crossed reactions

Chromium

Complement receptor type 3
Calcinosis-Raynaud-Esophageal
(motility disorders)-Sclerodactyly-
Telangiectasia
Corticotropin-releasing hormone
Crossed radioimmunoelectrophoresis
C reactive protein

Corticosteroids

Cyclosporin A

Cerebrospinal fluid

Colony stimulating factor
Costimulatory molecule
Computerized tomography
Connective tissue-activating protein-III
Cytotoxic T lymphocytes

Cytotoxic T lymphocyte-associated
antigen-4 (CD152)

Copper

Common variable immune deficiency
CX chemokine receptor

Dalton (1.6605655 x 1024 g)
Diversity

Stavudine

Decay accelerating factor (CD55)
Diacylglycerol
Distribution-analyzing latex
immunoassay

Duffy antigen receptor complex
Double-blind, placebo-controlled
Double-blind, placebo-controlled
challenge test

Double-blind, placebo-controlled
food challenge

Dendritic cells

Dendritic cell chemokine-1
Double-blind, controlled
Zalcitabine
Dichlorophenyl-dichloroethene
Dideoxyinosine

Didanosine
Dichlorodiphenyltrichloroethane
Diesel exhaust particles
Dermatophagoides farinae
Dermatophagoides pteronyssinus
Diethylstilbestrol

DiGeorge syndrome

DiGeorge syndrome, complete
DiGeorge syndrome, partial
DiGeorge syndrome, transient
Docosahexaenoic acid

Delayed hypersensitivity skin test
Disseminated intravascular coagulation
Diabetes mellitus
Disease-modifying antirheumatic drugs



XXIV

DMN
DMV
DN
DNA
DNCB
DP
DPG
DPI
DPU
DR
DSCG
DTH
DYM
DZ

E-L-R
e-NANC
EA

EAA
EAACI

EAC

EACA
EAE
EAEC
EAF
EBI3
EBV
ECA
ECEF
ECF
ECHF
ECHO

ECM
ECP
ECU
ED
EDIF
EDN
EDRF
EDTA
EFA
EFA
EFAD
EFV
EGF
EIA
EIA
EIAV
ELA2
ELAM

ELC
ELISA
ELISPOT

Dimethylnitrosamine
Daily mean variations
Double negative
Deoxyribonucleic acid
Dinitrochlorobenzene
Double positive
Diphenylguanidine

Dry powder inhaler
Delayed pressure urticaria
D-related

Disodium chromoglycate
Delayed-type hypersensitivity
Dynorphin

Dizygotic (twins)

Glutamic acid-leucine-arginine
Excitatory NANC

Erythrocytes, antierythrocyte
(antibody)

Extrinsic allergic alveolitis

European Academy of Allergy

and Clinical Immunology
Erythrocytes, antierythrocyte
(antibody), complement

Epsilon aminocaproic acid
Experimental autoimmune encephalitis
Eosinophil adhesion to endothelial cells
Eosinophil-activating factor
Epstein-Barr virus-induced gene 3
Epstein-Barr virus

Eosinophil chemotactic activity
Eosinophil cytotoxicity enhancing factor
Eosinophil chemotactic factor
Extensively casein hydrolysate formula
Enteric cytopathic human orphan
(virus)

Extracellular matrix

Eosinophil cationic protein
Extracellular unique

Emergency department
Epithelium-derived inhibitory factor
Eosinophil-derived neurotoxin
Endothelium-derived relaxing factor
Ethylenediaminetetraacetic acid
Enhancing factor of allergy

Essential fatty acids

Essential fatty acid dysfunction
Efavirenz

Epidermal growth factor

Enzyme immunoassay
Exercise-induced anaphylaxis

Equine infectious anemia virus
Elastase 2

Endothelial-leukocyte adhesion
molecule (CD62E, LECAM-1)

EBI1 ligand chemokine
Enzyme-linked immunosorbent assay
Enzyme-linked immunospot

EM

EM
EMA
ENA-78

EMK
ENR
env
EPA
EPD
EPO
EPSPS

ER
ERV
ESL-1
ESPACI

ESPGAN

et al.
ET
ET-1
ET-2
ET-3
ET-4
ETAC
ETAC

ETD
ETO
ETS
EU
EWHF

FA
Fab
FADD
FAE
Fas
FAS
FAST
FC
Fc
FcR
ECT
FDA
FDC
Fe
FEF
FEF;,
FEIA
FEIA
FEV,
FFA
FGF
FH
FHA

Electron microscope

Erythema multiforme
Endomysium autoantibodies
Epithelial cell-derived neutrophil-
activating protein-78

Enkephalin

Eosinophilic nonallergic rhinitis
Envelope (of HIV)
Eicosapentaenoic acid

Enzyme potentiated desensitization
Eosinophil peroxidase
5-Enolpyruvylshikimate-3-phosphate
synthase

Endoplasmic reticulum

Expiratory reserve volume
E-selectin ligand 1

European Society of Pediatric Allergy
and Immunology

European Society of Pediatric
Gastroenterology and Nutrition

et alii, and others

Eustachian tube

Endothelin-1

Endothelin-2

Endothelin-3

Endothelin-4

Early treatment of the atopic child
European Task Force on Atopic
Dermatitis

Eustachian tube dysfunction
Eustachian tube obstruction
Environmental tobacco smoke
European Union

Extensively whey hydrolyzed formula

Food allergy

Fragment antigen binding
Fas-associated death domain
Follicle-associated epithelium
APO-1

Family atopy score
Fluoroallergosorbent test
Flux cytometry

Fragment crystallizable
Fc-Receptor

Food challenge test

Federal Drug Administration
Follicular dendritic cells

Iron

Forced expiratory flow
Forced expiratory flow at 50%
Fluoroenzymeimmunoassay
Food-associated EIA

Forced expiratory volume in 1 s
Free fatty acids

Fibroblast growth factor
Family history

Family history of atopy



FIC
FIS
FISH
FIV
FKBP
FMLP
FN
FP
FR
FR
FRC
FSA
FVC
FVC

G-CSF
G6PD
GA
GABA
GAD
gag
GAG
GAL
Gal-1
Gal-3
GALT
GAPs
GC
GCK
GCP-2
GDP
GE
GEF
GER
GHD
GIF
GINA
GLA
GLUT-2
GlyCAM-1

GM
GM-CSF

GM-CSFR

GMF
GMO
GMP
GNA
GPC
gps
GPM
GRO
GRP
GS
GTP
GvHD

Fibroblast-induced chemokine
Fetal immune system
Fluorescence in situ hybridization
Feline immunodeficiency virus
FK-506 binding proteins
Formylmethionyl leucylphenylalanin
Fibronectin

Fluticasone propionate
Framework region

Free radicals

Functional residual capacity
Family score of atopy
Flow-volume curves

Forced vital capacity

Granulocyte-colony stimulating factor
Glucose-6-phosphate dehydrogenase
Gestational age

y-Aminobutyric acid

Glutamic acid decarboxylase
Group-specific antigen
Glycosaminoglycan

Galanin

Galectin-1

Galectin-3

Gut-associated lymphoid tissue
GTPase-activating proteins
Germinal center

Glucokinase

Granulocyte chemotactic protein 2
Guanosine diphosphate

Gas exhaust

Glycosylation enhancing factor
Gastroesophageal reflux

Growth hormone deficiency
Glycosylation inhibiting factor
Global initiative for asthma
y-Linolenic acid

Glucose transporter-2 (protein)
Glycosylation-dependent cell adhesion
molecule 1

Geometric mean

Granulocyte macrophage-colony
stimulating factor

Granulocyte macrophage-colony
stimulating factor receptor
Genetically modified food
Genetically modified organism
Granule-associated membrane protein
Galanthus nivalis agglutinin

Giant papillary conjunctivitis
Glycoproteins

Genetic polymorphism
Growth-related gene
Gastrin-releasing peptide

Good Start

Guanosine triphosphate
Graft-versus-host disease

H

H

H/P

HA

HA
HAART
HAV
HBV
H-CAM
HC
HCC-1
HCV
HDE
HDM
HE
HEM
HEP
HEPA

HET
15-HETE
HEV

HF

HFI
HHM

HHV
5-HIAA
HIES
HIgES
HIgMS
HIS

HIV
HIV-1 gp120
HLA
HLA
HML
HMMBF
HNF
HEC
HPA
HPLC

HR
HR
HR
HRF
HRF
HRE-P
HRIF
HRQL
HRP
HSP
HSCT
HSV
5-HT
HTLV-I
HVR
HZ

XXV

Heavy

Humana HA

Hypolac/Profylac
Hemoagglutination
Hypoallergenic

Highly active antiretroviral therapy
Hepatitis A virus

Hepatitis B virus

Hematopoietic cell adhesion molecule
Head circumference

Hemofiltrate CC chemokine-1
Hepatitis C virus

House dust endotoxin

House dust mite

HIV-exposed

Heat escape method

Histamine equivalent potency
High-efficiency particulate

(or particle arresting) air (filter)
Heterozygote, heterozygous
Hydroxyeicosatetraenoic acid
High endothelial venules
Hydrolysate formula
Hydrofluorocarbon inhaler
Hypogammaglobulinemia

with hyper-IgM

Human herpesvirus
5-Hydroxyindoleacetic acid

Hyper IgE syndrome

Hyper-IgE syndrome

Hyper-IgM syndrome

Hyper IgE syndrome

Human immunodeficiency virus
HIV-1 glycoprotein 120
Histocompatibility leukocyte antigens
Human leukocyte antigens
Human mucosal lymphocytes
Home-made meat-based formula
Hepatocyte nuclear factor 1o, 4o
Hydrofluorocarbons
Hypothalamus-hypophysis-adrenal
High-performance liquid
chromatography

Hazard risk

(At) high risk (of atopy)

Heart rate

Histamine release factor
Homologous restriction factor
Histamine release factor platelets
Histamine release inhibition factor
Health-related quality of life
Horseradish peroxidase

Heat shock proteins
Hematopoietic stem cell transplantation
Herpes simplex virus
5-Hydroxytryptamine

Human T-cell leukemia virus
Hypervariable region
Homozygote, homozygous



XXVI

1-309
i-NANC
I-TAC

1A
Ia
IAA
IAC
IAP
IAP
IAR

1AW

IB

IBD

IBE

IBS

IC

ICA
ICAM-1
(CD54)
ICAM-2
(CD102)
ICAM-3
(CD50)
ICAM-4
(CD242)
ICD
ICD
ICDRG

ICE
ICMA
ICRM
ICS
ICT
ICU
ID

ID
IDC
IDDM
IDV
IEF
IEL

IF

IEN
IFR

Ig

IgA
IgD
IgDs
IgE
IgE-BF
IgE-PF
IgE-SF
IgG
IgG-STS

1-309 protein

Inhibitory-NANC

Interferon inducible T-cell alpha
chemoattractant

Idiopathic anaphylaxis

I region-associated antigen

Insulin autoantibodies
Immunologically active casein levels
Inhibitors of apoptosis proteins
Integrin associated protein (CD47)
Immediate asthmatic reactions

(see LAR)

Immunologically active whey protein
levels

Ipratropium bromide

Inflammatory bowel disease
Immunoreactive bacterial extracts
Irritable bowel syndrome
Intracytoplasmatic

Islet-cell antibodies

Intracellular adhesion molecule 1
Intracellular adhesion molecule 2
Intracellular adhesion molecule 3

Intracellular adhesion molecule 4
International classification of diseases
Irritant contact dermatitis
International contact dermatitis
research group

Interleukin IL, converting enzyme
Intracellular Mycobacterium avium
Identifiable as casein raw material
Inhaled corticosteroids

Ice cube test

Intensive care unit

Immune deficiency

Intradermally

Interdigitating dendritic cells
Insulin-dependent diabetes mellitus
Indinavir

Isoelectrofocalization
Intraepithelial lymphocytes
Immunofluorescence

Interferon

Inspiratory flow rate
Immunoglobulin

Immunoglobulin A
Immunoglobulin D

Surface immunoglobulin D
Immunoglobulin E

IgE binding factors

IgE potentiating factor(s)

IgE suppressive factor(s)
Immunoglobulin G

IgG short time sensitization

Igs
1gSC
IgSF
IxB
IxB-a
IKK
IL
IL,RA
M
IMN
iNOS
IP-10
IP-10
IPD-1
1P3
IPPB
Ir
IRAK
IRR
IRFI
IRV
ISAAC

ISP
ISS
ITAM

1U
IUIS

v
VAP
IVig

JAK
JCA
JRA
JSC

kb
kD
KS

L

LA
LAD
LADI
LADII
LADIII
LADIV
LADV
LAG-3
LAK
LAM
LAMP
LAR

Immunoglobulins

Ig-secreting cells
Immunoglobulin superfamily
Inhibitor of NF-xB

Inhibitor of NF-kB, type
Inhibitor of B kinase
Interleukin

IL, receptor antagonist
Intramuscular

Infectious mononucleosis
Inducible NO synthase
Inflammatory protein-10
Interferon-inducible protein-10
Insulin promoter factor 1
Inositol-trisphosphate
Intermittent positive pressure breathing
Immune response
IL,R-activating kinase
Incidence rate ratio

Interferon regulatory factor-1
Inspiratory reserve volume
International Study of Asthma
and Allergy in Children
Immature single positive
Immunostimulatory sequences
Immunoreceptor tyrosine-based
activation motif

International Unit
International Union of Immunological
Societies

Intravenous

In vitro antibody production
Intravenous immunoglobulins

Junction

Janus-family kinase

Juvenile chronic arthritis
Juvenile rheumatoid arthritis
Juvenile scleroderma

Kilobase
Kilodalton
Kaposi’s sarcoma

Light

Linolenic acid

Leukocyte adhesion deficiency
Leukocyte adhesion deficiency, type I
Leukocyte adhesion deficiency, type II
Leukocyte adhesion deficiency, type III
Leukocyte adhesion deficiency, type IV
Leukocyte adhesion deficiency, type V
Lymphocyte activation gene-3
Lymphokine activated killer
Leukocyte adhesion molecule (CD62L)
Lysosome-associated membrane protein
Late asthmatic reactions (see IAR)



LARC

LBP
LBW
LC
LC-SFA
LCA
LCAM
LCP
LCP
LD
LDH
LDL
LESN
LFA-1

LFA-2
LFA-3

LGL
li
LIF
LIP

LMI
LMP
LMPT
LMW
Lod
LPAM-1

LPAM-2

LPR
LPS
LR
LRTI
LST
LST
LT
LTB,
LTC,
LTP
LTR
LTT
LYST

M
mAb
M-CSF

M-CSFR
MAC

MAC
Mac-1,-2

Liver and activation-regulated
chemokine
Lipopolysaccharide-binding protein
Low birth weight

Langerhans cells

Long-chain saturated fatty acids
Leukocyte common antigen (CD45)
Liver cell adhesion molecule
Long-chain polyunsaturated fatty acids
Long-chain PUFA
Lymphocyte-defined
Lactate-dehydrogenase
Low-density lipoprotein

Lupus erythematosus systemic, neonatal
Lymphocyte function-associated
antigen-1 (CD11a/CD18)
Lymphocyte function-associated
antigen-2 (CD2)

Lymphocyte function-associated
antigen-3 (CD58)

Large granular lymphocytes
Invariant chain
Leukocyte-inhibiting factor
Lymphocyte (lymphoid) interstitial
pneumonitis

Leukocyte migration inhibition
Low-molecular-weight polypeptide
Lactulose mannitol permeability test
Low molecular weight

Logarithm of the odds

Lymphocyte Peyer’s patch HEV
adhesion molecule 1

Lymphocyte Peyer’s patch HEV
adhesion molecule 2

Late-phase reaction
Lipopolysaccharide

(At) low risk (of atopy)

Lower respiratory tract infection
Long synthetic overlapping peptide
Lymphocyte stimulation test
Leukotriene

Leukotriene B,

Leukotriene C,

Lipid transfer protein

Long terminal repeats

Lymphocyte transformation test
Lysosomal trafficking

Microfold

Monoclonal antibodies
Monocyte/macrophage-colony
stimulating factor

Myeloid colony stimulating factor
receptor

Membrane attack complex
Mid-arm circumference
Macrophage-1 (-2) glycoprotein
(CD11b/CD18)

MACIF

MAD-2
MAdCAM-1

MAG
MALT
MAMC
MAP
MAPK
MAS
MASP
MAST
MBL
MBP
MBP
MBP
MBT
MCAF

MCC
MCD
MCP
MCP
MCP-1
MCP-2
MCP-3
MCP-4
MCP-5
MCR
MCS
MCT
MDA-7

MDC
MDI
MDV
ME
MEEs
MEF
MEF,s ;5

MGF
MGSA
MHC
MIF
mig
mlgD
mlgM
MIIC
MIP-1a
MIP-1
MIP-2
MIP-3a
MIP-38
MIPF-1
MIPE-2
MLC

XXVII

Membrane attack complex inhibitory
factor (CD59)

Monocyte adhesion dependent protein-2
Mucosal addressin cell adhesion
molecule-1

Myelin associated glycoprotein
Mucosa-associated lymphoid tissue
Mid-arm muscle circumference
Mitogen-activated protein
Mitogen-activated protein kinase
Macrophage activation syndrome
MBL-associated serine protease
Multiplied allergosorbent test
Mannose-binding lectin

Major basic protein
Mannose-binding protein

Myeline basic protein
Mercaptobenzothiazole

Monocyte chemotactic and activating
factor (MCP-1)

Mast cell chymase

Mad cow disease

Mast cell protease

Membrane cofactor protein (CD46)
Monocyte chemotactic protein-1
Monocyte chemotactic protein-2
Monocyte chemotactic protein-3
Monocyte chemotactic protein-4
Monocyte chemotactic protein-5
Monocyte complement receptor
Multiple chemical sensitivities
Medium-chain triglycerides
Melanoma differentiation-associated
factor 7

Macrophage-derived chemokine
Metered-dose inhaler

Mean diurnal variation

Middle ear

Middle ear effusions

Mid-expiratory flow

Maximal expiratory flow

at 25%-75% VC

Mast cell growth factor (SCF)
Melanocyte growth stimulating activity
Major histocompatibility complex
(Monocyte) migration inhibiting factor
Monokine inducible by IFN-y
Membrane IgD

Membrane IgM

MHC class II-loading compartment
Macrophage inflammatory protein-la
Macrophage inflammatory protein-1p
Macrophage inflammatory protein-2
Macrophage inflammatory protein-3a
Macrophage inflammatory protein-3[3
Myeloid inhibitory factor-1

Myeloid inhibitory factor-2

Mixed lymphocyte culture



XXVIII

MLR
MMEF
MMP
MMR
MMWR

MODY
MP
MPO
MPS
MR

MR
mRAST
MS
MSP-R

MT
MUD
MVM
MXT
MyD88
MZ

N-CAM
NA
NACDG

NADP
NADPH

NALT
NANC
NAP-1
NAP-2
NARES

NAT
NBT
NC
NCA
NCA
NCAM
NCF
NCE-A

NE

nef
NEMO
NEP
NFAT
NF-xB
NEFV
NGF
NGEFR-SF

Mixed lymphocyte reaction

Maximal mid-expiratory flow

Matrix metalloproteinase

Measles, mumps and rubella (vaccine)
Morbidity and Mortality Weekly Report
Molybdenum

Maturity-onset diabetes of the young
Monopositive

Myeloperoxidase

Mononuclear phagocyte system
Magnetic resonance

Mannose receptor

Modified RAST

Multiple sclerosis
Macrophage-stimulating protein
receptor

Mantoux test

Matched unrelated donor

Microvillus membrane

Methotrexate

Myeloid differentiation protein gene 88
Monozygous

Neutral

Nutramigen

Neural cell adhesion molecule
Neutrophil antigen

North American Contact Dermatitis
Group

Nicotinamide-adenine dinucleotide
phosphate

Nicotinamide-adenine dinucleotide
phosphate (reduced form)
Nasal-associated lymphoid tissue
Nonadrenergic noncholinergic
Neutrophil-activating factor-1
Neutrophil-activating factor-2
Nonallergic rhinitis,

eosinophilic subgroup

Nucleic acid amplification technology
Nitroblue tetrazolium (test)
Nucleocapsid

Neutrophil chemotactic activity
Non-cross-reactive antigen

Neural adhesion molecule
Neutrophil chemotactic factor
Neutrophil chemotactic factor

of anaphylaxis

Norepinephrine

Negative factor

NF-kB essential modifier

Neutral endopeptidase

Nuclear factor of activated T cells
Nuclear factor kB

Nelfinavir

Nerve growth factor

Nerve growth factor receptor
superfamily

NHR
NI
NIDDM

NeuroD-1
NK
NKA
NKAR
NKAT
NKB
NKIR
NKR
NKRP-1
NKSF
NN
NNRTI

NO
NO,
NOD
NOS
NP
NPP
NPT
NPV
NPY
NRL
NRTI

NSAIDs
NT
NVP
NZB
NZW

0,
0,
OAS
OCT
ODN
OFC
OME
q.i.d.
ORL
OVA

2
P

P+P
p-ANCA

p150,95
PA
PAA
PABA
PAC
PACGT

Nasal hyperreactivity

Nidina HA

Non-insulin-dependent diabetes
mellitus

Neurogenic differentiation factor 1
Natural killer cells

Neurokinin A

Natural killer-activating receptor
Natural killer-associated transcripts
Neurokinin B

Natural killer inhibitory receptor
Natural killer receptor

Natural killer receptor P-1 (CD161)
Natural killer cell stimulatory factor
Neonatal neutrophils
Non-nucleoside reverse transcriptase
inhibitors

Nitric monoxide

Nitric dioxide

Nonobese diabetics

Nitric oxide synthase

Nutrilon Pepti

Nutrilon Pepti Plus

Nasal provocation test

Negative predictive value
Neuropeptide tyrosine (Y)

Natural rubber latex

Nucleoside reverse transcriptase
inhibitor

Nonsteroidal anti-inflammatory drugs
Neurotensin

Nevirapine

New Zealand black

New Zealand white

Superoxide anion

ozone

Oral allergy syndrome

Oral challenge test
Oligodeoxynucleotides

Open food challenge

Otitis media with effusion
Quarter in die, four times a day
Otorhinolaryngologist
Ovalbumin

Pregestimil

Properdin

Prick by prick

Perinuclear anti-neutrophil circulating
antibodies

CD11c/CD18

Pseudoallergic, pseudoallergy
Proteins with anti-infective activity
P-aminobenzoic acid

Perennial allergic conjunctivitis
Pediatric AIDS Clinical Trials Group



PaCO, Partial pressure of CO,in PHA Phytohemagglutinin
arterial blood PHI Peptide histidine-isoleucine
PAF Platelet-activating factor PHM Peptide histidine-methionine
PALS Periarteriolar lymphocyte sheath phox Phagocyte oxidase
PAN Periarteritis nodosa PHV Peptide histidine-valine
PaO, Partial pressure of O, in arterial blood PI 3K Phosphatidylinositol-3-kinase
PAR Perennial allergic rhinitis PID Primary immune deficiency
PARC Pulmonary and activation-regulated pIgA Polymeric IgA
chemokine pIgR Polymeric Ig receptor
PAS Para-aminosalicylic (acid) PIP2 Phosphatidylinositol-bisphosphate
PBB Polychlorinated biphenyl compounds PJ PeptiJunior
PBL Peripheral blood lymphocytes PKA Protein kinase A
PBMC Peripheral blood mononuclear cells PKC Protein kinase C
PBP Platelet basic protein PL Phospholipase
PC Particle counter PLA Phospholipase A
PC Pneumocystis carinii PLC Phospholipase C
PC,, Methacholine/histamine provocative PLCyl Phospholipase Cyl
concentration causing a fall in FEV, PLCy2 Phospholipase Cy2
of 20% PLD Phospholipase D
PCB Polychlorinated biphenyls PLH Pulmonary lymphoid hyperplasia
PCD Programmed cell death PLP Proteolipid protein
PCD Protein contact dermatitis PM,, Particulate matters <10 pm
pCi PicoCurie PMA Phorbol myristate acetate
PCIIINP Amino terminal propeptide of type III pMDI Pressurized metered dose inhaler
procollagen PMN Polymorphonuclear (leukocytes)
PCIP Carboxy terminal propeptide of type I PNM Polynucleated neutrophils
procollagen PNP Purine nucleoside phosphorylase
PCP Personalized care project PNU Protein nitrogen units
PCP Pneumocystis carinii pneumonia pol Polymerase
PCR Polymerase chain reaction poly Polyarticular
PD,, Provocation dose 20 POP Persistent organic pollutants
PDE Phosphodiesterase PP Peyer’s patches
PDGF Platelet-derived growth factor ppb Parts per billion
PDGFR Platelet-derived growth factor receptor PPD Purified protein derivative
(CD140) PPDA Paraphenylenediamine
PE Progressive encephalopathy ppm Parts per million
PECAM 1 Platelet endothelial cell adhesion PPV Positive predictive value
molecule (CD31) PR Pregomin
PEF Peak expiratory flow PR Protease
PEFR Peak expiratory flow rate PR Protein related to pathogenesis
PEFV Partial expiratory flow volume (curve) PR3 Proteinase 3
PEG Polyethylene glycol prn pro re nata, if required
PEM Protein-energy malnutrition PRIST Paper radioimmunosorbent test
PENTA Pediatric European Network for Treat- PrP Prion protein
ment of AIDS PRU Phadebas RAST unit
PF Perch fish PS Polysaccharides
PF4 Platelet factor 4 PSA Polysaccharide antigen
PEC Plaque-forming cells PSGL-1 P-selectin glycoprotein ligand 1 (CD162)
PFM Peak flow meter PT Patch test(ing)
PFT Pulmonary function testing PT Provocation testing
PG Polygalacturonase PTF Patch test with foods
PG Prostaglandin PTK Protein tyrosine kinase
PGD Prostaglandin D PTP Protein tyrosine phosphatase
PGE Prostaglandin E PUFA Polyunsaturated fatty acids
PGF Prostaglandin F PUVA Psoralen ultraviolet A
PGL Persistent generalized lymphadenopathy PV Pulmonary volume
PGP9.5 Neuron-specific protein 9.5 PVR Polio virus receptor (CD155)
PH Prophylac/Hypolac PWHF Partial whey hydrolysate formula

PWM Pokeweed mitogen



XXX

RA
RA
RAG

RAG-1 and -2 Recombination-activating gene-1 and -2

RANTES

RAP
RAP
RAST
Raw
RBA
RBC
RCA
RDA
RES
REV
rev
RF
RFLP

RFX5
RGS
RH
rHuG-CSF
RIA
Rint
RLS
ROC
RP
RR
RR
RRI
RSR
RSS

RSV
RSV-IVIg

RT
RT-PCR

RTC
RTV
Rx

SA
SAA
SAC
SAFT
SAH

SALT
Sa0,
SAP
SAR
SARAH

SARS

Recombinant allergens
Rheumatoid arthritis
Rice allergen

Regulated on activation

normal T expressed and secreted
Rapamycin

Rice allergenic protein

Radio allergosorbent test

Airway resistance

Radio-binding assay

Red blood cell

Regulator of complement activation
Recommended daily allowance
Reticuloendothelial system

Rev responsive element

Regulator of viral expression
Rheumatoid factor

Restriction fragment length
polymorphism

Regulatory factor X5

Regulators of G protein-signaling
Relative hazard

Recombinant human G-CSF
Radioimmunological assay
Interrupter resistance

Restless legs syndrome
Receptor-operated channels

Ratio of proportion

Relative risk

Respiratory rate

Recurrent respiratory infections
Respiratory system resistance
Conserved recombination signal
sequences

Respiratory syncytial virus
(Anti)respiratory syncytial
virus-intravenous immunoglobulins
Reverse transcriptase

Reverse transcriptase/polymerase chain
reaction

Rapid thoracoabdominal compression
Ritonavir

Radiographic

Superantigen

Serum amyloid A protein
Seasonal allergic conjunctivitis
Skin application food test
S-adenosylhomocysteine,
S-adenosylhomocysteine
Skin-associated lymphoid tissue
Oxygen saturation

Serum amyloid P component
Seasonal allergic rhinitis

Skin activity reference allergen/
histamine

Severe acute respiratory syndrome

SBHR

SC

SC
SC-SFA
SCF
SCID
SCN
SCORAD
SCT

SCY

SD

SD

SDF

SDS
SDS-PAGE

SE

Se
SEA
SEB
SEC
SED
SEE
SEM
SFA
SGOT

SH2,2,3
SH2DIA
SHS

SI

SIAIC

SIDS
sIgA
SIgAD
sIgE
slgG
slgM
SIS
SIT
SIV
SJS

SL
SLAM

SLC
SLE
sLe*
SLIT
SMOC
SO,
SOD
SOM
SP
SP
SP-A
SP-D

Spontaneous basophil histamine release
Secretory component
Subcutaneous

Short-chain saturated fatty acids
Stem cell factor

Severe combined immunodeficiency
Severe congenital neutropenia
Scoring of atopic dermatitis
Stem-cell transplantation

Small secreted cytokine
Serologically defined (antigens)
Standard deviation

Stromal cell derived factor
Standard deviation score
Sodium dodecylsulfate-polyacrylamide
gel electrophoresis
Staphylococcal enterotoxin
Selenium

Staphylococcal enterotoxin A
Staphylococcal enterotoxin B
Staphylococcal enterotoxin C
Staphylococcal enterotoxin D
Staphylococcal enterotoxin E
Standard error of the mean
Suppressive factor of allergy
Serum glutamic-oxaloacetic
transaminase

Src homology 2,3

SH2 domain containing gene 1A
Schonlein-Henoch syndrome
Systéme International des Unités
Societa Italiana di Allergologia
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Sudden infant death syndrome
Secretory IgA

Selective IgA defect

Specific IgE (food-specific)
Specific IgG

Secretory IgM

Skin immune system

Specific immunotherapy

Simian immunodeficiency virus
Stevens-Johnson syndrome
Synovial liquid

Signaling lymphocyte activation
molecule

Secondary lymphoid tissue chemokine
Systemic lupus erythematosus
Sialyl-Lewis x (CD15s)
Sublingual immunotherapy
Second messenger-operated channels
S dioxide

Superoxide dismutase
Somatostatin

Single positive

Substance P

Surfactant protein A

Surfactant protein D



SPA
SPB
SPEA
SPEB
SPF
SPT
SQ
SQv
sRaw
SRBC
SRCR-SF

SSSS
Stat

STCP-1
STS-IgG
Y%

syk

T
T-bet

TACTILE

TAI
TAME
TAP-1

TAP-2

TAPA-1
Tapr
TAR
TARC

tat
TB
TC

TCA
TCA3
TCC
TCDD
TCL
TcR
TdT
TECK
TEN
TF
TGF
TGFR
TGV
Th
ThP
THI

Abbreviations

Staphylococcus aureus protein A
Solid-phase binding

Staphylococcal pyrogenic exotoxin A
Staphylococcal pyrogenic exotoxin B
Soy protein formula

Skin prick test

Standardized quality unit

Saquinavir

Specific airway resistance

Sheep red blood cell

Scavenger receptor cysteine-rich
superfamily

Staphylococcal scalded skin syndrome
Signal transducers and activators

of transcriptions

Stimulated T cell chemotactic protein-1
Short-term sensitizing IgG

Simian vacuolating (virus)

Spleen tyrosine kinase

Tryptase-containing mast cells
Transcription factors T-box expressed
in T cells

T cell activation increased late
expression

Transient autoimmunity
Tosylarginine methylester
Transporter associated with antigen
presentation 1

Transporter associated with antigen
presentation 2

Target of an antiproliferative antibody 1
T cell and airway phenotype regulator
Transactivation responsive sequence
Thymus and activation-regulated
chemokine

Trans-activant

Tubercular

Tryptase and chymase-containing
mast cells

Trichloroacetic acid

T cell activation gene 3

T cell clones
Tetrachlorodibenzo-p-dioxin

T cell line

T cell receptor
Terminal-deoxynucleotidyl-transferase
Thymus-expressed chemokine

Toxic epidermal necrolysis
Transcription factor

Transforming growth factor
Transforming growth factor receptor
Thoracic gas volume

T helper

Th precursors

Transient hypogammaglobulinemia
of infancy

TIF
TIM

TLC
TLR
™
TMA4-SF
Tme/Te

T™]J
TN

TNF
TNFR
TNFRSF

TNFRSF6

Torr
TPN
Trl
TRADD
TRUE
Ts
TSP-1
TSP
TSST-1
tTG
TV
TVP
TVP
TX
TXA,

ucC
UCBT
UHT
UPA-R

URTI
uv

\%

\%

VAP-1
vC
VCAM-1

vCJ]D
VI
vif
VIP
VKC
VLA
VNR
VOC
VOC
vpr

XXXI

(IL,,-related) T-cell derived inducible
factor

T-cell immunoglobulin and mucin
(domain)

Total lung capacity

Toll-like receptor

Transmembrane

Transmembrane 4 superfamily
Percentage of expiratory time to reach
peak tidal flow
Temporomandibular joint

Triple negative

Tumor necrosis factor

Tumor necrosis factor receptor
Tumor necrosis factor superfamily
receptor

Tumor necrosis factor receptor
superfamily receptor 6

Torricelli (1 Torr = 1 mmHg)

Total parenteral nutrition
T-regulatory 1

TNFR-1-associated death domain
Thin-layer, rapid use epicutaneous (test)
T suppressor

Thrombospondin-1

Total suspended matter

Toxic shock syndrome toxin-1
Tissue transglutaminase

Tidal volume

Tensor veli palatini

Textured vegetable proteins
Thromboxane

Thromboxane A,

Ulcerative colitis

Umbilical cord blood transplantation
Ultra-high temperature

Urokinase plasminogen activator
receptor

Upper respiratory tract infection
Ultraviolet

Variable

Vivena HA

Vascular adhesion protein

Vital capacity

Vascular cell adhesion molecule
(CD106)

Variant Creutzfeldt-Jakob Disease
(HIV) virus-infected

Viral infective factor

Vasoactive intestinal peptide
Vernal keratoconjunctivitis
Very late antigens

Vitronectin receptor

Volatile organic compounds
Voltage-operated channels
Viral protein R



XXXII

vpu
vpx
VRI
VSV
vWE
VZV

WARI

WAS
WASp
WB
WCC
WGAA

Viral protein U

Viral protein X

Viral respiratory infection
Vesicular stomatitis virus
Von Willebrand factor
Varicella zoster virus

Wheezing associated respiratory
infections

Wiskott-Aldrich syndrome
Wiskott-Aldrich syndrome protein
Western blot

White-cell count

Wheat germ agglutinin antibodies 3

WHEF
WHO
WHO/IUIS

XL
XHIMS
XLA
XLP
XLT

ZAP-70
ZDV
Zn

Whey hydrolyzed formula

Word Health Organization

Word Health Organization/International
Union of Immunological Societies

X linked

X-recessive hyper-IgM syndrome
X-linked agammaglobulinemia
X-linked lymphoproliferative syndrome
X-linked thrombocytopenia

Zeta-associated protein 70
Zidovudine
Zinc



Historical Milestones

The concept of forbidden foods that should not be eaten
goes back to the Garden of Eden and apart from its
religious meanings it may also have foreshadowed the
concept of foods that can provoke adverse reactions.
Thus we could say that allergic diseases have plagued
mankind since the beginning of life on earth. The
prophet Job was affected by a condition that following
the rare symptoms described by the Holy Bible might be
identified as a severe form of atopic dermatitis (AD).
The earliest record of an apparently allergic reaction is
2621 B.C., when death from stinging insects was first de-
scribed by hieroglyphics carved into the walls of the
tomb of Pharaoh Menes depicting his death following
the sting of a wasp. In 79 A.D., the death of the Roman
admiral Pliny the Elder was ascribed to the SO,-rich
gases emanating from the eruption of Mount Vesuvius.
Hippocrates (460-377 B.C.) was probably the first to de-
scribe how cow’s milk (CM) could cause gastric upset
and hives, proposing dietetic measures including both
treatment and prevention for CM allergy. He also coined
the term “a00pa,” meaning breathlessness. Subsequent-
ly, Thucydides described that during the plague afflict-
ing Athens from 430 to 429 B.c., “those people who re-
covered from the disease rarely developed the illness a
second time and never mortally,” an observation that
was verified by Panum in 1847 [407]. The Roman poet
Lucretius (98-55 B.C.) stated that “what is food to one, is
a bitter poison to others.” Galen (129-202) was the first
to describe allergy to goat’s milk and also evidenced
the fifth cardinal sign of inflammation, that is the loss
of function or functio laesa not previously described by
Celsus (first century B.c.). Perhaps an example of toler-
ance could be that of Mithridates (132-63 B.c.), who re-
portedly acquired immunity against poisons by assum-
ing progressively increasing doses of each poison, a
precursor of the oral desensitization by taking small
incremental amounts of noxious foods. The concept of
immunity, deriving from the Latin immunitas (meaning
being exempt from), a century ago was linked by early
immunologists to the resistance of an individual to in-
fections; therefore immunology probably began its
march as acquired immunity [33]. The concepts of im-
munology have a long history and began primarily as a
branch of microbiology. Fracastoro wrote in De conta-
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gione et contagiosis morbis, published in 1610, that “an
infection is the same in both the carrier and newly
infected” and postulated the existence of “impercepti-
ble” germs. Since then, several important discoveries
have launched a renaissance of research into the field
of immunology. Experimental immunology began in
1798 with Jenner [237], Pasteur developed killed and
attenuated vaccines, and Miescher later discovered DNA
(deoxyribonucleic acid) [33]. In 1875 Cantani Sr stated
that the cause of diabetes mellitus was to be sought in a
missing ferment which in the healthy metabolized glu-
cose. He also demonstrated that dehydration should be
cured by fluid rehydration. In 1890, Ehrlich expressed
the concept of autoimmunity as horror autotoxicus
[137], amply skimming the etiopathogenetic mecha-
nisms. At the turn of the century, von Pirquet coined the
term “allergy” from “aAlos” and “egyos” (meaning al-
tered reaction) [611] and therefore included the devel-
opment of protective immunity [33], coupled by Coca
and Cooke in 1923 with the term “atopy,” from “atomos”
(meaning out of place and thus abnormal) [88]; thus
many episodes based on the mechanisms of cause
and effect were brilliantly documented [33]. In 1921,
Prausnitz and Kiistner demonstrated the presence of
“reagins” in the serum of allergic patients [436]; in the
same year a “Textbook of Immunology” was first pub-
lished in Italy [75]. In 1966, the Ishizakas attributed a
scientific meaning to reagins by identifying IgE as the
carrier of reaginic activity in the sera of hay fever suffer-
ers [228]: the first case of immunodeficiency (ID) was
reported in 1952 (Chap. 22).

The Immune System

Definitions. The immune system was presumably evolv-
ed by animals during evolution as a means of self-preser-
vation in a world teeming with microorganisms. It is not
selective and immune responses ensue against foreign
substances regardless of whether they are bacterial
products or not. Therefore the immune system has be-
come exquisitely specialized and highly complex, to pro-
tect the host from potentially noxious environmental
agents (antigens). The introduction of foreign substances
into the host may have an adverse effect on a variety of
cells; hence this system synthesizes highly specialized
molecules (antibodies), also generating selected cells,
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called cytokines, adhesion molecules, chemokines, and
the like. Related cells and cell products are consequently
a defense system designed to interact with foreign agents
to protect the host from any external injury [34].

e Immunity is the complex of cellular and/or humoral
events following the entry of foreign substances (non-
self) into the host. These events are overall free of
adverse effects for the majority of subjects, therefore
defined as normal.

o Immunology is the study of the ways used by the host
to maintain homeostasis in the internal environment
when confronted with non-self.

o Allergy currently implies all forms of hypersensitivity
with detrimental consequences for the host and type I,
IgE-mediated or cell-mediated reactions.

e Atopy is a term underlining the personal or familial
hereditary aspects of allergic reactions and is associated
usually in childhood or adolescence with increased
production of IgE antibodies and/or altered specific re-
activity in response to ongoing exposures to allergens,
usually proteins.

A thoroughly functioning immune system serves
three main functions: (a) defense against invasion of
microorganisms and foreign substances, ingested, in-
haled or achieved by mucosal contact, or by parenteral
injection; (b) homeostasis fulfilling universal require-
ments of multicellular organisms to preserve uniformi-
ty of a given cell type, as well removing worn-out “self”
components; and (c) surveillance devoted to perception
and destruction of mutant cells [33]. Therefore, inabili-
ty to relate to unum is intrinsic to atopic diseases that
depend on hyperproduction of IgE antibodies being
IgE-mediated. This is a genetic characteristic, although
the mode of transmission is still a matter of debate, and
the fact of being atopic does not result automatically in
the development of clinical manifestations. Atopy is also
polymorphous, manifesting in various forms, starting
out as AD or food allergy (FA), to further develop into
allergic rhinitis (AR) and/or asthma.

According to the classic theory of clonal selection
(Chap. 2), the crucial function of the immune system
from the first days of life is to distinguish self from non-
self, for example, between what belongs to or is closely
correlated to the organism (tolerance to self antigens)
and what is foreign, with the goal of eliminating the lat-
ter, independent of its potential pathogenicity. This is
the quintessential dichotomy of immunology: the self
versus non-self discrimination. We shall see in Chap. 2
that theories regarding self/non-self are still valid (as
long as they are not interpreted literally), with the ex-
ception of some recent studies that have clarified how
the so-called neonatal window period represents an on-
togenetic window only as far as tolerance induction is
concerned [60]. Immunity is acquired at the first contact
with non-self (antigen recognition), it is specific for a
given foreign substance and acquired, since it is able to
respond to molecules not encountered before. Following
an initial antigen stimulus, finally familiar with self and
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non-self, a series of reactions results, sometimes as if it
were reacting to invaders. In virtue of such events, the
integrity of the organism, which becomes protected
from successive entries of potentially pathogenic sub-
stances, is maintained. This is put into practice by the
immune memory enabling the immune system to mem-
orize previous exposures to a particular antigen, in a
way analogous to natural memory that recalls past expe-
riences. Amongst all defense mechanisms put into ac-
tion by the host against any external aggressor, we find a
network of organs, tissues, cells and molecules respon-
sible for immunity: the integrated immune system [36].
The interconnected and coordinated responses follow-
ing the entry of foreign substances are globally known
as immune reactions. Relatively small modifications in
the delicate and complex molecular and cellular struc-
tures of the immune system may cause a functional dis-
equilibrium that is responsible for a cascade of organic
perturbations that may become evident alterations,
such as atopic diseases varying in nature and severity
and primary immune deficiency (PID) [33].

Ideally, the immune reactions determine schemati-
cally ordered responses articulated on six levels: pro-
cessing, presentation and recognition of non-self, cel-
lular activation, elaboration of biologically active chem-
ical substances, mediators, and cellular cooperation. The
final outcome of the encounter between host and a for-
eign invader is now recognized as dependent upon
an integrated network of multidirectional communi-
cation pathways and signaling, where the mechanisms
of memory, effector responses and consequent regula-
tion of secretory proteins and soluble molecules such
as the interleukins (ILs) are clarified [34]. Antigen con-
tact starts to form those elements necessary for its
recognition, including the cells emitting signals, ILs
transducing such signals and target cells receiving them
by binding to appropriate receptors; following trans-
duction and amplification of signaling, a detectable
physiological response occurs [34]. Thus, immune
responses usually culminate in the elimination of pro-
voking agents. The specificity of antigen recognition, as
defined in molecular terms, is entrusted to three struc-
tures: the variable (V) region of Igs (immunoglobulins),
MHC (major histocompatibility complex) V regions and
TcR (T-cell receptor) chains. A fourth component of
molecular recognition, the cluster of differentiation
(CD) markers, differentiates subsets of T from B lym-
phocytes (from lympha, water) and other cell popula-
tions [34].

Systems of Immunity

Two general systems of immunity with specialized roles
in defending against infection have been selected dur-
ing evolution [114]:

e Innate immunity, an ancient form of host defense, also
called natural or congenital immunity, is an attribute of



The Immune System

Table 1.1. Comparison of the innate and acquired immune systems

Properties Innate immune system
Cellular components

CD8* T cells

Macrophages, PMN, eosinophils, NK cells,
DCs, IFN-producing cells, yo T cells,

Acquired immune system

T and B lymphocytes, macrophages,
DCs, CD4* T cells, CD8* T cells

Soluble components

Enzymes (lysozyme, complement, etc.),

Antibodies, interleukins

acute-phase proteins, interferon,
collectins, defensins, chemokines

Memory No Yes
Physical barriers Skin and mucous membranes None
Recognition ++ +
Self-non-self discrimination Yes Yes
Specificity No Yes
Speed tast slow

Modified from references [115, 184, 537].

every living organism, present at birth, that is, before
exposure to foreign agents and consisting of several non-
specific factors. Innate responses occur to the same extent
as the infectious agent is encountered. Not significantly
modified after an encounter with non-self substances, it
is void of both a fine-tuned discrimination of such sub-
stances and an increased activity following repeated en-
counters, thereby demonstrating that it does not possess
memory. The phagocyte cells (macrophages, neutrophils
and monocytes) and alternative complement pathway,
although void of specificity, are essential as primary ele-
ments of defense against a large number of infectious
agents.

o Acquired immunity, also called adaptive immunity,
becomes involved when the first level of defense fails to
fully prevent infection, exemplifying a recent evolutive
process, distinct by a particular specificity for offending
antigens and by memory. Unlike innate immunity, it is
elicited or stimulated by exposures to intruders that es-
caped early elimination by the innate immune system,
insofar as it is armed with a versatile discriminating ca-
pacity and potentiated by a successive encounter with
such agents.

Table 1.1 [114, 184] shows the major differences be-
tween these two types of immunity: the effector mecha-
nisms of innate immunity are activated immediately af-
ter infection and rapidly control the replication of in-
fecting pathogens, so the infection is restrained until
lymphocytes can accomplish their action. It takes
3-5days for a sufficient number of clones to be pro-
duced and differentiated into effector cells, which allows
time for pathogens to damage the host [353]. The great-
est difference is that acquired immunity, to compete
with genetic variability of microorganisms, has lost the
cardinal characteristic seen in innate immunity, that is,
the ability to distinguish between potential pathogens
and harmless substances. However, innate immunity
may have an additional role in determining which anti-

gens the acquired immune system responds to and the
nature of that response [148].

Acquired Immunity

As Table 1.1 shows, acquired immunity involves T and
B lymphocytes, antibodies and ILs, distinguished
schematically into humoral and cell-mediated immuni-
ty (CMI), each equipped with various functions, partly
different and partly overlapping. Acquired responses
involve the proliferation of antigen-specific B and
T cells, which occurs when the surface receptors of these
cells bind to antigen. Specialized cells, the antigen-pre-
senting cells (APCs), display the antigen to lymphocytes
and collaborate with them in the response to the antigen
[537].

Humoral-mediated immunity, above all responsible
for primary defense against bacterial infections, is pas-
sively transferable by serum or plasma, being mediated
by antibodies with a specific aptitude for reacting with
the configurations responsible for its production, which
is typical of B lymphocytes, which in humans differenti-
ate in mammalian bursal equivalent tissue and acquire
features of B cells from plasma cells with an endoplas-
mic reticulum (ER) characterized by an abundant RNA
(ribonucleic acid). Specific antibodies are responsible
for the reactions of immediate hypersensitivity, cyto-
toxicity, Arthus reaction and, by means of Fc receptors,
phagocytosis.

CMI, as well as being active in the defense against
viral infections, is implicated in some cases of autoim-
mune disease and is characteristically associated with
effector-target cell interactions involved in antimicro-
bial immunity, rejection of allografts, immune surveil-
lance and rejection of tumor cells. This specific immuni-
ty is transferable by lymphoid cells and not by serum,
where T lymphocytes play a fundamental role [481].
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Delayed-type hypersensitivity (DTH) is a typical CMI
reaction [33], first discovered by Jenner [237].

Organs and Cells of the Immune System

Several organs and tissues participate in the host
defense and are classified into [33, 36, 47]:

e Primary lymphoid organs (forming the central lym-
phoid organs) where both T and B lymphocytes mature
into antigen-recognizing cells and developing lympho-
cytes acquire antigen specific receptors. These cells de-
velop from pluripotent stem cells (SC) in bone marrow
and only during fetal life in the liver and then circulate
throughout the extracellular fluid. B cells reach maturi-
ty within the bone marrow, but T cells must travel to the
thymus to complete their development. An important
and key role in homing-related responses and in the
regulation of cell trafficking of stem/progenitor cells
(SPC) is played by SDF-1 (stromal cell derived factor-1)
bound to G-protein-coupled CXCR4 (chemokine recep-
tor4). Supernatants of leukapheresis products activate
SDF-dependent actin polymerization and significantly
enhance the homing of human cord blood (CB) and
bone marrow-derived CD34 cells in a NOD (nucleotide-
binding oligomerization domain)/SCID mouse (severe
combined immunodeficiency (ID). CXCR4 plays a criti-
cal role in the trafficing of other tissue/organ specific
SPCs expressing CXCR4 on their surface, such as during
embryo/organogenesis and tissue/organ regeneration
[277,654]. They are represented in mammals by the thy-
mus, bone marrow and only during fetal life by the liver.
o Secondary lymphoid organs (forming the peripheral
lymphoid organs) including lymph nodes, spleen, ton-
sils and linings of the digestive, respiratory and geni-
tourinary tracts, skin, conjunctiva and salivary glands.
These organs of different size, disseminated throughout
the organism, build structures where antigen-driven
proliferation and differentiation occur and lympho-
cytes circulate and recirculate. There T cells interact
with foreign configurations by cytotoxicity or releasing
nonspecific mediators, with the non-complementary
help of ILs, and store, amplify,and disseminate informa-
tion about macromolecules encountered in various
parts of the body [33].

The primary lymphoid organs include the thymus
and the bone marrow.

The thymus is a lymphoepithelial organ located in the
anterosuperior region of mediastinum deriving from
the endoderm of the third and fourth pharyngeal
pouches. In the 6th week of fetal life, primitive mes-
enchymal and neural crest cells seed epithelial struc-
tures. Remarkably, parathyroids develop about the same
time as the same pouches. During fetal development, the
thymus size increases, then reaches its greatest relative
weight shortly after birth, and its greatest absolute
weight at puberty when contrary to other lymphoid or-
gans, it progressively involutes and is replaced by adi-
pose tissue. However, even if lymphocyte numbers pro-
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gressively decrease, they do not disappear altogether.
Apparently, a few fragments are adequate to ensure a
compatible T cellularity in peripheral lymphoid tissues.
By 8 weeks of gestation, CD7* hematopoietic SCs mi-
grate from the yolk sac and fetal liver and later from
the bone marrow via the bloodstream and enter the
thymus through the epithelial cell linings of the cortex.
The hematopoietic SC activity is regulated by C/EBP«x
(CCAAT-enhancer binding protein o) [679]. It has not
yet been clarified whether these traveling stem cells are
already committed to differentiate along the T-cell (T =
thymus-derived) lineage or become committed only
after entering the thymus and what excites them to such
a gland. It has been hypothesized that these precursors
may express certain as yet unidentified surface markers
that selectively bind to their corresponding ligands on
the thymic vascular endothelial cells. For this reason, the
thymus is the central organ where the precursors, bone
marrow-derived prothymocytes, undergo intense pro-
liferation and differentiation, as well as do macrophages,
epithelial and dendritic cells (DCs) [454]. The gland
consists of two lobes surrounded by a thin capsule of
connective tissue extending into the lobe, thus forming
septa, partially dividing parenchyma into lobules
(Fig. 1.1, a) [454]. The peripheral zone of each lobule
forms the cortex with immature proliferating cells. The
cortex is further subdivided into a superficial and a
deeper zone, with a more central area forming the
medulla containing more mature cells and Hassall’s cor-
puscles, an aggregate of epithelial cells. While the thy-
mus has a cortex and a medulla, there is no germinal
center (GC), or plasma cells, as in normal situations
[33]. The thymus, independent of antigen stimulation,
may be viewed as a lymphoid organ controlling all pe-
ripheral lymphoid organs, by means of expanding im-
munocompetence of the lymphocytes associated with
CML. The thymus exercises its function in time by se-
creting several soluble hormones (thymosin, thymopoi-
etin, etc.): in fact, epithelial thymic cells secrete a series
of polypeptides (thymic hormones and ILs), contribut-
ing to the maturation of T lymphocytes, with which they
can interact directly, influencing their differentiation
[33]. During fetal cell development, the requirement for
STATS5 (signal transducers and activators of transcrip-
tions) in thymopoiesis is developmental stage specific.
STATS5 is required for IL;R-regulated TCR gene tran-
scription, but it is not necessarily essential for TCR gene
rearrangement, denoting that factors other than STAT5
activated by the IL;R-JAK pathway control TCR locus
accessibility to VD] recombinase [246]. One of the major
roles of STAT3 in the G-CSF signaling pathway is to aug-
ment the function of C/EBPa (CCAAT enhancer bind-
ing protein-a), which is essential for myeloid differen-
tiation. Moreover, co-operation of C/EBPa with other
STAT3-activated proteins is required for the induction
of some G-CSF responsive genes [386]. The close con-
nection between epithelial cells and lymphocytes is con-
firmed by the presence of large epithelial cells (nurse cells)
in the superficial cortex, each containing 20-30 blasts in
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Fig.1.1. a The thymus of a normal newborn. Connective tis-
sue septa, traversed by large blood vessels, divide the thymus
into lobules, the very dense peripheral cortex is clearly distin-
guished from the more central, less dense medulla. b Positive
and negative selection in the thymus

Organs and Cells of the Immune System

division. Prothymocytes (pro-T) express CD2 and CD7,
immature T cells of the cortex, smaller (pre-T), such as
CD1 and once migrated into the medulla, CD3, CD4,
CD8,CD38 and CD71 (transferrin receptor) present not
only on T cells, but also on cells of other lineages under-
going proliferation. A low number of CD4*8* (DP, dou-
ble positive) T cells located in the medulla learn how to
discriminate self from non-self in a process known as
education; they interact with stem cells expressing MHC
molecules, then CD4-8~ (DN, double negative) T cells
acquire a CD4%8~ or CD4-8" (MP, mono-positive) phe-
notype. Targeted mutations of CD80 and CD86 substan-
tially reduce the proliferation and survival of DN T cells
in the thymus, since the DN development in the thymus
is subject to modulation by the CD80-CD28 costimula-
tory pathway [682]. The earliest immune maturation of
any lymphocyte compartment in humans is represented
by af and y6 TcR and most likely reflects the impor-
tance of these cells in controlling pathology due to com-
mon environmental challenges. A significant difference
between the y6 and aff T cell lineages is the much earli-
er activation and conversion to memory of the y6 T
cells, which illustrates the central role that y§ T cells
have in adressing Ag challenge from birth onward. yé
T cells are distinguished by expression of V81 vs V§2
§-chains. The majority of V82 cells display signs of ear-
ly activation in neonates. Even in infants <1 year most
of V82 nonnaive cells stain for perforin and produce
IEN-y after short-term stimulation, yet nearly all naive
V62 cells disappear from blood by 1 year of life. V&1 cells
predominate during fetal and early life, but represent
the minority of y6 cells in healthy adolescents [111]. As
regards TcR, only cells with an af3TcR-CD4/CD8 core-
ceptor combination that is able to bind the same MHC
class I or class II molecules will fully mature. Cells with
a mismatched combination will die [263]. Positive selec-
tion is conditioned by activation of the MAPK (mito-
gen-activated protein kinase) cascade, although it does
not involve CD4-8~ (DN) T cells [10]. Most lymphocytes
not surviving the thymic selection process die by apop-
tosis (from “amwmnrtoats,” cellular suicide): they are en-
gulfed and digested by macrophages of the corti-
comedullary junction within 3-4 days of their last cell
division [192] (Fig. 1.1 b). In the deep cortex, T cells in-
teract with macrophages, FCDs and epithelial cells,
which during a differentiation process modify expres-
sion of cytokeratins such as skin keratinocytes;
medullary T cells are found in Hassall’s corpuscles
[225]. Several immune deficiencies are characterized by
selective deficiency of T cells [33].

The bone marrow is a structure present in man and in
higher mammals considered to be a primary lymphoid
organ functionally equivalent to avian bursa. The loca-
tion of pluripotent hemopoietic stem cells eventually
differentiating into stromal cells guides hemopoiesis
both by direct cellular contacts with developing lym-
phocytes (precursors) and by other blood cells, also un-
der the control of growth factors. Many ILs are involved
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in different pathways; among them IL, produced by T
cells regulates proliferation of B lymphocytes (B=bone
marrow-derived or bursal equivalent). In mammals, B
cell maturation occurs in bone marrow: precursor cells
(pro- and pre-B; see Chap. 2) multiply when in contact
with primitive reticular cells, which generate ILs neces-
sary for cellular multiplication and maturation. As for
T cells in the thymus, a great number of B lymphocytes
die through apoptosis, while mature B cells leave the
bone marrow traversing the walls of venous sinuses
[469]. Then they are transported by the circulation to
secondary lymphoid organs, where they encounter and
respond to invading antigens.

Secondary lymphoid organs include lymph nodes,
spleen, tonsils and MALT.

Lymph nodes are lymph filters placed at the junctions
of sympathic vessels. They are aggregates of lymphoid
tissue strategically positioned to form a complete net-
work throughout the body and carry out the basic func-
tions of filtering foreign material, favoring antigen-de-
pendent differentiation of lymphocytes, and localizing

Fig.1.2. a Schematic structure of hu-
man lymph node. b Human lymph
node (low magnification). c Secondary
lymphoid follicle showing GC sur-

mu rounded by a mantle of B lympho-
MANTLE OF cytes. In the center there are few
SMALL IgD-positive cells; both areas contain
B-LYMPHOCYTES IgM-positive B cells. Lymphocyte man-
AND GERMINAL tle stained with anti-human IgD anti-
CENTER body.d Section of lymph node medul-
OUTER CORTEX la stained in methyl green (DNA)/
(B-CELL AREA) pyronin (RNA) to show the basophilic

(pink) cytoplasm of plasma cells with
PARACORTICAL abundant ribosomes. e Section of
(T-CELL AREA)

lymph node medulla showing macro-
phages lining the medullary sinus
following the uptake of red dye.
f Lymph node of a mouse immunized
with pneumococcal polysaccharide
antigen, thymus-independent, reveal-
ing a prominent stimulation of SFs
with GC. g Green stain (methyl/pyro-
nin) of a lymph node draining site of
skin stained with the contact sensitizer
oxazolone, with the generalized ex-
pansion and activation of the para-
cortical T-cell area, which is clearly
noted, since T blasts are strongly ba-
sophilic. h Lymph node section from a
congenitally athymic (nude) mouse
showing paracortical depletion with
failure of T-cell development. LM lym-
phocyte mantle with SF, MC medullary
cords, MS medullary sinus, PA paracor-
tical area, PC plasma cells, PN primary
node, SF secondary follicle, SM sinus
macrophage, SS subcapsular sinus

and preventing the spread of infectious processes. Apart
from collagenous capsules surrounding lymph nodes,
two cortical zones are recognizable within ganglia
parenchyma, a more external (cortex or B-cell area) and
a deeper one (paracortex or T-cell area) and a central
medulla, where parenchyma is organized into medullary
cords interdigitating with medullary sinuses. T and B
cells, plasma cells and several macrophages are found
there (Fig. 1.2) [470]. B cells populate three principal ar-
eas, the GCs, with dark and light zones, the follicular
mantle zone, including CD5* and CD5- with features of
virgin cells, and the marginal zone with several subsets
also present in the spleen, subepithelial areas of the ton-
sils and the dome region of Peyer’s patches (PP) [63]. B
memory cells coming from tonsils colonize subepithe-
lial areas and directly present antigen to T cells by rapid
up-regulation of CD80 and CD86 [304]. T lymphocytes
reside in T-cell-dependent areas, the deep cortex or
paracortical zone together with interdigitating DCs
(IDC) and high endothelial venules (HEV) present in
lymphoid tissues and possessing cubic epithelial cells



(Fig. 1.3). By crossing HEVs, non-antigen stimulated,
virgin lymphocytes reach lymph nodes [454], where the
paracortical area following antigen stimulation is hy-
pertrophied and contains T lymphocytes and ICDs that
are APCs. A specific subset of DCs (originating from cir-
culating CD11c + DCs), which strongly stimulate T cells
but not B cells, was recently identified in GCs [191].
Finally, the medullary layer, which is made up of cords
separating lymphatic sinuses, contains essentially
macrophages and plasma cells.

The spleen, in addition to being a filter eliminating
senescent or worn-out cells, foreign particles and
macromolecules from the circulation, is the only lym-
phatic tissue specialized in filtering blood as well as in
filtering and processing antigens transported into the
bloodstream (Fig.1.4). Similar to lymph nodes, it is
divided both from a functional and structural point of

Organs and Cells of the Immune System

Fig.1.2.
(Continued)

view into B and T zones. There are no lymphatic vessels,
since blood enters the splenic parenchyma at the hilum
via the splenic artery and follows along trabeculae
until smaller arterial branches become surrounded by
sheaths of lymphocytes, the white pulp. This zone con-
tains lymphoid cells aggregating in lymphoid follicles or
lymph nodules, and in periarteriolar lymphoid sheaths
(PALS), which are similar to the cortex of lymph nodes.
The pulp surrounding periarteriolar sheaths is called
the marginal zone. In the peripheral area, cortical lym-
phocytes aggregate into follicles (as can be found in
all peripheral lymphoid organs), distinguished into two
types, primary and secondary follicles, also designated
as GCs (see also “B Lymphocytes”). GCs also contain B
cells and macrophages; B cells can also be found in red
pulp, which is formed by venous sinuses, reticular fibers
(Billroth’s cords) and vessels [454]. The PALS mainly
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contain mature T lymphocytes with a CD4 phenotype in
65% of cases and CD8 in the remaining 35%. GCs and
cells in active proliferation are present; the larger and
medium-sized cells predominate in the central part of
the GC, while the smaller cells localize at the periphery
and form the mantle [454]. The surrounding follicles
and marginal zone are composed mostly of B cells in ad-
dition to monocytes, plasma cells, red cells, platelets,
DCs and several macrophages active in phagocytosis.
The main immune function of the spleen is to initiate
immune responses against polysaccharide antigens
(PSA) traveling in the blood and fixed on the surface of
follicular DCs (FDCs), differently from lymph nodes
where immune responses to antigens take place if anti-
gens enter via afferent lymphatics [33, 36]. The margin-
al zone is a natural reserve of memory B cells [48].

The tonsils (lingual, palatine and adenoidal) are im-
portant immune organs, containing many primary and
secondary follicles and GCs, with morphology and
cellular composition identical to those in lymph nodes.
They are strategically placed for initiating immune re-
sponses, as they are continually in contact with inhaled
or ingested antigens (Chap. 15).

Fig.1.4. a Spleen: diagrammatic
representation. b Low-power view
showing lymphoid white pulp (WP)
and red pulp (RP). ¢ High-power
view of a secondary follicle (SF) with
germinal center (GC) and lympho-
cyte mantle (M) surrounded by mar-
ginal zone (M2) and the red pulp
(RP). Adjacent to the follicle is an ar-
teriole (A) surrounded by periarteri-
olar lymphoid sheath (PALS,T cells)
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Fig.1.5. Schematic representation of
recirculation of lymphocytes show-
ing the relationships with MALT sites.
After antigen presentation, T lympho-
cytes of the organized MALT leave
the Peyer’s plaques (PP) via efferent
lymphatics and reach the circulation
via mesenteric lymph nodes. Cells
derived from the gut preferentially
home back to the gut lamina propria
via specialized homing receptors
(HR) and the HEV. Cells originating
from the gut can also reach other
MALT sites: GALT, BALT, SIS, NALT, CALT
(see text). T, BT and B lymphocytes,
M macrophages, IEL intraepithelial
lymphocytes, HEV high endothelial

B and T cells

Germinal center

Mesenteric
lymph node

Cells of the Immune System

EPITHELIUM

Mammary gland
— Conjunctival mucosa
———» Respiratory tract

P Skin

venules, HR homing receptors. (Modi-

fied from [546])

Mucosa-associated lymphoid tissue (MALT) is made
of lymphocytes aggregated to form follicles in the lami-
na propria underlying basement membranes of mucos-
al epithelia of the respiratory, gastroenteric, cutaneous
and urogenital systems. The most prominent of such tis-
sues are termed GALT and BALT (gut- and bronchus-as-
sociated lymphoid tissue) (Fig. 1.5) [548]. Such distant
anatomical sites not only share common immune effec-
tors such as secretory IgA antibodies (sIgA), but they are
also interrelated by a traffic of lymphoid cells.

GALT is represented by PPs in the mucosa of the out-
er wall of the terminal ileus (up to 200 PPs are present in
mammals) and by the appendix, with a similar division
into B- and T-dependent areas. Lymphoid tissue is also
diffusely distributed in the lamina propria of intestinal
villi and crypts and among epithelial cells of gut mu-
cosa. GALT may intervene in differentiating stem cells
into B lymphocytes that are mainly committed to IgA
synthesis throughout the MALT. Primed B lymphocytes
within PPs travel via mesenteric lymph nodes (where
they differentiate into mature IgA B cells) and thoracic
duct lymph, and subsequently to the systemic circula-
tion, and finally they return mostly to reside at intra-
epithelial sites in the mucosa and to some extent to the
spleen or to more distant sites such as BALT. Studies
have shown that T lymphocytes may leave intravascular
space via homing receptors on specialized HEVs where
vascular adhesion molecules may direct their traffic
[548].

BALT is structurally and perhaps functionally similar
to GALT, associated with both upper (nasal mucosa) and
lower (lungs) respiratory tracts. Lymphocytes are orga-
nized into lymphoid aggregates and follicles. They are
commonly placed along main bronchi in all lobes that
are found especially at bifurcations of bronchi and bron-
chioli; the so-called M (microfold) cells are found in
both GALT, over the PP dome, and BALT overlying folli-
cles (see Chaps. 9 and 11).

Efferent lymphatics

SIS (skin immune system). The term highlights
the skin’s immune characteristics, where intraepider-
mal lymphocytes, DCs, Langerhans’ cells (LCs), kera-
tinocytes, etc. are found.

Subsequently, additional lymphoid structures, includ-
ing NALT (nasal-associated lymphoid tissue), corre-
sponding to Waldeyer ring and CALT (conjunctiva-asso-
ciated lymphoid tissue) have been characterized.

Cells of the Immune System
Two Families of Lymphocytes

Both T and B cells can be defined as two lines of im-
munocompetent cells, morphologically indistinguish-
able but functionally distinct, having a different origin.
The immune response has indeed different functional
aspects according to the reciprocal involvement of T or
B cells; therefore, this response can be regarded as hav-
ing two distinct components, the T system of lympho-
cytes producing immune or sensitized lymphocytes,
and the B system of lymphocytes producing Igs. For
their identification there is an internationally defined
nomenclature, the group of CD antigens (CD followed
by a number) (CD1-CD342) (Table 1.2) [4, 6, 16, 23, 34,
49, 70, 82, 85, 102, 103, 109, 112, 120, 132, 147, 158, 175,
242,262, 343, 373, 407, 428, 437, 442, 484, 501, 515, 559,
571, 584, 608, 604], denoting that a cluster of antibodies
will react with a particular antigen (see “Afferent Phase
of Immune Response”).

These effector cells of specific immunity share two
cardinal features:
e They can be induced in that they have the ability to be
activated by antigens evoking their formation and can
be stimulated to proliferate and differentiate, so as to
generate effector and memory cells.
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Immunology

CHAPTER 1
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(Continued)

Table 1.2.

e They are committed to specific, initial antigen re-
cognition by interacting with a restricted part of
the macromolecule called epitope by means of specific
membrane receptors present on both B and T cells [326].

There are two major sets of lymphocytes. The anti-
bodies produced by B lymphocytes play a crucial role in
interacting with extracellular antigens, when found out-
side the cell (for example, when viruses are encountered
in the blood), whereas these antibodies are ineffective
against endocellular antigens, because overall they are
unable to penetrate the cells. Accordingly, T lympho-
cytes are probably originally derived to ensure a high
specificity in the critical phase of immune responses to
pathogens of various sources. Antigen recognition takes
place in a different way for each phenotype, since T cells
respond to antigens only when encountered inside or on
the target cell surface, thereby showing that T-cell anti-
gen recognition is fundamentally different from B-cell
antigen recognition. Such properties are gradually ac-
quired during ontogenesis when lymphocytes undergo
a series of differentiation events, each characterized by
sequential expansion or regression of the genes coding
for expression of membrane proteins and glycoproteins
(gps) 35,481, 647].

Main functions and properties/ligands/receptors/superfamily
Elicites ERK, activates NK cells and causes eosinophils to release

EPO, IL, and IFN-y
Anaplastic lymphoma kinase

¢ Chain of TcR

Structure and Molecular Framework

o
~
=
=
=

Igs or antibodies are molecules of specific immunity,
present in soluble form in biological fluids or as mem-
brane receptors at BcR (B-cell receptor) and TcR sur-
face. The immune system consists on the whole of =102
T cells and of =10?° B cells: in the bloodstream =80 % of
lymphocytes are T, 10%-15% are B cells and 10%-15%
are null cells known as LGLs (large granular lympho-
cytes), non-T non-B since they lack markers of B and T
cells. The Ig N-terminal part has a binding site or

tional Workshops on Human Leukocyte Differentiation Antigens [501]. Data from the 5th International Workshops on Human Leukocyte Differentiation Antigens [453], Immune Receptor
Supplement, 1st [4] and 2nd ed [5], 1997, CD antigens 1996 [257], CD Designations, 7th HLDA Workshop [331] and new CD designations (2002) [691] and from [4, 6, 16,23, 34,47,70, 82, 85,
102,103,109,112,120,132,147,158,175,242,262,343,407,428,437,442,484,501,515,559,571,584,608,688,691].The 8th HLDA Workshop has extended the CD nomenclature up to CD339

CDw128 has been divided into CDw128a (CXCR1, ILgRA) and CDw128b (CXCR2, ILgRB). The main cells are underlined following the Immune Receptor Supplements [4, 6, 262] and Interna-

5 paratope providing specific recognition. The C-terminal
E @ = transmits biological signals following epitope-paratope
s g 2 % binding. TcR, BcR, and Ig polypeptide chains are com-
5 ol ol a S| g = posed of subunits, each made up of =100 amino acids,
5 BN ~§ = bound to disulfide (-S-S) bonds, termed domains or
% s|v|v|d o S regions. Such striking similarities are also found in mol-
e _§ _g }_.’ g @ I I S ecules belonging to the Ig superfamily (IgSF): although
N > 5| > g |x 81818 &  these proteins are found in diverse tissues, they all
= [ e e [ I :

> . . P

2 appear to share a common primordial origin.

3

<

n

§ B Lymphocytes

“

§ S B cell precursors, the first cells to be appraised in onto-
a & 2 genesis, originate from hemopoietic bone marrow stem

’g 'E 5 (= ] g  cells and complete developmental and maturative
> IR == 3 § 8 processes that began in the fetal liver. Briefly, the earliest
N R(El2|2|a |e $  distinguishable cells in the B repertoire are known as
o) g 5 % g § E £ Er ,_QU' pro-B cells and pre-B cells with no surface Igs but with
81588 &8|l8 |85 &/ Q  surrogate light (L) chains. At this stage the cells express

¥ RAG-1 and RAG-2 (recombination-activating genes),
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Fab

B Variable region

B Constant region
Fc

CH,

COOH

HOOC

Fig. 1.6. Immunoglobulin basic structure. VH + VL Antigen
binding site, which is located in the V (variable) domain.CH; +
CL Covalent and noncovalent binding between the H (heavy
and L (light) chains; spacer between the antigen binding site
and effector functions. Intrachain -S-S bonds regulate the
molecular flexibility and determine the spatial conformation.

whose deficiency is responsible for one form of SCID;
affected patients are unable to produce functional lym-
phocytes bearing antigen receptors [508]. The next cells
in the B-cell lineage bearing monomeric surface IgM
(IgMs or mp) are referred to as immature B cells. In the
following stages of maturation, a mature B cell express-
es IgM, IgD, and Fc receptors (FcR) for IgGs. Up to this
point, all maturative steps take place in the bone marrow
and are antigen-independent (Chap. 2). It has been sug-
gested that bursal epithelial cells might produce
polypeptides, triggering maturation of lymphoid stem
cells into immunocompetent B cells, similarly to what
occurs in the thymus. These short-lived lymphocytes
colonize typical zones of lymph nodes and the spleen.
Each cellular clone synthesized in a GC produces iso-
types of the same class, specific for a given antigen. Dur-
ing the evolution of immune responses, there is a switch
in Ig classes from IgM to IgG, IgA and IgE.If IgG and IgA
antibodies are produced last, this could account for an
associated defect of the two Ig classes. Babies with X-
linked Hyper-IgM Syndrome (HIgMS) have little or no
IgG and IgA [96, 544].

The Igs are structurally similar. A typical antibody
molecule has a Y-shaped configuration when viewed
schematically (Fig. 1.6) and consists of a basic unit of
four polypeptide chains, two identical L and two identi-
cal H (heavy) held together by interchain -S-S bonds

Heavy chain (y, c, 8)

Immunology

Light chain (x or &)

" Hinge " region

. Carbohydrates

(B2}

CH, Ciq fixing site (complement activation). CH, + CH;
Binding site for Fc receptor of monocytes, macrophages,
neutrophils, streptococcus A protein, syncytial trophoblasts
(placenta crossing). CH; binding site for Fc receptor of
lymphocytes and mast cells

also present on single chains and by hydrogen bonds. As
the figure shows, NH, and COOH indicate amino and
carboxy terminals, respectively. L chains are common to
the diverse Igs, which instead differ from their H chains
that determine class type, hence IgA H chains are a,
those of IgG are vy, etc. Each L chain is made up of two
domains: a V region that varies from antibody to anti-
body and a constant (C) region, essentially identical
among L chains of a given type (Fig. 1.7). For this rea-
son, the molecules are practically identical, except in
amino-terminal domains where variability differentiat-
ing V domains of both L and H chains is most pro-
nounced [18]. In man, C regions are encoded by one of
four Cy genes for H chains and by one of two C genes
for L chains (LA and Lk). H chains therefore consist of
four C and one V domains and L chains of one C and
one V region. Both chains, organized in sequence, are
distinguished by their succession of amino acids: L
chains consist of 211-217 amino acids and H chains of
450 for y and « chains, and of 614 for p and € chains [3].
One noteworthy characterization of Igs lies in their bi-
functional aspects, in that they bind antigens and, in ad-
dition, elicit biological processes that are independent
of antibody specificity. Each of these functions is local-
ized to a different part of protein: C domains have
various effector activities (complement activation, op-
sonization, etc.) via IgG, IgE and IgG, FcRs, while V do-



Fig. 1.7. Structure of Vand C domains
of a light chain. The -S-S bridges in
each domain are indicated by thick
black lines. The hypervariable regions
that form the antibody combining site
or paratope correspond to the loops
around positions 26,53 and 96

mains are committed to the specificity of antigen recog-
nition. V regions within any group are not uniformly
variable across their whole 110 amino acid span. In-
stead, the greatest amount of variability of V. domains of
each chain (genes Vi and V) is concentrated in three
regions of both L and H chains called hypervariable re-
gions: the less variable stretches interspersed within
these hypervariable regions are called framework re-
gions (FR) of 15-30 amino acids. The six hypervariable
regions, which are each 9-12 amino acids long, partici-
pate in antigen binding and form a region that is com-
plementary in structure to antigen epitopes, according-
ly designated complementarity determining regions
(CDRs) principally involved in antigen contact, three in
Vy domains and three in V| domains [86]. H chains y, «
and § are formed by four Cy (Cyl, Cy2, Cy3 end Cy4)
domains, p and ¢ by five. Only y, « and § chains have a
hinge region located between two Cy domains; however,
for the other two chains there is the Cy2 region. The C
domain of H chains is dictated by one gene (Cy, Cp, Ce,
etc.) dictating isotypes [474].

To understand the diversity of antibody repertoires,
recent evidence shows that coding information of a typ-
ical human gene, that is the sequences coding regions to
be transduced into amino acid sequences, does not exist
as intact, functional genes. Therefore a single, uninter-
rupted DNA stretch in germ cells is broken up along the
chromosome and dispersed along the DNA strand into
multiple, shorter discrete entities (exons), widely sepa-
rated by noncoding DNA regions (introns). Eventually,
exons coding for V.domains may be broken down in still
smaller segments, each lacking some features needed
for proper RNA splicing and unable to function sepa-
rately [470]. Consequently, a V domain of a V| chain is
encoded by two separate DNA gene segments, exons
separated by introns: the first 95 amino acids of V,. do-
mains are dictated by a V exon, the shorter exon J,; (join-
ing) codes the remaining 13 amino acids (96-108) of C-
terminal domains [414]. H chains are dictated by Vy, Jy,
Dy (diversity) and Cy exons; the D exon, absent in L
chains, dictates a few amino acids and is in charge of the
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higher H chains variability compared to L chains [3]. An
L chain gene is assembled from three types of gene seg-
ments: Vy and J; are transferred on their genome (total
inherited DNA) and integrated with a C; segment. This
machinery, known as gene rearrangement, necessary for
transcription of gene information (mRNA synthesis) is
employed only for genes dictating Ig L and H chains or
TcR. After genes are transcribed into RNA, introns are
removed from transcripts and exons are joined together
by RNA splicing. As will be seen later, this rearrange-
ment is the core of the capability shown by the immune
system to recognize an incredible variety of antigen
structures in nature [18].

Genetic Rearrangements for Ig Synthesis

Antibody molecules are encoded by three independent
groups of genes. Two genes dictate A chains: one com-
prises V) and C, genes, k comprises V. and C,, genes,
while the third group dictates H chains and has Vi and
Cy genes. Before synthesizing Ig chains, however, Ig
genes must be assembled within a genome of differenti-
ating cells (rearrangement). Briefly, a V region gene can
be located in a DNA position of an inherited chromo-
some (germline),and can then move to another position
on the chromosome during lymphocyte differentiation.
For example, five ] segments of a k chain are clustered
near C exon, whereas at least 30-35 different V segments
lie scattered widely over many DNA kilobases (kb). Re-
arrangements follow an order fixed in advance: H chain
first, then L «, finally L A, encoded by chromosomes
14932, 2p12 and 22912, respectively (Fig. 1.8), with re-
sulting deletion of intervening genetic materials and
consequent realignment according to a configuration
calling for Ig generation [186].

In the rearrangement of H chains, selection of one
each from ten D, five ] genes, and =200 or more V regions
will produce a tripartite gene complex VD] recombina-
tion for Vy regions. VD] recombination is the process by
which the V region exons encoding the antigen recogni-
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Fig. 1.8. Schematic representation of chromosomes 14,2 and 22

tion sites of receptors expressed on B and T lympho-
cytes are generated during early development via so-
matic assembly of component gene segments [128].
During maturation of B and T lymphocytes, the first
rearrangement involves H locus with the juxtaposition
of D and J genes (D] rearrangement) by the deletion of
intervening DNA. This rearrangement occurs in a very
early stage of maturation, when precursors are not yet
clearly committed to B lineage; indeed it is also ob-
served in 20% of T cells [474]. The second rearrange-
ment involves subsequent translocation of DJ segments
to selected V region genes (VD] rearrangement)
(Fig. 1.9), which occurs in pre-B cells, already commit-
ted to B lymphocyte family. As a consequence, the VD]
segment joins the Cy gene [591]. However, recombina-
tion can be somewhat imprecise, since during this
process several nucleotides may be removed from or
added to a junction, so combination of VD] segments of
H chains results in a large number (10 Dy X 4 J X 200
Vy) of possible sequences (that is, antibodies). This
reshuffling process, known as combinatorial joining, is
the prevalent source of protein diversity. For example,
when organizing k genes, as there is only one Ck exon,
all x proteins must have identical C domain sequences,
while cells can choose among several Vk and Jk seg-
ments, with the result of joining such segments in
diverse combinations. Thus, a large number of different
V region sequences can result and when combined with

50 kx chain V domains could form 400,000 different V4
genes. Considering a necessary heterogeneity of gene
segments and combining 400,000 with 200 V. and four
Ji genes (200x4) X 10 equal to flexibility of VJ re-
arrangement, we have at least 3x10% different antigen-
binding sites. Such an outstanding recombinant capaci-
ty is further increased by somatic mutations to 101°-10
[18]. Nonetheless, even using a relatively small amount
of gene segments, the immune system can secrete an im-
pressive antibody diversity through combinatorial join-
ing [414].

In the most common scenario, a VD] segment joins
first with C, genes, and subsequently with Cy, Ce, Cy
genes, with synthesis of a complete H IgM chain, etc.
Without an associated L chain, surface expression is not
possible and only cytoplasmic p is found (pre-B cells).
Isotype switching requires DNA rearrangements. Con-
sequently, a single V gene is associated in successive
phases with different C genes on the same chromosome,
thereby allowing each cell to produce antibodies of
different isotypes with the same paratope. Several
components that are involved in this process have been
identified. Among them, a complex system of enzymes
and other proteins jointly known as recombinase activi-
ty appear to be necessary for gene rearrangements. Thus
the enzyme VD] recombinase catalyzes recombination
processes, during which intervening DNA is usually ex-
cised. However, since similar sequences are found also
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Fig. 1.9. a Schematic depiction of transcription, rearrangement and splicing of an H chain (Hp or H8). b Schematic depiction
of transcription, rearrangement and splicing of an L chain (Lk or LA). ¢ H-chain isotype switching

in TcR T-cell regions, it appears that VD] recombinase is
used by both B and T cells. VD] recombination proceeds
via precise DNA cleavage initiated by the RAG proteins
at short conserved signal sequences [128]. Whatever
their precise role, the coordinated expression in pre-B
and pre-T cells is essential for the rearrangement of Ig
genes and TcR af chains, but RAG activity is switched
off in mature lymphocytes [299]. Mutations of such
genes consisting in imprecise gene segment joining of
coding sequences during VD] recombination appear to
cause SCID with B and T cells severely impaired [299].
After hierarchical H-chain rearrangement, L-chain
rearrangement occurs (Fig. 1.9): when a D segment is
absent,V domain is encoded by V] genes (V] rearrange-
ment), with subsequent juxtaposition to respective C
segment; A genes are rearranged only in the event of a

nonproductive k rearrangement. This procedure contin-
ues until efficient V genes are generated for H and L
chains and ends with synthesis of functional poly-
peptides.

Rearrangements are carefully orchestrated, following
the principle of allelic exclusion, that is, in each B cell is
transcribed the gene product of only one of each chro-
mosome pair. The gene located on the second chromo-
some typically is not used, to prevent contemporary
synthesis of H chains with differing V domains in any
given cell; it is an allele, a term designating two genes or
two or more alternate forms of a single gene occupying
the same locus [591]. The gene on the second chromo-
some is not rearranged unless a nonproductive re-
arrangement occurs; when rearrangements are nonpro-
ductive on both chromosomes, cell death ensues, there-
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by clarifying why the same B lymphocytes within their
entire life span can produce only a single type of L chain
(x or A) [474].

Precombination of gene segments implies further
elements of diversity, due to either an imprecise DNA
rearrangement of nucleotides that are believed to be in-
serted at V-] junction, which increases junctional diver-
sity of L chains, or of H chains by mechanisms amplify-
ing diversity, including the possible joining of two D
genes, with or without inversion of one rearranging
gene segment, as well as disparities in recombination of
chromosome 14 [263]. Another very important mecha-
nism generating variations is somatic mutations, which
are able to introduce a heterogeneity even higher in
nucleotide sequences. Insertions of such nucleo-
tides are carried out by the enzyme terminal-deoxy-
nucleotidyl-transferase (TdT), a terminal-independent
DNA polymerase expressed in B lymphocytes early dur-
ing their development, but also in thymocytes of all
species. The variations in gene sequences resulting from
imprecise joining or from insertion of N regions, via ad-
dition of nucleotide sequences, absent in germline, pro-
vide a supplemental diversity at VD] junctions designat-
ed “N-region diversity.” Moreover, these processes affect
sequences within each VD] exon coding for CDR3 of
L- or H-chain V domain. Hence, TdT can be viewed as
another component of the VD] recombinase system
[263]. This implies that all these mechanisms engender-
ing a disproportionate antibody diversity leave an un-
known fraction of B cells to aberrant Ig gene rearrange-
ments, probably >50% [47]. Recent data show that TcR
and Ig V, D, and ] gene segments are flanked by con-
served recombination signal sequences (RSS), consisting
of a heptamer and a nonamer separated by a noncon-
served spacer of either 12 or 23 nucleotides. The 12-23
base pair rule first postulated to explain Ig gene re-
arrangement also governs TcR gene recombination. Vir-
tually, during a rearrangement, a gene with a flanking
sequence containing a 12-base pair spacer can only join
to a gene whose flanking sequence has a 23-base pair
spacer and vice versa, thereby elucidating the precise
order of Ig gene transcriptions [337].

In conclusion, because of the very efficient DNA us-
age displayed in gene rearrangements, as well as RNA
transcription and joining machinery described above, B
lymphocytes can produce an isotype switching conserv-
ing antigen specificity, although utilizing an assembly
of about 300 gene segments, there would be several mil-
lion different antibodies in the same subject [3]. Once
the recombination process is completed, C region genes
of both H and L chains are associated with the VD] or V]
complex. In this way, the VD] complex becomes joined
to C region genes of other isotypes located downstream
on the same chromosome. The conclusion of such re-
arrangements is the production of different isotypes of
the same antibody. Such antibodies capable of recogniz-
ing a specific antigen will be on the whole clone, on the
whole progeny originating from a single B cell precur-
sor. In that way, each lymphocyte clone can respond
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only to antigens able to bind to its unique pair of H and
L chains, and all antibodies synthesized by an activated
clone are directed against that particular antigen, as in
the case of B lymphocytes, or has receptors ready for the
antigen, as in the case of T lymphocytes [470].

On the other hand, papain digestion splits Ig mole-
cules yielding three fragments of roughly similar size
(50 kD), two monovalent Fab (fragment antigen bind-
ing) fragments with a whole L chain and half H chain
(retaining ability to combine with antigen), and an Fc
fragment (fragment crystallizable) comprising carboxy-
terminal portions of both H chains. On B cell mem-
brane, Igs are disposed as follows: the tail of Y is the Fc
fragment, while the arms correspond to Fab fragment
(Fig. 1.6).

Pepsin digestion yields a single large fragment called
F(ab)’,, roughly corresponding to two -S-S linked Fab
fragments with bivalent antigen-binding activity. Anti-
body ability to fix on several cell types with Fc region of
H chains takes place via FcRs, present on different cells.
FcR molecules appear to exemplify a point of contact
and cooperation between humoral and CMI. The main
FcR for H chains of different Igs are summarized in
Table 1.3 [186, 486].

In addition to the variability related to paratope di-
versity for antigen molecules, under appropriate cir-
cumstances antibodies deliver three main forms of Ig
epitopes as defined by their location on antibody mole-
cules, that is isotype, allotype, and idiotype determi-
nants [18].

The term “isotype” is often used as equivalent to the
terms “class” and “subclass;” isotypes are Ig epitopes
codified by identical gene segments found in all healthy
individuals of the same species. Individuals of a differ-
ent species have different isotypes, since each isotype is
located on a distinct gene locus on the pertinent
genome. Antibody isotypes are defined principally in
relation to H- or L-chain C regions and in some in-
stances to Vy and V invariable regions, as are Ig epi-
topes that characterize classes, subclasses and types of
H and L chains. As a general rule, isotypes are recog-
nized by antibodies produced by different species.

The allotypes, or genetic markers, a form of variation
in Ig structure, are allelic forms of the same protein as a
result of different forms of the same gene at a given
locus. They are located in C regions of both L and H
chains: allotypes of L chains are named Km, those of H
chains Gm, Am, and Mm. Inherited as dominant
mendelian traits, they stem from genetic differences in
amino acid sequences of C genes (genetic polymor-
phism, GPM). Allotypes are accepted in some countries
as legal evidence in paternity disputes. As in other allel-
ic systems, variants are not present in all healthy sub-
jects and therefore distinguish Igs of one subject from
Igs of another, as do blood groups.

The idiotypes (from Greek “id10s,” personal or pri-
vate), are as many as B-cell clones, 10® in adults [186],
and are formed by single idiotopes building a given
paratope with its characteristics and binding idiotypes



Table 1.3. Immunoglobulin (/g) receptors

Receptors CD Immunoglobulins

Cells

Cells of the Immune System

FcaR 89 IgA Neutrophils, lymphocytes, monocyte-macrophages, eosinophils

FceRI - IgE Mast cells, basophils, eosinophils, LC

FceRlla 23 IgE B cells

FceRllb 23 IgE B and T cells, eosinophils, LCs, NK cells, platelets

FcyRI 64 19G; +++,19G3 +++,1gG, ++  LCs, monocytes, neutrophils

FcyRll 32 19G; +,19G; + B, T and NK cells, monocytes, macrophages, eosinophils, neutro-
phils, platelets, basophils, LC, FDC, epithelial and stromal cells

FcyRllla,b 16 19G; +,19Gs3 + T and NK cells, neutrophils, macrophages

FcaR consists of an a chain linked to IgA and a dimeric chain FcyR for transduction of signals [470].

Modified from [186,470].
LC Langerhans’ cells, FDC follicular dendritic cells.

to antibody specificity [469]. Being determined by
antibody V regions in hypervariable regions, they are
not linked to the class: each idiotype is defined by
association of Vi and V; domains and therefore distin-
guishes one V domain from the others. There are two
types, those associated with paratopes are located
very near CDRs and those recognizing structures out-
side the binding site are carried by hypervariable and
V regions, respectively. Based on such definitions,
we can see two ways to evaluate V regions: by serologic
aspects (idiotype) or by antigen-binding properties
(paratope) [58].

The IgSF (Table 1.4) [4, 23, 34, 109, 139, 186, 323, 557,
693] (Fig. 1.10) is formed by polygenic groups of genes
and single genes, structurally correlated but not neces-
sarily functionally, but whose structural features recall
those of Igs; they belong to families sharing an evolu-
tionary homology, probably originating from a few
ancestral genes. It is presumed that V regions of such

Table 1.4. Constituents of the IgSF

H and L chains

molecules may have a role in intercellular interactions,
or as receptors for soluble ligands [186].

T Lymphocytes

T cells especially, but also B cells and other immune
cells, synthesize ILs, proteins with a molecular weight
(MW) of 15-25 kD governing intensity and duration of
immune reactions, mediating cellular proliferation and
maturation, and also wound healing (Tables 1.5-1.8)
[4, 14, 34, 45, 50, 52, 55, 66, 68, 78, 92, 98, 118, 119,
126, 128-130, 140, 141, 152-154, 156, 158, 167, 172,
181, 213, 219, 220, 240, 245, 249, 258, 272, 278, 318,
326, 372, 377, 383, 387, 398, 399, 412, 413, 421, 426,
437, 455, 461, 474, 480, 481, 487, 517, 523, 526, 528,
532, 534, 560, 562, 607, 641, 669, 693]. In parallel,
there is a leukocyte superfamily (Table 1.9) [27], less
extensively represented as the IgSE.

Class I and Il HLA molecules (correlated)

f3,-Microglobulin

TcR,CD3,CD2,CD7,CD4 and CD8

BcR,CD79a,CD79%b

Poly-IgR (receptor of IgM and IgA antibodies), a fragment of poly-IgR constitute the SC of slgA

Adhesion molecules, integrins, selectins, etc. (see below)

Additional molecules:CD1,CD16,CD19,CD22,CD28,CD32,CD47,CD48, CD58, CD64, CD66a-e, CD80, CD83, CD86, CD8Y,
CD90,CD9%6,CD101,CD117,CDw150,CD152,CD155,CD158 a,b, CD166

Receptors of:
IL; (IL;R,Iand .Il,CD121a and 121b)
ILg (ILgR, CD126)
GM-CSF (GM-CSFR, CD116)
M-CSF (M-CSFR, CD115)
PDGF etc.
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Table 1.4. (Continued)
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Adhesion molecules as part of the IgSF

Molecules Ligands Distribution

CD1 ? Thymocytes and DCs

CcD2 CD58 (LFA-3],CD48,CD59 T and NK cells, endothelial and epithelial cells

CD3/TcR Nominal antigen T cells

CD4 HLA-II T cells, monocytes

CD7 ? Tand NK cells

CD8 HLA-I Tand NK cells

CD22 CD45RO B cells

CD28 CD80,CD86 T cells and plasma cells

CD31 (PECAM-1]) CD31, heparin T cells, endothelial cells, monocytes, platelets, neutrophils

CD48 CD2 Hematopoietic and not hematopoietic cells

CD50 (ICAM-3) CD11a/CD18 T cells, monocytes, neutrophils

CD54 (ICAM-1) CD11a/CD18,CD11b/ Activated T and parenchymal cells, NK cells, endothelial
CD18,CD43 and epithelial cells, fibroblasts, monocytes, chondrocytes, DCs

CD56 (N-CAM) CD56 T, B, NK cells, endothelial and epithelial cells, keratinocytes, DCs

CD102 (ICAM-2]) CD11a/CD18 Endothelial cells (high expression), epithelial, T,and NK cells,

monocytes, DCs, platelets (low expression)

CD106 (VCAM-1)

CD49d/CD29, B,

Endothelial cells, monocytes, DCs, fibroblasts,
stromal medullary cells, myoblasts

HLA-I CD8 APCs

HLA-II CD4 APCs

lg Nominal antigen B cells

MAdCAM-1 CD62L Mucosal and lymphoid HEVs

Immunology

CD2,CD48,CD58 form a family, although they are located in pericentric loci of two different chromosomes: 1p13 for the first two
and 71g21-23 for the third one; a correlated family is CEA, with CD66b (ex CD67) and CD66e (NCA).
Data from [4, 6,23, 34,109, 139, 186,323,557,693] and International Workshops on Human Leukocyte Differentiation Antigens

[501].

APCs antigen-presenting cells, CEA carcinoembryonic antigen, DCs dendritic cells, ICAM-1, 2, 3 intracellular adhesion molecules-
1,2, 3,IgSF immunoglobulin superfamily, LFA-3 lymphocyte function-associated antigen-3, MAdCAM-1 mucosal addressin cell
adhesion molecule-1, N-CAM neural cell adhesion molecule, PECAM-1 platelet endothelial cell adhesion molecule, SC secretory

component, VCAM-1 vascular cell adhesion molecule-1.

A tentative nomenclature may divide ILs into five
main types:
a) Interleukins (IL;-1L;3)
b) Hematopoietic growth factors (CSF)
c) IFN
d) TNF
e) Growth factors: EGF (epidermal growth factor),
EGF (fibroblast growth factor), PDGF (platelet derived
growth factor), TGE, etc.
ILs are released from several inflammatory effector cells
[151] (Table 1.5):
1) From Thi T cells ILy, IL;, IL,5, ILyg, ILyy, ILy; ILyy, ILss,
TNF-a (tumor necrosis factor-a) and -f, IFN-y, and
GM-CSF
2) From Th2 T cells ILs, IL,, ILs, ILo, ILyg, ILy; ILys ILys)
IL,s, IL,;, IL;;, GM-CSE, whose genes are associated with
the chromosome 5 gene cluster in region q31-q33,

together with ILg, IL, IL,5, IL3, M-CSF and CD14 (IL,,
ILs, ILg, IL; 1, IL 3, IL6, IL; 7, ILy5 induce asthma)

3) From Thl and Th2 lymphocytes IL,4, ILyg, IL,9, GM-
CSE IFN-y, BaDF, NGF

4) From B lymphocytes IL;o, IL;5, IL;4, ILig

5) From endothelial cells GM-CSF, TNFE IL;, IL;, ILg

6) From fibroblasts GM-CSF, G-CSE, M-CSF, IL;, IL;, IL,,
IL;5

7) From hemopoietic cells IL,;

8) From mast cells IL;-ILgs, GM-CSF and TNF-a

9) From monocyte-macrophages IL,, ILg, ILg, IL;o, IL15,
IL,s5, IL g IL,0, GM-CSF and TNF-a

10) From NK cells GM-CSF, M-CSF, IFN-y, IL,, IL;5 and
TNF-a

11) From PBMCs IL,,

12) From skin and trachea IL,,

13) From thymus and medullary stromal cells IL,, IL,;.
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PDGFR platelet-derived growth factor receptor = CD140,
Po myelin protein, Thy-1 and MRC OX2 brain/lymphoid anti-
gens
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Table 1.5. Main characteristics of interleukins (ILs; cytokines)

MW (kD); chromosomes, primary sources and targets, principal biological effects

aand B (17 and 15-17;2q13-21) and IL;RA [27] with a structure similar to that of IL;, however,
competes for binding of type | receptors

IL;a Sources:
Several different cell types, especially monocytes and macrophages, T and B cells,
NK cells pluripotent stem cells: proliferation

T lymphocytes, primarily Th2, but also Th1: stimulate to express IL,
B and NK cells: activation, differentiation and proliferation
Macrophages: activation

Basophils: differentiation

IL,B Sources:
T and B lymphocytes, dendritic cells (DCs), endothelial, and epithelial cells, fibroblasts, etc.

Effects:
Induces acute-phase responses of liver (thus playing an important pro-inflammatory role)

Stimulates the production of IL,, IL3, IL, IFN-y by activated, antigen-specific T lymphocytes

IL; and IL;g have an analogue signaling pathway, are key molecules in both the innate and adaptive immu-
nity,and are members of a larger family of related receptors, some of which contribute to host defense

TRAF6 participates in IL, signaling

IL,R

IL; and B bind with about the same affinity to the same cell surface receptors
IL;R-activating kinase (IRAK), leads to translocation of NF-xB

IL4R type-I

(80) T and endothelial cells, fibroblasts, hepatocytes and other cells, has an extended amino acid cytoplas-
mic tail and after binding IL, transmits signals intracellularly

IL41R type-ll

(6) Defined as inactive, can function as a precursors of soluble forms binding IL,

IL,

(15-20;4g26-28)

Sources:
Exclusively Th1, NK, B cells,and mast cells

Effects:
Stimulates antigen activation of TcR

T lymphocytes stimulated by IL; (CD4 and cytotoxic cells =TCT, NK cells and TCT IL-activated cells = LAK):
Growth, activation, and differentiation

B lymphocytes

a) Proliferation and differentiation

b) Isotypic selection of IgG,

Basophils and macrophages: differentiation, increase of TNF-a expression and/or production of IL3, IL,,
GM-CSF (colony-stimulating factor) and IFN-y

IL,R

Formed by three chains: a (55; 10) one affinity-modulating subunit,and f (75;22) and y (64; X),
two essential signaling subunits

Mediates the functions and activities of IL, (see above); resting NK cells express its B and yc receptor;
the B chain associates with JAK1 and yc associates with JAK3
JAK1/JAK3 (and STAT3/STAT5):induce IL;s-like activities

IL,Ry gene (Xq13) encodes the yc-chain of the IL,, ILy, IL;, ILg, IL;3, IL; s receptors that are essential
for the development of T and NK lymphocyte subsets

ILs

(14-30; 5g37-33, where linkage to human asthma has been demonstrated)

Sources:
Bone marrow stromal cells, activated Th cells, mast cells, keratinocytes

Effects:

Hematopoietic stem cells (all lines): growth factor and differentiation

B and T cell early precursors: growth factor

Basophils and mast cells (mostly of mucosal type): proliferation, differentiation, activation, degranulation
Basophils: mediator release

NK cells and LAK: stimulation

Eosinophils: pro-inflammatory alterations



Table 1.5. (Continued)

Name MW (kD); chromosomes, primary sources and targets, principal biological effects

IL;R

Has a and f chains, the B chain is common to ILsR and GM-CSFR

ILy

(18-20; 5g31-33 on gene cluster)

Sources:
Progenitor cells, B and Th2 subsets, and mast cells

Effects:

Hematopoietic stem cells: differentiation, proliferation

B and T lymphocytes: activation, proliferation and differentiation
B lymphocytes

a) Isotype switching of IgG; and IgE antibodies

b) Up-regulation of HLA class Il and of FceRl for IgE antibodies

¢) Induction of e-germline transcription in B cells

T lymphocytes:

a) Differentiation of naive T cells to Th2 cells producing Th2-like ILs
b) Proliferation of Th2 cells

¢) Stimulation of antigen activation of TcR

Th1 lymphocytes:inhibits switch of T cell differentiation from ThO to Th1 and IFN-y production
Eosinophils: transendothelial migration

Macrophages: inhibit activation

Mast cells: growth factor (in experimental animals, in synergy with IL3), up-regulates FceRl and CD54
Basophils: up-regulates FceRl

Mononuclear phagocytes: up-regulates FceRIl and HLA class Il

Neutrophils: activation (see also IL;3)

Fibroblasts: up-regulates chemokine production

Epithelial cells: up-regulates mucin gene expression

Endothelial cells: up-regulates CD106

Additional effects:

Is thought to exert its effects through the FceRI present on several cell lines (see text)
Induces the expression of FceRll by eosinophils, monocytes and platelets

Down-regulates the production of ILg by monocytes, of IL; &, ILs and TNF-ae by macrophages
and of IL synthesis by Th1 subsets

Activates STAT3 and STAT6

IL,R

(CD124) (16p12) hematopoietic precursors, B and T cells, fibroblasts

The receptors signaling triggers the activation of JAK-1 (via the receptor a) and JAK-3

(via the common yc chain, part of this receptor

Stimulates T-cell growth, and B-cell activation to promote IgE isotype switching and T-B interactions,
induces CD8 cells to produce IL,

(25-50; 5g31-33 on gene cluster)

Has a and f chains, the B chain is shared by IL; and GM-CSF receptors, explaining the overlapping
biological activities

Sources:
Th2 subsets, mast cells and eosinophils

Effects:

Activated B lymphocytes:

a) Differentiation

b) IgA and secretory IgM (slgM) production
c) Expression of ILg receptors

T lymphocytes:

a) Cytotoxic activity

b) Expression of IL, receptors

c) Antigen activation of TcR

Eosinophils: a key role in augmenting activation, differentiation, vascular adhesion (CD11b),
life span in vitro (eosinophilopoietic IL) and IgA-mediated degranulation

Basophils: histamine release

ILsR

(60) The o chain (CD125) (60 kD) has non-binding  chain (CD131) (95 kD) shared with IL;R
and GM-CSFR a chains to form the high-affinity ILsR [62]

Distribution: eosinophils and basophils
Binding to IL; promotes growth and differentiation of eosinophil precursors, activating mature cells
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Table 1.5. (Continued)

MW (kD); chromosomes, primary sources and targets, principal biological effects

ILg

(21-28;7q15-21)
Pleiotropic cytokine induced by IL;, IL,, TNF, PDGF and IFN and inhibited by IL, and IL;3

Forms a family with IL;;; they have overlapping effector profiles and multimeric receptor complexes
in which the promiscuous gp130 molecule serves as a signaling subunit

Sources:
T and B lymphocytes, monocytes, macrophages, fibroblasts, keratinocytes,
hepatocytes, epithelial and endothelial cells

Effects:

Th2 cells: synergize with IL; or TNF to promote growth of immature thymocytes and activation
of mature T cells

B cells:

a) Growth and differentiation

b) Ig production: synthesis of IgA, of IgG subclasses, and of IgE induced by IL,

NK cells: activation

TCT: differentiation

Additional effects:

Antiviral activity

Hepatocytes: synthesis of acute phase proteins up-regulating the gene transcription
Interacts with CSFs in the proliferation and cell differentiation of pluripotent stem cells
Inhibits the inducer and effector phases of delayed-type hypersensitivity

ILgRox, B

The a chain is CD126 (80 kD), and the B chain CD130 (130 kD) (gp130), high-affinity IL¢R is formed
with CD130

Distribution: resting or activated B cells, plasma cells, T cells, monocytes, fibroblasts, hepatocytes,
neural cells

ILgRP has signaling chains for receptors for IL;, keratinocytes, LIF, oncostatin M (OSM),

and ciliary neutrophil factor (CNF)

Overlapping actions: induction of differentiation and proliferation of hematopoietic precursors,
and of acute phase proteins

(25;8q12-13)

Sources:

Chiefly thymic, bone marrow and stromal cells, but also human keratinocytes
Effects:

T precursors: proliferation and differentiation of early thymocytes

Mature T cells:enhancement to produce IL, and IL,R

IL, and ILg synergize with IL;, effects on T cells

TCT and LAK cells: generation, proliferation and activation

Pro- and pre-B lymphocytes: proliferation and differentiation of progenitor cells
Megakaryocytes: maturation

Monocytes:IL;, ILs and TNF secretion

y6: Proliferation

IL,R

CDw127 (68 kD) associated with the y common chain of CD132 (64 kD) to form the high-affinity IL;R
The common yc chain is part of this receptor
Distribution:immature thymocytes, pre-B cells, mature T cells, monocytes, y6 IEL

Induction/promotion of immature T-cell growth, expression of CD25 on T cells, proliferation
of pre-B/B cells,and monocyte activation, critical for T lineage but not for B lineage development

(8-10;4q12-21), neutrophil-activating peptide (NAP)

Sources:
Activated monocytes and macrophages, in addition to monocytes, endothelial and epithelial cells, T lym-
phocytes, fibroblasts, keratinocytes, hepatocytes, and chondrocytes

ILg production is stimulated by LPS, IL;, TNF and virus



Table 1.5. (Continued)

MW (kD); chromosomes, primary sources and targets, principal biological effects

Effects:

Neutrophils:

a) Potent chemoattractant

b) Activation and induction of degranulation, respiratory burst and adhesion to endothelium
via CD11b/CD18

T lymphocytes: chemotactic activity and directed migration

Basophils:inhibits histamine release

Additional effects:
Together with TGF- inhibits IgE synthesis
Promotes angiogenesis by blood vessels

ILgR

(44-59/67-70; 2) (CDw128)
Distribution: CD8 T cells, neutrophils, monocytes, NK-cell subsets

Receptor of a chemokines

IL,

(32-39; 5g31-33) growth factor for clones of CD4 cells which also produce it

Sources:
T lymphocytes (especially Th2, but not CD8) and B lymphocytes, mast cells, and eosinophils,
and potentially involved in allergy and asthma

Effects:

Mast cells, megakaryocytes: enhances proliferation

Basophils: proliferation, increases the sensitivity to IL;

B lymphocytes: enhances IL;,-induced production of IgE antibodies

Additional effects:

Enhances the synthesis of ILg

Induces IL,, activity

Substantial promoter of myeloid and erythroid precursor

LR

(CD129) T and B cells, macrophages, megakaryoblasts
The common yc chain is part of this receptor

(19; 1932), several IL synthesis inhibitory factor (CSIF)

The genes for 1Ly, IL1g, ILsg, ILy, IL54, 1Ly are found within a 200-kb region of chromosome 1932,
whereas genes encoding the two other IL;, family members, IL,, and IL,¢, are found within 30 kb

of each other and less than 100 kb from the IFN gene on chromosome 12q15; the family can be further
divided into two groups. IL;q, IL,o, and IL,, belong to one group, whereas IL;, IL,,, and IL,¢ form another
group. Moreover, IL;q, IL,o, and IL,4 use the common IL,4R2 chain for signaling, and IL;, IL,,, and IL,g
may also share a common R2 chain

Pleiotropic IL with important immunoregulatory functions whose actions influence activities of many
of the cell types in the immune system

Sources:
IL4B, ILg, ILg, IL;5, G-CSF, GM-CSF, IFN-y, TNF-a produced by activated monocytes, IL, and ILs by Th2 subsets,
leukocytes and skin

IL, and IFN-y produced by Th1 subsets, thus eliciting the generation of IL,

IL; and f and TNF-a by Th1 and NK cells

IFN-y and TNF-a by NK cells

Negatively regulates its own synthesis by monocytes

IFN-y inhibition results in the switch of T cell differentiation from ThO to Th2

B cells, Th1,Th2 and suppressor T subsets, DCs, mast cells, monocyte-macrophages, eosinophils
and keratinocytes

Effects:

Macrophages: inhibition of differentiation and expression of HLA class Il and adhesion molecules
Monocytes:inhibition of differentiation into macrophages

CD4 lymphocytes:

Inhibits ILg-induced migration

Down-regulates Th1 responses, thus suggesting an anti-inflammatory activity
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Table 1.5. (Continued)

MW (kD); chromosomes, primary sources and targets, principal biological effects

Suppressor CD8 T cells:

Favors differentiation and chemotaxis

Inhibitory factor at the maternofetal interface (Chap. 2)

TCT precursors: enhances the number and the function

B lymphocytes: has a significant effect opposite to the SCIF activity stimulating:

a) Growth of progenitors of the erythroblast series and of mast cells

b) Differentiation and expression of HLA class Il

) Isotype switching to IgA; and IgA, secretion along with TGF-3,and to I9G;, IgG; and 1gG,
On IL synthesis, in particular inducing IFN-y on NK cells by IL;,

On APCs function down-regulating HLA class Il expression, an effect reversed by IL,
On production of reactive oxygen and nitrogen species

d) Isotype switching to IgE

e) Modulation of IL,-induced B-cell IgE production in favor of IgG,

f) Inhibition of IgE-dependent mast cell activation

ILs: inhibits IL;ct, 1Ly, ILy, ILg, ILg, IL1g, TNF-ox
Langerhans'cells (LCs): tolerogen effects in addition to suppressing their APC function
STAT1, 3, 5:activation, such as IL,,

IL1oR1

(110 kD) Distribution: thymocytes, B cells, mast cell and macrophage cell lines

After binding to B cells induces B-cell proliferation, differentiation and isotype switching
to IgA secretion with CD40L = CD154 and TGF-f3

IL;oR2

Intact second chain of the human IL;y R complex, which may be shared by receptors
for the other IL;o homologs

A distinct feature of the IL;oR complex is that both chains can independently bind ligand, whereas

in the IL,o and IFN-R complexes, only one chain (the R1 chain) can bind ligand in the absence of the other:
in all of these receptors, the second (R2) chains are necessary for signaling through the JAK-STAT complex
Recognizes IL;g and IL,,

ILy4

(23;19913.3—q13.4 and 7 centromeric region)

Sources:
Bone marrow stromal cells

Effects:

Hematopoietic progenitor cells of megakaryocytes and macrophages/monocytes: growth factor
B lymphocytes:increases Ig secretion independently of T lymphocytes

Hepatocytes: synthesis of acute phase proteins cooperating with IL; and ILg

Modulates Th1/Th2 IL production from activated CD4+ T cells,and augments T-cell IL; elaboration

Additional effects:

Acts synergically with IL; in megakaryocyte differentiation

Sharing several biological activities with ILg, it is likely that they use similar signal transduction
mechanisms

IL;:R

Belongs to the receptor family, also including ILgR, etc.; IL; initiates signaling via binding to a unique
IL;; receptor chain (IL;;R). Isoforms of IL;;R have been described that contain IL;;R1 and do not contain
IL;,R2, a cytoplasmic domain.The binding of IL;; to IL;;R forms a complex that binds to and induces
gp130 molecule homodimerization, resulting in the assembly of the active IL;;R trimer

(5g31-33) Heterodimeric IL manifests some effects almost reciprocal to those of IL;(;
an IL;,-family is composed of IL,; and IL,;

Has two covalently bound 35- and 40-kD chains (and thus designated p35 and p40 subunits),
encoded by two separate genes regulated independently and inactive if expressed separately

- the p40 subunit is expessed in large excess of the p35 subunit

- p35 is among the early inducers of Th1 responses, while it inhibits Th2 lymphocytes

- when p35 associates with p40, a soluble member of the cytokine receptor superfamily, it forms IL;,,
which induces Th1 differentiation and the release of IFN from Th1 and NK cells

— CDA40 cross-linking up-regulates IL;, p40 mRNA in monocytic and B-cell lines and in human mono-
cyte-derived DCs

- the two subunits act as signal transducer by providing a cytoplasmic STAT4 binding sit

which enables STAT4-mediated responses to IL,, to occur

DCs;

The gene encoding the p40 subunit is located in the region of chromosome 5
—the duo IL;,p35/IL,,p40 is called IL;, p70
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MW (kD); chromosomes, primary sources and targets, principal biological effects

Sources:
B cells and monocyte-macrophages (via CD40-CD154 interactions)

Effects:

Allergen-specific T cells

Crucial role in selective switch of T cell differentiation into ThO or Th1
Stimulation of adhesion molecules

Th1-inducing and Th1-maintaining

B lymphocytes

Induction of STAT1 activation, T-bet expression and IgG2« class switching
NK cells

a) Activation, proliferation and cytotoxicity

b) Expression of CD2,CD56 and CD11a

¢) Stimulates production of IFN-y from Th1 cells and NK cells

NK cells, macrophages and Th1 subsets: production of IFN-y

- p40 is expressed by some cells such as nonprofessional APCs and only after activation
Has homology with the soluble receptor of ILg

Costimulates proliferation of peripheral lymphocytes

Promotes cell-mediated immunity (CMI)

Protection against infectious diseases

IL;,R (oe chain or R1, 120 kD, and B chain or R2, 140 kD)

Sources:

CD4,CD8 activated T cells, NK cells,and B cells

Effects:

Stimulates their proliferation as well as the peripheral hematopoiesis

R2 is a key Th1 commitment step when naive Th precursor cells commence differentiation into Th1 cells
IL;,RPB1 (5g31-33)

Encodes the p40 subunit
I3 (9-17;5q31) The gene encoding IL,3 is only 25 kb upstream of the IL, gene and in the same orientation

Has a receptor different from that of IL, possibly a subunit in common with IL4,R

Sources:

CD4 (Th 0,1 and 2) and CD8T cells stimulated by antigens, monocytes and mast cells

Effects:

Up-regulates HLA class Il and adhesion molecules such as CD11b, 11¢, 18, 28,49

Down-regulates CD16,CD31,and CD 64

Manifests no growth effects on T cells, unlike 1L,

Human B lymphocytes:

a) Expression of CD23 (also on monocytes), CD71,CD72, slgM and HLA class I

b) Class switching to IgE and IgG,

c) Expression of e-germline transcripts independently of IL4 even if two to five times less powerful

Monocyte-macrophages: IL4-like effects (inhibits HIV replication in monocytes and ADCC in both cells)

Additional effects:

Has a persisting activity unlike IL4, which is activated only 8-12 h

Together with IL4 induces VCAM-1 = CD106 on endothelial cells

Its polymorphism is associated with high total serum IgE levels and increased risk of atopic asthma
IL;3R Appears to be heterotrimer,and formed by IL,Ra, IL,Ry and IL;3Ra1- or IL;3Ra2-binding

Associates with CD124 to form the IL;3R complex; the common yc chain is part of this receptor
Distributed to human B cells, endothelial cells, several non-hematopoietic cells, including
monocyte-macrophage populations, B cells, basophils, eosinophils, mast cells, fibroblasts, smooth muscle,
and airway epithelium

Crucial role in inducing human B-cell proliferation and class switching to IgE in presence of CD40;
suppresses the induction of inflammatory ILs, activates STAT6
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MW (kD); chromosomes, primary sources and targets, principal biological effects

IL14

(53)

Sources:

T and B lymphocytes

Effects:

Activated B lymphocytes:

a) Expands clones

b) Suppresses antibody secretion

c) Enhances selected subpopulations
d) Promotes long term growth in vitro
Monocytes:release of ILs

IL,,R

Binding of IL,, increases expression of IL;4R, as well as in intracellular cAMP, DAG and Ca** levels

ILys

(15;4q31)
Sources:
Stromal cells, monocyte-macrophages, fibroblast cell lines, epithelial cells,and in various tissues such as
muscle, placenta, etc.
Effects:
T lymphocytes: growth factor
Powerful chemoattractant
Stimulates proliferation sharing its functions with IL,R f and y chains and the only a chain possessed
T- and NK-cell clones: proliferation
LAK, NK and CTL cells: activation and differentiation
B cells: proliferation and differentiation
Human tonsillar B cells stimulated by CD154: proliferation and Ig synthesis
y& subpopulations: proliferation and differentiation
Mast cells: stimulation
STAT3/STAT5 and JAK1/JAK3: phosphorylation

Additional effects:

IL;5 presence in several fetal tissues suggests a role in differentiation and maturation of fetal immune system
Shows several biological activities similar to IL,, for example the capacity to stimulate T-cell proliferation

and induction of cytotoxic T lymphocyte and IL-activated killer cells

IL;sR

(58-60) Forms a new family with CD25; the common yc chain is part of this receptor
Sources:

T-cell lines, macrophage lines, diffused in non-lymphoid cells and tissues

Induces proliferation and differentiation of activated B cells

ILg

(50-60)
Sources:
Activated CD8 lymphocytes, airway epithelial cells

Effects:
T lymphocytes: chemotactic action binding to CD4 receptor
Eosinophils: chemotaxis

Additional effects:
Expression of HLA class Il and IL,R
Suppresses HIV replication

ILy7

Has 5 members, IL;,A, IL;,B, IL;,C, IL,E (ILys), and IL;,F (ML-1)

Sources:

a) CD4 memory and CD8 lymphocytes and TcR-a3

b) Spleen CD4* cells and neutrophils

) IL;5 able to induce IL;; release from purified spleen CD4* cells and airway neutrophils
and could lead to IL,; production following bacterial infection

Effects:

T cells: proliferation

Fibroblast: proliferation

Stimulates production and expression of ILs by macrophages, epithelial and endothelial cells,
and fibroblasts
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IL;;R (98,22)
Sources:
Triple negative thymocytes, T-cell clones and cell lines
Effects:
Enhances T-cell proliferation induced by PHA, activation of NF-kB, IL¢, ILg and expression of CD54;
the soluble form instead inhibits T-cell proliferation and IL, production
IL;g (24; 11g22.2-22.3) Initially described as an IFN-y-inducing factor; is closely related to the IL; family
in terms of structure and pro-inflammatory properties
Sources:
Activated macrophages, airway epithelial cells, Kupffer cells, dermal keratinocytes, osteoblasts,
adrenal cortex cells,and intestinal epithelial cells
Effects:
Activation of both CCL and CXCL chemokines
Activates NF-kB, expresses Fas ligand, induces human HIV
Synergizes with IL;, and anti-CD40 to induce B cells to express IFN-y
Stimulates T cells for IFN-y production and growth promotion, also in the absence of T cell antigen
receptor engagement
Stimulates T-cell proliferation and potentiates the Th1-driving capacity of IL;,p70
With IL, is a key molecule in both the innate and adaptive immunity and is member of a larger family
of related receptors, some of which contribute to host defense
Also enhances Th2 cytokine production (IL, and IL,3) and regulates IgE production in vivo in the absence
of allergen
IL;gR Recruits IRAK and IL;R-activating kinase and NF-kB-inducing kinase (see above)
One of the IL;4R chains is the IL;R-related protein,a member of the IL;R/Toll-like receptor (TLR)
superfamily
ILyg (1g32) Shares 21% amino acid identity with IL;y and binds to IL,,R
Signals through a receptor complex that is also utilized by IL,o and IL,4
Two distinct IL;o mRNA species differ in their 5'-sequences
IL;o, ILyg, ILy,, and probably also IL,4 could form a single subfamily of helical ILs
Sources:
B cells and monocytes
Effects:
Signaling via STAT3, induce JAK-STAT signal transduction pathway through a specific receptor complex
IL4 and IL;3 potentiate IL;q gene expression in LPS-stimulated monocytes
GM-CSF directly induces IL;q gene expression in monocytes
IL;oR
1Ly (71932) a new member of the IL;, family
Sources:
Skin (where its overexpression leads to skin abnormalities) and trachea
Effects:
Activates a STAT3-containing signal transduction pathway
Skin differentiation and keratin expression
Pro-inflammatory effects on keratinocytes and possible central role in the epidermal response
to inflammation
Stimulates chemotaxis and antimicrobial activity of myeloid cells
IL,oR1 Both its subunits are expressed in keratinocytes throughout the epidermis, recognizes IL;g and IL,,4
IL,0R2 Also on certain endothelial and mononuclear cells, recognizes IL;, and IL,,
1Ly, (4926-927), ILg-induced factor maps to the same locus as the IL, gene, separated by roughly 180 kb

Sources:
Activated peripheral T cells
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Effects:

Proliferation and maturation of NK cells populations from bone marrow

Proliferation of mature B-cell populations costimulated with anti-CD40

Proliferation of T cells with or without anti-CD3 costimulation in concert with IL,, IL;5 and,
to a lesser extent, with IL;

IL;R

(16p11) With the first exon situated just 39 kb from the IL,Ra locus, the common yc chain is part
of this receptor

Sources:

Stromal cells in the bone marrow or thymus
Resting B cells

Cell lines of B, T,and NK lineages

Human CD23* and CD56*

Associated with JAK1, JAK3 and Tyk2

L

(12q15), or IL-TIF, another member of the family of IL,;, homologs, located on human chromosome 12g,
where several loci potentially linked to asthma and atopy have been identified by genetic studies,
particularly in the 712q13.12-g23.3 region. More precisely, it is located on chromosome 72q15, at 90 kb
from the IFN-y gene, and at 27 kb from the IL,5 gene, which codes for another IL;y-related cytokine.

In the mouse, the IL,, gene is located on chromosome 10, also in the same region as the IFN-y gene

Sources:
Th1 cells, ILg

Pleiotropic effects:

Activates STATT, 3, 5; as IL;(, stimulates monocytes to make TNF

Can activate IFN-y-like biological responses such as HLA class | induction and STAT activation

Target tissue is the liver, where it induces acute-phase reactants and is active in the innate immunity

In keratinocytes IL,, activated STAT3 and directly increased the expression of f-defensin and B-defensin 3

IL,,R

(1) Complex composed of two subunits, the IL,;Ra chain and the second IL;4Rp chain: both chains are
required for signaling, each chain alone is capable of binding IL,,

IL,,BP

(6g24.1-25.2).This receptor, named IL,, binding protein, inhibits IL,, activity by binding IL,, and preventing
its interaction with the functional IL,,R complex, but IL,,BP often fails to block IL,, activity

Both chains of the IL,,R complex are ligand binding chains; however, none of them is capable
of transducing IL,,-signaling alone. Both chains are necessary to assemble the functional receptor
complex able to induce signaling after binding IL,,

ILy3

A p19-p40 heterodimer structurally related to ILs, G-CSF, and the p35 subunit of IL;, sharing homology
with members of the IL¢/IL;, family of ILs, also combining the IL;;,40 subunit with its subunit p19,
requires interaction with IL;,R1 and IL,3R with a cytoplasmic STAT4 binding domain

Source:
Hemopoietic cells, bone-marrow-derived DCs

Effects:

Th1 activation

T-cell memory

Activates IL;7E and STAT4 in blast T cells

Induces exclusively the proliferation of naive and CD45RO memory T cells and of related IFN-y

IL,sR

Associates with IL;,RB1 in a combined deficiency

ILog

(1g32) (melanoma differentiation-associated factor MDA-7)

Sources:
PBMCs and melanoma (MDA-7)
Induced by: IFN- and mezerein

Effects:
Signaling by STAT3
Targets: tumor cells

Biological effects:
Tumor and apoptosis inhibition



Table 1.5. (Continued)

MW (kD); chromosomes, primary sources and targets, principal biological effects

ILys Also called IL;7E
Sources:
Th2 cells
Effects:
Induces Th2-like IL,, ILs,and IL;3 gene expression through a subset of APCs expressing high levels
of HLA class Il
Amplifies systemic and localized allergic-type inflammatory responses by its actions on several cell types
Increases serum IgE, IgG, and IgA levels, induces blood eosinophilia and pathological changes
in the lungs and digestive tract
ILye (12q15) (= AK155) (a factor discovered after overexpression in human T lymphocytes
after transformation by the simian rhadinovirus herpesvirus saimiri)
Sources:
T cells
Mast cells after FceRl cross-linkage
Effects:
IL,s and IL;q bind to the IL,,R complex, composed of cytokine receptor family 2-8/IL,,Rax
and IL,oRP (type I). 1Ly or IL;gR 2 chains and IL,gR1, but not IL,;, bind to the receptor complex,
composed of ILy;R and IL,oRp (type II)
Enhances secretion of ILg and IL;o, and cell surface expression of CD54
Activates the JAK/STAT signaling pathway, inducing a rapid tyrosine phosphorylation of STAT1 and STAT3
in cells expressing ILy,R1 and IL;,R2
IL,¢ may play a role in local mechanisms of mucosal and cutaneous immunity
ILy6R Formed by a combination of two receptor subunits, IL,,R1 and IL;4R2, which dimerize to generate the
receptor engagement and results in phosphorylation of STAT1 and STAT3
ILy; p28 protein, a further member of the IL;, family involved in Th1 initiation
A heterodimer composed of two chains, p28 (ILz) and EBI3, analogous to IL;,p40 and IL;,p35
(p28-related protein), respectively,and a p40-related protein
The heterodimer is expressed by APCs
Sources:
Activated APCs, macrophages and DCs
Effects:
Involved in Th1 initiation
Triggers clonal proliferation of antigen-specific naive but not memory CD4+ T cells and synergizes with IL;,
in IFN-y production by naive CD4* T cells
Activates STAT-1,-2,-3,and -5, JAK-1 and -2 in naive CD4* T cells
Promotes polarization towards a Th1 phenotype with expression of IFN-y
IL,; stimulation induced phosphorylation of STAT-1 and expression of T-bet and IL;,RB2
in naive CD4* T cells.Together with IL;,, IL,; augmented IFN-y secretion in naive CD4* T cells
Suppresses CD4+ T cell proliferation and Th2-lI-like production
Activates ThO and Th1 cells
Activates STAT-1 and induces T-bet expression and IgG2a in stimulated B cells, together with WSX-1 limits
innate and adaptive components of type 2 immunity at mucosal sites
IL,;R One subunit is WSX-1
Its engagement results in IFN-y production
ILygA (19) IFN-A2 mediates antiviral activity in cells in response to viral infection
ILygR Includes receptors for type | and type Il [FNs (IFN-aR1, IFN-a«R2, IFN-yR1, and IFN-yR2)
and receptors for IL;oR, ILyoR, and IL,,R
IL,gB (19) IFN-A3 mediates antiviral activity in cells in response to viral infection
ILy9 (19) IFN-A1 mediates antiviral activity in cells in response to viral infection
IL3o (16p11) a member of the long-chain 4-helix bundle IL family,and EBI3, form the IL,; heterodimer

Termed p28 because of its molecular mass
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Table 1.5. (Continued)

MW (kD); chromosomes, primary sources and targets, principal biological effects

The oncostatin M receptor (OSMR) is part of receptor complexes for OSM and IL3; a four-helix bundle IL
Sources:

Preferentially Th2 cells

Effects:

Skin tropism

Signaling events are triggered by JAKs constitutively binding to membrane-proximal receptor regions

ILy:R

Gp130-like receptor (GPL) recruits JAK1,JAK2, STAT-1, STAT-3, STAT-5 signaling pathways,
as well as the Pi3 kinase/AKt cascade

Exists as four splice variants

Sources:
Human peripheral lymphocyte cells after mitogen stimulation, human epithelial cells by IFN-y,
and NK cells after exposure to the combination of IL;, and IL;g

Effects:

Induces human TNF-a, and ILg in THP (Th precursors) monocytic cells

Activates nuclear factor-xB (NF-xB) and p38 mitogen-activated protein kinase (MAPK); may play a role
in inflammatory/autoimmune diseases

ILs33

Sources:
Member of the IL; family

Effects:

Mediated via IL;R ST 2

Activates NF-xB and MAP kinases
Drives production of Th2-associated ILs

G-CSF

(18-22; 17q11-21) Granulocyte colony-stimulating factor
Favors growth of myeloid progenitor cells

GM-CSF

(22;5g31-33)

Sources:
Activated T cells, monocytes, macrophages, fibroblasts, bone marrow stromal cells

Effects:

Stimulates growth of hematopoietic precursor cells, mostly of granulocytes/monocytes; modifies the
functions of mature granulocytes

Enhances neutrophils (inhibiting migration), macrophages and eosinophils (paraeosinophil IL)
Induces phagocytosis, production of eicosanoids, ADCC, platelet production by megakaryocytes
Promotes growth and maturation of LCs to APCs

IFN o, B,y
(interferons)
produced
by Th1 cells;

Common properties

Hematopoietic stem cell growth

B cells: proliferation

NK cells, TCT: activation

Macrophages: phagocytosis and accessory activities (IFN-y > IFN-«, 3)

Additional effects:

IL; and IL; synthesis (IFN-y > IFN-, )

Induction of HLA molecules of class | (IFN-y > IFN-a, B) and class I
Production of FcR

Production of Igs

Antiviral activity (IFN-y < IFN-a, B): inhibition of viral replication and of tumor growth
Differentiation of leukemia cells of promyelocytic and monoblastic origin
Additional actions (IFN-y > IFN-«, 3)

Differentiation of erythroleukemia cells

Antibody production

Influence on CMI

IFN-ot

(16-27) (9p22)

Sources:

Mainly monocytes, macrophages, and lymphocytes, secondarily B cells, NK cells

Stimulates macrophages and B differentiation

Has activities similar to IL;, inducing the differentiation of allergen-specific T cells into ThO or Th1 cells
Inhibits virus-infected cells



Table 1.5. (Continued)

IFN-B

MW (kD); chromosomes, primary sources and targets, principal biological effects

(20)
Sources:
Macrophages and granulocytes, and also fibroblasts

Effects:
On B proliferation

IFN-y

(20x25; 12g22-24)
Sources:
Th1and T y8 lymphocytes, CD8 cells, activated NK cells and macrophages

Has a central role in the immune response, since stimuli activating T lymphocytes induce IFN-y synthesis

Effects:

T lymphocytes

a) Inhibits Th2 proliferation inducing their shift to Th1

b) TCT and NK cells:induction and proliferation

B lymphocytes

a) Differentiation inhibiting IgE antibodies production either directly or down-regulating FceRI
expression by B cells and of CD23 by IL,

b) Expression of IgG Fc

Activated B lymphocytes: proliferation and differentiation, in synergy with IL,

Additional cells:

Monocytes, macrophages, mast cells, DCs, fibroblasts, and T lymphocytes:induces or increases
the expression of HLA class Il

Eosinophils:increases the cytotoxic activity and the adhesion to endothelium via the expression of CD54
Macrophages and neutrophils: activates and enhances their phagocytic and bactericidal activities
Macrophages:induces chemotaxis and increases survival

Mast cells: prolongs the life span

Neutrophils, monocytes and macrophages: activation to promote ADCC reactions

NK cells: activation

Pluripotent stem cells: growth and activation

Additional effects:

Antagonizes the action of IL4 and inhibits the IL4-induced IgE production by B lymphocytes
Inhibits secretion of IL;

IFN-x

Expressed in epidermal keratinocytes

Sources:

Resting DCs and monocytes

Effects:

Release of several cytokines from both monocytes and DCs
Inhibits inducible IL,, release from monocytes

IFN-A 1-3

Correspond to ILygA, IL,gB and IL,g

IFN-AR1

One of the two receptors utilized by all three IFN-A proteins, the other is IL;oR2

IFN-t

Suppression of proliferation and inhibition of IgE production

IFN-
limitin

Sources:

Mature T lymphocytes in spleen and thymus
Bronchial epithelial and salivary duct cells

Effects:

Induces apoptosis in pre-B cell lines

Reduces the proportion of CD45R-positive cells
Enhances the antigen-induced cytotoxic lymphocytes
Suppresses the antigen-induced T-cell proliferation

IFN-oBR

Consists of two subunits, IFNAR-1 and IFNAR-2

IFN-yR

Receptors 1 (6g23-24) and 2

Expressed on nearly all cell types

Coupled to the JAK-STAT signaling pathway

Mice lacking this receptor or STAT1 display a profound disruption of both innate and adaptive immunity
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Table 1.5. (Continued)

MW (kD); chromosomes, primary sources and targets, principal biological effects

M-CSF

(45-70;5931-33)
Monocyte/macrophage-colony stimulating factor
Promotes proliferation and differentiation of monocyte/macrophages and the activation of NK cells

TGF-a

(5, 6) transforming growth factor, eosinophil generation

TGF-B

(12.5-25) the TGF-f family contains five homologous members, TGF-p 1 and 3 are encoded

by single genes on chromosomes 19.1,and 14, respectively; TGF- may be a Th3 IL

Sources:

Activated B and T cells, macrophages, platelets; has opposing actions:

a) Promotes proliferation of fibroblasts and collagen synthesis, increases IgA production by B cells
b) Inhibits almost all other cells, including T and B lymphocytes, blocks IgM and 1gG synthesis,

IL;R production and HLA molecules expression

c) Eosinophil generation

TGF-BRI

Recognizes Smad-2 and -3 that transduces TGF-B-triggered signals together with Smad-TGF-BR

TGF-BRII

Causes recruitment and phosphorylation of TGF-BRI and formation of a receptor complex

TGFR-1

CD120a

TGFR-2

CD120b

TNF o, B

Tumor necrosis factors

Effects:

Express HLA class | and Il and manifest antiviral activity

Epithelial cells:induce the proliferation by G-CSF

Endothelial cells:interact to produce CD54

Monocytes: stimulate both motility and production of ILs and ILg

Neutrophils: potent activators and adhesion-inducing, promote chemotaxis and degranulation
B cells: modulate immune responses mediated by IL,

TNF-

(17-51) (6p21.3)

Sources:

Monocyte-macrophages, mast cells, PMNs, endothelial, NK and activated T cells
Effects:

Macrophages, neutrophils, eosinophils: activation and expression of HLA class | and adhesion molecules
B cells: activation

Hepatocytes: synthesis of acute phase proteins

Muscle cells:induces endotoxic shock

Additional effects:

Favors delayed-type and contact hypersensitivity

Manifests an inhibiting effect on LCs

TNF-B

(20-25)

Sources:

Activated B and T (Th1] lymphocytes

Effects:

On neutrophils and on the proliferation and differentiation of B lymphocytes
Favors the expression of adhesion molecules

TNFR-SF

Includes CD30,CD40,CD95,CD97

Several other molecules have been described: BaDF basophil differentiation activating factor, EAF eosinophil activating factor,
ECEF eosinophil cytotoxicity enhancing factor, EGF epidermal growth factor, FGF fibroblast growth factor; MIF (monocytes)
migration inhibiting factor, NGF nerve growth factor, PDGF (30-32) platelet derived growth factor, SCF stem cell factor.

IL4R, IL;R, ILgR, IL43R, IL;sR, and IL,4R have the common yc chain; cytokine receptors are dealt with also in Table 1.2.

EBI3 Epstein-Barr virus-induced gene 3, * chemokines, see below, WXS-1 WSXWS (Trp-Ser-X-Trp-Ser).

Data from [4, 14, 34,45, 50,52, 55, 66, 68,78,92,99, 118,119, 126, 128-130, 140, 141, 152-154, 156, 158, 167,172,181, 213, 219,
220, 240, 245, 249, 258, 272, 278, 318, 326, 372, 377, 383, 387, 398, 399, 412, 413, 421, 426, 437, 455, 461, 474, 480, 481, 487,
517,523,526,528,532,534,560,562,607,641,669,693] and PubMed ID: 14764690.



Table 1.6. Regulation of isotype switching and HLA expres-

sion by some ILs
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Table 1.7. Synergic activities of ILs

Synergy Cytokine synergic effects

ILs Immunoglobulins HLA class
ILy, 1L, ILs Production of granulocytes,
ILs Il eosinophilopoiesis
IL, IgG; and IgE 1l IL,, 1L, Enhancement of T lymphocytes
ILs IgA | IL, ILs, ILg Synergy with IL; and IL;3 in promoting
IgE production
ILyo [
L, IgE ILy, ILs5 Generation of TCT and LAK
IFN-oc and - Vi ILs, ILq4 Megakaryocytopoiesis
) IL3, ILg, 14 Differentiation of B lymphocytes,
(AN 19Gaq i production of mast cells
VEIF 5 ] ILs, ILg Hemopoiesis
U7l I ILs, ILg, 1L, Cooperation in several functions
ILs, Ly Promotion of the growth of some
mast cell lines
ILy ILg Hemopoiesis
ILg ILy3 Isotype switching €
ILs, NGF Production of basophils/mast cells
and eosinophils
ILyo, 1Ly, IL4 Growth of immature thymocytes
GM-CSF,NGF  Production of granulocytes

Table 1.8. Activity of ILs and chemokines in atopic diseases

Effects Cytokines and chemokines Activity
IgE regulation 1Ly ILs3 ¢ Isotype switching
ILy Generation of IL4 producing CD4
IL, ILs, ILg Synergy with IL, and IL;3
IFN-y, TGF- Inhibit IL, and IL;3
Iy, Enhances production of IFN-y by T cells
and NK cells
IgA regulation TGF-B a Isotype switching
Eosinophils IL, ILs, GM-CSF, Eosinophilopoiesis

RANTES*, MIP-1a*, eotaxin, MCP-3*
IL,, TNF

Eosinophil chemotaxis and activation
Eosinophil activation

Mast cells: development
and activation of GM-CSF

IL3, ILg, IL1o, NGF, H-CSF

MIP-1a*, MCP-1* MCP-3%, RANTES*
ILg

Mast cell growth factors
Inhibits mast cell proliferation

Basophil chemotaxis, histamine release
Inhibition of histamine release

Inflammation

ILy, Ly, ILg, ILg, GM-CSF, G-CSF, TNF, IFN-y
IL,, ILs, ILs, TNF, GM-CSF
IL;-IL,, GM-CSF, M-CSF, TNF, IFN-y

Activation of neutrophils
Activation of eosinophils

Activation of macrophages

Anti-inflammatory

IL1o, TGF-B

EBI3 Epstein-Barr virus-induced gene 3, * chemokines, see below.

Inhibit IL production and T cell and/
or monocyte function
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Data from [4, 14, 34, 45,50, 52, 55, 66, 68, 78,92,99, 118,119, 126, 128-130, 140, 141, 152-154, 156, 158,167,172, 181, 213, 219,
220, 240, 245, 249, 258, 272, 278, 318, 326, 372, 377, 383, 387, 398, 399, 412, 413, 421, 426, 437, 455, 461, 474, 480, 481, 487,
517,523,476,528,532,534,560,562,607,641,669,693] and PubMed ID: 14764690.
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Table 1.9. Leukocyte surface molecule superfamilies

Superfamily domains

Examples

Complement control proteins CD21,CD35,CD62P

Immunology

Common functions in immune system

Control of complement cascade

IL receptors

IL,RB (CD122), ILgRex (CD126)

Growth factor receptors

Epidermal growth factor (EGF) CD62L,CD62P

Cell surface ligand binding

Fibronectin type Il Mannose receptor

Polyvalent functions

Fibronectin type llI

Integrin $4 (CD104), IL;R (CDw127)

Polyvalent functions

Immunoglobulin V set IgV, TcRV, CDw90

Adhesion, recognition

Immunoglobulin C1 set

oM, HLA class | a3 domain

Adhesion, recognition

Immunoglobulin C2 set CD2 domain 2,CD3¢

Adhesion, recognition

Integrins CD11/CD18,CD49

Adhesion

Lectin C-type

Mannose receptor,CD23, CD62L

Carbohydrate binding

Lectin S-type CD11b/CD18 Carbohydrate binding

Leucine-rich glycoprotein repeats CD42a,CD42b Protein-protein or -lipid interactions

Link CD44 Hyaluronic acid/chondroitin sulfate
binding site

LDL receptor LDL receptor Lipoprotein binding, NN function

Ly-6 CD59 NN

HLA Classla1,a2, [l 1,1 domains Recognition

NGF receptor CD27,CD40 NN

Rhodopsin (serpentine receptor) ILgR (CDw128),C5aR, CD5,CD6 G-protein coupled receptor

Somatomedin PC-1 NN

Transmembrane 4 pass CD9,CD37,CD53 NN

Phosphotyrosine phosphatase CD45 Signal transduction

Tyrosine kinase

Modified from [27].

M-CSFR, c-kit (CD117), Ick

Signal transduction

IL interleukins, LDL low-density lipoproteins, M-CSFR Monocyte/macrophage-colony stimulating factor receptor, NN not known,

PC-1 plasma cell surface antigen-1.

PubMed ID: 12734330 has given a full description of
IL;: according to the HUGO Gene Nomenclature Com-
mittee, the symbol p28 (IL);) should be used. It was
finally identified as one subunit of IL,,R [664].

Recently, the IFN family has been enriched by several
new acquisitions (Table 1.5): type I IFN family contains
IEN-a, IFN-f, IFN-k, IFN-A, IFN-w, IFN-t and IFN-C.
Limitin is IFN-w, an IFN-like IL that has approximately
30% sequence identity with IFN-a, IFN-f, and IFN-t
[398,399]. IFN-k, like IFN-f, induced the release of sev-
eral ILs such as IL,g and IL,, from both monocytes and
DCs, without the requirement of a costimulatory signal
[390]. TLR-9 (Toll-like receptor-9) stimulation by CpG
(cytosine-phosphate guanine) DNA induced the expres-
sion of all IFN-a, -B, -@ and -A subtypes in PDCs
(plasmacytoid dendritic cells), whereas TLR-4 stimula-
tion by LPS (lipopolysaccharide), or TLR-3 stimulation
by poly I:C, induced only IFN-f and IFN-A gene expres-
sion [88]. A new IEN, STAT1-induced FLN29, might be
involved in the termination of LPS signaling [335].

Three genes on human chromosome 19 have been found
to encode distinct but similar proteins, which are called
IEN-A1, IFN-A2 and IFN-A3, and are designated as
IL,sA, ILysB and IL,g, respectively. It is suggested that
these ILs are functionally referred to as type III IFNs
because of their unique primary sequence homology
and receptor usage [88]. A distinct receptor complex is
utilized by all three IFN-A proteins for signaling and is
composed of two subunits, a receptor designated as
IFN-AR1 and a second known as IL;(R2, which signal
through the JAK-STAT pathway [274, 519].

This receptor mediates the tyrosine phosphorylation
of STAT1, STAT2, STAT3, and STAT5 (signal transducers
and activators of transcriptions). Activation of this re-
ceptor by IFN-A can also inhibit cell proliferation and
induce STAT4 phosphorylation, further extending func-
tional similarities with type I IFNs [88]. T lymphocyte
origin is from pluripotent stem cells, initially arising
during embryonic development from hemopoietic tis-
sues of the yolk sac, then the early stages continue in the



fetal liver. Unlike B cells, maturation does not occur in
situ, but from bone marrow-derived progenitors under-
going maturation in the thymus, where the greater part
of cells multiply and differentiate into immunocompe-
tent lymphocytes. In the thymus, functionally compe-
tent cells are exported into peripheral lymphoid com-
partments in accordance either with thymus ability to
produce different soluble factors or with particular in-
tercellular interactions. Early in development, thymo-
cytes express several cell surface molecules, including
CD2 and CD7 (CD7 deficiency is described in Chap. 22),
but lack both DN CD4/CD8 and CD3. Precisely in the
thymus, via a series of intermediate steps, DN cells
change into DP CD4*8* thymocytes. As thymocytes
mature into T cells, they express increasing levels of
TcR, finally turning into CD4%8- and CD4-8%, becoming
MP. Therefore, during early stages of thymus phases,
thymocytes express indifferently both CD4 and CDS8;
the association of either subset with TcR will show
whether cells recognize MHC class I or II molecules,
thus regulating subsequent differentiations [255]. IKK
(inhibitor of kB kinase)-induced NF-kB (nuclear factor
kB) activation, mediated by either IKK1 or IKK2, is a
pivoral factor for the generation and survival of mature
T cells, and IKK2 has a crucial role in regulatory and
memory T cell development [503]. NF-«B is also activat-
ed by ILs, [258].

T cells have been identified by their ability to bind
sheep erythrocytes to form E rosettes (red cells),
and more sensitive binding of monoclonal antibodies
(mABs) identifies their TcR, referred to as CD2. How-
ever, the most commonly used marker for T cells is CD3
associated with TcR. Further definition of cell surface
protein antigens derives from rDNA technology. The
molecules expressed on lymphocyte membranes, char-
acterizing diverse phases of the differentiation process
of T subsets, allow their identification and are overall
assayed by means of lymphocyte differentiation anti-
gens designated with CD terminology (CD1-CD342)
defining cellular antigens. Such markers also distin-
guish nonhematopoietic cells involved in both innate
and acquired immunity, permitting their recognition
via analysis of cell surface molecules expressed on lym-
phocytes during stages of cell development and/or acti-
vation. CDs constitute a group still under definition and
classification [470, 501] and recently revisited [4, 262,
343, 604]. These CD cell surface markers have been
grouped into T cells, B cells,and NK cells,among others.
The grouping is somewhat arbitrary because essentially
none of such CD markers is restricted to a single cellu-
lar lineage.

Uniformity of nomenclature is assessed via mono-
clonal antibody technology, which unlike polyclonal
ones prepared from immunized animals all have the
same antigen specificity, and are immunologically com-
pletely homogeneous since each antibody is synthesized
from cells derived from a single clone. Briefly, a hybrido-
ma can readily be formed by fusing a single normal B
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cell suspension from immunized mice to cells of contin-
uously replicating tumor cells: hybrid cells so obtained
show a unique association of antibody specificity and
proliferate indefinitely. The cells can also be grown as in-
dividually cloned and screened to produce antibodies
with desired specificity [414]. Periodically specialists
meet in international workshops to compare specific
reagents.

The CD4-CD8 dichotomy is considered out-of-date,
because a few CD4 have suppressor/cytotoxic and a few
CD8 have helper functions [30]. We refer to CD4 or CD8
cells to specify either helper or suppressor/cytotoxic
functions, unless otherwise specified [30]. CD4 cells ex-
press a CD4 surface antigen, a monomer of 60 kD with
four extracellular Ig-like domains, while CD8 is associ-
ated with CD8 molecules, oot or aff dimers each of
34 kD, linked by -S-S bonds, both cells with a short cyto-
plasmic tail interacting with p56! [4]. CD4 and CD8 are
encoded not by MHC, but by genes on chromosomes 12
and 2, respectively; quantitative and qualitative differ-
ences make it possible to distinguish CD4 from CD8
cells present in the bloodstream with a 2:1 ratio [481].
However, CD4 and CD8 functions are at least twofold,
since their extracellular portions bind to MHC mole-
cules on the APC surface, thus acting as adhesion mole-
cules. Another major function of CD4 and CD8 is to act
as signal transducers in T cells due to their intracellular
portions linked to specific kinases; thus CD4 and CD8
are phosphorylated following antigen binding to TcR
[36].

Unlike B cells, T cells can interact with antigens di-
rectly, even in solution. Antigen recognition by T lym-
phocytes occurs only when antigens are inside or on the
surface of a cell, more precisely when antigens are pre-
sented by APCs associated in man with HLA (human
leukocyte antigens). Such double recognition of both
antigens and HLA molecules is critical for T-cell activa-
tion, whether immunoregulatory or cytotoxic. We can
therefore conclude that in the thymus T lymphocytes
are committed to recognizing HLA antigens, and also
that tolerance starts in the thymus following TcR affini-
ty for HLA molecules, attributing to HLA a crucial role
in the recognition process.

Originally described in mice, two phenotypes were
defined showing that T dichotomy is actually the hetero-
geneity of CD4 cells. However in man there are three
subpopulations (Tables 1.10-1.12) [52, 69, 130, 158, 220,
249, 455,470, 650], divided into three helper (h) subsets
based on different patterns of ILs they secrete [643].

These subsets are: Thl T cells predominantly in-
volved in DTH reactions, Th2 T cells apparently special-
ized in IgE-mediated reactions, and ThO T cells [159,
455]. ThO cells represent a heterogeneous population of
effector cells, mostly naive lymphocytes that in the ab-
sence of signals clearly driving differentiation into
Th1/Th2 T cells have never before been activated and
thus have not acquired the ability to secrete a mature
profile of ILs, modulating their effects with respect to
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Table 1.10. Functional characteristics of human CD4 ThO,Th1 and Th2 lymphocytes

Th1 Th2 Tho
IL, +++ = 4+
IL; + ++ +
ILy = ++ +
ILs - -+ +
ILs + ++ +
Lo - ++ +
ILy = ++
IL;; +++ = ?
L3 + +++ +
ILi7E - ++ =
ILig ++ +++
ILy3 ek -
ILys _ ++ ?
L7 ++ - +
ILs = ++ ?
ILs, ++ ++ ?
GM-CSF + et +
IFN-y 4+ = .
TNF-o +++ “Far ++
TNF-B +++ - +
Necessary for development IFN-y ILy ?
Cytolytic activity +++ + e
Total Ig levels + +++ ?
IgE levels - SFF +
IgA, 1gG, IgM levels
Relationship T/B 1 ++ ++ +r
Relationship T/B T = +++ +
Activation of eosinophils/mast cells - Sisiety +
Activation of macrophages +++ - ?
Delayed-type hypersensitivity +++ = _
Positive immune responses Atopic diseases, Virosis, Pregnancy, Autoimmunity,

Leishmaniasis, Leprosy Arthritis, Helminthiasis
Negative immune responses Autoimmunity, Arthritis, Atopic diseases, Virosis,

Helminthiasis Leishmaniasis, Leprosy
Response to proliferation and/or production of cytokines
IL, ) T 1
IL, = T ?
ILsg 4 4 4
[ T i} ?
IFN-y = 4 ?
CD30 phenotype = +++ +

Data from [52,69, 105,119, 129, 130, 158,220, 249, 455,470, 650].



Table 1.11. Mechanisms of Th1/Th2 differentiation

Genetic factors Familial predisposition

toward atopy development

Allergen-specific factors ~ Allergens vs antigens,
allergenic epitopes,
physiochemical factors,
dose, route of administra-

tion

Antigen processing
presentation

Antigen processing
pathways and cells,
expression of adhesion, ac-
cessory, or homing mole-

cules
HLA restriction/V
regions used by TcR
Pattern of cytokines 1Ly ILs5

Data from [105].

Table 1.12. Differentiated production of cytokines (ng/ml)
by Th1 and Th2 clones activated by CD3 and/or CD28

Clone Activation IL, IFN-y ILg

Th2 - <0.1 <0.1 <3.0
+ 319 0.2 39.9

Th1 - <0.1 <0.1 <3.0
+ <0.1 24.8 0.8

Data from [642].

the type and quantity of ILs produced in the microenvi-
ronment and the nature of responsive cells [643].

The conventional definition of a Thl or Th2 cell de-
pends strictly on the secretion of IFN-y or IL,. Th1 cells
secrete IFN-y but do not secrete IL,, whereas Th2 cells
secrete IL, but not IFN-y. T cells secreting neither
IFN-y nor IL, are neither Thl nor Th2 cells [470]. A
subset of CD4* T-cell lines, which secrete TGF-3 but not
IL, or IEN-y, has been termed a Th3 cell [470]. In addi-
tion to Smad-2/4 of TGF-BRI, there is Smad-7 which
blocks activated receptors and interferes with phospho-
rylation of both Smad-2 and Smad-3 (G. Monteleone,
pers. comm. 15.2.2005) [156]. An IL,,-producing subset
has been termed Trl (T-regulatory 1) [470]. Another
family, that of T-cell Ig domain and mucin domain
(TIM) proteins, is identified to be expressed on T cells
[320]. The quantitative difference of ILs synthesized by
T cells is remarkable, as demonstrated either by produc-
tion of high levels of IL, and ILs by Th2 T cells (GATA-3
is critical for expression of the ILs gene in Th2 cells)
[678], while that of IFN-y is significantly lower, or by
nearly specular IL secretion by y§ Thl T cells [665].
Thus, either GATA-3 or single-nucleotide polymor-
phisms in the IL;3 gene might be relevant in inducing
the very broad Th2 phenotype observed in atopic sub-
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jects [278]. A specific factor triggering differentiation
into Th1 lymphocytes has been identified in IL,,, which
in a dose-dependent manner increases IFN-y levels in
TcR of antigen-specific T cells while antagonizing an
IL-induced B-cell switch to IgE production. It also ap-
pears that IFN-y IL;,-mediated production is necessary
to stimulate complete expression of Thl phenotype
[105]. For the outcome of CD4 T cell differentiation, the
balance between T-bet (TFs T-box expressed in T cells)
and GATA-3 is critical [665]. However, T-bet initiates
Th1 lineage development from naive Thp (Th precur-
sors) cells, both by activating Th1 genetic programs and
by repressing the opposing Th2 programs [556].

CD4 T cells coming from thymus, although they can
differentiate either into Th1 or Th2 T cells, are not pre-
destined to IL production [644]: the current theory is
that only at the moment of antigen presentation do un-
committed cells begin to secrete ILs, with polarization
of immune processes into a model of type I or IV reac-
tions [290]. As yet, it is not clear how CD4 T cells distin-
guish the antigens they encounter, because there is no
proof that such antigens are endowed with specific
structural features allowing CD4 to recognize them
[469]. Since T-cell antigen specificity is prearranged in
the thymus apparently at random, it is challenging to
imagine how CD4 cells on the point of recognizing a giv-
en antigen can be programmed at this stage of develop-
ment, so that they can express a defined set of ILs at the
subsequent encounter. To undo the Gordian knot, the
present dogma is that in any inflammatory site both
Th1 and Th2 lymphocytes differentiate from common
post-thymic antigen-specific ThP, while an intermediate
point between ThP from one side and Th1/Th2 T cells
from the other is represented by ThO [473]. Hitherto,
cell surface marker analysis for Th1-Th2 T-cell subset
identification has yielded unconvincing results. Recent
studies show that Th1-Th2 T cells differentiate in con-
formity with CD30 expression, with CD27, CD40,
CD95/Fas, 0X40 and other molecules belonging to the
receptor superfamily of TNF/NGF (TNF-R = CD120a,
CD120b and NGF-R), with low or hardly noticeable
levels of Th1 and high levels of Th2 cells (and of CD8)
[388].CD30 is therefore viewed as a specific marker and
if stimulated as a cofactor of T lymphocyte differentia-
tion, preferentially toward the Th2 T-cell phenotype,
which expresses CD30 on its membrane [113]. An inter-
esting observation is that a biologically significant num-
ber of CD30 markers are present in the bloodstream of
patients allergic to grasses (and not in controls) in
concomitance with pollination periods [113]. A soluble
CD30 (sCD30) (88KkD) is increased in serum of HIV
(human immunodeficiency virus) seropositive patients
[4]. Recent data show that the LAG-3 molecule (lympho-
cyte activation gene-3), an IgSF member binding to the
nonpolymorphic part of HLA class II molecules, is se-
lectively transcribed into activated Thl and NK cells,
since its expression is correlated with IFN-y production
by Th1 cells and not with that of IL, [457]. Of particular
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interest is the role of the STAT family of molecules,
including SH2 and SH3 (src homology 2, 3) [248], acti-
vated by an additional TE, PTK (protein tyrosine kinase)
[224]. Two classes of SH2-containing inhibitory signal-
ing effector molecules have been identified: the tyro-
sine phosphatase SHP-1 and the inositol phosphatase
SHIP (SH2-containing inositol polyphosphate 5-phos-
phatase) interacting with the immunoreceptor tyrosine
based inhibitory motif (ITIM) [446]. STAT6, activated
by IL, and ILy3, plays a crucial function related to genes
regulating differentiation into Th2 T cells [248, 523],
similarly to STAT4 phosphorylated by IL,, for Thl
T cells [523]. Th2 T cells are thought to have a defect of
STAT4 phosphorylation [401]. Thereby STAT4 and
STAT6 appear to control Th1 T-cell differentiation [523],
while IL, and IL5; activate phosphorylating STAT3
and STATS5, and IL, and IL,, activate phosphorylating
STAT3 [240].

CD 8 T cells. IL; and IL;5 are crucial for the develop-
ment of CD8~ T cells within the thymus, and SOCS1 (su-
pressor of cytokine signaling-1) regulates this process
by regulating both ILs [441]. CD8 T cells are the main
type of effector T lymphocytes, as suppressor and cyto-
toxic cells. In the first case, they bind one HLA class
I/peptide molecule also contacting f,-microglobulin
(B,-m). A flexible loop of the a3 HLA domain is clamped
between the CDR-like loops of two CD8 subunits in the
classic manner of an antibody-antigen interaction, pre-
cluding the binding of a second HLA molecule [170].
The binding of CD8 to HLA can prime CD8 T-cell pre-
cursors that depend on IL, (cytotoxic T-cell differentia-
tion factor) (Table 1.5) produced by Thl cells to be
transformed into active cells [349]. CD8 T cells thus ac-
tivated secrete soluble factors suppressing both Th1 and
Th2 T cells, as well as growth of Th2 T cells enhanced by
IL,, thereby down-regulating immune responses and in-
hibiting activation of B cells [255]. Consequently, elimi-
nating CD8 T cells in immunized mice, the synthesis of
IgE antibodies was amplified, whereas it was inhibited
when CD8 T cells were deleted prior to treatment, sug-
gesting that there are two different subsets of T suppres-
sors, also because IL, inhibits CD8 T cells producing IL,
and ILs and stimulates those secreting IL, and ILs [255].
CD8 T cells have two distinct patterns with different ef-
fects: type 1 of Th1 T cells (Tcl) and type 2 of Th2 T cells
(Tc2) [456,469]. CD8 Tcl produces IFN-y, so the highest
production of IL, is supported by CD8 absence and anti-
IFN-y presence [349] and IL, may encourage Tc2 [470].
Animal data suggest that functionally distinct subsets of
CD8 Tc2 T cells may play a significant role in IgE regula-
tion [255,349]; also in humans, such CD8 trigger isotype
switching of B cells to IgE antibodies [105]. In addition,
virus-specific CD8 can eventually generate IL; with an
implicit increase of eosinophilia in airways [100], thus
providing key elements to explain clinical links between
viral infections and asthmatic exacerbations [105]. As
we shall discuss subsequently, infantile atopy is associat-
ed with a deficiency of T suppressor cells [142] (Chap. 4).
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Once activated by antigens or lectins, cytotoxic T CD8
lymphocytes (CTLs) play a prominent role when anti-
bodies are unable to block cytolytic viruses, circulating
or present on cell membranes. CTLs associated with
HLA class I molecules via a specific receptor recognize
viral peptides expressed on target cell surfaces, lysing
them independently of antibodies or complement [123].
A first signal causes translocation and secretion of cyto-
toxic cell granules containing proteins named cyto-
lysins, also known as perforins (which perforate target
cell membranes) and granzymes also present in NK cell
cytoplasmic granules: secretion of such Ca++-depen-
dent proteins leads to cell lysis [322]. Typical is the gran-
ule speed when they are directionally released to make
contact with target cells [189]. A second signal may in-
duce death via a self-destructive mechanism mediated
by Fas/Apo-1 (apoptosine-1) (CD95) [559], activated
by contact between effector and target cells [322]. Fas
and Apo-1 are identical molecules localized on murine
and human cells, respectively [559]. Both are encoded by
TNFRSF6 on chromosome 10g24.1 and are based on
TcR-mediated recognition of target cells [189] and on
increased membrane permeability of target cells: the
increase in intracellular fluid polarizes to lysis [421].
The lytic process can be outlined in four steps:

o TcR-CD8-mediated recognition in the context of
HLA class I molecules, CTL adhesion to antibody coat-
ed plasma membrane of target cells forming a CTL-
target cell conjugate persisting for a few minutes and
mediated by CD11a/CD18/LFA-1 (lymphocyte func-
tion-associated antigen-1) interactions with pertinent
ligands CD54/ICAM-1 (intercellular adhesion mole-
cule-1) and CD58/LFA-3 and possibly CD2/CD80 mole-
cules

o Irreversible programming of lytic equipment with
release of perforins, which, when in the contact area of
conjugates, form 5- to 16-nm pores, upon which mobi-
lized granules deposit their contents into intercellular
clefts by exocytosis

o Lethal hit in unidirectional fashion mediated by the
release of granule contents

e Cellular death by osmotic lysis, or more likely by en-
hanced fragmentation of nuclear DNA, a process char-
acteristic of programmed cell death (PCD) or ritual sui-
cide, or apoptosis [421]

The lytic process is in perspective unremitting, because
cell recycling is activated by new TcR stimulations [189].

NK (natural killer) cells (non-T non-B) are morpho-
logically similar to lymphocytes, but somewhat larger
with a reniform nucleolus and a cytoplasm rich in large
granules, assuming therefore an LGL phenotype [460].
NK cells make up about 15% of peripheral blood lym-
phocytes, and 3%-4% of splenic lymphocytes, while
notable amounts are found in lung interstices, gut mu-
cosa, and liver. IL,, and IL, R play a role in NK cell pro-
liferation and maturation from bone marrow [412]. De-
riving from precursor cells common to T lymphocytes
residing in the fetal liver and bone marrow [193],



together with HLA-restricted CTLs, naturally occurring
NK cells lyse a variety of targets with no prior specific
sensitization of the host (unlike T cells), regardless of
HLA gene restrictions and of antibody or complement.
NK cells are thus enabled, along with macrophages and
leukocytes, to act as a first line of defense playing a crit-
ical role in natural resistance against a variety of infec-
tious diseases [289]. NK cells and CTLs are mutually
self-regulated: NK-cell limitation of viral replication is
higher in the first 3 days, contrary to CD8 lymphocytes
developing from their precursors within 5-6 days. Ac-
cordingly, there is a complementary balance between in-
nate and acquired immunity, since NK-cell cytotoxicity
is temporally accomplished and replaced by that of CD8
T cells [273]. NK cells share with cytolytic cells of lower
vertebrates and invertebrates both killing activity and
lack of TcR and memory, thus suggesting that they are
innate and primitive components of the vertebrate im-
mune system [193]. Identified in humans, several CDs
possess Fc receptors (FcR) that bind IgG (FcyR) and are
activated by membrane receptors such as CD2R, CD16
(FcyRIII), CD39, CD69, and NKRP-1 (natural killer re-
ceptor = CD161) and CD94, a product of a gene in hu-
man chromosome 12p12-p13, both members of C-type
lectin superfamily [225,320,460,470]. In addition to dis-
playing cytotoxicity against autologous tumor cells,
triggered by IFN-a, IL,, IL;, and IL;s, NK cells release
GM-CSE, M-CSE, IFN-y, and TNF-a. Both activated
IFN-y and TNF-a are important for immune resistance
against pathogens and regulation of hemopoiesis and
immune responses, and IFN-y also generated by other
cells in response to microorganisms enhances NK cell
cytolytic activity [25, 339, 460]. Increasing evidence
shows that NK cells play a cardinal role in the control of
microbial agents and with natural cytotoxicity of viral
infections, also in absence of T and B cells, as in SCID
mice [25, 130]. More precisely, the NK cell kills the ab-
normal target cell by inserting the pore-forming mole-
cule perforin into the membrane of the target cell, and
then injecting it with cytotoxic granzymes [115]. Fur-
thermore, NK cells produce IL,, necessary for their pro-
liferation, IL;, [77], IFN-y induced by IL,5; generated
by activated human monocytes [68], and VLA-4/
VLA-5 (very late antigens 4 and 5) (CD49d/CD29 and
CD49¢/CD29) mediating NK-cell adhesion to fibro-
nectin (FN) [64]. IL;, (NK cell stimulatory factor)
primes in vitro Thl-specific immune responses and in-
hibits development of IL,-producing Th cells [339]. IL,
increases expression of adhesion molecules on their cell
membranes [193]. Lastly, the MCP chemokines (mono-
cyte chemotactic protein) are NK-cell major attractants,
also inducing their chemotaxis [317].

One of the more intriguing aspects of NK-cell func-
tion is its possible recognition of foreign substances as
non-self, allowing their recognition system to discrimi-
nate between self and non-self, to start cytotoxic activi-
ties and to produce ILs [289]. This theory is based on
two models: an HLA-independent system of recognition
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triggered by IL, [289], or the missing receptor hypo-
thesis focusing on immune surveillance with conse-
quent elimination of cells failing to express HLA class I
molecules [313]. The second theory has been confirmed
by several experimental studies; however, at present how
NK cells interact with target cells remains unanswered
[667]. According to prevailing hypotheses, expression of
HLA molecules could deal with a protective role from
NK-mediated lysis [381]. In agreement with this model
is the presence on NK cells of =20 receptors (NKR,
natural killer receptor) specific for HLA class I antigens
[4, 667]. NKRs are divided into NKAR (NK activating
receptor) and NKIR (NK inhibitory receptor), among
which are p50 1-3 (NKAR) and p58, p70, and p140
(NKIR), associated with IgSF, activators of HLA-C (p50
and p58), HLA-B,and HLA-A molecules, respectively [4,
381], and CD9%4 associated with proteins (94AP) phos-
phorylated by tyrosine, all implicated in HLA antigen
recognition [427]. There are additional NKRs specific
for HLA class I antigens, also IgSF membrane proteins
and encoded by genes in human chromosome 19913.4
[91], including the NKAT 1-4 (NK associated tran-
scripts 1-4) family encoding transmembrane (TM) pro-
teins with an extracellular region characterized by 2-3
IgSF domains and one cytoplasmic associated with
ARAM (antigen recognition activation motif) [91].

HLA class I molecules may deliver negative signals
protecting from lysis cells attacked by NK cells, and may
resume cytotoxicity if target cells have reduced class I
expression or abnormal peptide-HLA complexes impair
recognition [320]. Thereby, NK cells are subjected to a
delicate balance between activatory and inhibitory sig-
nals: only upon HLA molecule loss or reduction in num-
ber is inhibition dampened and killing enhanced [443].
A system of recognition that is characteristic of NK cells
relies on the NKARs and NKIRs of these cells. The
NKARs recognize a number of different molecules pre-
sent on the surface of all nucleated cells, whereas the
NKIRs recognize MHC class I molecules, which are also
usually present on all nucleated cells. If the NKARs are
engaged, a “kill” instruction is issued to the NK cell, but
this signal is normally abrogated by an inhibitory signal
sent by the NKIR on recognition of MHC class I mole-
cules [287, 365]. Even if several issues remain to be ade-
quately explained, for example, regarding specific func-
tions of receptors so far identified and distribution of
their activities, it is likely that different receptors may be
used depending on the NK-cell activation state, thus re-
leasing a negative signal that recognizes polymorphic
HLA class I determinants on potential targets [667]. NK
cells and CTLs may regulate functions of each other, in
addition to the role of NK cells in CTL differentiation
[273], but CTLs down-regulate NK-cell action express-
ing their inhibitor NKB1 [428], also complemented by
TcR-aff [273]. However, NK cells can express inhibitory
receptors such as C-type lectins (CD94), while rodent
NK cells may express those of IgSF [320].
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The LAK (lymphokine-activated killer) cells are addi-
tional cells possibly with a cardinal role in discrimina-
tion between self and non-self [470]. LAKs display selec-
tive cytotoxicity for tumor cells not killed by NK cells
with a broader spectrum, synergically expressed by IL,
and IL,, and activated by IL;5 [557, 693].

In the lytic process mediated by NK cells, we can dis-
tinguish four stages similar to those described for cyto-
toxic CD8 cells, the main difference regarding a shorter
length of the whole procedure (4-6 h) compared to the
longer one of antigen-specific CD8 lymphocytes. Ac-
cording to recent evidence, CTLs and NK cells not only
deliver lytic messages to targets, but also bring about a
substantial DNA fragmentation, a feature of CD8 cells
via several secreted membrane molecules [190]. Recent
reports of an adolescent and two children [43,273] with
life-threatening and relapsing infections, a quantitative
and qualitative defect of NK cells [43] or no cells with
NK-cell phenotype [273] and a reduced total number of
CD8 T cells but with antibodies to several viruses [43],
emphasize that NK cells hold a key position in the re-
sponse to infections [460]. Dysfunctions of NK cells have
been reported in Chédiak-Higashi syndrome with ab-
sence of cytolysis due to a secretory deficiency impair-
ing granule secretion [21],in PID such as SCID, suggest-
ing in this PID a combined deficiency of both NK and
T cells, in X-linked lymphoproliferative syndrome
(XLP), X-linked agammaglobulinemia (XLA), common
variable ID (CVID), LAD (leukocyte adhesion deficien-
cy), and in chronic fatigue syndrome.

K (killer) cells, morphologically and functionally
similar to lymphocytes, are in practice null cells since
they lack markers of both B and T lymphocytes. Not
HLA-restricted, they have receptors for complement but
not for surface Igs,and can recognize and kill target cells
coated with specific antibodies by binding and being
triggered via their FcRs: when target cells are killed but
not phagocytosed, the process is called antibody-depen-
dent cell-mediated cytotoxicity (ADCC). It appears that
the NK-K cell system is actually one heterogeneous sub-
population also comprising LGLs, in which killing is
alternatively mediated by a mechanism of NK or ADCC
type [460].

A small subset of human y8 T cells fulfills in vitro
either nonspecific killing or cytotoxic activities, possi-
bly associated with CD1c molecules, with some similar-
ity to HLA class I molecules [337]. Some activated y&
T cells can lyse infected phagocytes, being powerful
K cells [110].

Lymphocyte Recirculation

T-cell recirculation illustrates the elegance of immune
cell regulated migrations. Stem cells, after reaching the
thymus or bone marrow via the bloodstream and ma-
turing into B or T cells, enter the systemic circulation,
peripheral lymphoid organs, and MALT, never traveling
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in opposite directions. Both phenotypes migrate elec-
tively between corresponding thymus-dependent and
thymus-independent areas. Memory T cells leave the
bloodstream via peripheral efferent vessels, especially to
inflamed sites, and subsequently enter regional afferent
lymphatic channels that eventually direct cells to a
draining regional lymph node, circulating by lymphat-
ics or via cortical venules into lymph node parenchyme
(hence the high percentage of memory T cells) [634]. In
contrast, naive cells move across afferent postcapillary
HEVs into lymph nodes, directly through the HEV bar-
rier. HEV's originate from pre-existing capillary venules
(Fig. 1.3), differentiating under the influence of IFN-y
secreted by local Th1 T cells [226]. A particular feature
of T lymphocytes is that they selectively bind to specific
HEVs in lymphoid tissues and appear to completely
ignore normal vascular endothelium, unlike in inflamed
sites [226]. Moreover, between HEVs and distinct sub-
sets of T cells there is a selective binding of finer speci-
ficity, further regulating lymphocyte homing into vari-
ous lymphoid and nonlymphoid tissues [522]. In lymph
nodes, encounters take place between novel antigens
coming from afferent draining tissues and virgin cells.
Lymphocyte traffic is not a random mixing of cells in
varying tissues of the body. Yet this distinctive migra-
tion is directed by lymphocyte cell surface molecules
that are receptors for ligands expressed on endothelial
structures on HEV cell membranes (homing receptors)
(Figs. 1.5, 1.11) [62]. As a result of these interactions, T
lymphocytes transmigrate into mucosal tissues with
immune memory of antigen sensitization, hence regu-
lating local immunity [326]. Leaving secondary lym-
phoid organs and entering efferent lymphatics, lympho-
cytes of either phenotype recirculate via mesenteric
lymph nodes and return to the blood via the thoracic
duct, emptying into the superior vena cava, and crossing
HEV endothelial vascular linings; they are eventually
exported back to mucosal sites as memory T cells via the
subclavian veins [591]. It is believed that lymphocytes
migrate nonrandomly to their home: for example, naive
T cells expressing CD62E that binds HEV can also mi-
grate into skin T cells, as well as memory T cells, if they
are equipped with CLA (cutaneous lymphocyte-associ-
ated antigen), which binds to CD62E on endothelium of
skin venules [634]. The contribution of adhesion mole-
cules should be pointed out: for example, ap; integrin
is equal to CD103 inducible by TGF-B1 (transforming
growth factor f1), binding to E cadherin directs T lym-
phocytes to the IEL (intraepithelial lymphocytes)
group, >95% of which expresses it, thus mediating lym-
phocyte adhesion to mucosal epithelial cells [76]. These
meaningful data provide an immune basis to analyze
reactions triggered in distant target organs, so that
lymphoid cells stimulated, for instance in GALT, migrate
into the bloodstream and then to the gut lamina pro-
pria: this traffic is very important for maintaining the
immune surveillance within the MALT system [326].
This also elucidates why some T lymphocytes appear to
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Fig. 1.11. Recirculation of lymphocytes: differential distribu-
tion of naive versus memory cells. Unlike naive cells, memory
and effectorT (and probably B) cells can efficiently extravasate
in tertiary or extralymphoid tissues (see text). Antigen-activat-
ed B cells may home to specialized environments in the outer
T zone during primary responses, or may colonize germinal
center sites of hypermutation, affinity maturation,and memo-
ry cell differentiation. Less numerous, specialized lymphocyte

patrol throughout the body (recirculation) and their
traffic is greatly enhanced if an inflammatory response
develops. The toxic action carried out by viruses can al-
ter both homing and recirculation of T cells until inacti-
vation, notably of lymphocytes specific for that particu-
lar virus (Chap.22). The immunocompetent memory
cells recirculate uninterruptedly, since encounters with
particular antigens and triggering of immune reactions
are facilitated on the one hand, and on the other local-
ization of specific cells in elective areas is supported
[634]. While naive cells recirculate almost exclusively via
lymph nodes and other secondary lymphoid tissues,
where priming may take place, traffic of memory and
effector lymphocytes is also directed to nonlymphoid
tissues, including gut lamina propria, lung tissues, as
well as inflamed skin, and joints (Fig. 1.11). More pre-
cisely, naive cells are excluded from effector mucosal
sites because their HEVs lack MAdCAM-1, expressing
inadequate levels of a,f; to bind it [62]. Sophisticated
studies on animal models have observed that homing
receptors direct traffic with a specific migratory behav-
ior of the cells: those coming from GALT, for example,
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subsets, such as y8 T cells or IELs, may be targeted from their
origin in the thymus or bone marrow directly to reproductive,
cutaneous, intestinal, or other tertiary sites. Extralymphoid tis-
sue sites of selective homing include skin, lung, intestinal lam-
ina propria, and synovial tissues. Ag antigen, IEL intraepithelial
lymphocytes, PALS periarteriolar lymphoid sheath. (Modified
from [62])

from PPs, have a preferential migration into the gut,
mediated by 3, integrins [615],and to a lower extent into
other sites, and likewise for other preferential localiza-
tions (Fig. 1.12) [534]. Memory cells, once activated in
specific tissues, depend on unending antigen stimula-
tion and with remarkable selection home in to tissues
related to initial exposure to foreign antigens [226]. The
selective pattern of recirculation has a prerequisite of
preventing inappropriate competitions between T and B
cells and migrations into nonlymphoid organs [62].
Similar discrepancies involve specialized subsets mak-
ing use of preferential routes, such as y6 and IEL cells,
which can migrate into skin and/or gut [62]. Studies
have hypothesized that an important role may be en-
trusted to gut-derived IELs homing preferentially to
mucosal lung tissue, also effective in preventing airway
infections [454]. Because of lymphocyte circulation,
Byga cells of PPs following antigen sensitization home in
to regional lymph nodes, where they differentiate, acti-
vate, and then return to colonize electively the lamina
propria of various compartments [548], including
mammary glands, where they transform into IgA-se-
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creting plasma cells (enteromammary axis; Chap.2).
Analysis of B lymphocytes is limited: naive B cells are
the great majority of cells recirculating between blood
and lymphoid tissues [635]. As regards the volume of
cell traffic, human circulating blood contains =100 lym-
phocytes, with a blood transit time of 25+6 min, result-
ing in a 40-fold daily exchange (=5x10!! lymphocytes)
[635]. In the human thoracic duct, there is a recircula-
tion of only =3x10!° lymphocytes, that is about 6 %-7 %
of the daily migration via peripheral lymphoid tissues:
in rats the rate of naive and memory cells is nearly
equivalent [636].

T and B Cell Receptors

T and B lymphocytes can recognize an extremely wide
range of disparate foreign antigens because of the high
variability of their membrane receptors, stemming from
the ability of developing cells to arrange and modify
genes encoding antigen receptors, even if single B cells
express only one type of specificity, and the same is
probably also true for T cells [225]. There are =104 TcR
and 10'® BcR [353] (Fig.1.13) playing a central role
in antigen recognition and activation, with structures
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complementary to those of specific antigens; epitope
recognition by receptors is a critical event triggering
immune responses. In contrast, the human genome con-
tains 75,000-100,000 genes, most of which have no role
in immune recognition [353]. Molecules coded for by
HLA molecules regulate B- and T-cell differentiation,
because they are involved in the host’s ability to set
humoral or CMI responses. More prominently, HLA
molecules are necessary to signaling and their intercel-
lular interactions contribute to distinguishing between
self and non-self [470]. Specificity dominates in the mol-
ecules induced in every individual in one or two ver-
sions, dictated by maternal and paternal genes, whereas
TcR and BcR are produced in millions of copies that,
although adhering to a common structural plan, are dif-
ferent in V domains [115]. If each lymphocyte bears re-
ceptors with a unique specificity, coordinately expressed
by progenitor stem cells via processes of genetic recom-
bination, there must necessarily exist a great variety
calling on the immune system to recognize an extensive
spectrum of antigens. Doubtless, clonal selection inter-
feres to naturally eliminate receptors destined to die via
PCD [276, 510]. Both TcR and BcR are able to recognize
a given antigen due to their unique molecular struc-
tures, which are spatially and chemically complemen-
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tary to one another, fitting together in a “lock-and-key”
relationship, thus giving the starting signal to cellular
replication. The progeny of cells derived from any naive
cell originate as a lymphocyte clone with cells morpho-
logically identical to one another in nearly all respects,
while each BcR or TcR expressed by cells of a given clone
are also identical [185]. Lymphocytes, already triggered
by binding to their specific antigens and activated, pro-
liferate and deliver specific effector functions, thereby
recognizing the intruder and successfully inactivating
or eliminating it: evidence exists that cells with a specif-
ic receptor that fits better to binding sites may differen-
tiate selectively, thereby predominating over other cells
[47]. Receptor molecules mediating specific recognition
have heterodimeric structures: L and H Ig polypeptides
behave as BcR, while o and f chains are related to TcR.
L, H, a and f chains possess V domains arranged in a
specific spatial contour on available antigen surfaces
and also C domains interacting with receptors on host
tissues and transmitting signals to cell cytoplasm.
Therefore, BcR and TcR genes share many features
and both undergo similar DNA rearrangements [18]. In
addition, genes coding for BcR and TcR use a unique
strategy to achieve the degree of diversity required. The
set of human BcR and TcR genes is complete for all the
seven loci - the three Ig loci: IgH (after the H chain), IgK
(after the x L chain) and IgL (after the A L chain); and
the four TcR loci: TcRat/6 on chromosome 14, TcRP (on
chromosome 7, and TcRy on chromosome 7. The IgH
cluster (431 human genes and 798 alleles) corresponds
to 4 types of gene segments: V, D, J, and C. The Igk and
IgA clusters lack D segments. All these segments contain
multiple genes; in the IgH cluster, for example, there are
=50 functional V segments. The TcR genes have a simi-
lar organization and in the 4 TcR loci there are 242 hu-
man genes and 443 allels [115, 183]. In contrast to the
TcRP and TcRS loci, the TcRa and TcRy loci do not con-
tain D segments. And, as in the case of Ig genes, each
TcR locus contains multiple V, D, and ] genes; on TcRa,
for example, there are 70 to 80 V genes and =60 ] genes
[115]. To such genes is committed a molecular control to
increase variability via somatic and evolutive processes,
but inheritable chromosomes, as discussed earlier, con-
tain no Ig genes at all: otherwise there would be several
million of these genes. For example, spermatozoon and
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ovum contain gene fragments that via subsequent phas-
es of rearrangement, reorganize genome sequences so
that new genes can be created in immune cells to contin-
ue the cycle [18]. The basic principles governing the ge-
netic mechanism to create such a variety can be focused
on DNA somatic rearrangement, versatile and casual,
accompanied by deletion and an evolutionary mecha-
nism with reference to active engagement and frequent
combinations [185]. Antibodies and T-cell clones thus
achieved are specific not only for antigens present now
in the microenvironment, but are also able to develop
different specificity to antigens not yet present, to be
encountered in the future [326].

T-Cell Antigen Receptors

While nearly all developing TcRaff thymocytes express
a single TcRp protein, many thymocytes rearrange and
express two different TcRa chains and, thus, display two
afTcRs on the cell surface. The number of such dual
TcR-expressing cells is surprisingly lower among the
mature T cells [284]. The immature TcR consists of a
f chain identical to that found in the mature TcR and a
pre-T chain that contains only a C region. This segment
is replaced by an « chain to form the mature TcR, and
each chain consists of aV and a C region [115]. The PTK
signaling and coreceptor involvement may be operating
in normal thymocytes [284]. Antigen-specific T cells
have a TcR similar to membrane Igs (mlg) of B cells and
also contain V, D, ], and C segments. CD3-TcR complex is
the unity of mature T cells: TcR is able to recognize and
discriminate among different foreign antigens, CD3
polypeptides have long intracytolastic tails necessary to
TM transduction of activation signals [222]. Each TcR
molecule is formed by two pairs of heterodimers, o and
5, each a, B, y, and & chain containing a V domain and
a C domain, and a CD3 complex by three distinct invari-
able chains known as v, 6, € correlated between them.
Antigen-specific T cells have a TcR similar to membrane
Igs (mlIg) of B cells. CD3-TcR complex is the unity of ma-
ture T cells: TcR is able to recognize and discriminate
among different foreign antigens, CD3 polypeptides
have long intracytoplasmic tails necessary to TM trans-
duction of activation signals [225]. Each TcR molecule is
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Fig. 1.14. Genes coding for TcR (for details see text)

formed by two pairs of heterodimers, afy and Y6, each
a, B, Y, and & chain containing a V domain and a C do-
main. CD3 complex by three distinct invariable chains
known as y, , € correlated between them. As in the anti-
body molecule, the V domains contain three CDRs,
where the highest degree of amino acid variability is
concentrated. The CDRs in the case of the aff TcR recog-
nize a complex formed by a peptide seated within the
groove of an MHC molecule [171]. Each TcR has a single
extracellular Ig-like C domain, a TM segment, a cyto-
plasmic tail (44-81 amino acids in length), and is com-
pleted by C and/or | chains. {n chains also are invariable
molecules, derived by conjunction of alternative tran-
scripts of the same gene, and form homodimers linked
by a -S-S (C-C and/or n-n) bond, or heterodimers (C-n),
not covalently associated with five subunits (apyde) to
form the heptameric complex. The human chain MWs
are as follows: y 25-28 kD, § 21 kD, € 20kD, ¢ 16 kD and
n22kD [4].

Two T structures recognize antigen peptides bound
to HLA molecules:
e In 90%-95% of T lymphocytes is found a TcR formed
by two polypeptide chains o and B (o) (MW of 45 and
40 kD) expressed on the cell membrane in the form of
90-kD heterodimers and linked by -S-S bonds, associat-
ed on the cell surface with CD3, a clonally invariable
protein, and encoded by gene segments organized in a
discontinuous way on chromosomes (V, D, ] and C);
hence gene rearrangements are necessary. V regions are
present in both chains; in addition there are J and C for
a chain, and D, ] and C for f chain. The « and 3 mole-
cules, membrane gps belonging to IgSF (Table 1.4), are
encoded by genes located on chromosome 14 (region
q11) for a chains and on chromosome 7 (region g32) for
f chains [337]. Use of Vo and V3 regions of TcR from
T lymphocytes is very stable, as TcR gene expression is
controlled by DNA sequences, among others.

e In 5%-10% of TcRs a second heterodimeric receptor
formed by a y (45 kD) and a § chain (40 kD) (y§) linked
by S-S bonds is expressed. The y chain locus is on
the short arm of chromosome 7 (region p15) and the
§ chain on chromosome 14 is embedded within the
alocus [222,337] (Fig. 1.14) [470]. Human genes encod-
ing y chains contain exons for V, J and C regions, and
gene exons for § chain encode for V, D, ] and C regions,
similarly to « and B chains [18]. In humans, y chains
have two different Cy2 exons, one encoding a cysteine
residue. The y5 cells are about 80%-90% CD8* and the
remaining cells CD4* [337]. In humans, both receptors
are present in IELs, but aff T cells prefer to differentiate
mostly in normal epithelia homing lymphocytes [525].
The same basic principles of gene rearrangement de-
scribed for Ig apply for TcRs. Also, genes encoding V and
C regions of TcR chains are found on DNA varying seg-
ments, and therefore should be rearranged. However,
repertoires of different TcR are believed to be at least as
large as Ig molecule repertoires, also regarding antigen
specificity. A remarkable degree of independence seems
to dominate in the generation of aff and y§ lineage cells
from progenitor cells that, in theory, could simultane-
ously express a TCRyS and a pre-TCR [180]. In periph-
eral lymphocytes, STAT5 is primarily required for
the generation and/or maintenance of yo T cells and
TCRy&(+) IEL [246]. Both y and 6 chains exhibit typical
fetal rearrangements because there is essentially no
N region diversity at V] or VD] junctions of rearranged
y and & genes [525]. A remarkable difference between
genes coding for aff and y6 chains of TcR is a pro-
grammed regulation of their activation during ontogen-
esis [229], in that comprehensive rearrangements at y§
loci appear before those at aff loci [525] in reciprocal
independence [229]. The Y8 TcR is the first receptor
expressed by thymocytes in utero [279]: until day 17 of
gestation, yd cells are mainly TcR* subsets in murine



thymus [263]. Such TcRs appear to predominate com-
pared to af TcRs in murine skin and gut epithelia [582],
where y6 could play a leading role in first-line defense.
The much earlier activation and conversion to memory
of the y& T cells is a significant differnce between the y§
and aff T cell lineages, and illustrates the central role
that y8 T cells have in adressing Ag challenge from birth
onward [111], substituting for aff cells that are scarce
in mice [587], and protecting epithelia from damage
caused by inflammations via selective suppression of
IgE responses [279]. This effect is endorsed by normal
levels of y6 cells [80]: reduction to only 500 cells [350] or
suppression of yo cells, as reported in atopic babies
[495], could imply an increase in IgE levels [80, 350,495].
As y6 TcRs develop normally in mice deficient in HLA
class I and II molecules, these cells could be present in
HLA defects. In addition, studies related to CDR3 of y, 5,
and a TcR chains and Ig H and L chains suggest that
y6 cells may act as Igs in antigen recognition without a
prior processing and presentation by professional APCs
[466, 500].

In children with PIDs, studies reported CD3 y, €, or ¢
deficiency, with TcR expression reduced on the cell
membrane by about 50%-90% of T lymphocytes; € de-
fect is much more severe than y defect as regards TcR ex-
pression or complete conformation, thus resulting in
mature and immature T cells [263]. According to recent
data, it does not seem necessary that parts of TcR a8, yoe
and C be present all grouped together in one complex to
be expressed on the cell membrane as a functional unit:
in the absence of functional y chains, a healthy child
shows that in vivo T cells may use fewer receptors than
is expected (see “CD3y Deficiency,” Chap. 22). { chain
deficiency seems to be more severe because of the high
reduction of CD4,CD8 and TcR-a} levels and absence of
CD44 and CD25 [102].

The three CD3 chains, y, §, and ¢, have homologous
sequences of amino acids and their cytoplasmic do-
mains comprise ITAM (immunoreceptor tyrosine-
based activation motif) or ARAM, which contain tyro-
sine residues necessary to induce tyrosine phosphoryla-
tion in activated TcRs [3289]. TcR complex is not ex-
pressed by mature T cells and exists at their surface to
carry out the whole set of T-cell functions, showing
several similarities with Ig structures: it is formed by
two instead of four polypeptide chains that are different
from one another, linked by -S-S bonds, and consist of
both V and C regions. The two polypeptide chains (sim-
ilarly to Ig chains) are delineated by a C-terminal C re-
gion, the same for each TcR,and an N-terminal V region,
different for each TcR. Such wide variability enables var-
ious TcR clones to recognize a practically infinite num-
ber of invaders [225]. On lymphocytes and in the blood-
stream, there is a substantial number of TcR and BcR
with different V regions; variability is acquired during
somatic rearrangements between gene segments V, D,
and ] linked together in respective chromosomal re-
gions. Diversity is generated by multiplicity of indepen-

T and B Cell Receptors

dently assorted components of V regions; however, TcRs
have a greater tendency to use N-region diversity and
frame shifts, whereas Igs prefer to use somatic hyper-
mutation. TcR diversity is amplified by multiple V genes
in germline, random combination, and junctional and
insertional variability, thereby ensuring generation of a
noteworthy structural diversity to deal with a practical-
ly unlimited universe of non-self antigens [36].

As a corollary of data discussed above, self/non-self
discrimination by TcR is HLA-restricted, in that T cells
and APCs must be complementary to HLA molecules:
following this assumption, CTL CD4" recognize class II
antigens as highly preponderant T CD4* cells, and CTL
CD8* (the majority) recognize class I antigens. There-
fore interactions between CD4 and CD8 and respective
HLA class molecules increase efficiency of T-cell and
APC interactions. CD4 and CD8, IgSF members, ad-
hesion molecules, and signal transducers could act as
receptors for nonpolymorphic HLA epitopes, contrary
to TcR interacting with polymorphic epitopes [463].

B-Cell Antigen Receptors

The events following transduction of activation signals
are better understood for T than for B cells. The imma-
ture pre-B cells (and pre-T cells) express preliminary
versions of the antigen receptor. At this stage, the BcR
comprises a pair of H chains, each with a V and a Cp
region identical to those found in the mature receptor,
and a pair of surrogate L chains, termed Vpre-B and y5.
As the B cell develops, the surrogate L chains are re-
placed by conventional L chains, each with a V and a
Cregion [115]. BcR consists of mIgs, more common pro-
teins critical for antigen recognition, differing from an-
tibodies only for an extra sequence of amino acids at
C-terminal domains of H chains [214]. During embry-
onic and fetal life, mIgs of different isotypes alternate in
B-cell populations; similarly, this occurs during clonal
maturation in their adult life [3]. Igs of all classes can ex-
ist in either membrane-bound or secreted forms. Mem-
brane forms combine with Ig L chains to make mlg;
however, mIgs are retained in ER, unless associated with
Igax and Igf [414] . B cells comprise:

o Specific mIgs: IgM (5%-20%) and IgD (5%-10%)
more frequently than IgG (1%-7 %) and IgA (<5%) an-
tibodies. These specific molecules facilitate B cell identi-
fication by immunofluorescence (IF) techniques, using
antisera specific for each isotype.

o Membrane receptors for the Fc fragment of IgG
(FcyR) [18], found also on non-B cells and monocytes
(Table 1.3), possible false positivities due to IgG passive
fixation on such receptors.

e Receptors for complement components C3d and C3b
with rosette formation; receptors recognize comple-
ment when bound to either IgG or IgM antibodies (EAC
rosettes).
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e CD2] is the receptor for C3d complement fragment
and EBV (Epstein-Barr virus). This latter event allows
microorganisms or their products to link to B cells, thus
giving activating signals. The mature IgM molecule acts
as the BcR for antigen, usually together with IgD BcR
with the same antigen specificity. The V regions of the H
and L chains each contain three CDRs. The CDRs make
contact with the antigen [115]. When IgMs (with low
affinity bond) play a BcR role, membrane signaling re-
quires binding to CD45, equal to LCA (leukocyte com-
mon antigen), an important amplifier of BcR-mediated
signals contained in intracytoplasmic tail domains with
phosphatase activity (PTPase) [103], with several iso-
forms indifferently distributed between B and T cells
[395].

o Additional receptors of mature B cells include IFN,IL,
and IL,. B cells present unrestricted surface antigens to
cells of B lineage such as CD9, CD10 and CD23 (FceRII).
o B cells have a high density of HLA class II molecules
and express CD71 [96].

BcR consists of tetrameric H chains (IgH) with five
isoforms: p (73 kD), 6§ (67 kD), y (50 kD), a (55 kD), and
€ (70kD), and L (IgL) with two isoforms: k (26 kD) and
A (26 kD) [4]. mIgs of all types associate noncovalently
with two heterodimers, each formed by a pair of
polypeptidic chains, « and f, Iga (CD79a) and Igf
(CD79b), -S-S-linked to each other. In addition, two TM
gps have an extracellular domain of Ig type (included in
the IgSF), and an intracytoplasmic tail of 61 amino acids
for o chains and of 48 for P chains in close contact with
mIgM (mp) [453]. Interestingly, a BcR without the T-cell
CD3 complex has these proteins structurally resembling
it [214]. More precisely, CD79a and CD79b cytoplasmic
tails contain an amino acid motif with two tyrosine
residues such as ITAM (see activation of lymphocytes),
representing an important point of communication be-
tween BcRs and two types of PTKs: src-family kinases
and spleen tyrosine kinase syk [453]. The nonreceptor
PTK syk is widely expressed and has an important role
in intracellular signal transduction in hemopoietic cells.
It displays a leading role in BcR spectrum of activities,
as demonstrated by BcR complete activation via PLCy1
(phospholipase Cy1) linking. In addition, syk controls
signaling pathways between the two, whereas its defi-
ciency blocks B-cell development at pre-B stages [446,
589]. A member of the src family is Bruton tyrosine
kinase (btk) underlying XLA (Chap. 22). As an illustra-
tion of the SHP-1-dependent inhibition pathway, re-
cruitment of SHP-1 to the B cell inhibitory receptor
PIR-B attenuates BcR-triggered activation responses
[446]. Extra BcR functional interactions are with B-cell-
specific surface proteins CD19 and CD22 [453], two
ligands, CD80 and CD86 (Table 1.2), also common to
T cells, DCs, macrophages, etc. Their activation increas-
es CD80 and CD86 levels [453]. CD80 expression peaks
after several days, whereas CD86 expression peaks with-
in 24 h of activation; thus higher levels are stimulated
[242]. Two pairs of TM BcR-associated proteins, BAP32/
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BAP37 and BAP29/BAP31, have been recently mapped,
associated with IgM BcR and IgD BcR, respectively, in a
class-specific fashion [453].

In conclusion, there are evident analogies in gene
organization and structure of both receptors that sug-
gest a common evolution from ancestral genes. All genes
belong to IgSF (Table 1.4).

Immunogens, Antigens and Allergens

Definitions. Briefly, immunogens, antigens and aller-
gens [1,185,428] can be defined as:
o [mmunogen: any antigen that in a particular host can
elicit immune responses and react with the relative
products
e Immunogenicity: the capacity of provoking an im-
mune response (B- or T-mediated)
o Antigen: anti(body) gen(erator), any substance recog-
nized by TcRs or antibodies, that can trigger immune
responses
e Antibody: selected Ig molecule containing a specific
sequence of amino acids and binding specifically to
antigens, inducing its synthesis
e Antigenicity: an epitope capacity to be recognized by
specific receptors of the immune system
o Allergen: aller(gy) gen(erator), any foreign substance
able to activate IgE synthesis
o Allergenicity: the ability of an allergen to elicit an IgE-
mediated reaction in sensitized patients
e Sensitization: natural or artificial induction of an im-
mune response, notably when it causes allergy in the
host. In subsequent contacts with the same immunogen
there is a quicker onset and a more severe immune re-
sponse [185]
e Panallergen: molecule with properties shared by dif-
ferent species, for example, a protein with a conserved
IgE-binding epitopes across species that cross-react
with foods, plants, and pollen
e Epitope: antigenic determinant; an allergenic epitope
marks a specific peptide domain associated with aller-
genic potential
e Paratope: antibody-combining site for epitope
Strictly speaking, all immunogens are also antigens,
but not all antigens are naturally immunogens: the im-
mune system may recognize an antigen, although it does
not respond to an antigen unless it is also an immuno-
gen. However, the terms “antigen” and “immunogen” are
often employed interchangeably [185].
Immunogenicity of a given protein depends on epi-
topes present on its molecule triggering sIgE synthesis
(specific IgE antibodies), thus in turn triggering allergic
reactions. It also relies on the existence on the protein
surface of hydrophil amino acids such as lysine, argi-
nine, and aspartic and glutamic acids. That a non-im-
munogen molecule could become the target of immune
responses if attached to an immunogen protein is evi-
dent with compounds with low MW, called haptens



(from the Greek “amrterv,” to fasten) or ligands, small
molecules with a restricted number of identical epi-
topes. Haptens are therefore antigenic but not immuno-
genic, and can combine with only one type of antibody,
but are unable by themselves to elicit immune respons-
es, owing to their low MW. To become an immunogen,
the free hapten must bind a carrier, either serum pro-
teins or epidermal proteins: for a single hapten more
than one carrier may exist [185]. Anti-hapten antibody
responses require cooperation between subsets of B and
T cells first recognizing the hapten and second the car-
rier. Current examples are drugs, metal contaminants
such as Ni, Cr, Cu and B-lactamines, natural constituents
of vegetable origin, including balsams, fucomarins, lac-
tones and terpenes, to be found in fruits, vegetables and
aromatic plants [18].

Antigens are soluble or corpuscular substances, most-
ly made up of proteins, each formed by one, two or more
chains composed of different combinations of about 20
amino acids linked to one another. Every chain is rolled
and folded; hence when it is extended, parts distant
from each other come into contact when protein struc-
tures fold [12]. The term “antigen specificity” refers to
antigen binding only to antibodies thereof activated.
This specificity has a crucial value in the immune sys-
tem: notwithstanding complexity of molecular struc-
ture, any given antibody including IgE will recognize
and bind not to the whole molecule, but to the epitope, a
limited portion of such a molecule formed by a few
amino acids arranged in sequence or close by because of
chain folding. Antigen-antibody reactions always de-
note a primary, dynamic fixation, based on noncovalent
forces; hence they are relatively low and dependent on
steric complementarity between epitopes and antibody.
Epitopes often behave as haptens [18].

Epitopes and Paratopes

The epitope is a molecular structure with a diameter of
2-3 nm representing the antigen part electively recog-
nized by a given antibody (that is the paratope) or TcR,
thereby determining immune reaction specificity.
Chemically, it is composed of five to seven amino acids
active in molecules of globular proteins and glucide
units of lateral chains of polysaccharides (PS). A part of
the epitope reacts with Fab of L chain, the other with an-
tibody H chain, being the fundamental part of a protein
molecule recognized by binding either to T cells or Fab
fragments [1]. Another molecule, the agretope, also
formed by amino acid residues interspersed in primary
sequences, binds to both TcR and paratope [11] and to a
HLA-DR molecule of new synthesis localized in a hyper-
variable 1 region, the desetope (Fig. 1.15) [577]. Each
TcR chain supplies three CDRs [in particular CDR3 with
(D) J sequences as Igs interact with epitopes] contribut-
ing to the antibody combining site, the paratope, three-
dimensional space defined by the folding of new
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Fig. 1.15. Interactions between T cell, TcR and APC before an-
tibody production. The epitope of the immunogenic peptide
binds to TcR (and the paratope region), while the agretope
binds to the la antigens of APC. The desetope is the part of
HLA molecule to which the agretope binds. APC antigen-
presenting cell, TcR T cell receptor

polypeptide chains. H chain regions corresponding with
Vy and Cyl domains and whole L chains forming Fab
(Fig. 1.6) are closely located to form paratope walls.
In conclusion, one H and one L chain together form a
paratope, therefore a single four-chain unit is bivalent,
since it contains two combining sites [469]. The paratope
is positioned in the NH,-terminal Fab region, whose
shape changes to recognize and ensure a close fit be-
tween antibodies and complementary epitopes [459]. A
paratope is a molecule portion determining antibody
specificity, making contact with an antigen-related part,
a binding pocket allowing peptides to be accommodat-
ed, thus suggesting the picture of a key in a lock [1,470]
(Fig. 1.16). Paratope specificity depends on amino acid
sequences of hypervariable loops, an effect of minute
variations of genes encoding for this antibody portion.
Analyses of antibody terminal parts have demonstrated
a three-dimensional flexibility of the paratope calling
antigens for binding, with spatial conformational
changes made on peptide binding, absent in unliganded
Fabs. As Fig.1.17 illustrates, in liganded Fabs a promi-
nent groove connected to a deep pocket is formed to fit
peptides, adding a prominent channel to encompass ex-
tended portions of bound peptides [459]. Affinity be-
tween these two structures depends on the strength of
attraction and repulsion existing between them. Muta-
tion of an amino acid residue forming part of an epitope
or paratope can greatly increase or weaken such affinity
[459]. Structurally, there is also flexibility in epitopes,
permitting antigens to interact with antibodies, thus
widening the likelihood of antigen-antibody encoun-
ters of sufficient affinity to generate immune responses
[459]. The immune system utilizes such properties to
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Fig. 1.16 a-c. Structure of the antigen-antibody interface.
a Space-filling model showing Fab and lysozyme molecules
fitting closely together.Their interactions form an antigen-an-
tibody complex. The antibody H chain is shown in blue, the L
chain in yellow, lysozyme in green, and glutamine 121 in red.
b The Fab and lysozyme models have been pulled apart to
show that protuberances and depressions of each are com-
plementary to each other.c End-on views of the paratope (left)
and lysozyme epitope recognized by antibody (right), formed
from b, by rotating each molecule approximately 90" around a
vertical axis. Contact residues on both antigen and antibody
are shown in red, except for glutamine 121 in light purple

amplify antibody affinity during immune responses
(affinity maturation and antigen selection). However,
microorganisms may use such changes to evade host
immune recognition by a variety of strategies, including
shifts in critical surface antigens, as is the case of HIV,
of influenza virus, etc. [337].

Epitopes are classified into B- or T-reactive epitopes.
B-epitopes are recognized by B cells and binding sites of
specific antibodies, whereas T-epitopes correspond to
small peptide fragments (8-12 amino acids) recognized
by TcR in the context of HLA molecules on antigen
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Fig. 1.17. Shape of the binding pockets of the unliganded
(above) and liganded Fab (below).The unliganded Fab appears
as an open, basin-shaped pocket, and in the liganded Fab a
prominent groove connected to a deep pocket is formed to fit
the peptide antigen

linear surfaces [368]. Several B- and T-epitopes have
been characterized, but antigen-specific T cells appear
to be distinct from those individuated by IgE antibodies
[672]. The total number of separate B or T epitopes
on antigen molecules, identical or different, is called
valence, overall proportional to foreignness, molecular
size and chemical complexity, which represent the fac-
tors influencing immunogenicity of a given antigen
[185]. We shall see that an immune response also de-
pends on the dose and mode by which foreign invaders
enter the body. As a rule, macromolecules are the
strongest immunogens, usually having more epitopes;
however, in a given subject and under the influx of par-
ticular circumstances, only one or a few are recognized
by BcRs and/or TcRs, since they are targets of immune
responses. Macromolecules with one type of epitope are



named monospecific, but their greatest part has many
independent epitopes with different specificities. Some
large proteins have been found to contain as many as
50 separate T-cell epitopes. However, even small mole-
cules can have bivalent structures: for example, the
human hormone glucagon, which is only 29 amino acids
long, contains separate B- and T-cell epitopes [185].
In addition to the events described, T-cell epitopes show
the exquisite specificity required to activate CD4 T cells,
which in turn are needed for B-cell responses against
nearly all antigens. The first requirement for a molecule
to be an immunogen is to contain at least one T-cell epi-
tope: consequently, molecules comprising only B-cell
epitopes (such as haptens or amino-terminal parts of
glucagon) may serve as targets for antibody responses,
being unable to elicit such responses autonomously
[185]. Even if, in theory, T-cell epitopes do not bind to
IgE antibodies, small peptides may do so and sub-
sequently block (as monovalent haptens) or stimulate
basophils [496]. These observations are of substantial
importance, since identification of IgE-binding B-cell
epitopes may:
1. Increase both specificity and sensitivity of diagnostic
tests by including molecules with epitopes of this type
2. Distinguish B-cell from T-cell epitopes
3. Elucidate trigger mechanisms of IgE-sensitized
metachromatic cells [496]

The epitopes of a protein are of two types [12, 185]:
e Sequential, or linear, or segmental epitopes (usually
T-cell epitopes), determined by primary structures,
wholly positioned sequentially in linear sequences of
a protein or PS antigen, a segment of amino acid se-
quences: immunogenicity is the result of covalent link-
age of these residues to one another, which cannot move
significantly apart. By definition, such epitopes are more
resistant and generally remain unchanged following
heat or enzyme denaturation and may be left untouched
by enzymes not specific for amino acid bonds present
within epitopes.
e Conformational, or discontinuous epitopes (usually
B-cell epitopes), are far apart in primary sequences and
critical residues are brought close together via folding of
antigen chains in normal three-dimensional steric con-
figurations, so that they may encompass residues wide-
ly distant from one another along protein sequences, po-
sitioned also nearby, but juxtaposed in tertiary struc-
tures. Immunogenicity is due to molecular configura-
tion. Normally, such epitopes are scarcely resistant;
hence they are lost when antigens are denatured and fail
to refold appropriately [13,414] (Fig. 1.18).

Consequently, since B epitopes are mostly conforma-
tional, they can be more easily eliminated, while sequen-
tial T epitopes are more resistant. Epitopes of this type
have acquired relevance for their use in specific im-
munotherapy (SIT) and preparation of protein hy-
drolysates. Spatial conformation plays a key role, since
accessibility of epitopes is a prerequisite for binding to
immunocompetent cells and for immunogenicity. In the
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Fig. 1.18. Conformational and linear epitopes

case of atopy, IgE antibodies recognize one specific B-
cell epitope in peptide tertiary structures, whose three-
dimensional conformation can mask additional epi-
topes that will not bind to antibodies. On the contrary, T
lymphocytes recognize sequential epitopes with a few
amino acids located on antigen linear sequences [368].
T- and B-cell epitopes are distinct by their topographi-
cal position being located at different points, with T-cell
epitopes positioned in primary structures, whereas
B-cell epitopes lie in secondary and tertiary structures.
Due to such differences, following heat denaturation,
conformational shifts may eliminate certain epitopes on
a protein, not affecting the integrity of sequential ones,
and enzyme hydrolysis may alter both types. Physico-
chemical manipulations therefore do not alter all con-
formational epitopes, yet they may unmask epitopes
hidden within a native protein three-dimensional struc-
ture, which may become immunogenic and accessible to
IgE antibodies for binding while causing new ones to
form [1, 12]. Actually, polypeptides without flanking
amino acids can originate from hydrolysis, apt to com-
bine with antibodies [591]. Instead, hydrolytic reduc-
tion of -S-S bonds of B-lactoglobulin (BLG) does not in-
fluence reactivity with IgE antibodies of native mole-
cules or of fragments of tryptic hydrolysis, but reduces
IgG reactivity [351]. These studies have revealed the
structural bases of BLG antigenicity and immunogenic-
ity: PLG immunogen epitopes are comprised in a rela-
tively restricted part of the molecule, while those reac-
tive with IgG appear to be correlated with conforma-
tional sites [351]. However, the distinction between im-
munogen and antigen epitopes is as yet scarcely known
[402]. Individual residues within single epitopes, due to
characteristics of either antigens or those specific to pa-
tients, are called immunodominant, thus are recognized
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Table 1.13. Main properties of human immunoglobulins (/g)

Immunology

Ig class Heavy Light Serum level Presence Serum
[GET chains (mg/dl) in secretions half-life (days)
IgA o K/A 160 (slgA 390) 200+50 e 6
IgD 5 K/A 175 3-4 = 3
IgE € K/A 190 0.03 + 2
[e]€} Yy K/A 150 1,250+300 = 23
IgM B K/A 900 150+50 + 5
by most T or B lymphocytes induced by whole proteins.  Antibodies

However, certain immunodominant, linear epitopes are
represented by peptides with four to nine amino acids
[511]. A single antibody may also react with an antigen
other than the one causing its formation, as well with
different epitopes on the same molecule or carried by dif-
ferent molecules: this is called cross-reactivity. Conse-
quently, allergenicity does not depend on the size of a
given protein, but on the number of immunoreactive epi-
topes, similar or not [185]. In practice, the same mole-
cule can bind several different epitopes, either two com-
bining with and cross-linking the same IgE molecule, or
six, eight, or even ten nonidentical epitopes; whereas
sIgE can bind more strongly to an allergen different
from the one that stimulated its synthesis, but with char-
acteristics similar to the first one [1].

In this context, children sensitive to Der p (Der-
matophagoides pteronyssinus), for example, may pro-
duce sIgE binding to allergens of a species they have
never met in the environment. Accordingly, following
exposure to only one species of mites, children recog-
nizing these common epitopes may produce antibodies
that will recognize and respond to other species with
this epitope, even if such species are absent in the envi-
ronment where children live [671]. Additional studies
support that different proteins may have common epi-
topes, thereby explaining cross-reactivities between dif-
ferent proteins within a given food as well as between
different related foods, or between pollens, vegetables
and fruits [1] (see p. 164). Likewise, if there are epitopes
common to different substances with the same amino
group in p (para) position on the benzene ring, patients
sensitive to a drug with such a group should prudential-
ly avoid other substances within the same chemical
group. In conclusion, epitopes identical or nearly identi-
cal can be found on antigen molecules of different origin
or species: an epitope common to two or more allergens
triggers cross-reactions between substances with a sim-
ilar structure, or between metabolites alike from an im-
munochemical point of view. As a consequence all mol-
ecules containing an epitope provoke allergic reactions
in patients sensitive to another, even in the absence of a
previous exposure and/or sensitization.

Immune responses are characterized by Ig production
(Fig. 1.6): there are nine different isotypes correlated
with nine Cy genes and two Cp genes: IgA,, IgA,, IgD,
IgE, IgGy, 1gG,, IgGs, IgG,, IgM, belonging to five major
classes [3]. All Igs are glycoproteins and contain 3% to
13% of carbohydrates, depending on the class of anti-
body. The carbohydrate is essential in maintaining the
Ig structure [115]. Tables 1.13 and 1.14 [544] summarize
their main characteristics, including MW and half-life,
and Table 1.15 [545] presents Ig levels at various ages
compared with adult values; other authors prefer geo-
metric means (GM). Isotype switching has an indu-
bitable final significance, with every isotype having spe-
cialized biological properties, as follows:

e IgG comprise 75%-80% of serum Igs, being the only
class crossing the placenta from mother to fetus, where
itis found and is responsible for neonate protection dur-
ing the first months of life. The levels decrease progres-
sively, leading to a transient hypogammaglobulinemia
at approximately 4-6 months of age, while normal adult
values are attained only at about 4-6 years. Molecules
are further divided into four subclasses: IgG; (70%),
IgG, (20%), IgG; (8%), IgG4 (5% of total). Besides the
Hy chain, subclasses have different properties, regard-
ing for example, binding to serum complement and ac-
tivating its alternative pathway, and adhesion to macro-
phages. IgG, has a lower placental passage, and IgG, is
the only IgG unable to fix complement by the classic
pathway, in addition to having a poor affinity for phago-
cytes. Abnormal levels of one or more IgG subclasses
have been reported in children with severe chronic asth-
ma, or recurrent respiratory infections (RRI) whether
associated with asthma or not, of allergic type or not,
with selective IgA deficiency (IgASD) or other PIDs, but
not in otherwise healthy subjects (Chap. 22). Therefore,
IgG antibodies represent the more differentiated phase
of antibody responses with variations of subclasses ac-
cording to encountered pathogens (or persistence of
antigen stimuli). IgG is also an opsonizing antibody,
although with lesser potency than IgM, reacting with
epitopes on microorganisms via its Fab portions. How-
ever, the Fc portion for which many phagocytes bear



Table 1.14. Main biological properties of human Ig classes and IgG subclasses

19G, 1gG, [s[CH 19G, IgM IgA silgA IgE

Placental transport + + + + = = - _
Complement activation

Via classic pathway I + +++ - +++ - - _
Via alternate pathway — - - - = + ? ?
Presence in secretions = - - = = = ++ +
Agglutination + + + + ++ - - —
Opsonization + + + + ++ - = -
Virus neutralization + + + + + - + -
Hemolysis + + + + ++ = - _
Bacterial lysis - - - - 4 = - _
Degranulation of MC - - - ? = = - T4t
Fixation to macrophages  + - 3 - - = - -

Data from [544].
MC metachromatic cells.

Table 1.15. Levels of IgG, IgM, IgA and total immunoglobulins (mean=1 SD) in sera of normal subjects by age (mg/dl)

Age IgG % of Adult IgM % of Adult IgA % of Adult  Total Ig
level level level
Newborn 1,031£200 89+17 11£5 11£5 2+3 1£2 1,044£201
(645-1,244) (5-30) (0-11) (660-1,439)
1-3 Months 430+119 37+10 3011 3011 21£13 11+7 481+127
(272-762) (16-67) (6-56) (324-699)
4-6 Months 427+186 37+16 43£17 43£17 28+18 14+9 498+204
(206-1,125) (10-83) (8-93) (228-1,232)
7-12 Months 661+£219 58+19 54+23 55+23 37+18 1949 7524242
(279-1,533) (22-147) (16-98) (327-1,287)
13-24 Months ~ 762+209 66+18 58+23 59+23 50+24 25+12 870+258
(258-1,393) (14-144) (19-119) (398-1,586)
25-36 Months  892+183 7716 61£19 62+19 71£37 36x19 1,024+£205
(419-1,274) (28-113) (19-235) (499-1,418)
3-5Years 929+228 80+20 56+18 57+18 93+27 47+14 1,078+245
(569-1,597) (22-100) (55-152) (730-1,771)
6-8 Years 9231256 80%22 65125 66%25 124+45 62123 1,112+293
(559-1,492) (27-118) (54-221) (640-1,725)
9-11 Years 1,124+235 97420 79+33 80+33 131+60 6630 1,334+254
(779-1,456) (35-132) (12-208) (966-1,639)
12-16 Years 9461124 82+11 59+20 60+20 148+63 74+32 1,153+169
(726-1,085) (35-72) (70-229) (833-1,284)
Adults 1,158+305 99+27 200£61 1,457+353
(569-1,919) (47-147) (61-330) (730-2,365)

Levels of total serum IgE are in given in Chap. 6.
Modified from [545].

receptors delivers opsonizing properties; similarly it (short-term sensitizing IgGs) has been credited a sensi-
plays a critical role in ADCC, focusing NK cells on their  tizing activity mostly belonging to IgG,, that turned out
targets [36]. To sIgGs (specific IgGs) and STS-IgGs to mediate similar-reaginic reactions but not of the IgE
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type, competing with IgE antibodies to bind to allergens
[514]. In allergen molecules, IgE antibody binds to sIgE
epitopes, while IgG antibody can bind to IgG-specific
epitopes localized in the same point of the molecule or
elsewhere: namely, IgG may react with the same epitope
as IgE antibodies or the two Igs may react with two quite
different epitopes on the same molecule [401]. IgGs are
erroneously called blocking antibodies since they inhib-
it effects of IgE antibodies in the Prausnitz-Kiistner test
[1]: IgGs probably act as such, without interfering with
sIgE epitopes to provoke an in vivo synthesis of IgE an-
tibodies to a given allergen. However, not being reagins,
IgG antibodies cause diagnostic perplexities due either
to negativity of allergic tests in individuals with typical
symptoms of immediate hypersensitivity or to a para-
doxical situation of the same antibody acting in patho-
genic and protective ways [1], an issue to be dismissed
among the hypotheses put forward [13]. In summary, no
direct challenge can reproduce clinical disease or tissue
reactivity ascribed solely to specific IgG, antibodies to
challenged allergens [13]. From a clinical point of view,
in FA diagnosis measurement of IgG antibodies is su-
perfluous because healthy subjects following a pro-
longed allergen exposure also have frequent elevations
of serum IgG antibodies [13], while in respiratory aller-
gy such levels are identical in patients whether they be
atopic or not (Chap.11). Characteristically, IgGs in-
crease during SIT, although correlations between their
rise and clinical results are unstable (Chap. 13). A high
amount of IgG, was found in complexed IgG anti-IgE
antibodies, recognizing at least two epitopes located
within Ce2-Ce3 and Ce4 domains. IgG antibodies bind-
ing FceRIlocated within interdomain regions might po-
tentially cross-link IgE bound to FceRI and blocking it,
since only one of two € sequences binds to FceRI [514].
That an effector function of such weight is recognized
by anti-IgE allows us to conclude with good reliability
that anti-IgE antibodies play a modulator role, so essen-
tial during activation of metachromatic cells as to stim-
ulate basophils to release histamine, a fact related not to
IgG antibody levels or to subclasses, but to epitope
specificity [513]. Administered intravenously (IV), Ig
are highly beneficial to children with PIDs and several
other affections.

e JgA antibodies prominent in the MALT are the sole
antibodies in secretions (aside from a small percentage
of IgM), hence it is called sIgA.IgA occurs as monomers,
dimers, trimers and polymers. IgA monomers have no
agglutinating properties (unlike sIgA) but can bind to
antigens, predominant in serum, while dimeric IgA is
quantitatively the most abundant in secretions. Two
dimers are held together by the same J chain and associ-
ated with a polypeptide, called secretory component
(SC), localized on the long arm of chromosome 1. SC is
a fragment of epithelial cell poly Ig receptors and a com-
ponent of high significance because it protects mucosal
sIgA from proteolytic degradation, literally wrapping
round C,2 domains of both sIgA subunities, even if
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-S-S bonds are for only one subunit [186]. The two sub-
classes, IgA; and IgA,, represent 12% and 3% of total
serum Igs, respectively. sIgA is actively transported
across epithelial cells, covering as a film and protecting
mucosal surfaces from microorganisms, preventing
organism attachment to cells and clearing them off by
phagocytosis. IgA can activate complement via the
alternative pathway, not inducing bacterial lysis mediat-
ed by the classic pathway, and possess bactericidal activ-
ity against Gram- organisms, but only when lysozyme is
present, interestingly, in the same secretions containing
sIgA [36]. Table 1.15 shows IgA levels slowly ascending,
and sIgA levels quickly produced. IgA antibodies pre-
sent in colostrum and breast milk protect at-risk infants
(Chaps. 2 and 24). IgASD is the most frequent PID.

e IgE (in which the E is erythema), also termed reagins
with a half-life of 2-4 weeks on metachromatic cell
membranes, are normally present in serum at the lowest
concentration, <0.001 %, of total circulating Igs. For this
reason, IgE concentration is expressed in international
units (IU), one IU being equal to 2.4 ng/ml. IgE levels in-
crease considerably in atopic diseases, hyper-IgE syn-
drome (HIGES), infections with parasites [471], pedi-
atric AIDS, and other diseases. High levels saturate mast
cell receptors and pass into the circulation, where de-
tectable levels are extremely elevated compared to nor-
mal subjects [471]. IgE antibodies come from plasma
cells distributed primarily in lymphoid tissues of respi-
ratory and gastrointestinal tracts, derived from pre-B
cells from a differential lineage originating from IgM B
lymphocytes and via the following passages: Bigy_gp —
Bigm-1gp-1ge Decome IgE B lymphocytes. Like other Igs,
IgE has four polypeptidic chains, but two chief immuno-
biological characteristics: an € chain 11 kD greater than
homologous chains, with five domains, one V and four
C, one more than other Igs, and is cytophilic, having a
propensity to bind to metachromatic cells with Fc frag-
ment, of which FceRI is a receptor (Table 1.3). FceRI ex-
tends from the C-terminal part of Ce2 to the N-terminal
sequence of Ce3 domains, while the FceRII binding site,
the second receptor, is localized in the N-terminal part
of the Ce3 domain close to FceRI [553]. Since IgE mole-
cules have a bent form, their convex surface nearest the
membrane (Ce3) binds to FceRI, thereby making remote
a binding site for another receptor (Fig. 1.19, showing
also FceRII). This explains why FceRI has only an
a chain, its affinity for only an € chain, and why there is
only one receptor [553]. IgE molecules have no subclass-
es, similarly to IgM and IgD molecules [186].

e IgM is present early in primary immune responses to
most antigens. Small IgM amounts in secretions (sIgM)
also contain SCs. Being a pentamer, covalently linked by
-S-S bonds with J chain, it does not pass through the pla-
centa. Moreover, the IgM molecule is the most efficient
agglutinating and complement-fixing Ig (by classic
pathway). Because of their pentameric form, IgM anti-
bodies can form macromolecular bridges between epi-
topes that may be too distant from each other to be
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Fig. 1.19. IgE and its receptors. FceRl a-chain. Schematic rep-
resentation of IgE and its receptors FceRl and FceRIl drawn to
the same scale.IgE is illustrated as a drawn molecule, whereas
the FceRl a-chain is drawn erect. The other chains have been
omitted to simplify the diagram

bridged by monomeric IgA antibodies. Also, because of
their multiple valences, they are best suited to combine
with antigens containing more epitopes, as related to PS
or cellular antigens [36]. Together with IgD, IgM is the
most common Ig expressed on B cell surfaces (and vir-
gin B cells). IgM is the first Ig class synthesized by both
the fetus and newborn: high fetal IgM levels are indica-
tive of congenital or perinatal infections [186]. IgM is
the isotype synthesized in noticeable amounts by chil-
dren and adults as a primary antibody response after
immunization or exposure to T-dependent and T-inde-
pendent antigens; therefore a role of IgM as regulator of
immune responses via a specific receptor of Th lympho-
cytes has been postulated. IgM antibodies are signifi-
cantly increased in IgASD and particularly in HIgMS.

e IgD is present in serum in very small amounts. Its
presence on B-cell membranes during certain stages of
development may suggest either an involvement in B
cell maturation or a prominent role in immune toler-
ance. However, IgD functions are mainly unknown 186].

Idiotypes and Anti-idiotypes

V regions of antibodies may have two different func-
tions:

Idiotypes and Anti-idiotypes

e Recognizing, with the paratope, one or more epitopes
present on an antigen or on different antigens
o Acting as an antigen with an idiotype leading to anti-
idiotype antibodies [18]

Such antigen functions are committed to idiotypes,
present in Vi and Vy regions of antibody molecules.

Definitions

e Public or cross-reacting idiotypes, expressed by anti-
bodies produced by all individuals of the same race, are
directed against a single epitope or against nonidentical
antigens. V gene mutations altering paratopes without
modifying idiotypes determine the sharing of a public
idiotype from antibodies with different specificity.

e Private or individual idiotypes, present in a single
clone, expressed irregularly by subjects of the same
species, therefore exclusive of a given individual, direct-
ed against a single epitope.

o Anti-idiotypic antibodies are complementary anti-
bodies, directed against the structure of an antigen-rec-
ognizing antibody, which can prospectively trigger pro-
duction of a network of anti-anti-idiotypic antibodies
and so on.

e The internal image of the epitope is a structurally
identical idiotype cross-reactive with epitopes of for-
eign antigens.

o Regulatory idiotype, present on a relatively high num-
ber of Ig molecules and/or T lymphocytes, where it can
function as a base of a regulatory receptor-specific sys-
tem.

In other words, a V region of an antibody contribut-
ing to paratope expression and antigen recognition has
idiotypes against which the organism reacts, instinc-
tively inducing anti-idiotype antibodies against sIgE;
anti-idiotype antibodies are normally formed during
immune responses. In some instances, a fraction of
an anti-idiotype may exemplify a facsimile (or an inter-
nal image) of the nominal epitope that triggered the
original reaction [47]. Figure 1.20 summarizes a wide
panorama of idiotype activities.

In Network Theory, the Nobel laureate Niels Jerne
[238] proposed a network of idiotype-anti-idiotype
interactions as a regulatory mechanism of immune
responses, the expression of each idiotype being sup-
pressed by complementary anti-idiotypes. The foreign
antigen approach, disturbing pre-existing homeostasis
sustained by an equilibrium between idiotype and anti-
idiotype, generates an immune response by T and B
cells, activating anti-idiotype responses [238], either
humoral (antibodies against idiotypes of soluble Igs) or
CMI (T cells with TcR specific for hypervariable regions
of both TcR and BcR) [474] (Fig. 1.20). Some anti-idio-
type antibodies may competitively block binding to
paratopes of corresponding antigens, interacting with
epitopes or directly with paratopes (associated idio-
types), thus eliciting an antigen-antibody reaction whol-
ly similar to classic reactions induced by antigens [454].
Other anti-idiotypes, without such selective inhibition,
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1. ldiotype cascade:
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Fig. 1.20. 7:ldiotype cascade.It was observed that antibodies
with different specificities can share the same idiotypes.
Ag antigen, Ab antibody. 2: Different types of Ab2a. Ab2fs,
internal images of Ag, bind to Ab1 at a site corresponding to
the paratope, thus inhibiting Ab1-Ag binding. 3: TcR epitopes.
The anti-clonotype Abs are directed against the hypervariable
regions of Va and VP domains forming the TcR binding-site:
anti-Va or VP Abs recognize epitopes defined by sequences
common to members of the same family, while other Abs
recognize epitopes common to TcRs with different specificity.
4:T lymphocytes anti-idiotypes of Ab. 5: T lymphocytes anti-
idiotypes of TcR
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may instead bind to amino acid sequences of the
paratope FR region, which do not contribute to antigen
binding (not associated idiotypes) [454]. As it was
demonstrated, anti-idiotype antibodies can bind direct-
ly to Ig idiotype determinants, regulating their expres-
sion [58]. Also for T cells there is evidence of T-cell idio-
types (clonotype markers) and of interactions between
B-cell and T-cell idiotypes [58]. In addition, anti-idio-
type antibodies specific for TcR clonotype markers have
been observed, in turn interrupting the network of anti-
idiotype antibodies produced in certain diseases during
a normal immune response: since T cells can have vary-
ing phenotypes, a potential exists for augmenting or
suppressing immune responses via idiotype networks
involving T cells [58]. For example, T-cell idiotypes may
be recognized by B cells (antibodies) or by peptides as-
sociated with T cells (TcR) presented by HLA class I or
II molecules. Similarly, T cells can recognize B idiotypes
presented as HLA-associated peptides [236] (Fig. 1.20).
Additionally, although antibody responses to target
antigens are characterized by formation of several hun-
dred different antigen-antibody molecules, idiotype-
anti-idiotype reactions are much more restricted de-
pending on common amino acid sequences, in close
contact with paratopes of different antibodies. Accord-
ing to these studies, cross-reactivity is frequently ob-
served among various antibodies in anti-idiotype re-
sponses to target antigens. In other words, if paratopes
able to recognize a given idiotype exist, classic epitopes
should present it together with idiotypes already exist-
ing in the molecule [236].

Anti-idiotypes can regulate sIgE responses but can-
not cause antibody responses; however, miming func-
tionally original epitopes, the so-called idiotypes inter-
nal image of antigen or network antigens (in the sense
given by Kohler) [268] can behave as surrogate antigens,
or as epitopes in terms of structural affinity, like anti-
gen molecules, thus increasing antibody responses.
Figure 1.21 [58] shows another of Jerne’s theories, in
which idiotypes can mimic structures of apparently un-
related antigen molecules, binding to receptors specific
for that antigen and inhibiting immune responses or, on
the contrary, up-regulating them by replacing some
antigen functions. The paratope of antibody 1 is com-
plementary to a structure on the immunizing antigen; in
turn the paratope of antibody 2 is complementary to
that of antibody 1, and thus antibody 2 can resemble a
structure on the immunizing antigen. In the case of
insulin and of anti-insulin antibodies (Fig. 1.21), the
paratope of antibody 1 is complementary to the epitope,
antibody 2 is an anti-idiotype vs anti-insulin antibodies
(antibody 1), and can bind to the insulin receptor and
even stimulate glycolysis [58].

The circuit thus far described may have envisioned an
idiotype network. Examining part Al of the figure, we
consider two B cells, B1 and B2, whose complementary
surface Igs form an idiotype-anti-idiotype pair. There-
by, B1 cell binds to an Ig V region on the B2 cell surface,
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Fig. 1.21. a Diagram of the complementary relation between
antibody 1 (A7, idiotype) and antibody 2 (anti-idiotype).
b Because of the complementarity with the ligand (L), A2
can bind to the receptor (R) for L. (Modified from [58])

R

stimulating the cell to secrete antibody 2: in this way an
idiotype secreted during immune response to a given
antigen can yield a corresponding anti-idiotype. In
several idiotype-anti-idiotype systems, anti-idiotypes
can act as anti-receptor antibodies. Among hormones,
besides insulin, we find thyroid-stimulating hormone,
prolactin, glucagon, etc.; among neurotransmitters are
found acetylcholine, catecholamines, endorphins, re-
ovirus, etc. In all these instances, the V region of anti-
body 2 represents the internal image of the external
antigen. It may seem odd that an antibody is disguised
as an antigen, but among 108 three-dimensional V re-
gions there must be a kind of mimicry of other mole-
cules [58].

Interesting applications of these studies are observed
in laboratory animals: the basic principle is that in dif-
ferent species immune responses elicit formation of an-
tibodies expressing a common idiotype. For example,
oral immunization with heterologous antibodies modu-
lates both systemic and mucosal anti-Ig responses: after
administering murine IgA antibodies to rabbit females,
murine anti-idiotype anti-antibodies are found in the

Apoptosis

serum and colostrum [683]. It is striking that murine
monoclonal anti-idiotype antibodies, specific for the rye
grass pollen allergen Lol p 4, are able to inhibit binding
of murine, rabbit, and even human antiserum. Since
anti-Lol p antiserum can inhibit idiotype-anti-idiotype
interactions, accordingly the monoclonal antibody in
question has been characterized as an internal image
anti-idiotype of the antigen [683]. Further experiments
have demonstrated that immunizing adult mice with
anti-idiotype antibodies against poliovirus are activat-
ed antibodies that effectively neutralize upcoming
viruses. An interesting study (Chap.2) following this
line of research has revealed that the CB of offspring of
agammaglobulinemic mothers or with IgASD was able
to inhibit binding of poliovirus antigens to anti-po-
liovirus antibodies: a suggested rationale is a probable
reactivity against CB anti-idiotype anti-antigen anti-
bodies.

Current acquisitions on immune system regulations
are still a matter of debate. At least two control systems
are concerned, one provided by the suppressor cell net-
work and the other by the idiotype cell network. The
first network can be activated by original immune stim-
uli that regulated the system. CD8 T cells may be specif-
ic for a given clone or may down-regulate T-cell re-
sponses in a nonspecific way. Consequently, the same
complex molecule can trigger helper T cells, effector
T cells, and specific or nonspecific suppressor T-cell re-
sponses. Several ILs can also contribute to these results,
modulating CD4 or CD8 T cells [469]. Idiotype regula-
tion depends on recognition by the immune system that
an immune reaction took place. In this event, antibody
production in response to an antigen stimulus and per-
tinent antigen-antibody interactions trigger a response
by a second series of IgE-producing B cells. The second-
generation antibodies react with idiotypes on the origi-
nal paratope producing the first-generation antibody
and block its production. Anti-TcR antibodies are also
formed and down-regulate T-cell responses in a similar
way, while CD8 T cells can operate against idiotypes.
Such intervention of cells and responses is essential
to avoid that a failure, even partial, of any regulatory
systems may result in active immune responses [469].

Apoptosis or PCD

If a thymocyte fails to produce any functional « chain, it
cannot be selected and eventually dies of apoptosis; if a
T-cell cannot be activated because the second signal is
absent, it may be a target of a distinctive event known
as clonal anergy (Fig. 1.22a) [138, 160, 177, 457]. Con-
sequently, mature lymphocytes are rendered func-
tionally unresponsive, resulting in tolerance, for exam-
ple because CD28/CD80-CD86 [446] or CD40-CD154
(CD40L) costimulatory signals are lacking, which in-
stead amplify such signals [37, 160]. Signaling via the
CD122 y chain can prevent induction of T-cell anergy
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Fig. 1.22. a Schematic representation of the interactions aris-
ing during antigen presentation and the effects of T and B
cells in the lymph node cortex (T zone) (see text). CTLA-4

[4]. Clonal deletion applies to particular clones of
autoreactive, immature T cells that are physically de-
stroyed during ontogeny to maintain self-tolerance [30].
Figure 1.22b shows that a CD4 T-cell associated with a
HLA molecule recognizes a self-antigen and is eliminat-
ed instead of being activated (PCD) [138, 185]. Costim-
ulatory signals are crucial also for T naive cells: when
such signals are absent, the first stimulation by TcR ren-
ders them ignorant, refractory to further stimuli, and
following a likely second stimulation, they are exposed
to an inappropriate activation; therefore they may re-
main functionally inactive (anergy) or die (PCD)
(Fig. 1.22¢). Clonal deletion and negative selection also
take place in immature B lymphocytes. For example,
limitin (IFN-w) (Table 1.5) produced by mature T lym-
phocytes in spleen and thymus as well as by bronchial
epithelial and salivary duct cells suppresses the prolifer-
ation of pre-B cells [402]. Figure 1.23 shows positive and
negative selections developing in GCs [309]. PCD occurs
during embryogenesis, in the thymus during cell im-

CD152, CD40L = CD154. (Modified from [138, 160, 177, 436)).
(Fig. 1.22 b, c see next page)

mune maturation, and at the end stage of immune re-
sponses [115,276,510]. It was also shown that PCD is an
active form of genetically programmed cell suicide, not
provoking inflammatory reactions [192]. More precise-
ly, PCD is a physiological apparatus essential for normal
development and homeostasis of multicellular organ-
isms, a sophisticated defense mechanism to remove po-
tentially dangerous cells, including self-reactive cells,
virus-infected cells, and tumor cells, aiming at restoring
a previous equilibrium [542]. CD4 and CD8 T cells, after
their maturation into effector cells, die in 95% of cases,
not only for precise regulation of cell numbers, or to
maintain cellular homeostasis, but to protect T cells
from continued secretion of potentially harmful
amounts of ILs [400] and to leave a stable pool of long-
lived memory cells [7]. Apoptosis occurs by ex novo ac-
tivation of specific genes acting as PCD inducers/activa-
tors, or whose expression coincides with cell entry into
apoptotic pathways (Tables 1.16, 1.17) [192, 400]. Here
Fas/Apo 1 (CD95)-induced apoptosis is an important
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Fig. 1.22. b Upper part: Clonal anergy.
CD4 T cell recognizes the antigen pre-
sented by APC; however, there is no
CD80-CD28 interaction and it remains in-
activated. Lower part: Clonal deletion.CD4
T cell recognizes a self-antigen; however,
instead of being activated it is eliminated
(apoptosis). ¢ Effect of the intervention
or not of costimulatory signals: on the left
there is normal binding between pep-
tide-HLA-TcR associated with the binding
of a costimulatory ligand (CL) to a costim-
ulatory receptor (CR), on the right, igno-
rance, anergy and apoptosis result be-
cause of the lack of costimulation.
(Modified from [138, 160, 177,4571)
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Table 1.16. Genes of the apoptotic pathway, either induced or expressed during apoptosis

Apoptosis ¢

Gene Gene products Probable function

c-fos Transcriptional factor Induces apoptosis when continuously expressed
c-myc Transcriptional factor Activates an apoptotic program

Fas/APO-1 Membrane receptor Ligand binding induces apoptosis

Grb-3 Transduction factor Expressed in some tissues during apoptosis

ICE/pr ICE Cysteine protease Initiates the active phases of apoptosis

nur 77 Nuclear receptor Expression during apoptosis starts gene transcription
p-53 Transcriptional factor Induces apoptosis upon DNA damage or loss of Rb function
RP2 Membrane receptor Expressed during early stages of apoptosis

TG Transglutaminase Accumulates in apoptotic cells

TRP M2 Clusterin, SGP-2 Expressed in some tissues during apoptosis

Modified from [192].
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Table 1.17. Genes interacting with Fas

Gene Probable function

CAP-3 Signal transducer of Fas
CAP-4 Signal transducer of Fas
FADD/MORT1/CAP1,2 Signal transducer of Fas
RIP Signal transducer of Fas

Modified from [415].

regulatory mechanism in T cells. CD95 is in the first
place as well as additionally involved proteins, including
ICE (IL,B-converting enzyme), and other proteases of
the family, which may be common effectors of cell death
[400]. Other genes code for products preventing cell
entry into PCD pathways or regulate cell survival
(Table 1.18) [192]. A third option is the inhibition or
induction mediated by viral genes (Table 1.19) [192],
clearly a strategy to ensure virus survival until the
genome has replicated to establish a successful infec-

CD40L
or CD40L + FasL

Immunology

Fig. 1.23 a-d. Positive and negative selection in germi-
nal centers (GC).a Low-affinity GC B cells undergo apop-
tosis because their BcR are not triggered. b If B cells re-
ceive a FasL signal from GCT lymphocytes they will die.c
Even if CD40L from GC T lymphocytes can rescue GC B
cells from spontaneous death, FasL, which may be ex-
pressed on the same GCT cell, will kill CD40-activated GC
T cells,so that rescued B cells will also die.d GC B cells can
survive when their BcR are triggered, their survival can
be extended by the T cell signal = CD40L (with or with-
out FasL).The B cell’s ultimate fate will be determined ei-
ther in the absence of T cell help, or if BcR and CD40 en-
gagement is prolonged for 5 days; therefore the GC B cell
may need to receive another signal, X, to survive

Survival

tion. More recently, the protein kinase RIP (receptor-
interacting protein) has been included. Although the
best role of RIP is in TNF signaling and NF-«B activa-
tion, it contains a death domain and it is capable of
causing apoptosis upon cleavage [26]. From the picture
shown by the tables, this multiform apoptosis pattern is
unfolded: at variance with necrosis, cells shrink, both
nucleus and cytoplasm condense, dying cells often re-
lease intercellular elements bound to membrane frag-
ments, rapidly phagocytosed and engulfed by neighbor-
ing cells to remove possible noxious contents, and acti-
vated nucleases extensively degrade chromosomal DNA
into small oligonucleotide fragments [542].

Studying cell-death defective (ced) species, three
genes were shown to play a central part in PCD: ced-3,
ced-4 and ced-9. The first two promote cell suicide;
instead, ced-9 prevents the process started by ced-3 and
ced-4, thus inhibiting apoptosis [542]. The mammalian
counterpart of ced-3 is ICE, and that of ced-9 is proto-
oncogene bcl-2 (B cell lymphoma-2), mainly located
within outer mitochondrial membranes, the ER, and
nuclear membranes [267]. The bcl-2/ced-9 gene prevents



1.18. Genes of the apoptotic pathway:inhibitors and survival
regulators

Genes Gene products Probable function
bcl-2 Radical trap (?) Inhibits apoptotic
(ced 9) program(s)

Regulators of bcl-2
(with structural homology with bcl-2)

Al bcl-2-Related protein ~ Presumed
inhibitory function

bax bcl-2-Related protein  Inhibits bcl-2
activity

bcl-xB bcl-2-Related protein Inhibits apoptotic
program(s)

bcl-xL bcl-2-Related protein Inhibits apoptotic
program(s)

bcl-xS bcl-2-Related protein Inhibits bcl-2
activity

MCL-1 bcl-2-Related protein Presumed
inhibitory function

abl Protein tyrosine kinase Inhibits apoptotic

program(s)

Modified from [193].

C cytochrome mitochondrial release, necessary to start
apoptosis, and interacts with ced-4 inhibiting its func-
tion [661]. Expression of gene product par-4 correlates
with severe impairment of cell proliferation and apop-
tosis via inhibition of PKCC (protein kinase CC) enzy-
matic activity more probably of atypical PKC isoforms,
also impairing MAP kinase (mitogen-activated protein)
activation [655], whereas PI3K (PI-3-kinase) generates
survival signals [412, 684]. The PKC family consists of
serine/threonine-specific protein kinases that transduce
a cascade of signals especially derived from the hydrol-

Apoptosis

ysis of PIP2 (phosphatidylinositol-bisphosphate). The
classical PKC (cPKC) a, I, BII and y isoforms require
diacylglycerol (DAG) and Ca** for activation, whereas
PKC 6 ¢ y and ) isoforms, along with the related protein
PKCp, need DAG but do not require Ca** [114]. In a
recent study, CD43 ligation led to membrane transloca-
tion and boosted the levels of membrane-bound PKC
isoenzymes, mainly of the PKCC, PKCa/p, PKCe and 6,
and PKCp isoforms. Following CD43 ligation PKC6 acti-
vation induced CD69 up-regulation via an ERK (extra-
cellular signal-regulated kinase)-dependent kinase
pathway, promoted the AP-1, NF-kB activation and an
ERK independent pathway promoting NFAT (nuclear
factor of activated T cells) activation. Consequently,
PKC6 was found to play a key role in the co-stimulatory
functions of CD43 in human T cells [114]. bcl-2 was
identified as a mammalian homolog to the antiapop-
totic ced-9 in Caenorhabditis elegans, but mutations in
the bcl-2-like gene ced-9 as well as DRP-1 (dynamin-re-
lated protein-1) and BH3-only protein EGL-1 may block
its mitochondrial fragmentation [235]. Studies on this
nematode by the 2002 Nobel laureates have shown that
it has a fixed number of cells, 959, and if the number is
altered, it is because too many cells die or, conversely, too
many proliferate. In humans, AIDS could be provoked
by excess PCD and autoimmune disease by insufficient
PCD. At least 19 bcl-2 family members have been identi-
fied in mammalian cells, which possess at least one of
four conserved motifs (BH1-BH4) [684]. The bcl-2 fam-
ily members can be subdivided into three categories ac-
cording to their function and structure: antiapoptotic
members, such as bcl-2, bcl-XL, bcl-w, Mcl-1, and Al
(Bf1-1); proapoptotic molecules, such as Bax, Bak, and
Bok (Mtd); and the BH3-only proteins, Bid, Bad, and
Bim, which are called BH3-only proteins because of
4 bcl-2 homology regions, and share only the third
[684]. Galectin-1 (Gal-1) and galectin-3 (Gal-3) are

Table 1.19. Viral genes whose expression inhibits or induces apoptosis

Genes Gene products

Inhibition

BHRF-1 (EBV)
LMWS5-HL (swine fever)
E1B (adenovirus) p19K
E1B (adenovirus) p55 K

crmA (cowpox virus)

bcl-2 Related protein
bcl-2 Related protein

Protease inhibitor

Probable function

Inhibits apoptosis
Inhibits apoptosis
Inhibits apoptosis
Inactivates p53
Inhibits ICE

p35/IAP (baculovirus) p35/IAP Inhibits apoptosis
ICP 34.5 (herpes simplex) ICP 345 Inhibits apoptosis
E6 (papilloma virus) E6 Inactivates p53
Induction

E1A (adenovirus) ET1A Inhibits RB

E7 (papilloma virus) B Inhibits RB

Modified from [193].
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B-galactoside-binding proteins with pro- and anti-
apoptotic properties, respectively (Chap.18). Some
CTLs play a role of effector cells during apoptosis, as we
have seen: this is the result of perforin action [69] or of
activation and concurrent transcription of Fas and its
counterreceptor CD178 or Fas ligand [388]. In humans,
Fas gene is located on the long arm of chromosome 10,
spans 12 kb, comprises nine exons, and in mice is ex-
pressed in tissues enriched by mature lymphocytes,
except for DN [388]. A further study documented a TNF
role in the apoptosis of activated CD8s [681], thereby
confirming the higher inclination of Th1 T cells to effec-
tively modulate killing by Fas binding [69]. A main path-
way involves the signaling pathway of TNFR/CD95 acti-
vating both PCD and TF nuclear factor kB (NF-xB) (also
activated by IL;), the two events occurring independent-
ly [599], via recruitment of multifunctional FADD (Fas-
associated death domain) and TRADD (TNFR-1-associ-
ated death domain) molecules [82]. PCD provides death
receptor 3 (DR3) that most likely participates in lym-
phocyte homeostasis [82]. Activation of NF-kB is also
regulated by the NF-kB phosphorylation via the IKK
complex. The IKK complex, consisting of two kinases,
IKK1/oe and IKK2/f, and the NF-kB essential modulator
(NEMO)/IKKy regulatory subunit, mediates NF-xB acti-
vation by most known stimuli [503]. Another essential
component of NF-kB activation is NIK (NF-kB-inducing
kinase) whose interacting protein, TNAP (TRAF or
TNFR-associated factor and NIK-associated protein)
specifically inhibits NF-kB activation induced by TNF-a,
TNFR1, TRADD, RIP, TRAF2, and NIK but does not
affect IKK1- and IKK2-mediated NF-kB activation
[217]. Overexpression of a new molecule, NIBP (NIK
and IKKB-binding protein), potentiates TNF-a-induced
NF-xB activation [218]. TRAF6 interacts with TIR
domain-containing adaptor inducing IFN-B (TRIF)
through the TRAF domain of TRAF6. However, dis-
ruption of TRAF6-binding motifs of TRIF impaired its
association with TRAF6, thus resulting in a reduction in
the TRIF-induced activation of NF-xB [491]. TRAFs as
components of the IL; signaling pathway mediate sig-
naling by interacting with TNFR, rather than with TLR,
thus playing a role in cellular processes such as apop-
tosis [327]. The scenario is not complete, since TRAF2
and TRAF3 have been shown to play opposing roles:
a positive one in the standard pathway that activates
NF-kB through IKKp, but a negative role in the uneven
pathway that activates NF-kB via IKKa, roles of TRAF
proteins possibly linked to their ability to synthesize
different forms of polyubiquitin chains [656]. The apop-
tosis-associated induction of the ubiquitin-proteasome
pathway components and the proteasome activity
shows that the proteasome plays an important role in
the successful execution of apoptosis. Inhibiting either
the proteasome activity or the increase in proteasome
26S gene expression or its upstream PI3 kinase activity
results in an inhibition of NF-kB translocation thereby
suppressing apoptosis [527]. There are many Fas vari-
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ants: soluble Fas (sFas) can block apoptosis induction
[600] as well as crmA - inhibiting ICE/ced-3 (Table 1.19).
A second pathway depends on mitochondrial partici-
pation by releasing apoptogenic factors: cytochrome ¢
catalyzes the oligomerization of APAF-1 (apoptotic pro-
tease activating factor 1), which recruits and promotes
the activation of apoptosis proteins (IAPs) such as pro-
caspase-9. These proteins interact via CARD-CARD
(caspase recruitment domain interactions) [599]. Pro-
caspase-9, in turn, activates procaspase-3, leading to
apoptosis, but is prevented by members of the bcl-2
family, but cells also contain natural IAP inhibitors, the
caspases (aspartate-specific cysteine protease), a family
of cysteine proteases, which were found both in bac-
ulovirus and in human cells (XIAP, c-IAP1, and c-IAP2).
IAPs can act as direct inhibitors of the two death effec-
tors, caspase-3 and caspase-7, and are able to suppress
the activation of two initiator caspases, caspase-8 and
caspase-9 [418, 599]. Studies performed on the activity
of effector caspase 3 and on the initiator caspases 2, 8,
and 9 revealed that, in the absence of RIP, the activity of
these caspases decreases, indicating that RIP-associated
apoptosis is caspase-dependent [26]. Thus, Fas, TNF-
related apoptosis-inducing ligand (TRAIL) and TNFRs
can initiate cell death by two alternative pathways, one
based on caspase-8 and the other dependent on the RIP
kinase [211]. NF-kB is an essential regulator of immune
cell survival, critical for the activation of T and B lym-
phocytes, and is a central coordinator of innate and
adaptive immunity [470].

The apoptosis machinery in B lymphocytes may be
different, generally immature cells with IgMs or IgDs or
cells that have formed an extra paratope [37]. Also, B
cells with poor affinity for antigens, or autoreactive, are
destined to a rapid apoptosis and are phagocytosed by
macrophages leaving nuclear residues forming tingible
bodies [254]. The bcl-2/ced-9 gene blocks PCD in B cells
and cells provided with bcl-2 [400]. CD23 may prevent
apoptosis of GC B cells [4]. Mounting evidence suggests
that autoimmune diseases and viral infections, for ex-
ample, may be associated with failure to undergo PCD,
as well as others characterized by inappropriate cell
destruction, AIDS as a first example [542].

The HLA System

The HLA system is the human version of the MHC
called H2 in mice. HLA, first discovered in the 1950s,
was recognized by its major influence in transplant re-
jection. Subsequent studies have revealed that HLA is in
mammals a single gene region with a pivotal role in
antigen recognition and control of immune response
(Ir); some Ir genes are also mapped within its structure
[329]. The chromosome region containing genes coding
for self/non-self discrimination is a highly polymorphic
complex region of about 4,000 kb located on chromo-
some 6 short arm (6 in region p21.3) (Fig. 1.24). HLA is
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Fig. 1.24. Scheme of human HLA

referred to as complex because its genes are located on a
single chromosome, and all genes can therefore be
transmitted to children as one unit [18]. In humans this
is the best known histocompatibility system as defined
at the genetic level, comprising hundreds of genes
connected together (>40% of which encode leukocyte
antigens) and characterized by structural and function-
al diversions [264]. Histocompatibility is the property of
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accepting cells or tissue grafts between individuals
[329]. Because of their close linkage, the combination of
alleles at each locus on a single chromosome is usually
inherited as a unit, except for infrequent cases of
recombination, and is referred to as the haplotype.
Although during evolution there may have been varia-
tions, the haplotypes of various mammals and birds
hitherto studied are fundamentally similar. A key task
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carried on by these molecules is to present antigens or
peptides deriving from enzyme cleavage to TcRs. That
peptides associate with HLA molecules and are recog-
nized as a single entity demonstrates either the phe-
nomenon of restriction [688] or the genetic control me-
diated by products of HLA genes present on all nucleat-
ed cells. HLA class II genes, expressed in a constitutive
way in some cells, including B and T cells, macrophages,
and DCs, stimulated by specific activators such as IFN-y
in endothelial and epithelial cells, form a trait with high
genetic variability, so that proteins encoded by the
above-mentioned genes usually differ from one individ-
ual to another [329].

In mice, chromosomal segments controlling immune
phenomena are divided into five regions: K and D re-
gions encode serologically defined (SD) antigens, found
in all nucleated cells and called HLA class I molecules.
Ir genes (in mice antigen-associated with the I region of
the H2 complex and in man DR- and D-related) are pre-
sent on APCs, more restricted as regards their distribu-
tion and defined as HLA class II molecules; the S region
controls synthesis of complement components. K and D
regions are recognized by CD8 T cells during transplant
rejection. It was also shown that following a viral infec-
tion, murine CD8 cells will lyse only infected target cells
derived from a line that is genetically identical with the
same K- and D-region molecules as the original stimu-
lating cells [33].

HLA includes loci A, B, C (class I region) and D (class
I region); lymphocyte-defined (LD) antigens are called
HLA-DR, -DP and -DQ. Each locus is composed by a se-
ries of alleles determining the corresponding gene prod-
ucts (HLA antigens) on cell membranes. According to
recent nomenclature, alleles with confirmed sequences
of amino acids or nucleotides have a specific designa-
tion, including the name of locus and four arabic num-
bers: the first two designate more closely related speci-
ficity and the last two the allele number (Appendix 1.1)
[640]. The number is preceded by an asterisk: e.g.,
HLA-DRB*0401 stands for allelic variant of 0401 of
gene 1 [264]. The nomenclature of different HLA speci-
ficities has grown very large, including more or less
completely defined locus numbers of alleles: 287 HLA-A,
527 HLA-B, 147 HLA-C,6 HLA-E,1 HLA-E, and 15 HLA-
G, making a total of 980 class I alleles, 454 HLA-DR,
79 HLA-DQ, 128 HLA-DP, 10 HLA-DM, 16 HLA-DO, for
a total of 649 class II alleles [640]. Some genes HLA-C,
HLA-D, HLA-E, HLA-E, HLA-G are less characterized
[640]. There are 54 class I genes and MICA pseudogenes;
TAP 1 and 2 (transporter associated with antigen pre-
sentation 1 and 2) are 10 in number [640], while MICB,
MICC, MICD and MICE do not yet have a fixed function
[469]. MICA and MICB are ligands for the activating
CD9%4: CD94R may inhibit class I molecules [329]. As
Appendix 1.1 shows, not all alleles have serologically
defined specificities. Inclusion of different designations
of HLA alleles and specificities comes from using sero-
logic methods instead of molecular reactions recently
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employed for typing such as in situ hybridization, PCR
(polymerase chain reaction), RFLP (restriction frag-
ment length polymorphism), etc. For example, HLA-B27
was associated 30 years ago with several autoimmune
disorders [329], now encompasses several subtypes,
from B*2701 to B*2709 [640].

HLA and encoding genes form three categories, class-
es I, I and III, membrane gps expressed on all nucleat-
ed cells. Class I and II molecules are members of IgSF
(Figs. 1.25-1.27) [454]. Class I and II molecules can be
differentiated according to their structure, tissue distri-
bution, and function [329]:

e Class I genes, located in the more distal region from
centromere, encoded by main HLA-A, HLA-B and
HLA-C loci, include a polymorphic H chain, a 45-kD
o chain, in close, noncovalent association on the mem-
brane with a nonpolymorphic 12-kD L chain, a f,-m
encoded by a single gene located on chromosome 15. A
molecular three-dimensional structure shows H chains
divided into six regions: three extracellular globular
domains, a1, a2, an Ig-like domain, a3, a short extra-
cellular connecting peptide N-terminal, a hydrophobic
TM region (25 amino acids), and a hydrophilic intra-
cytoplasmic C-terminal tail (30 amino acids), while
L chain forms only an extracytoplasmic Ig-like domain.
A molecular part furthest from the membrane embraces
a deep groove or cleft, the peptide-binding site, made up
of segments of al and a2 domains with a-helical sides
and an irregular -sheet base. A single a3 domain has
sequences interacting with CD8 cells.

o Class II genes, positioned in a more proximal region
to the centromere, controlled by at least three HLA-DR,
HLA-DP, HLA-DQ subloci, consist of two polypeptide
domains, a 33-kD a and 28-kD B, noncovalently linked.
This pattern resembles that of class I, but with five
domains, since each chain contains two extracellular
globular regions (a1 and a2, or B1 and 2), not covalent-
ly linked. The peptide binding groove has a structure
similar to that of class I molecules. Also in this case the
cleft chemical surface, distinct from class II molecule
GPM, determines specificity of antigen binding. Class II
is restricted to immunocompetent cells presenting
processed antigens to CD4 cells and is necessary for in-
teractions between immunocompetent cells. Additional
class II-related molecules are eight HLA-DOA alleles
[469]. The designation of class II loci on chromosome 6
consists of three letters: the first (D) indicates the class,
the second (M, O, P, Q, or R) the family and the third
(A or B) the chain (o or B, respectively).

o Class III genes, placed between classes I and II loci,
encompass a heterogeneous mixture of genes, including
classic pathway complement components (C2, C4a,
C4b), properdin factor P of the alternate pathway,
enzyme B-21 hydroxylase, molecules of the heat shock
protein family (HSP70-1 and -2), and TNF-a and
TNF-P. Many class III genes are involved neither as trans-
plant antigens nor in antigen presentation [329, 337].
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Other genes encoding proteins involved in antigen
processing machinery have been identified interspersed
among class II genes, between HLA-DQ and HLA-DP,
such as six TAP-1 and four TAP-2 alleles (Appendix 1.1),
and two LMP2 and LMP7 genes (low-MW polypeptides
2 and 7) [329].

The Ir genes, mostly mapped to HLA antigens, encode
a synthesis of class II molecules, that is HLA-restricting
elements recognized by CD4 cells. Owing to allelism of
the above-mentioned molecules, different individuals
respond differently to the same antigen when responses
are HLA-restricted, that is, only when antigen presenta-
tion is in the context of class II specific molecules. In the
absence of Ir alleles, there is no production of antibod-
ies against specific antigens; hence individuals have in-
herited HLA antigens that in peptide presentation to
TcR are markedly effective in eliciting synthesis of anti-
bodies different from IgE antibodies. It was speculated
that Ir genes are expressed on macrophages and not on
T cells. Actually, the genetic control related to interac-
tions between T cells and macrophages is localized in
HLA I regions and products encoded by genes of such
regions are defined as HLA-DR [198]. Only 10%-50% of
macrophages isolated from peritoneum and spleen are
provided with these antigens, and it seems that only
HLA™ cells look after antigen exposure [12]. To better
define genetic restriction, it refers to different specificity
for different HLA molecules, since not all T-cell subsets
use the same HLA molecules, each having a capacity of
response limited to some HLA components, since both
class I and II contain recognition sites for CD8 and CD4
coreceptors on T cells [463].

The HLA System
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According to the restriction concept, the HLA mole-
cule has a key role in binding to immunogenic peptides
deriving from processing foreign proteins: bimolecular
HLA-peptide complexes expressed on APC membranes
are the ligand recognized by T cells. CD4 cells recognize
only peptides expressed on membranes of actively
phagocytic APCs (105 molecules/cell) [337] associated
with HLA class II antigens. Suppressor-CTLs are re-
stricted to associating with HLA class I molecules, ex-
pressed by most nucleated cells of the body (between
10* and 5x10° molecules/cell), while the HLA C region
contacts CD8 coreceptor [463]. HLA class II antigens
bind to peptides with sufficient affinity by means of
amino acid sequences of their hypervariable parts situ-
ated in a-1 and B-1 domains; similarly, TcRs recognize
HLA-peptide complexes. Instead, T cells, with a yo TcR
that is often DN, represent an exception to restriction in
that, in addition to class II antigens on DCs [558], they
recognize bacterial proteins as well as heat shock pro-
teins (HSP) in an HLA-independent way [279]. Central-
ity of HLA molecules in tripartite interactions with pro-
cessed antigens and TcRs is exemplified by the repertoire
of antigen specificities recognized by T lymphocytes.

Main features distinguishing class I and II molecules
are GPM, association and codominance [18, 329]:

o The major part of HLA genes is characterized by an
almost unique GPM, which has been shown to be even
more extensive by rDNA technology. Each gene has mul-
tiple alleles, leading to a great number of likely combi-
nations on each chromosome (haplotype): the number
of genotype combinations is >1010. Besides these alleles,
there are many variants in the general population, so
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Fig. 1.28 a,b. A viral peptide buried in a HLA class | molecule (a), and together with another peptide (b) in the extended con-
figuration they assume when complexed with HLA class | molecule [161]

that the majority of subjects are heterozygous (HZ) for
different loci. Therefore, an extensive GPM makes whol-
ly different HLA molecules expressed by genetically dis-
tinct individuals, that is each one has his own genetic set
of HLA molecules, shared only by a few individuals of the
same population. GPM is also the basis for rapid graft
rejection between genetically different individuals.

e Association means that all genes are transmitted en
bloc by HZ parents to their children. When paternal
haplotypes are a and b and maternal ones c and d, each
child inherits from both haplotypes, that is ab,ac,bc and
bd; thus the chances of a child having the same two hap-
lotypes are =25%. A recombination between two haplo-
types (cross-over) can be in germ cells, paternal or ma-
ternal, creating a new haplotype. The recombination
rate is 1% in HLA-A and -B and between -B and -D.

e Codominance means that each cell expresses HLA
proteins transcribed from paternal and maternal chro-
mosomes. One point worth noting is that only one chro-
mosome is used to form Ig and TcR molecules, the
unique occurrence of allelic exclusion. Each individual
is commonly HZ for each locus and her/his HLA group
is composed by several letters as described above, plus
two numbers corresponding schematically to the alleles
transmitted by both parents.

e Moreover, some gene combinations can have an un-
expected frequency, because individuals of a heteroge-
neous population can have two genes segregating to-
gether, with a frequency markedly different (higher or
lower) than the predicted frequency. Linkage disequilib-
rium is a phenomenon common to almost all complex
genetic systems, the tendency of specific alleles of linked
genetic loci to be inherited together (as a unit or haplo-
type) on the same chromosomal region far exceeding
that expected by chance association, functionally inter-
acting between themselves.

e GPM is a strategy for generating diversity of HLA
molecules; hence it contrasts with the unique strategy of
gene rearrangement of TcR and BcR. Accordingly, each

lymphocyte expresses only slightly different receptors,
whereas every cell of an individual expresses the same
HLA molecules, but different from HLA molecules ex-
pressed by genetically unmatched subjects. GPM also
contrasts with principles of allelic exclusion and thus
with the genetic principles governing receptors: class I
and II molecules are codominant, that is, each cell ex-
presses HLA proteins transcribed from both maternal
and paternal chromosomes, consequently confirming
GPM [36].

e As regards the respective functions and properties,
class I and I molecules have a similar general structure,
although not identical: both seem to have a wide GPM
and bind to peptide fragments subsequently recognized
by TcRs. Perhaps due to different types of processing,
class II molecules appear to present a heterogeneous
group of peptides for a given epitope, instead of only
one well-defined epitope as is normal for class I mole-
cules.

e GPM of HLA loci and some alleles of different loci
tend to associate between themselves; this inclination
has been understood as necessary for human immune
system diversity or functioning [463].

Several ILs can stimulate HLA molecules: IFN-y is
one of their most potent activators, whereas TNF-a,
TGF-p and IFN-a and -f functions remain obscure
[579]. IFN-y induces activatory signals for CIITA (class
II transactivator) expression [539], which is more of an
essential regulator for expression of HLA class II genes
than their direct modulator: CIITA is defective in a form
of primary HLA deficiency [539].

Many peptides bound to HLA molecules may not be
invariably presented to TcRs, in part because cells ex-
pressing TcRs reacting with peptides derived from a giv-
en individual are often removed during T-cell develop-
ment in the thymus, either clonally deleted, or dying by
apoptosis as formerly alluded to [579]. The set of HLA
alleles inherited by an individual is exceedingly tiny
compared to diverse TcR repertoires. In theory, TcRs are



restricted to recognize a very limited subset, while HLA
molecules can bind to a large collection of foreign and
self-derived peptides: this issue appears to be paradoxi-
cal since HLA molecules can bind a multitude of peptide
fragments in a very restricted way, with an affinity at
least 1,000-fold higher than that of TcR. Of course, each
HLA molecule could bind this large group of peptides,
but what governs the ability of a peptide to bind one
HLA haplotype rather than another? [18]. It might also
be that a very small number of HLA-peptide complexes
are required at the APC surface to generate immune re-
sponses [36]. As we see from Fig.1.28 [161], class I mol-
ecules in concomitance with the encounter with mole-
cules to be scrutinized present, as previously described,
the special conformation with binding grooves destined
to reception of already processed peptide fragments
[161]. In particular, as evidenced by crystallographic
studies, conserved pockets at both ends of the peptide-
binding groove accommodate their N-terminals via ex-
tensive H, binding, thus warranting a correct orienta-
tion of peptide-binding and its closed nature at both
ends [264]. In the middle of the groove there is a deep
pocket providing structural complementarity (like a
gem in a ring) for one of the peptide amino acids called
the anchor (the amino acid residue recurring more fre-
quently). The peptide antigen appears to be anchored by
residues either at or near the end of the peptide, thus en-
hancing the specificity of HLA-peptide binding [344].
The single substitution of an amino acid of an exposed
peptide residue, although changes do not seem to be
critical for the above binding, is sufficient to abrogate
TcR recognition. Since HLA molecules are very unsta-
ble, only peptides with an allele-specific anchor residue
may provide sufficient stability, while a small decrease
in affinity has the wide biological effect of increasing the
dissociation rate of bound peptides, hence preventing
adequate time for presentation to T cells [161]. The
pocket of class II molecules is open-ended, allowing
larger peptides to bind [264].

Initial Phase of the Immune Response

Functions of HLA Molecules
and Antigen Processing

Antigen presentation is defined as processing or cleav-
age of foreign antigens consisting in transformation
from a native form to a nonnative form to yield peptides
complexing with HLA molecules, thereby associating
HLA products only with fragments of presenting anti-
gens, and not with intact antigens themselves, drawing
attention to the analysis of proteolytic events lying up-
stream of presentation events.

A remarkable contribution to understanding this step
of immune responses comes from studies on related
viral attitudes. As discussed in the preceding section,
HLA class II molecules interact with CD4 cells, class I
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Fig. 1.29. Antigen processing and presentation to T lympho-
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molecules with cytotoxic CD8 cells (Fig.1.29) [591].
These mechanisms entail recognition of peptide frag-
ments deriving from intracellular microbial antigens,
which sometimes expose native proteins to the host sur-
face, and thus to a cytolytic attack [591]. Some viruses
in particular can infect every type of human cell, so that
to respond to aggressions T cells must recognize viral
peptides associated with class I molecules. When other
pathogens degraded via phagocytosis are active, this
process implies T cells being reactive with exogenous
peptides associated with class IT molecules [337]. Such
programming has a remote ontogenetic origin, since
TcRs were planned by the immune system to recognize
even small fragments of viral antigens, sometimes of
only eight to ten amino acids, hence virtually indistin-
guishable from the related peptides of human cells. Con-
sequently TcR was diversified to react with such frag-
ments only if associated with HLA products [457]. Pre-
requisites are therefore processing outside peptides and
assembling molecules for one or more HLA alleles. To
degrade a protein into small fragments, both endoge-
nous and exogenous antigens should be first broken
down into vesicles with acid pH, to be associated with
HLA alleles on the cell surface. Processing clarifies why
T cells, unlike B cells, fail to recognize protein conforma-
tional epitopes, but only linear ones, and why they can-
not distinguish between native and denatured proteins
of the same antigen [474].
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Various methods are employed by cells for antigen
processing as follows:

e Phagocytosis delineates the most prominent function
of mononuclear phagocytes at the point of assuming
such denomination, and antigen processing has a piv-
otal role in inducing immune responses: during the dif-
ferent steps, among fragments subjected to processing,
those cleaving in the endosomes and with affinity for
HLA molecules escape a complete denaturation, bind to
HLA alleles, and are then transported to macrophage
surfaces [540]. On the contrary, after an exhaustive pro-
teolytic cleavage in lysosomes, peptides with no HLA
association are excreted outside the cell surface through
a process of exocytosis.

e DCs and B lymphocytes cannot use phagocytosis, but
a more common process called pinocytosis, by which
fluids or very small particles (diameter <10 nm = 100 A)
are taken into the cell.

o B cells can employ antigen-specific Igs (IgMs or IgDs),
a much more effective procedure because the antigen
concentration necessary is 1,000-fold less than that re-
quired by pinocytosis. However, despite the advantage
of close linking with B lymphocytes, this process is real-
ly restricted to a comparatively limited number of these
cells [384].

Exogenous peptides generated in acid vesicles bind to
class II restricted T cells [391], whereas endogenous
peptides synthesized by cytosol and ER are recognized
by class I restricted T cells [372]. When processing of a
non-virus-infected cell (modified, for example, in a vac-
cine) takes place in acid vesicles, the resulting peptides
are presented to CD4 lymphocytes associated with class
II molecule. However, if the same antigen infects the cell,
processing moves over the cell cytosol/ER, then anti-
gens are presented in association with CD8 lympho-
cytes and HLA class I molecules. Following these two
different procedures, CD4 and CD8 lymphocytes of an
individual can recognize different epitopes of a given
antigen [47]. Moreover, as a number of experiments
have demonstrated, the structural characteristics of
peptides do not determine the binding to one or to an-
other HLA class, but it can be hypothesized that distinc-
tions arise from two different ways of processing and
presentation [369, 391].

Now the way by which HLA molecules acquire pep-
tides is the center of attention, rather than the origin of
peptides presented by HLA products. As regards class I
molecules, before entering an exocytic system, process-
ing of antigen material in the cytosol is usually attrib-
uted to proteasomes, an ATP-dependent complex of pep-
tidases, proteolytic enzymes encoded by LMP2 and
LMP7, a pathway probably operative in converting na-
tive antigens into peptide fragments then translocated
into the ER to associate with class I molecules [377].
Unfolded or worn-out polypeptides in the ER are retro-
translocated into the cytosol where the SC factor (SCF)
(Fbsl, 2) proteins distinguish native from unfolded
glycoproteins and ubiquitin targets the worn-out pro-
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teins for dumping [648]. These proteins unfold with the
help of other specialized molecules, the chaperones,and
the polypeptide chains are then fed into the protea-
somes, where unassembled or defective proteins in the
cytosol are degraded into peptides [264]. The ubiquitin-
proteasome system is a fundamental machinery in the
cell [520] and has been shown to be involved in the viri-
on budding process of several viruses, particularly of
rhabdoviruses [198]. In the presence of the proteasome
inhibitor MG132, the entering viruses accumulated in
both the endosome and denser lysosome, suggesting
that the ubiquitin-proteasome system is involved in the
virus transfer from the endosome to cytoplasm during
the virus entry step. Understanding the sensitivity to the
ubiquitin-proteasome inhibitors may be used to distin-
guish the early steps of viral entry [656]. Studies of Ther-
moplasma acidophilum [316] have shown that protea-
somes, with a barrel-shaped structure, consist of two in-
ner rings, each consisting of seven B subunits, and two
outer rings, each made up of seven o subunits, all differ-
ent [316]. Proteasomes interact with either ER mem-
branes or TAP-1 and TAP-2 [293] encoded by polymor-
phic genes of class II and associated with H chain a1
and a2 domains [443] (Fig.1.30). TAP-1 and TAP-2,
closely located to genes encoding LMP2 and LMP7
inducible by IFN-y [293], import into the ER lumen
selected peptides, which may attach to a newly synthe-
sized B chain of the class I molecule encoded by the
B,-m gene [263]. Possibly the peptide NH, terminus is
also trimmed [361]. The peptides are necessary for a
correct assembly of HLA class I molecules. Class I mol-
ecules first assume a peptide-receptive conformation,
then release peptides to be delivered to the cell surface
for antigen presentation to CTLs with CD8 markers
[337]. However, subsequent analyses have shown the
polymorphism of TAP and LMP genes that map be-
tween DPB1 and DQB1 within class II genes [372]. So it
seems reasonable to imagine that different epitopes of
the same antigen are presented to T cells of different
subjects. Support for this hypothesis will lead to evident
implications, such as individual differences in immune
responses to specific antigens [28], in addition to differ-
ences in tolerance induction, predisposition to auto-
immunity, and disorders associated with HLA mole-
cules [28]. HLA class I molecules could also bind to
exogenous antigens loaded by macrophages and DCs
[39]. The principal routes are as follows: release of anti-
gens acquired from endocytic or phagocytic vesicles re-
turning immediately to normal pathways, or antigen di-
gestion in a vesicle by using normal class I mechanisms;
pertinent examples in support of both hypotheses
derive from inhibitors of processing pathways such
as brefeldin A and chloroquine [39]. When TAP-2 is de-
ficient, assembly of class I molecules cannot be com-
pleted.

As reported by studies on the routes of class II mole-
cule intracellular traffic, newly synthesized HLA prod-
ucts are collected in the ER where they are delayed for
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1-3 h, apparently not for recycling back to the cell sur-
face, but for peptide loading to take place. Molecules
leave it only when linked with three pairs of af} het-
erodimers of the same ER, transiently aggregated to
three copies of the TM invariant chain (li=CD74) [61].
The agglomeration of nine chains (nonamer) without
contacting peptides in the ER is transported across
trans-Golgi and post-Golgi networks to an endocytic
compartment, MIIC (MHC class II-loading compart-
ment) [443]. The li chain appears to protect class II
dimers from binding cytosolic peptides imported into
the ER for class I binding [61]. The li region, important
in binding class II molecules and in preventing prema-
ture peptide binding, corresponds to CLIP (class II asso-
ciated invariant chain peptide), which binds HLA-DR3
in sites normally occupied by peptide antigens [61]. In
Golgi networks, after glycosylation peptides are inter-
nalized into the cell by endocytosis, an APC encounter

Initial Phase of the Immune Response

with foreign peptides occurs in endosomal or prelyso-
somal compartments where peptides are internalized,
then extruded in intra- and extracellular compartments
[378]. HLA class II peptide presentation can be inhibit-
ed by lysosomotropic agents such as chloroquine and
NH,CI, which raise the pH, and by inhibitors of endoso-
mal proteases, with no effect on class I endogenous pep-
tides [378]. While in transit to endocytic routes, the li
chain subjected to the compartment acid pH is degrad-
ed by endosomal proteases and CLIP is removed from
DR3 by HLA-DM [182]. As the intact li chain, CLIP inac-
tivates the groove by binding directly to it [61]. Conse-
quently, HLA molecules can bind processed antigen
peptides, and peptide-class II-aff complexes can be
transported to cell surfaces: HLA molecule antigen
binding assures sufficient stability, allowing it to reach
cell membranes to activate the correct T cells [372].

In conclusion, the intracellular routes followed by
HLA class I molecules and respective antigens traverse
structures different from those crossed by both antigens
and HLA class II products, thus avoiding their recipro-
cal encounter.

Antigens presented in association with class I mole-
cules bind preferentially to peptides usually 8-11
residues long (their grooves are restricted in length and
are closed at both ends) [337], whereas class II mole-
cules can accommodate much longer peptides, with
11-17, and up to 25 amino acids [337]; therefore both
ends of a class I molecule-bound peptide have been as-
sumed to protrude out of the groove [482], thus showing
a higher heterogeneity at NH, and COOH termini [337].
Accordingly, peptides with 13-17 amino acids associat-
ed with class II molecules can stimulate T-specific
clones [482], considering that the theoretical number of
different peptides formed by nine amino acids is
5.1x101! [337]. Selectivity of HLA molecules implies
that only some of them have grooves with sufficient
length to hold processed peptides [482].1t is critical that
a different structure is appointed for trimming of longer
peptides, which could be:

e In ER precursors, associated with class I molecules
[144]

e In accordance with binding sites, or the same peptide,
not associated with class I molecules [482]

e Within the cytosol, where peptides may be immedi-
ately re-exported [361], or where there may be envis-
aged a proteolytic structure specialized in reducing pep-
tides to fitting size for HLA before transport in the ER
e Stress protein gp96 may function as a chaperone for
peptides not fitting HLA molecules [286]

On the contrary, class I molecules need no trimming,
being unable to hold longer peptides.

Antigen processing also has particular features: if
amino acid chains or peptides are rolled up and folded,
when the chain is extended, distant parts can be brought
together via folding of protein structures, leading to
conformational epitopes. Furthermore, unlike B cells
directly interacting with antigens, being able to recog-
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nize epitopes contained in intact and normally folded
protein molecules, T cells recognize only epitopes pre-
sent in denatured and linear molecules. Besides split-
ting, in macrophage intracellular vacuoles an unfolding
takes place, which makes accessible previously hidden,
totally or partially, immunogen peptide parts [443].
Small amino acid sequences equipped with the struc-
tural characteristics essential for complex formation
with HLA molecules are often found inside of rising
protein molecules and become available for binding to
HLA products only after unfolding of protein structures
is accomplished: fragments containing the critical
amino acid sequences are transferred into the macro-
phage membrane surface, ready for subsequent antigen
presentation [12].

Therefore, if antigen processing consists in the con-
version of an antigen from the native to a non-native
form, a process carried out by APCs expressing HLA
antigens, peptides must make contact with TcR as well
as bind to an HLA molecule. A most likely hypothesis is
that processing involves changes into antigens provided
with a conformational freedom to form a secondary
structure permitting both epitope and agretope to form.
Both are composed of small amino acid sequences, at
least two or three residues interspersed into the primary
sequence of native proteins: recognition is facilitated by
an a-helical conformation of peptide chains, in other
words the helicoidal spatial arrangement. Residues
making contact with T cells and HLA molecules, respec-
tively, during enzyme splitting segregate to opposite
sites of the a-helix one group forming the epitope and
the other the agretope. However, although in many in-
stances the whole amino acid sequence of several aller-
gens was successfully disclosed, it is poorly understood
which sequences are responsible for IgE binding, proba-
bly because IgE antibodies have different requirements
as regards the conformation of the peptides to bind [12].

Subsequent studies have proposed a new type of anti-
gen processing, a noncytosolic pathway, typical of class
I molecules, also suggesting that peptides internalized
into phagosomes are hydrolyzed by proteinases in endo-
cytic compartments, but it is uncertain how these pep-
tides bind to class I molecules, thus more mechanisms
may be operative [467]:

o In the first type, HLA class I molecules from plasma
membranes or newly synthesized may enter the phago-
some, bind peptides and transport them to the cell.

o In the second type, class I molecules in macrophages
may recycle between the cell surface and endocytic
compartments.

e In the third type, the li, although commonly used in
class II transport, can associate with newly synthesized
class I molecules and direct their transport into endo-
cytic vesicles [467].

The role of this exogenous pathway may be in innate
immunity, again with three different types:

e In the first type, the immune system may have the
privilege to detect and monitor pathogens surviving in
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phagosomes, not eliminated by CD4, permitting CTLs to
destroy infected cells, in turn CTLs can secrete IFN-y,
which would stimulate macrophages to kill the mi-
crobes.

e In the second type, antigens are imported from so-
matic cells, poor stimulants of naive T cells lacking
CD80, CD86 and CD54, into professional APCs; such
exogenous pathway APCs can trigger primary T-cell re-
sponses since they express high levels of HLA class I and
II molecules, in addition to costimulatory and adhesion
ligands, and trafficking into lymphoid organs at that
time.

e In the third type, the exogenous pathway potentially
stimulates CTL immunity using protein-based vaccines:
as a rule antigens in extracellular fluids are not present-
ed in association with class I molecules on mast cells
[467].

Cells of the Imnmune System Participating
in Immune Responses

Phagocytes, so called for their ability to ingest and digest
living or inert particles, have a common origin in
the bone marrow, from progenitor cells, or colony-form-
ing unit-spleen (CFU-S), or -thymus (CFU-T). CFU-S
can generate myeloid, lymphoid and erythroid cells
(Fig. 1.31) and, in the presence of stimulating factors
(M-CSF, GM-CSF) (Table 1.5), mixed colonies of poly-
morphonuclear leukocytes or PMNs and macrophages.
Mononucleated phagocytes, having achieved their mat-
uration in the bone marrow, pass into the bloodstream
for a short period of time, which leave to enter the tis-
sues through capillary walls by diapedesis in response
to chemotactic factors released in inflammatory pro-
cesses (see “Innate Immunity”, p. 152). Strictly speaking,
phagocytes are granulocytes and monocyte macro-
phages with the particular uptake of vital strains, as nu-
merous other cells are widely distributed throughout
the body (macrophages of alveoli, spleen, lymphoid tis-
sue, and histiocytes, Kupffer cells, osteoclasts, chondro-
clasts, mesangial cells of the kidney and microglial cells
of the brain), and constitute the reticuloendothelial sys-
tem (RES), comprising other phagocytes in a broad
sense (Fig. 1.32) [470].

Monocytes (Fig. 1.32, a-c) derive from bone marrow
promonocytes under the action of specific mediators
(CSF). They have a diameter of 9-15 pm, and a round,
oval or indented nucleus in an eccentric position with
one or two prominent nucleoli [609]. The first cells to
circulate in blood, but only for about 1-2 days, they mi-
grate via blood-vessel walls, then are discharged into
various tissues where, because of the stimuli of differen-
tiation signals typical of each tissue, differentiate into
resident macrophages. In certain tissues they become
fixed or may enter internal cavities. During this period,
the resting cells are activated by IFN-y, a process also in-
creasing the transcription of new genes [474]. Moreover,



Fig. 1.31. Hemopoiesis: myeloid and
lymphoid differentiation and the tis-
sue compartment in which they occur.
Ba Basophils, IDC interdigitating den-
dritic cells, LC Langerhans’ cells, CFU
colony forming unit, Eo eosinophils,
CFU-GM colony forming unit-granulo-
cyte-macrophage, Mac macrophages,
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IFN-y-primed monocytes exposed to LPS showed en-
hanced phosphorylation of IRAK (IL,;R-associated ki-
nase) and increased NF-xB DNA binding activity [49].
Mature cells, before differentiating lose CD34, an early
marker of hematopoietic progenitor cells and of other
immune cells, and CD62L ligand, whose delayed matu-
ration could be, for example, an SCID marker. Mono-
cytes express normal levels of CD13 and CD33,and high
levels of CD14*/CD11c* useful for their identification, in
addition to a greater number of membrane receptors for
IgG Fc fragments. CD14 engagement on monocytes
could also inhibit human Ig synthesis, including IgE an-
tibodies [608]. The phenotype and function of mono-
cytes are modulated by several ILs and include IL;RA,
IL,, IL;, IL,, IL;, ILg, IL,g, ILy5, ILy3, ILys, ILye TLyg, ILyos
GM-CSE, TNF-a and -, IFN-y [73, 609]. The TNF
and IL,, induction was dramatically increased in IFN-y-
primed monocytes [49]. The release of these ILs by
monocytes can be modulated by different infectious
and noninfectious stimuli. Monocytes also yield MCP
1-3 (see later) several ILs, such as IL;RA, ILg, TNF-a
and -f [73], and MIF (monocyte migration inhibiting
factor) [73, 609]. As IgE antibodies bind to their recep-
tors, they acquire bactericidal and cytotoxic properties
producing O, - (superoxide), apparently due to
activation of NADPH (reduced nicotinamide-adenine
dinucleotide phosphate)-oxidase [115]. They are en-
dowed with CD23 [115] and FceRI, with a stronger bind-
ing to IgE [347], also becoming capable of engulfing
complexed IgE-peptides subsequently presented to T

lymphocytes [347]. In atopic patients they provide the
RNA with IL,; transcripts [219].

Macrophages [540, 593] (Fig. 1.32, d, e) have variable
dimensions (15-50 pm) and probably a structural and
functional heterogeneity like mast cells. They are partic-
ularly active, together with PMNs, in defense against in-
fections, playing a pivotal role in immune responses via
a wide range of functions performed (Table 1.20) [68,
540, 609]. Although referred to by a variety of names de-
pending on the location, they have mostly common fea-
tures: in addition to being APCs, they are avid phago-
cytes engulfing any bacteria, cellular debris, or foreign
particulate materials in the area. Stimulated by the ILs
produced during the recognition phase, they are attract-
ed into a site of injury and acquire the phagocyte’s typi-
cal aspect. Macrophages undergo several morphologi-
cal, functional and metabolic changes, with a parallel in-
crease in size, adhesion, endocytosis (both pinocytosis
and phagocytosis), lysosomal enzymes and chemotaxis,
as well biochemical-metabolic activities, enhancing
their equipment of enzymes of the respiratory chain, the
Emden-Meyerhof way, and hexose-monophosphate
shunt [540]. Thus positioned along capillaries, macro-
phages readily make contact with and engulf invading
antigens and pathogens, which are broken down with
the aid of the cited enzymes into simple amino acids,
glucides and other substances, for a subsequent excre-
tion or recycling, and eventually remove them from cir-
culation [47]. These cells also express HLA class I and II
molecules for CD4 and CD8. Due to receptors for IgG
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Fig. 1.32 a-k. Cells of the immune system.a Monocyte show-
ing a horseshoe-shaped nucleus and moderately abundant
pale cytoplasm. Note the three multilobed polymorphonu-
clear neutrophils (PMNs) and the small lymphocyte (bottom
left). b Two monocytes with vacuolated cytoplasm. The small
cell with focal staining at the top is a T lymphocyte. c Mono-
cytes in monolayer cultures after phagocytosis of myco-
bacteria (stained red). d Inflammatory cells showing a large
active macrophage in the center and phagocytosed red cells
and prominent vacuoles. To the right is a monocyte with
horseshoe-shaped nucleus and cytoplasmic bilirubin crystals
(hematoidin); several multilobed PMNs are clearly delineated.
e Numerous plump alveolar macrophages within air spacesin
the lung. f Four PMNs (neutrophils) and one eosinophil. The
multilobed nuclei and the cytoplasmic granules are clearly
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shown, those of the eosinophil being heavily stained.g APMN
neutrophil showing cytoplasmic granules. h Early neutrophils
in bone marrow. The primary azurophilic granules (PG) origi-
nally clustered near the nucleus move toward the periphery
and as the cell matures, the neutrophil-specific granules are
generated by the Golgi apparatus. The nucleus gradually
becomes lobular (LN).i Basophil with heavily stained granules
compared with a neutrophil (bottom). j Mast cell from bone
marrow with a round central nucleus surrounded by large
darkly stained granules. Two small red cell precursors are
shown in the bottom. k Tissue mast cell in skin stained with
toluidine blue. The intracellular granules are metachromatic
and stain reddish purple. Note the clustering in relation to
dermal capillaries



Table 1.20. Secretory products of macrophages

Cells of the Immune System Participating

Table 1.20. (Continued)

Nucleotides

Arginase Adenosine
Angiotensin converting enzyme cAMP
Lipoproteinlipase Guanosine
Lysozyme Thymidine
Neutral proteinases Uracil
Alveolar macrophage elastolytic metalloproteinase Fact lati Il functi
Collagenase specific for collagen actors regulating cefl tunctions
of basal membrane (type IV) IL and IL-like
Collagenase specific for interstitial collagen (types I-IIl) Activi
ctivin

Collagenase specific for pericellular collagen
(gelatinase) (type V)

Cytolytic proteinase

Elastases metallo-dependent

Plasminogen activator

Stromelysin

Acid hydrolases
Glycosidases
Lipases
Nucleases
Phosphatases
Proteases and peptidases
Others

Plasma proteins

«,-Macroglobulin

Apolipoprotein E

Fibronectin

Inhibitor of a;-proteinase

Tissue inhibitor of metalloproteins

Transcobalamin Il

Coagulation factors
Factors V, VII, IX, X
Thromboplastin

Complement components
C1-C9
Factor B
Factor D
Factor H (B;H) (C3 convertase inactivator)
Factor | (C3b inactivator)
Properdin

Reactive O, species

H,0,

Superoxide anion

Others

Bioactive lipids

6-Ketoprostaglandin F;,

12-Hydroxyeicosotetranoic acid
LTC
PGE,

Tromboxane B,

Others

Erythropoietin

Fibroblast growth factor

Insulin-like growth factor

Heparin-binding growth factor

Inhibiting factor for leukemic cells

Platelet factor 4
G-CSF

GM-CSF

IFN-oc and -B

ILio

IL;,

ILs

IL;g

M-CSF

MCP, MIP 1 and 2 and other chemokines
PDGF

CCL chemokine receptor 1

Receptor of IL; antagonist
TGF-a and - 8
TNF-a

Factors promoting the proliferation of:

B cells
Endothelial cells
T cells
Fibroblasts

Factors inhibiting the proliferation of:
Listeria monocytogenes
Tumor cells

Data from [68, 540, 609].
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Fig. 1.33. Structure and properties of Fcy receptors. R re-
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Fc fragments, they attract potential targets to be
processed later, modified by enzyme digestion and sub-
sequently presented to T cells. They possess membrane
receptors for [540, 609]:
o Igs: IgG = FcyR, with three distinct types, FcyRI
(CD64), FcyRII (CD32), and a low-affinity receptor
(FcyRIIb) (Table 1.3; Fig. 1.33), in addition to the specif-
ic Fc receptor, which promotes phagocytosis of particu-
late antigens such as antibody-coated bacterial anti-
gens, a phenomenon called opsonization.
o Complement (C3b, C5a).
e Hematopoietic growth factors (M-CSE, GM-CSF),
lipoproteins, peptides and PS.
e Membrane receptors the best characterized of which
are FceRII (bind to IgH chains) and CR3/CD11b (fix
iC3b) [445].

Macrophages are versatile secretory cells: they have
= 100 receptors on their surface, including complement

Immunology

proteins, active O, radicals, bioactive lipids such as
PGE,, PAF (platelet-activating factor), nucleotides and
arachidonate metabolites and several enzymes includ-
ing lysozyme, acid hydrolases, neutral proteases, and
enzyme inhibitors (Table 1.20). Macrophages generate
CCL chemokines, including MIP-1a and -1f (macro-
phage inflammatory protein-la and -1f) and MCP-1
[540, 609]. Like monocytes, they are activated by IFN-y
and MIF, in certain conditions acquiring cytotoxic or
suppressive properties, in addition to contributing to
lymphocyte responses as accessory cells, releasing ILs
such as TNF, IL¢, IFN-y via IL; and IL;,, as well as IFN-«
and TGF-B [488]. Macrophages synthesize IL;53 as
an IFN-y induction factor [669]. In turn, IFN-y induces
in macrophages IL;, and IL|,R, whose activity depends
on Th1 T-cell activation [124].1L;5 can also be a macro-
phage endogenous product [67]. Four ILs instead
deactivate these cells: IL,, IL,, IL;3 and TGF-p [124].
Correspondingly, macrophages are pluripotent cells
supporting opposite actions depending on their local
microenvironment: for example, the response to IL, can
activate T-cell proliferation or suppression and CMI
[124]. Probably, CD28 expression by IL),-producing
macrophages can lead to generation of Thl T-cell
responses [387], anticipating that CD28 binding to CD80
represents a costimulatory signal for T lymphocytes.
Because the number of monocytes and macrophages
can increase 3- to 100-fold at a site of inflammation, the
regulatory and effector roles of these cells become even
more prominent after an inflammatory response has
begun. Also prominent is the portfolio of chemokines
that attract these cells to a site of inflammation, which
include CCL2, CCL3, CCL5, CCL7, CCL8, CCL13,
CCL17,and CCL22 [87].

Granulocytes live only a few days; have the main func-
tion of ingesting and kill any non-self substance.
C/EBPa is essential for their development [678]. Cells of
granulocyte lineage, PMNs, eosinophils, and basophils
are distinct according to cytoplasmic granule staining.
Granulocyte surface markers are shown in Table 1.21
[470] and compared with metachromatic cells.

Neutrophils (Fig. 1.32, d, f, g, h) are the most numer-
ous leukocytes in the bloodstream (half-life, 4-10h),
with a normal adult having >100 billion PMNs present
daily, a number that can increase to almost 1 trillion
when the host is stressed by infections. PMNs carry on

Table 1.21. Surface markers of neutrophils or PMN and eosinophils compared with metachromatic cells

Cell markers
CD88 CD35 CD11a CD11b  CD49d CD32 FceRI FceRIl (CD23)
Neutrophils + + + + + + - -
Eosinophils + + + + + + < +
Basophils + + + + + - + + =
Mast cells + + + + = = + + _

Modified from [470].



the following activities: chemotaxis, phagocytosis, de-
granulation, and opsonization [360]. PMNs are involved
in the immune inflammation in concert with eosino-
phils and platelets, also determining within such pro-
cesses the delayed phase of allergic reactions. Prolonged
ADAM17 (a disintegrin and a metalloproteinase 17) ex-
pression during neutrophil effector functions and apop-
tosis may play a role in both the induction and down-
regulation of neutrophil activity [617]. Primed PMNs in
the presence of tissue injury due to microbial agents
produce factor(s) which inhibit some of the cell’s anti-
microbial functions contributing to immune dysfunc-
tion, while the factor(s) produced by unprimed PMNs
facilitate antimicrobial countermeasures [407]. High
mobility group box 1 (HMGBL1) protein increases the
nuclear translocation of NF-kB and enhances the ex-
pression of proinflammatory ILs in human PMNs. These
effects appear to involve the p38 MAPK, PI3K (phos-
phatidylinositol 3-kinase), and ERK1/2 pathways. How-
ever, the mechanisms of HMGB1-induced neutrophil
activation are distinct from endotoxin-induced signals
[407]. They have receptors for:

o Igs: IgG=FcyRII and FcyRIII (CD16) and IgA=FcaR
(CD89), while PMNs appear to lack IgE receptors.

e Complement: C3b, C3a, C5a; C5a is different in struc-
ture and affinity from that of eosinophils.

e LTB, (leukotriene B,), GM-CSF, and G-CSE.

As APCs, PMNs have only limited potential as they syn-
thesize only HLA class I molecules. PMNs have a rich
equipment of proteins and mediators, and release sever-
al immunoregulatory ILs, modulating both cellular or
humoral immunity (Table 1.22) [73, 315]. During acute
inflammations, IL; enhances T-cell activation, also in-
ducing ILs, ILg and GM-CSF. Recruited early to injured
sites, PMNs release M-CSF, hence activating the more
slowly invading monocytes [315].

PMNs are activated by NAP (neutrophil activating
factor)/ILg released by PBMCs (peripheral blood
mononuclear cells) and then recruited to inflamed sites
by NCF (neutrophil chemotactic factor) and LTB,, uti-
lizing CD11/CD18 integrin ligands of CD54 (ICAM-1)
and CD102 (ICAM-2, intercellular adhesion molecule
1,2) to adhere to vascular endothelium (margination)
[23]. PMNs infiltrate injured sites ingesting whatever
foreign protein or cellular debris they encounter, includ-
ing bacteria and CIC (circulating immune complexes)-
IgG by virtue of specific receptors, releasing enzymes
with lytic action responsible for the maintenance of im-
mune inflammation [135]. When activated, the enzyme
NADPH oxidase attached to the cytoplasmic membrane
produces monovalent hydroxyl radicals with oxidant
properties and oxidized metabolites [663]. During
phagocytosis and especially when antigens adhere to
the PMN surface and are therefore not phagocytosed,
PMNs undergo a respiratory burst, degranulate and ful-
ly mobilize their secretory vesicles. Their cytoplasmic
membrane fuses with the intracellular granules, finally
emptying their enzyme content into the cell lumen

Cells of the Immune System Participating

Table 1.22. Proteins and other mediators produced by PMNs

Efferent mediators

CR1
CD11b/CD18
FcR

Class Il MHC

Plasminogen activator
IFN-ox

PAF

LTB,

Heat shock proteins

Fibronectin

PGE,

Afferent mediators

M-CSF

1L,
IL,RA

GM-CSF
IFN-at
TGF-p
TNF-a

Modified from [73,315].
CR complement receptor, IL;RA IL, receptor antagonist.

[135]. The secondary granule proteins (SGP) are secret-
ed in a hierarchical manner: first gelatinase-containing
granules, then specific granules, and last azurophilic
ones [135] (Table1.23 [315], Fig.1.32g). In the later
stages of myeloid development, the SGP genes are coor-
dinately upregulated, and members of the C/EBP family
of TFs, in particular C/EBPa and C/EBPn, play specific
and unique roles in upregulating their expression [257].
Among the many granule enzymes (>20), MPO (myelo-
peroxidase), elastase, collagenase and gelatinase play a
prominent role in cytotoxicity, also attacking and de-
grading above all connective tissues [630]. The mature
granules also contain Igs, complement proteins, clotting
factors, cationic proteins and defensins (see “Innate
Immunity” p. 152). The CCAAT-enhancer binding pro-
tein (C/EBP) family of nuclear TFs is implicated in the
regulation of terminal myeloid differentation. In partic-
ular, C/EBPa and C/EBPn play specific and unique roles
in upregulating SGP expression [257, 646]. The abnor-
mal PMN accumulation in states of acute inflammation
consists of several processes taking shape in sequence:
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Table 1.23. Constituents of specific granules and azurophil granules of human neutrophils

Specific granules Azurophil granules

Histaminase Myeloperoxidase Elastase
Collagenases Acid phosphatase Histonase
Binding vitamin B, protein B-Glucosaminidase Lysozyme

Laminin receptor

5'-Nucleotidase

Cationic proteins

C3b receptor

a-Mannosidase BPI

Receptor of formylated peptides

Arylsulfatase

Defensins

Cytochrome b558

a-Fucosidase

Glycosaminoglycans

Lactoferrin

Neuraminidase

Chondroitin sulfate

Flavoproteins

Cathepsin D

Heparin sulfate

Lysozyme

Modified from [315].
BPI bactericidal/permeability inducing protein.

Fig. 1.34. Necrosis and apoptosis: ultrastructural aspects.
Cells undergoing necrosis (left) or apoptosis (right)

endothelium and PMN activation, adhesion, diapedesis
and phagocytosis [315]. Besides their essential defen-
sive functions, PMNs are coming under scrutiny where-
by they may cause excessive injury to host cells, since a
potent cytotoxicity in acute inflammation is potentially
damaging. PMN persistent accumulation involves an
excessive secretion of O, toxic radicals and proteases,
with amplification of tissue injury following LTB,, LTC,
(leukotriene C,) and TXA, (thromboxane A,) synthesis
[630]. It has been suggested that such negative regula-
tion is favored by the density reduction observed in
allergic subjects [364]. Aged neutrophils undergo apop-
tosis [276]: endogenous activations of endonucleases
allow PMNs to be recognized and engulfed intact by
macrophages to avoid dispersion of cytotoxic products
[510] (Fig. 1.34). Early neutrophil influx into the airways
after allergen challenge is mediated by IL;, IL;s and p38
MAPK and can be reduced by inhibiting either IL or p38
MAPK. However, both the neutralization of these ILs
and reduction of PMN number do not modify the later
development of eosinophilic airway inflammation or

Cathepsin G

the BHR (bronchial hyperreactivity) insurgence, thus
suggesting that the early and transient neutrophil re-
sponse fails to play a direct role in the development
of allergen-induced BHR. The effects of inhibiting p38
MAPK in decreasing BHR indicate activities indepen-
dent of its prevention of PMN accumulation [569].
Eosinophils (Fig. 1.32f, 1.35a) [680], present in pe-
ripheral blood at a mean concentration of 300-400
cells/m? from 0 to 2 years and of 200-250 cells/m? from
4 to 21 years, survive longer than other granulocytes
(half-life, 6-12 h). Eosinophils migrate into the thymus
during the neonatal period, localize to the cortico-
medullary region and attain maximum levels by 2 weeks
of age. A second influx of eosinophils to the medullary
region is observed at 16 weeks of age, when the thymus
begins to involute [477]. Even after leaving the bone
marrow together with CD34, they continue the synthesis
process and can return into the bloodstream from tis-
sues; however, compared to PMNss, they are inconclusive
as phagocytes and less efficient at intracellular killing
[631]. Eosinophils are present in allergic, immunologi-
cal, parasitic disorders and hypereosinophilic syn-
dromes. They can be activated either in vivo or in vitro
gy diverse agonists, such as Igs, lipid mediators, and
ILs [371] and from CD69, CD44, and CD54 [670]. On ac-
tivation, they probably kill parasites mainly by releasing
cationic proteins and reactive O, metabolites into the
extracellular fluid [623]. Eotaxin induces a rapid con-
centration-dependent activation of ERK2 and p38 in
eosinophils, and the activation of these kinases is re-
quired for eotaxin-induced eosinophil chemotaxis,
actin polymerization, and degranulation. It is therefore
proved that eotaxin plays an integral role in the develop-
ment of eosinophilic inflammation in asthma and aller-
gic inflammatory diseases [247]. Key eosinophil regula-
tory ILs such as ILs and the eotaxin subfamily of
chemokines regulate eosinophil production and local-
ization at baseline and during inflammatory responses
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Table 1.24. Surface molecules of human eosinophils (excluding Ig receptors and complement components)

Adhesion molecules

Ig supergenes (Continued)

CD11a/CD18 CD46
CD11b/CD18 CD47
CD11c¢/CD18 CD50
CD15 CD59
CD31

Inducible molecules
CD44
CD49a/29 CD4
CD49b/29 cD16
CD49¢/29 cb23
CD49d/29 €D25
CD49e/29 CD54
CD49f/29 CDo64
CD62L

Adenosine
CD62P

-Adrenoreceptor

CDw65 P> 3

FMLP
Ig supergenes GM-CSF
D13 Lo
D24 Lo
D43 ILeR
CD45 LTB,
CD50 PAF
CD54 TNF-aR
CD102

Modified from [197].
FMLP formylmethionyl leucylphenylalanin.

[477]. In vitro studies and those on BALF (bronchoalve-
olar lavage fluid) show that the regulation of eosinophil
production is highly dependent on GM-CSF, IL; and
IL; [550]. Such ILs play a pivotal role in promoting
eosinophil maturation, remarkably influencing both
differentiation in the bone marrow and activation in the
tissues [61]. GM-CSF and IL; particularly increase the
number of precursor cells prolonging their survival,
IL; acting primarily as a selective chemotactic factor
mediates their maturation and triggers degranulation
and adhesion [34]. GM-CSF and ILs further activate
eosinophil cytotoxicity and oxidative metabolism and,
added to culture with CD34, increment notably their
number, making the cells functionally mature on the
21st day [515]. Since during intense responses eosino-
phils can undergo cytolysis, the detection of cationic

proteins is a useful marker of their involvement
(Chap. 7). Eosinophils can be engaged to express HLA
class II molecules and act as APCs [632]. Eosinophils
also express CD48, CD58, CD84, CD244/2B4, but not CD
[371] on their surface. Table 1.24 [197] summarizes
the most significant data on surface molecules and Ta-
bles 1.5-1.8 detail IL effects on eosinophils playing a
vital part in inflamed lesions of allergic disorders.
Accordingly, eosinophils yield [631]:

e Fc receptors for Igs: both IgE receptors, FceRI and
FceRIIb, present chiefly on the hypodense phenotype,
with an affinity comparable to that of FcyRII (CD32) for
IgG antibodies and FcaR; IL, and other unidentified
factors amplify FceRI o chain expression on eosinophils
[573], making them capable of diffusing their cationic
proteins.
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e Receptors for complement components: Clq, C3a,
C3b/C4b (CR1=CD35),iC3b (CR1, CR3) and C5 are dif-
ferent from neutrophil receptors. C3a, C4a and C5a are
called anaphylatoxins, a term derived from anaphylax-
is-like responses produced when such peptides were in-
jected in experimental animals [159].

e Receptors for GM-CSF, ILs;, IL; and ILg are further
potential sources of IL;, ILy, ILs, TGF-a, TNF-ot and
MIP-1at [46,477]. Signal-transduction molecules impli-
cated in these IL-mediated priming responses include
Lyn, JAK2, PTK, and p21 [46].

e A functional CD244R cross-linking on the surface of
eosinophils which elicits ERK, activates NK cells, and
causes eosinophils to release EPO, IL, and IFN-y can
contribute to eosinophil effector functions in both
Th1- and Th2-like responses, thus indicating a broader
role for eosinophils in health and disease [255].

e Receptors for chemokines, including eotaxin,
MCP1-4, MIP-1a and  (now called CCL3, CCL4), and
RANTES (regulated on activation normal T expressed
and secreted), now called CCL5 [687].

Whether eosinophils generate additional ILs is un-
clear, since circulating cells, unlike BALF cells, fail to
express ILs [550]; however, they can secrete, as no other
cell does, the CD40-CD154 couple [175], with substantial
repercussions on B cell isotype switching to IgE pheno-
type, in addition to synthesizing IL,, especially in the
airways [397].

Eosinophils contain substantial intracellular quanti-
ties of several granule- and vesicle-associated IL recep-
tors, including IL,R, IL¢R, and IL;3R as well as CCR3.
A temporal coincidence of IL,Ra and IL, mobiliza-
tion from granules into the vesicles was combined
with a clear association of IL, with secretory vesicle
membranes, thus suggesting that eotaxin-mobilized
IL,Ra functions as a transporter for IL, via the se-
cretory pathway. The intracellular ILRs localization
possiby extended to granules of innate immune system
cells. Mast cells and neutrophils may play a role in
the secretion of granule-derived ILs from both these
cells comparable with the ILs recognized in eosinophils.
This suggests that several additional ligand-binding
receptor chains such as an ILR chain specific for eosino-
phil-derived ILs and chemokine secretion may provide
a crucial component of the regulatory mechanisms
governing specificity of rapid, stimulus-induced release
of preformed immunomodulatory ILs from human
eosinophils, as well as other innate immune cells con-
taining granule stores of preformed ILs and chemokines
[532].

Eosinophils also express:

e f, integrins facilitating their migration from blood
into normal and inflamed tissues such as CDllc
(p 150,95), the adhesion molecules CD54, its receptor
CD11a/CD18 and VCAM-1 (vascular cell adhesion mol-
ecule), CD106, and IL-induced endothelial protein (ap-
pears 6-12 h after stimulation), playing a critical role in
eosinophil adhesion to activated vascular endothelium
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and epithelium, their extravasation, tissue localization
and interplay with other cells [197].

o The surface molecule CD4 identified on T4 lympho-
cytes binding to HIV-1 glycoprotein 120 (HIV-1 gp120).
So far the role of CD4 is less clear; however, it might
act as a signal transducer, as demonstrated by the capac-
ity of its three ligands (HIV-1 gp120, bivalent mono-
clonal anti-CD4 antibody and chemotactic factor of
leukocytes) to trigger eosinophil migration but neither
their degranulation nor their superoxide formation
[593].

e GM-CSEIL;, ILs, TNF-a, and RANTES positively reg-
ulating the last two properties [210].

e HLA-DR class II synthesized by mature cells stimu-
lated by GM-CSE, ILs, IL4, IEN-y [594], thereby mediat-
ing interactions of other APCs with CD4".

e Eicosanoids, released in particular conditions from
membrane phospholipids, including LTB,, LTC, prosta-
glandins (PG) such as PGE,, and PAF, substances with
a well-known bronchoconstrictor action, bradykinin,
H,0,, O, - and several enzymes. They include peroxi-
dase and additional enzymes with oxidoreductive pow-
er,among which histaminase (inactivating histamine) is
the best known, digestive enzymes (proteases, nucleas-
es, other hydrolases such as kininase), anti-inflammato-
ry enzymes, aryl sulfatase B specifically inactivating LTs,
one of the main mediators of bronchospasm and im-
mune inflammation, phospholipase D (PLD) inactivat-
ing PAF, catalase, collagenase, 3-glucuronidase, and non-
enzymatic molecules of which plasminogen is the most
notable [470].

Eosinophils are also active in immune reactions with
a destructive armamentarium at the tissue level, initiat-
ing highly damaging actions committed to cationic pro-
teins and O, radicals. Histamine released by skin mast
cells and other chemotactic factors, PAF in the first line,
C5a, IL;¢ and various chemokines such as eotaxins 1, 2,
3 [435] selectively recruit eosinophils to the site of in-
flammation where they release cationic proteins and
other mediators [581]. Whether cells are activated dur-
ing their migration is not clear, but certainly the involve-
ment of chemotactic factors and interplay with the
extracellular matrix (ECM) expedite their progression,
including signals transmitted from adhesion molecule
receptors, which, all findings considered, involve cell
activation and mediator release [625].

Diversely from other granulocytes, eosinophils have
typical secondary granules, containing four distinctive
cationic proteins. All of them yield toxic actions at
the cell level, directly damaging host cells and tissues.
MBP (MBP-1 and MBP-2; major basic protein) of 14 kD,
elaborated also by basophils and rich in reactive
sulfydryl groups, has no inflammatory property, but
via a direct cytotoxic mechanism, has adverse effects
extended to mono- and multicellular parasites and to
human cells, including bronchial epithelium. MBP pro-
duces pomphoid reactions, induces ciliostasis, activates
neutrophils and platelets and neutralizes heparin, pro-



vokes degranulation of metachromatic cells and hista-
mine release, making a relevant contribution to the
perpetuation of inflammation. A likely cause of its accu-
mulation in AD lesions is the IgE-mediated delayed
reaction [593]. In asthmatic patients, it provokes BHR,
inhibited in vivo in animal studies by a specific anti-
serum [294]. MBP is the crystalloid core of secondary
granules, while the matrix surrounding it contains
other cytotoxic proteins: all are among the more de-
structive mediators, not released by extrusion from the
entire granule (as in the case of mast cell reaction), but
following a process of granule exocytosis, unlike PMNs,
to kill foreign substances internally [337]. About 90 % of
granule proteins are represented by EDN (eosinophil-
derived neurotoxin), or EPX, of 18.6 kD, cytotoxic and
neurotoxic, interfering with CMI. EPO (eosinophil per-
oxidase), consisting of two 15- to 55-kD polypeptides,
carries on the same routine as EDN, interferes with co-
agulation and fibrinolysis, degranulates metachromatic
cells and has ribonuclease properties. ECP (eosinophil
cationic protein), 18-21 kD, more cytotoxic than EDN
and up to tenfold more potent than MBP, degranulates
mast cells and has a peroxidase activity [631]. Release of
such proteins is selective, because EPO release takes
place subsequently to the others, perhaps in different
stages of activation. The remaining 10% of proteins are
formed by hexagonal and bipyramidal Charcot-Leyden
crystals (CLC), present also in basophils. CLCs, first ob-
served in 1872, belong to the type-S lectin superfamily;
they can neutralize natural lung surfactants, causing
atelectasis [631]. Both eosinophil activation and release
of cationic proteins are IgA-mediated [581], via produc-
tion of IgA antibodies endorsed by ILs, SC binding, and
consequent IgA-mediated eosinophil degranulation
[572].If ECP reduces IgA production and alters oral tol-
erance this could confirm that eosinophil detrimental
activity is a prominent pathological feature at the ex-
pense of mucosal surfaces. Evidence suggests that
eosinophil damaging activity is also committed to their
oxidative products, such as reactive O, radicals, trig-
gered by PAF and to a higher extent by C5a, while EPO
will oxidize a variety of substrates in the presence of
H,0, (Fig.1.35b) [680], with resulting production of
other potent O, radicals,among which is singlet O, (10,)
[680]. PAF deriving from T lymphocytes is also active on
mature cells and on the most potent chemotactic factor
for eosinophils also due to O, uptake, O, ~ release and
iC3b increase in binding capacities [673].

Recent studies have critically revisited eosinophil
phenotypic changes, showing that peripheral cells may
be distinguished on the basis of their hypodensity (of
sedimentation), chiefly under GM-CSE, ILs, ILs [631],
C5a and PAF effects [680] (Fig. 1.35¢), but such cells are
also found in normal nonatopic subjects [649]. Further-
more, in addition to speed cell survival, the hypodense
phenotype can more easily bind to IgE antibodies,
thereby appearing more metabolically active with IL,
intervention and above all with IL; [367]. Certainly such
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Fig. 1.35 a-c. Ultrastructural aspects of eosinophil activa-
tion (electron microscopy, EM). a Unstimulated eosinophils.
b Eosinophils stimulated with PAF: arrowheads indicate pro-
duction of H,0,. c Eosinophils stimulated with PAF and C5a:
arrowheads indicate hypodense cells

change is not synonymous with activation [680], of
which a more sensible parameter is LTC, synthesis
under GM-CSE, IL; and IL; stimulation [631]. Eosino-
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phil exposure to activating ILs leads to the development
of these hypodense eosinophils, with a specific gravity
of <1.085g/ml. Increased numbers of hypodense
eosinophils are found in many allergic disorders, in-
cluding AR and asthma [46]. In children these hypo-
dense cells may be truly immature (Chap. 11): these
findings could explain why ECP levels, activation mark-
ers, are not augmented in children compared to adults
[367]. Studies have given rise to the hypothesis that
hypodense cells are of two types, one with features
similar to normodense cells [631].

Mast cells and basophils (metachromatic cells), cells
prominently involved in immediate and late reactions,
have in common cytoplasm granules containing his-
tamine, heparin, serotonin or 5-hydroxytryptamine
(5-HT) and kinins. Immature progenitors of human
mast cells (SCF=c-kit=CD117) are present in fetal liver
cells,bone marrow and CB, enter a peripheral tissue still
without secretary granules and cell surface FceR1, and
then complete their differentiation probably with multi-
potential capabilities in connective tissues and mature
beneath epithelial tissues and in areas adjacent to blood
and lymph vessels, and near or within nerves [168, 509].
Basophils differentiate and mature in the bone marrow
and circulate in the bloodstream (CDw17), but only
rarely in connective tissues [341]. Basophils develop
largely under the influence of IL;, a process that is in-
creased by TGF-a [509]. IL; present in cultures with
CD34 promotes basophil and mast cell development up
to 16%-28.5%; however, addition to the medium of
GM-CSF and IL; reduces the rate to 3%-15% in favor
of eosinophils [515]. Mast cells, which Ehrlich called
“overfed cells” because their cytoplasm is filled with
granules [136], abound in lymphoid organs, connective
tissues of most organs, in particular on the epithelium
and airway lumen, sensitive to IgE-dependent stimuli,
while in blood and lymph there are instead basophils
[593]. Mast cells and basophils migrate toward the
chemokine gradient at a site of inflammation but stop
and accumulate at the site where allergen concentration
is high [580]. Both cell types, real biochemical “powder-
kegs,” interact with allergens, degranulate and release
mediators with different pharmacological actions, and
provoke clinical manifestations of immediate hypersen-
sitivity, such as vascular permeability increase, smooth
muscle contraction, epithelial mucus secretion, chemo-
tactic action on eosinophils, and platelet aggregation.
Costimulation via FceRI engagement with IgE/antigen
and CCR1 engagement with human rCCL3 synergisti-
cally enhance the degranulation of metachromatic cells
at the site where the cells accumulate, thus playing im-
portant roles in the orchestration and focusing of the
allergic response. The progression toward chemoattrac-
tants requires actin cytoskelton rearrangement and po-
larization such as formation of leading edge and mem-
brane ruffles [127]. However, FceRI engagement affects
CCL3-mediated actin reorganization and chemotaxis of
CCRI cells [580]. Moreover, Rac signaling and/or phos-
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Fig. 1.36. Basophil, EM (x18,500).n Multilobed nucleus, m mi-
tochondrion, gb basophil granules, g Golgi apparatus

phatidylinositol (PI)4,5-bisphosphate synthesis by PI 4-
phosphate 5-kinase I was required for membrane ruf-
fling [127]. Only inflammatory cells provided with cyto-
plasm granules containing histamine and FceRI [358],
together with other cells, also express FceRII a and b
and can up-regulate and aggravate tissue inflamma-
tion [509]. Both cells are important sources of CD16
(FcyRIII), C5aR and CD35 [470]. In concert with adhe-
sion molecules and receptors, they mediate the binding
to other cells and to ECM gps, including CD49d and
49e/CD29 (B1 integrins), basophils add CD11a, CD11b,
CD11¢/CD18 (f2), and mast cells CD51/61 (B3) [196].
Metachromatic cells possess high-affinity receptors for
IgE (FceRI) and thereby become coated with IgE anti-
boidies [175]. Activated metachromatic cells produce IL,
and express CD154, with the immediate consequence
that IgE antibody synthesis may also occur in peripheral
tissues [174], even independently of T cells. Therefore
these cells are important in AD, asthma,and AR in which
allergen binding to the IgE cross-links the FceRI [347].
Several differences call for distinguishing these cells
from functional, ontogenetic, histochemical points of
view, and the quantity and quality of released media-
tors: Table 1.25 [166, 168, 340, 567] shows that differ-
ences prevail over analogies also regarding the immune
stimuli activating them (Table 1.26) [340].

Circulating basophils (Fig. 1.321, 1.36) have concen-
trations of 20-45 cells/mm?3, = 0.3%-0.6% of leuko-
cytes, 6-60x10° FceRI/cell (twice as much as mast cells),
0.04 pg/cell of tryptase [166, 168] (250- to 875-fold less
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Table 1.25. Differences among mast cells and basophils

Characteristics

Origin of precursors

Mast cells

Bone marrow

Basophils

Bone marrow

Site of maturation

Connective tissue

Bone marrow

Mature cells in the circulation No Yes (<1% of blood leukocytes)
Mature cells recruited from the circulation No Yes (immune inflammation)
Mature cells normally residing in connective tissues ~ Yes No

Form Round Irregular

Cell diameter 10-15 pm 5-7 pm

Nucleus Round or oval; eccentric Bilobed or multilobed
Granulations 0.1-0.5 pm 10-15 pm
Cytoplasmic membrane Less regular More regular

Cell surface Cytoplasmic protrusions Smooth

Life span Weeks or months Days

Preliminaries to degranulation

The granules fuse intracellularly

Fusion of individual granules

Degranulation procedure

Chains of connected granules
are released via newly formed
channels to cell membrane

Fusion to cell membrane
with extrusion of the granule

Cytoplasmic granules

Numerous and relatively
small granules

Relatively few and large
granules

Major granule contents

Histamine, chondroitin sulfate,
neutral acid hydrolases, heparin,
MBP

Histamine, chondroitin sulfate,
proteases, neutral proteases,
MBP and CLC

Mediators and other molecules

PGD,, TNF-a, thromboxane
A, (TXA,), LTB,, LTC,, 5-HETE,
PAF, NCF, ECF

PGD,, LTC,, LTC,, TXA,

LTC, 60 ng/106 cells 60 ng/10°¢ cells
PGD, 60 ng/106 cells 0.006 ng/106 cells
TXA, 5ng/10° cells 0.005 ng/106 cells
cD Receptors Mast cells Basophils
Interleukins

25 IL,R = +

116 GM-CSFR — +

117 SCFR, c-KIT SFaF =

119 IFN-yR ? +

121b IL;RIl = +

123 ILsR = +

124 IL,R = +

125 ILsR = +

128 ILgR - £
Immunoglobulins

NC FceRl + +

32 FcyRiII - +
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Table 1.25. (Continued)
cD Receptors Mast cells Basophils
Complement
11b CR3 - +
11c CR4 - A
35 CR1 - +
88 C5aR = F
Adhesion molecules
09 ++ ++
11a = 4
18 = +
29 + +
31 = i
41 -+ -
43 ++ AR
44 ++ ++
49c,d, e/29 + +
50 + +
51 “F —
54 + aF
58 + +
61 + =
102 4 d
104 = +
Additional receptors
13 = +
45 - +
47 - A

The receptors/antigens not expressed by both cell types are not shown.

Modified from [166, 168,331,376, 567].
NC not classified.

than TC and T mast cells) and =1 pg/cell of histamine,
25% of mast cells [341]. Although basophils account for
only 0.5% to 1% of peripheral leukocytes their partici-
pation is emphasized in all allergic diseases, and the
presence in tissues is correlated with affection severity.
Despite their short life span and their reduced percent-
age, they characteristically increase in number in de-
layed-type responses, matching the rise of histamine-
mia [46, 332]. Circulating human basophils co-operate
with eosinophils by playing a significant role in promot-
ing allergic inflammation through the release of pro-
inflammatory mediators [including ECP, MBP, hista-
mine-releasing factor (HRF), IFN-y, ILy, and IL,3], capa-
ble of potentiating or priming histamine and LTC, re-
lease [46], as well as CD203c on blood cells exposed to
recombinant allergens (RAs) [200] and represents a ba-

sis for a sensitive novel allergy test (Chap. 6). Basophils
have several receptors (Tables 1.25, 1.26), and ILs as well
as adhesion molecules regulate their chemotaxis [567].
Several chemokines induced chemotaxis at different
potencies: eotaxin > SDF-1 > RANTES MCP-1 >>
MIP-1 [239]. Their passage from blood vessels to in-
flamed tissues is correlated with the availability of spe-
cialized chemotactic factors,among which are factors of
leukocyte derivation, kallikrein, C5a, specific antigens
[528] and CD62L [625]. CD44 and CD54 are consti-
tutively expressed on basophils, CD69 expression is
preferentially and strongly upregulated by IL; [670]. Ex-
posure of basophils to priming stimuli increases their
sensitivity to FceRI mediated-activation [46]. Basophil
recruitment and activation may be facilitated by the
CXCR4-SDR-1 receptor ligand pair [239]. The action of



Table 1.26. Immune stimuli activating human basophils and
mast cells (MC)

Stimuli Basophils LungMC  Skin MC
IgE-mediated

Antigens E + +
Anti-IgE ++ + +
Anti-FceRI ++ + +
HRF + = =
A protein AR = =
Fv protein AR 3 +
L protein AR A A
Not IgE-mediated

C5a + = +
IL-3 + — =
SCF — + +
TNF- - - +
MBP + = =
MCP-2 + = =
MCP-3 + = =
MCP-4 + - -
MIP-Tax + - =

Modified from [331].

anti-IgE, and in sequence by growth factors including
GM-CSE, ILs, ILs, NGE, ILg, IL,g, IFN, PAF and C3a, drive
basophils to release histamine [46, 567, 669]. IL5 also
stimulates IL, by basophils [669]. Histamine release was
induced by MCP-1 SDF-1 > eotaxin > RANTES > MIP-1
[239]. In this process, the PAF role is Ca**-dependent
and -independent of GM-CSF and IL;, which up-regu-
late PAF activity [92]. IL; increases adhesion to endo-
thelium and induces basophils either to produce IL,
priming these cells at the level of membrane IgE [55],
even if there are measurable IL, levels in cells devoid of
IL;, although tenfold less [506], or activating MCP-1
triggering their degranulation with dose-dependent
histamine release [22], an effect inhibited by several
CXCL and CCL chemokines [281]. The tendency to re-
lease histamine is genetically controlled, but in a way
different from IgE production: it may be particular of
allergic subjects, in whom it should be considered as a
biological feature favoring the progression to chronic
inflammation [331]. Several disease states also result in
a concordant relationship between serum IgE and baso-
phil FceRI expression [485]. Studies have focused on
new aspects of releasability (Chap. 11), a parameter not
yet defined from a biochemical point of view, although it
regulates proinflammatory mediator release and IL re-
lease from effector cells, including mast cells and
eosinophils [332]. Basophils represent a prominent
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Fig. 1.37. Mast cell, EM (x26,000). g Golgi apparatus, m mito-
chondrion, sg secretory granules

source of IL,, above all considering that IL, stimulates
peripheral monocytes to synthesize IgE antibodies and
maybe also additional ILs regulating immune responses
of other cells, thus amplifying inflammation. The role of
IL, produced by basophils is also reflected at the Th2 T-
cell level [507]. IL, present on endothelial surfaces par-
ticipates in regulating eosinophil adhesion and selective
transmigration as well; therefore eosinophil accumula-
tion in inflammatory sites can be propitiated by activat-
ed basophils [506]. A recent study shows that the ability
of TLR2 ligands to target basophils not only for IL,
but also for IL,; secretion could have relevance to in vivo
findings [41], yet IL;; early in ontogeny [182] so that
they could play an important role in promoting and
amplifying the Th2-dependent responses manifest in
allergic disease [506]. The best characterized TRL2
ligand, peptidoglycan, directly activated basophils for
IL, and IL;; secretion and greatly increased IL and
mediator release in response to IgE-dependent acti-
vation [41]. Increased spontaneous basophil histamine
release improves with food avoidance in children with
FA (Chap. 10).

Each mast cell (Figs. 1.32j, k, 1.37) bears on its sur-
faces 10-30x10° FceRI receptors able to bind to Fc frag-
ments, leaving free the Fab one, which is provided with
the binding site for antigens, probably within the Ce3
domain [168]. An IgE molecule binds to one FceRI re-
ceptor and vice versa: as a result, parallel to a high num-
ber of receptors, only one or a few ng of IgE are enough
to start mast cell activation. Mast cells are also capable
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of presenting antigens to T cells, resulting in their acti-
vation, in either an HLA class I or class II-restricted and
polarizing T cells toward the Th2 phenotype via the
effects of IL, and IL,; [347]. Mast cell precursors arise
from pluripotent bone marrow-derived stem cells, cir-
culate in the blood and lymphatics, and migrate into
tissues, in which they reach phenotypic maturation
[347]. Mast cells are stategically located at perivascular
sites to trigger inflammatory responses [343]. Increased
vascular permeability induced by mast cell-derived
tryptase and chymase, and degradation of ECM compo-
nents by enzymes such as matrix metalloproteinase 9
(MMP-9) which has been shown to be released from
mast cells on activation by T cells also following a
possible autocrine regulation by mast cell TNF-ot, may
further expedite cell migration through barriers includ-
ing the vascular wall and the blood-brain barrier [347].
These cells, usually absent from blood, are scattered in
connective tissue sites throughout the body, and espe-
cially around blood vessels and nerve endings in a vari-
able number, between 7,000 and 20,000 cells/mm?> of
tissue [168]. Molecules such as HLA class I and II,
CD28, CD54 (ICAM-1), CD154, B,-integrins, and TLRs
(TLR1 to TLR4, TLR6 and TLR9 [333]) allow mast cells
to interact with other inflammatory cells, thus orches-
trating an immune response [347]. MIP-1a may be a
costimulatory signal operating via CCR1 for mast cell-
mediated immediate hypersensitivity reactions [357]. A
unique role for mast cells is to produce and release
a vast array of mediators such as vasoactive amines,
products of arachidonic acid (AA) metabolism, and
several proinflammatory, chemoattractive, and immuno-
modulatory ILs that may contribute to immune reac-
tions by affecting cell growth, recruitment, and function
[476] (see also Innate Immunity). By using complemen-
tary DNA microarrays 1-2 hours after cross-linking
with FceR1, 2,530 genes exhibited 2-200-fold changes in
expression and mast cells were shown to produce 18 ILs,
including 130-529 pg of IL;;/10¢ cells and TNF-a, 13
chemokines, including two CXCL (ILg, Gro2) and lym-
photactin), ten CCL chemokines and several
adhesion molecules [494]. Every human cell isolated
from nose, lung, skin and intestine contains on average
2,2.5-10,4.6 and 1-2 pg of histamine, respectively [402].
Mast cells have been identified as a potential source of
MBP [376]. Moreover, IL;; mRNA was co-localized with
MBP in inflammatory cells in the subepithelial layer of
the airway in subjects with severe asthma [354]. This
raises the possibility that both mast cells and eosino-
phils represent sources of IL;; in asthma [354, 494].
Studies in rodents have revealed two mast cell pheno-
types, called T or TC, being associated either with mu-
cosal and connective tissue or with both tryptase and
chymase (35 and 4 pg/cell) or, respectively, only tryptase
(10 pg/cell) [168]. Apparently, T mast cell maturation,
but not the TC phenotype, requires the help of IL; and
IL, generated by T lymphocytes. Mast cells produce
several ILs in response to cross-linking with FceRI
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Table 1.27. Tissue prevalence (%) of T and TC mast cells

T mast TC mast

cells cells
Skin 12 88
Conjunctiva and nasal epithelium 100 0
Small intestine mucosa 98 2
Small intestine submucosa 13 87
Bronchial epithelium 99 1
Bronchial subepithelium 77 23
Alveoli 90 10

Modified from [227].

(Tables 1.25,1.26),including TNF-a and IL, [509] and in
vitro IL;, IL;-ILs, GM-CSE IFN-y, which do not elicit his-
tamine release as for basophils, as well as chemokines
such as MIP-1a and -1f [168]. IL,, IL;, GM-CSE, MCAF
(monocyte chemotactic and activating factor), = MCP-1
and RANTES; IL, and TNF-a induce adhesion mole-
cules on vascular endothelium in injured sites, a first
step for inflammatory cell migration such as lympho-
cytes and granulocytes [420]. Also, the expression on
the mast cell surface of integrins linked to the FN recep-
tor causes their activation [420]: FN binds to 1 inte-
grins including CD49a, CD49c, CD49d, CD49%, and
CD49f/CD29, playing a fundamental role when both IgE
and antigen levels are low in local microenvironments
[420], whereas FceRI aggregation to cells adherent to FN
specifically amplifies the phosphorylation of such pro-
teins [195]. Signal transduction obtained in such a way
by FceRI looks like that of TcR/CD3 in T cells. We men-
tion that antigen binding to FceRI-IgE brings about the
degranulation of metachromatic cells, thus initiating
reactions of immediate hypersensitivity; however, mast
cells can undergo forms of non-IgE-mediated signals
from their environment (Chap. 10).

Table 1.27 [227] summarizes several differences be-
tween T and TC mast cells on the basis of tissue preva-
lence. In humans, somewhat different phenotypes have
been recognized; in addition, mast cells residing in the
airways contain mostly tryptase, and those of other
locations both proteases [227]. Their predilection to
occupy tissues that interface the external environment
makes them well represented in inflamed tissues under
T-cell functional control through IL; (proliferation) and
IL, (maturation) [593]. Under the influence of IL;, IL,
and NGE T mast cells may assume characteristics of the
TC phenotype; therefore, one may consider the distinc-
tion into two types nearly obsolete, with both pheno-
types potentially coexisting in the same site, although in
different proportions. Furthermore, it has been suggest-
ed that mast cells in unrelated locations respond to
allergens with the same pattern of mediators [227]. As a
consequence, mast cells are strategically positioned to



detect rapidly inhaled or ingested allergens, expressing
a chronic array of proinflammatory mediators, without
neglecting PAF and chemotactic factors such as LTB,,
NCE, and ECF (eosinophil chemotactic factor).

Appendix 1.2 summarizes receptors and surface mol-
ecules expressed from eosinophils, basophils and mast
cells [593].

Platelets too have a virtual role in the pathogenesis of
allergic disease [405], in addition to a typical role in co-
agulation processes. Classically thought to originate in
the bone marrow from cytoplasm of megakaryocytes, it
has recently been suggested that actually megakary-
ocytes travel to lung vessels, where they are physically
fragmented into small clumps of granules, each of which
is a platelet. These are the smallest blood cells, anucleat-
ed (2 pm in diameter), with a half-life of about 10 days.
Platelets have been shown to express HLA class I mole-
cules on their surface, IgG receptors (CD32), IgE (CD23),
vitronectin (CD51), CD9, CD17, CD31 (GPIIa), CD36
(GPIIIb), CD41a (GPIIb/IIla), CD42a-d (platelet anti-
gens), CD49f, CD60, CD61 and CD63 (Table 1.2). Human
platelet antigens (HPA) are at least 15: PHA 1-15 [298].
When activated, together with aggregation they under-
go morphological modifications, secrete PAF, cytotoxic
cationic proteins and free radicals. Moreover, platelets
release 5-HT from dense bodies, which like histamine
produce contraction of smooth muscles, increase vascu-
lar permeability and produce proteolytic enzymes and
cationic substances from « granules with equal effects
on blood vessels, in addition to chemotactic factors
including PF4 (platelet factor 4), PDGF, 12-HETE, NO
(nitric oxide), TGF-a and -, albumin, $-thromboglob-
ulin, eicosanoids (PGG,, PGH,, TXA,, and CD62P),
allowing binding to fibrinogen, FN and CD51. Conse-
quently, platelets, although confined in the vascular
compartment, also acting by diapedesis, can release me-
diators active in inflammatory extravascular foci. How-
ever, their specific role in inflammatory reactions is not
well defined as it is for other cells: if activated, they also
have chemotactic and phagocytic properties and con-
tribute to immune reactions, releasing growth and coag-
ulation factors, vasoactive amines and lipids as well as
acid and neutral hydrolases. Following platelet aggrega-
tion, abnormal agglomerates develop and recruiting
and entrapping leukocytes may contribute to the start of
an endovascular occlusion. The human PMN adhesion
to vascular endothelial cells was increased by the
platelet presence. This effect was endothelial cell depen-
dent and involved platelet activation. Thus platelet
participation in cell recruitment occurs at the circula-
tion level and might involve leukocyte priming for
subsequent adhesion and transmigration into tissues
[430]. Platelets produce enzymes cleaving C5, thus
resulting in C5a, with a marked chemotactic activity for
neutrophils: this is most likely the establishment of an
active form of cooperation for the production of new
mediators. C5a can prime mast cell degradation, while
C5b-9 participate in the non-lytic platelet activation
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[680]. Platelets interact with the immune system via
FceRII (in 10%-30% of healthy and in 50%-60% of
atopic subjects), FcyRII (CD32), the VLA-2,-5 and -6 in-
tegrins, ensuring adhesion mechanisms among im-
munocompetent cells and CD62P [65]. Activation of
FceRII elicits PAF production and an IgE-dependent
platelet activation, which is not expressed as the classic
aggregation, but by secretion of O, toxic radicals, trig-
gered by SP, CRP (C-reactive protein), IFN-y and TNE.
Also prominent is the portfolio of chemokines that
attract these cells to a site of inflammation, such as
a-chemokines (CXCL), B-family (CCL), including eo-
taxin, Gro-a, RANTES, TARC, macrophage-derived
chemokine (MDC), and SC-derived factor 1 (SCDF1),
and chemokine receptors, such as CCL2, CCL3, CCL5,
CCL7, CCL8, CCL13, CCL17, and CCL22, activate
platelets to give Ca(++) signals, aggregation, and release
of granule content [87]. The inappropriate platelet acti-
vation materializes with eosinophil recruitment on the
sites of immune inflammation, TGF-f secretion with
mitogen activity towards bronchial smooth muscles,
PF4 released during asthmatic attacks and PDGF trig-
gering fibroblast proliferation. So platelets can be in-
volved in the onset and perpetuation of structural alter-
ations underlying subepithelial fibrosis, which con-
tribute to emphasize BHR. Two series of experiments
account for what we discussed earlier: platelets from pa-
tients with asthma from ASA (acetylsalicylic acid) or
NSAIDs (nonsteroidal anti-inflammatory drugs) incu-
bated with SP, PCR, IFN-y and TNF start the release
of O, radicals. Thrombocytopenia is congenital in
Wiskott-Aldrich syndrome (Chap. 22) [405].

Additional Cells

The principal APCs expressing class II determinants
[541] are DCs (in the skin LCs), macrophages, Kupffer
cells, endothelial cell, enterocytes, monocytes with
FceRI [384], and B cells. All these cells, provided with
HLA class I molecules, constitutive or inducible by bac-
teria and macrophage IFN-y, collaborate with T lym-
phocytes (as well as among themselves), in different
procedures according to the microenvironment and
antigen type. DCs present antigens and virus in extra-
lymphoid tissues and B cell toxins, virus, and bacteria
in the spleen, while macrophages focus their attention
on intracellular pathogens [49]. A differential type I IFN
gene transcription was induced in monocyte-derived
DCs and PDCs stimulated by specific TLR agonists.
TLR-9 stimulation by CpG DNA induced the expression
of all IFN-a, -B, -@ and -\ subtypes in PDCs [88]. Acti-
vated TcR-y6 can secrete ILs efficient in the activation of
several cell families, also inducing a functional matura-
tion of professional APCs with the accessory aid of sev-
eral molecules, among which is CD154, hence facilitat-
ing the recruitment of antigen-specific TcR-aff [110].
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Dendritic Cells

Myeloid DCs are crucial APCs for primary T-cell re-
sponses: tissue-resident immature DCs are excellent at
internalizing and processing antigen, but they exhibit a
low ability to stimulate naive T cells [88]. DCs encom-
pass a heterogeneous group of cells present either in
lymphoid tissues such as thymic DCs and FDCs or in
parenchymal organs such as IDCs, circulating and/
or cutaneous LCs. Moreover, several chemokine re-
ceptors in CD4* lymphocytes are primed by DCs (see
Chemokines) [88].LCs arise from bone marrow precur-
sors that colonize peripheral tissues through the blood
or lymph, according to recent data, a line common to
macrophages [424], which modulated by GM-CSF and
TNEF-a [221, 546] leads to two precursors identified by
CD1la and CD14, both maturating into LCs and, respec-
tively, DCs or macrophages depending on IL influence
[74]. Activation causes DCs to up-regulate the CSMs ex-
pression (CD80 and CD86) on their surface. CSMs pro-
vide the signals necessary for lymphocyte activation in
addition to those provided through the antigen receptor
[115]. Circulating conventinal DCs coexpress and IFN-y
most potently favors activating CD32a, whereas soluble
anti-inflammatory concentrations of monomeric IgG
express inhibitory CD32b, both isoforms of IgG FcyR II
(CD32). Ligating complexed human IgG to CD32a ma-
tures and activates DCs in proportion to the frequency
of CD32a expression. However, coligation of CD32b
significantly abrogates all of these immunogenic func-
tions. These findings have important implications for
understanding the pathophysiology of CIC disease and
for optimizing the efficacy of therapeutic mAbs [48].
DCs produce a wealth of ILs: immature DCs exhibited
higher amounts of IL;, TNF, TGF-1, and MIF mRNA/
protein than mature DCs. After differentiation, DCs
up-regulated the levels of ILs and IL;5 mRNA/protein
and synthesized de novo mRNA/protein for IL;, psg
and pyy and IL;z. CDla precursors generate cells ex-
pressing Birbeck granules and E cadherin characteristic
of LCs, while CD14 progenitors mature into CD2, CD9,
CD14, CD68 and factor XIIIa, specific of dermal DCs
[74]. DCs, described as localized in the suprabasal layer
of epidermis, represent in the adult only 2%-8 % of epi-
dermal cells, sharing with dendritic lymph nodes sever-
al phenotypic and functional features [454]. Although
immature bone-marrow-derived DCs did not stimulate
naive allogenic T cells, mature DCs elicited a mixed
population of Th1 (mainly) and Th2 cells. The DC sub-
set may contribute significant polarizing influence on
Th differentiation and the CD subset 1 may exert Thl
polarization by IL;, production and STAT4 activation
[366]. Growth and differentiation of LCs and their mi-
gration delineate a crucial step in the immune surveil-
lance of foreign antigens invading the host [221, 546].
LCs via afferent lymphatics reach the paracortical areas
of regional lymph nodes as FDC with APC function;
thereby they are the first cells to trap antigens, which are
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Fig. 1.38. Langerhans’cells appearing as veiled cells

then internalized and processed at the level of target
cells [541], then presented in draining lymph nodes to
upcoming T cells stimulated by the same DCs [546]. In
comparison, DCs are strategically located below the M
cells of PPs, thus sampling antigens in vivo and migrat-
ing to T-cell areas of the same PP or mesenteric lymph
nodes, where they present antigen to naive T lympho-
cytes [253]. LCs migrate quite rapidly after having taken
up a peptide, present a rounded phenotype with long
cytoplasmic protrusions rhythmically moved, hence as-
suming the aspect of veiled cells [541] (Fig. 1.38). FDCs
returned in paracortical areas as APCs, having a poor
expression of HLA class II molecules, present the same
peptide processed over several days [541] or months
[37], also contributing to long-term maintenance of
memory B cells [37]. FDC maturation due to an in-
creased presence of CD80 or CD86, and enhanced by
CDA40, is stimulated until FDCs encounter T cells [424].
To understand the role of DCs in antigen presentation
and processing, we mention that DCs select potential
antigens taking up microbial glycoconjugates by means
of specialized receptors. An in vitro model has demon-
strated that PBMCs, in GM-CSF and IL;-dependent cul-
tures, develop into DCs that are extremely efficient as
APCs, a property lost when treated with TNF-a [487].
LCs are thought to play a key role in enhancing im-
munogenicity since their first identification, because
they express FceRI binding to IgE, and pick up antigens
in vivo even before presentation, and like they other
APCs process antigens, degrading them into peptides
that become approximately six to eight amino acids in
size with a low MW [384]. The evidence that LCs also
possess FceRII [40] implies a major role in view of their
significant activity shown in atopic diseases [546].
Table 1.28 [208, 424] summarizes their markers, denot-



Table 1.28. Surface markers of LC

Markers Skin

CD1a +/++
CD2

CD4

CD8

CD11a

CD11c

CD14 -
CD15s
CD18
CD23
CD29
CD32
CD34
CD40
CD45
CD49f
CD50
CD54
CD59
CD8o +
CD86 ++
CGRP

FceRI

HLA-DP AR
HLA-DQ ++
HLA-DR

+++

See CDs inTable 1.2.
Data from [208], the skin markers from [424].
CGRP calcitonin gene-related peptide.

ing the skin LCs [424]. The LC ability to stimulate pri-
mary responses is up-regulated in the epidermis where
they migrate in association with CD15s and CD62E and
express in loco the E cadherin to bind to keratinocytes
[566]. Cells very sensitive to UV action lose the capacity
of presenting antigens to T cells after irradiation, an
effect modulated by IL,, secreted by keratinocytes [461].

Afferent Phase of Inmune Response
Antigen Processing and Presentation
Antigen processing and presentation are among the key

events between a foreign protein penetration into the
host via mucosal, skin or blood routes and its recogni-

Afferent Phase of Immune Response
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Fig. 1.39. Role of CD4+ cells in the immune response. Upon
entry in the body, allergens are taken up and processed by
APC, after presentation, HLA class li restriction and TcR usage
of allergen-specific Th2-like cells, B cell progenitors of IgE-se-
creting cells are up-regulated.If IgE are produced, an immedi-
ate Th1-type response may ensue, but Th2-like cells may acti-
vate eosinophils, thus resulting in a late-phase response.
APC antigen presenting cell, B B cell, EO eosinophil, Th2 Th2
T cell, TcR T-cell receptor

tion by immunocompetent cells. The immune response
results from a complex network of subpopulations of
different cells interacting via soluble proteins, the ILs,
most of which are involved in either inactivating or ac-
tivating the expression of immune effector functions
(cytokine cascade) [34]. This picture is integrated by a
variety of actively trafficking cells such as lymphocytes,
APCs, adhesion molecules, etc. [28]. T lymphocytes co-
operate in the induction of immune responses influenc-
ing the up-regulation of B cell progenitors of IgE-secret-
ing cells (Fig. 1.39). Antigen recognition and activation
are neither consequent processes nor are they homolo-
gous: antigens can be recognized by the immune system
without inducing mandatory immune responses, as in
nonatopic subjects who instead yield Thl-cell clones
[601,606].

CD4 cells do not recognize intact antigens, but inter-
act only with previously processed native, exogenous
antigens associated with class II HLA molecules, unlike
CD8 and B cells recognizing endogenous peptides asso-
ciated with class I molecules [12,372]. y6 T cells recog-
nize antigens differently, especially small molecules, but
the functional consequences remain to be elucidated
[109]. CD1 comprising five different proteins (Table 1.2)
present lipids or glycolipids of microbial origin to T
lymphocytes. However, their role in vivo is not yet clear
[115]. HLA-E, HLA-E HLA-G, HLA class I-like, repre-
senting differentiation antigens, have a limited tissue
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Transient IgE response

HLA
class |

TGF-B

distribution and polymorphism [47]. HLA-G has been
recently characterized as TAP-associated, which directs
its expression and binding to nonameric peptides [293];
HLA-G expression on target cells protects from NK-me-
diated lysis interacting with NKR [419], of special sig-
nificance pertaining to maternofetal tolerance.

Classic studies have shown that immune responses
consist in the production of antibodies, up-regulated
stimulating CD4 lymphocyte activation, but may be
down-regulated when CD8 cells predominate. Non-self
substances that have gained access to sites patrolled by
the immune system enter automatically in contact with
it, thus activating a complex mechanism of cellular ac-
tivity aimed at its destruction and at restoration of pre-
existent homeostasis. Therefore, immunogen peptides
encountering lymphocytes of an atopic individual for
the first time trigger a multiple pathway of cell interac-
tions ensuring that B lymphocytes differentiate into an-
tibody-secreting cells [601]. As soon as an invader is
identified by two different immune effector mecha-
nisms, antibodies (humoral effector limb) and TcR (cell-
mediated effector limb), the foreign antigen is captured
by APCs, the peptide-HLA complex is recognized by
TcR, then internalized and processed in fragments sub-
sequently exposed on the cell surface in association with
class II HLA molecules. Thus the interaction between
antigen-specific T and B cells (cognate interaction) and
consequent IL release result in the activation of lympho-
cytes [290]. A theory of two signals is suggested also for
the T cells: accordingly, ThO T cells receive the first sig-
nal from the TcR triggered by pathogen-derived anti-
genic peptides bound to HLA class II molecules on
APCs, which indicates the peptide molecular identity.
Signal 2 delivered from costimulatory molecules (CSM)
comprises contact-dependent and humoral signals and
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Fig. 1.40. Selection of Th1-medi-
ated protective immunity toward
allergens during primary im-
mune response via class | CD8*
HLA-restricted immunodeviation.
Cell shading reflects the pres-
ence of peptides bound to class |
or Il HLA presented to CD8" or
ThO T cells, respectively. Igs sur-
face immunoglobulins. (Modified
from [212])

transmits the information about the DC-activating
property of invading pathogens, reflecting its pathogen-
ic potential. The combination of signal 1 and signal 2 re-
sults in Ag-specific activation of naive Th cells and their
development into effector/memory cells [290]. A Tho
signal might provide a further refining cadence, where-
by the IL milieu produced by DCs provides naive T
helper cells with a Th1- or Th2-polarizing signal at the
time of priming [212]. Activated T cells differentiate into
Th2 T-cell clones, which secrete low amounts of IL,,
thought to play a crucial role in IgE isotype switching.
The resulting IgE low levels can be captured by high-
affinity receptors on the mast cell surface [290]. Thereby
the first exposure to an immunogen leads to the produc-
tion of antigen-specific IgE and priming of the immune
system (primary immune response), an event preventing
a second encounter via the CD8* class I HLA-restricted
immune deviation (Fig. 1.40) [212].In immunologically
healthy neonates and infants, such initial responses, an
integral part of normal immune responses, are self-lim-
ited and gradually resolve, after weeks or months, de-
spite continuous allergen exposures, due to the develop-
ment of tolerance [250]. In healthy, uncommitted sub-
jects, membrane-bound IgG forms immune complexes
with allergens. IgG is tethered to the membrane by bind-
ing the Fc fragment of FceRIIb. When an allergen binds
both IgE and IgG, the activating FceRI is brought to-
gether with the inhibitory FceRIIb, thereby silencing the
FceRI-mediated activation pathway [259]. According to
this model, following subsequent exposures, CD4 clones
from nonatopic individuals have a Thl profile, whereas
in atopic patients they can lead to an immediate hyper-
sensitivity reaction (secondary immune response). Anti-
gen persistence or reexposure leads to ongoing antibody
production, which is outstanding, rapid, more specific



and enduring with different functional features, domi-
nated by Th2 T cells and IgE, an expression of immune
memory [212]. When receptor-bound IgE is cross-
linked, release of potent biochemical mediators and
further IL, production induce uncommitted T cells re-
cruited at a site of allergen re-entry to differentiate into
a Th2 phenotype, hence amplifying immune reactions
[250]. Th2 T cells, IL,-derived IgE production and ILs-
triggered serum and tissue eosinophilia result in a vig-
orous IgE response and a severe clinical response [212].
T cells, eosinophils, metachromatic cells provided with
IL, and CD40L, ILs and adhesion molecules and their
interactions are the major players around which atopic
diseases evolve [177].

Antigen Capture and Processing

Antigen capture by APCs can occur via three distinct
mechanisms [488]. The first is macropinocytosis [555],
a type of fluid phase endocytosis, uptake of large vesi-
cles (1-3 pm) mediated by membrane ruffling driven by
actin cytoskeleton [488].In DCs this constitutive mech-
anism calls for a continuous internalization of large vol-
umes of fluid (1,000-1,500 pm?3, a volume close to one
cell/h), whereas macrophages and epithelial cells need
to be stimulated by growth factors [555]. The second
mechanism is mediated via the mannose receptor (MR),
a 175-kD C-type lectin, which on human cultured DCs
modulates endocytosis of >10° molecules of mannosy-
lated proteins per cell/h [488]. Furthermore, a mem-
brane protein of murine DCs, structurally homologous
to macrophage MR, internalizes peptides, delivering
them to a multivesicular endosomal compartment pro-
vided with HLA class II molecules, of which DCs syn-
thesize elevated levels: in this model, the signaling
process initiated by T cells is up to 100-fold more effi-
cient [488]. The third mechanism is mediated by FcyRI],
also expressed by DCs [290]. B cell clones bear high-
affinity mIgM and mIgD on their membranes ready for
antigen epitopes and antibodies and their BcRs fulfill
two functions: signal release leading to B cell activation
and antigen uptake and delivery to processing compart-
ments [290]. In addition, nonprofessional receptors are
surface molecules able to occasionally capture antigens
and effectively present viral proteins bound to surface
receptors [396].

Presentation and Recognition

Antigen recognition from T cells with a TcR comple-
mentary to peptide-HLA association triggers the first
phase of T-cell activation and consequently the immune
response [28]. For this purpose, both the epitope and
agretope that bind to an HLA molecule are critical
(Fig. 1.15). The peptide-HLA complex exposed to the
CD3-TcR complex of antigen-specific T cells is ex-

Afferent Phase of Immune Response

pressed on the cell membrane in the fitting pocket of
HLA class II molecules (a genetic restriction mecha-
nism) (Fig. 1.22). Such complexes are as firm and as high
as the peptide affinity for the hypervariable part of HLA
molecules; such adhesion is mediated by CD2, CD11a/
CD18, CD54, CD58, and other integrins and selectins
[534]. The cells expose peptide fragments assembled
with HLA class I or II molecules, so that they are exam-
ined by circulating T cells, which, although relatively few
in view of the great number of potential antigens, and of
their great diversity, are conditioned to recognize those
they encounter [34]. The affinity for peptides depends
on the amino acid sequence of hypervariable regions
and consequently on the HLA molecules that everybody
inherits. TcR and HLA interactions are characterized by
a high-sensitivity and low-affinity paradox, which is
only a small number of TcRs that interact with APCs
[595]. On the contrary, APCs are fit for almost any for-
eign invader encountered by the immune system, thus
raising a very intriguing question of how so few recep-
tors can transduce an activation signal [225]. It remains
to be elucidated how as few as 80-100 HLA-foreign pep-
tide complexes on the cell surface (which may express as
many as 10° HLA molecules) are sufficient to trigger a
T-cell response [47]: the answer lies in the capacity of a
single peptide-HLA complex to serially engage and
trigger up to = 200 TcR, amplifying the signal according
to T-cell biological responses [595]. C3b plays a critical
role in at least two phases of recognition, as shown by
the T clone response to presentation of C3b-Ig complex-
es. The uptake of such complexes is helped by the inter-
actions with complement receptors virtually present on
all APCs; furthermore, C3 covalent binding to specific
antigen peptides can define, during the processing,
which part of the molecule is selected as epitope pre-
sented to T cells [359].

Recognition of immunogenic proteins in their natur-
al configuration is not sufficient to stimulate B lympho-
cytes to differentiate into plasma cell IgE, since switch-
ing steps requires T lymphocyte cooperation, which ma-
terializes via IL, production; so B cells and APC interac-
tion within TcR presentation of peptide-HLA complex-
es involve antigen specificity and consequently B lym-
phocyte capacity to bind to and present peptides, even if
their extracellular number is reduced. At the level of pe-
ripheral lymphoid tissues, where antigen concentration
is greater, other APCs are involved in antigen processing
and presentation background. The first step of B-cell
activation requires signals generated upon recognition
of antigen by the BcR as well as additional signals pro-
vided by cognate interaction with T cells, including the
CD40-CD154 interaction [201]. Following peptide-HLA
complex recognition on the B-cell surface by TcR, T cells
deliver appropriate activating signals to B cells (cognate
help); hence T cell-B cell cooperation begins, class II-re-
stricted and antigen-specific, with formation of tightly
associated conjugates [457]. Such conjugates result from
peptide-HLA complex presentation from B cells; fur-
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Fig. 1.41. Superantigen abbreviated presentation.Superanti- is recognized by a side face of TcR-Vf, which encompasses a
gens sidestep the usual pathways of antigen presentation HVR that has been designated HVB-4. CDR complementarity
(left), but are presented intact on the outside of the HLA pep-  determining regions, HVR hypervariable region

tide-binding groove (right) and activate T cells. Superantigen

Table 1.29. Bacterial superantigens

Superantigen Toxin (nhame and abbreviation) MW (kD)
Staphylococcus aureus Enterotoxin A=SEA 27.8
Enterotoxin B=SEB 283
Enterotoxin C1=SEC1 26
Enterotoxin C2=SEC2 26
Enterotoxin C3=SEC3 289
Enterotoxin D=SED 27.3
Enterotoxin E=SEE 29.6
Toxic shock syndrome toxin-1=TSST-1 22
Exfoliating toxin A=ExFTA 26.9
Exfoliating toxin B=ExFTB 27.3
Streptococcus pyogenes Erythrogenic toxin A=SPEA 29.2
Erythrogenic toxin B=SPEB 27
Erythrogenic toxin C=SPEC 243
Protein M 22
Mycoplasma arthritidis Mycoplasma arthritidis mitogen=MAM 26
Pseudomonas aeruginosa Exotoxin A 66
Clostridium perfringens Clostridium perfringens toxin=CPET 34

Modified from [474].



Table 1.30. Prominent characteristics of superantigens (SAs)
interacting with B lymphocytes (B superantigens, BSA)

SAs activate a large percentage of B lymphocytes, about
40% of human polyclonal IgM binds to SPA

SAs interact with the major part of components
of Vi— gene family: SPA binds to a high rate of V;3+IgM

SAs trigger B lymphocytes in vitro; SPA delivers
activation signals to IgM V,;3+, thus triggering Ig
differentiation; HIV-1 gp120 selectively induces Ig
secretion by V;3+ IgM

SAs also induce in vivo changes in B lymphocytes;

it has been suggested that during HIV-1 infection the
B Vy3+ cells are initially up-regulated, and then highly
down-regulated

SAs interact with regions of the V},; gene domain;
for SPA binding a motif between residues 75 and 84
of FR3 is involved, outside the conventional paratope

SA binding activity experiences age-related alterations

Modified from [692].
FR framework region, SPA Staphylococcus aureus protein A.

ther enhancement of cognate interactions depends on
CD54 binding to CD11a/CD18 and CD4 to mono-
morphic domains of class II proteins [391]. Engagement
of both the BcR and CD40 results in synergistic activa-
tion of B cells [201]. CD4 T cells bind to antigen-specif-
ic B lymphocytes; the associative recognition induces
B-cell activation, clonal expansion, and differentiation,
while cell division goes on as long as T cells stimulate it.
Mature plasma cells are generated and secrete specific
receptors, the mlgs, which bind to antigens present in
the bloodstream [457]. Previous studies suggested that
binding to TRAF2 and/or TRAF3 but not TRAF6 is
essential for CD40 isotype switching and activation in
B cells [232]. More recently a model was presented in
which Btk contributes to the enhancement of the CD40
response by TRAF2 in a BCR-activated protein kinase D
(PKD)-dependent manner [201].

Superantigens (SA) are antigens able to select subsets
of T cells during thymic ontogenesis, playing an impor-
tant role in T cell development: an example is given by
bacterial toxins, some of which can be mitogen for some
T cell subsets. Such SAs bypass key antigen processing
and recognition steps in T cell activation, by binding
more or less exclusively to lateral exposed surfaces of
HLA class II molecules and TcR determinants of the V3
region (HVf-4), that is, not to a normal paratope. As a
result of this sidestep they are able to activate greater
proportions of lymphocytes, not 1/10* or 1/10%, as with
usual antigens, but whole clones up to 30% of T lym-
phocytes, thus amplifying their activity, and function-
ing as a bridge between T cells-HLA and accessory
cells [275]. Figure 1.41 shows a polyclonal activation of
T cells, which recognize both conventional peptides
with Va and VP regions, and SAs essentially with an
area of the V region [275]. Table 1.29 [474] details the

Lymphocyte Activation

different types of microbial SAs. NKBI inhibitor recep-
tor, expressed by many T cell clones and engaged by
their HLA class I ligands on potential target cells,
protects against cytotoxicity induced by bacterial SAs
[427]. An additional means of interaction between T
and B cells can occur, whereby molecules termed B-SAs
(BSA) can bind directly to human BcR of a given vari-
able V gene family [647]. This mechanism requires con-
tributions from the FR loop away from CDRs; hence
this loop is less favorably placed for antigen contact
and has a greater potential for unconventional binding
(Table 1.30) [605].

Lymphocyte Activation

Like many other cells of the body, T and B cells exist for
most of their life span in a quiescent state or a G state.
To proliferate, the cells must re-enter the G, phase,
where several proteins undergo a substantial process of
biosynthesis, so these cells grow in size and prepare for
DNA synthesis. In the S stage, DNA synthesis and repli-
cation of each chromosome bring about two matching
sister chromatids. The subsequent G, and M (mitotic)
phases involve the two sister separations, generation of
two new nuclei, and final division of the cytoplasm to
produce two daughter cells: growth factors and different
environmental stimuli are required for cell cycle pro-
gression, depending on the cell type [337]. There are
several functional differences between T and B cells and
recent work has focused on their mutual interactions: T
lymphocytes have a variety of signals allowing them to
leave the circulation and enter tissues to reach the site of
antigen exposure, both because they constitute the
prevalent portion of peripheral lymphocytes and they
have the central feature to recirculate. Instead, B cells
encounter preferably native macromolecules in situ, in
specialized organs and tissues; however, in an antigen-
independent phase of B-cell development, it is likely that
B cells do not require interactions with antigens, which
will be ultimately recognized by soluble antibodies sub-
sequently synthesized [481]. Both T and B cells need to
be stimulated before acquiring the capacity of respond-
ing to specific antigens, T cells by their clonally restrict-
ed TcR and B cells by Igs, or in T-independent polyclon-
al systems or molecules with mitogenic properties, both
experimentally and physiologically [326]. We also note
some biochemical similarities in B and T cell activation:
as an antigen binds to an APC, a series of defined events
occur over a period of several hours. Within a few
seconds, the phosphorylation of cell proteins takes
place, mostly associated with CD3¢ and { and CD79a
and b receptors and membrane phospholipid cleavage.
A cascade of protein activation in regulated sequence
and the rise of Ca** levels occur. As a result of these
early activation events, TFs such as NFAT 1,2 and NF-«xB
are activated to enter the B cell nucleus and promote
transcription of nontranscribed specific genes. In
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T cells, the most important genes include ILs and IL
receptors, while B cells start to transcribe Ig genes. With-
in about 48 h, DNA is synthesized and cells undergo
division [36,47].

Role of T Lymphocytes

CD3, the nonpolymorphic part of the TcR complex, is a
signal transducer in T cells whose activation with IL;
contribution elicits both proliferation and activation of
cell subsets. CD4 stimulation by HLA molecules and IL;
drives IL, and IL4, an intervention defined as a synergis-
tic promoter [34], and additional metabolic processes
lead to a final activation and proliferation of CD4 cells,
of cytotoxic CD8 and, as a result, of B lymphocytes,
which become antibody-secreting cells [206]. For defin-
itive proliferation, CD3 must be escorted by accessory
stimuli, one expressed by BcR, the membrane protein
CD80, recognized by CD28/CD152 receptor = CTLA-4
(CTL-associated antigen-4) [242]: we stress that when
appropriate signals are absent, clonal anergy ensues
(Fig. 1.22a,b).

During the processes of presentation and activation,
the trimolecular complex made up of TcR-af3/CD4 and
peptide-HLA transmits signals to cells, as discussed
earlier. Due to TcR binding to extracellular V regions,
modulated by CD3C, also following second-messenger
generation, TcR transduces signals initiating biochemi-
cal and conformational changes. Intracellular signals
generated by TcR and transmitted to T cells appear,
therefore, to be critical for proper T cell maturation and
activation [276]. Transduction of activating signals by
CD3-CD28 costimulation initiates multiple signaling
cascades that lead to the activation of several TFs, in-
cluding the activation of NF-«xB family members [276].
TcR-CD3 stimulation alone is not sufficient to optimally
activate NF-xB because its requires Bc110, a CARD asso-
ciated with CARMA1 (CARD11) [504],a member of the
CARD family also including CARMA2 (CARD14) and
CARMA3 (CARD10) [621]. The CARD family also
encompasses CARD/NOD a member of the ced-4 super-
family also including APAF-1, mammalian NOD-LRR
(leucine rich repeat) proteins and CARDI15/NOD2,
which in turn act in LPS recognition and activate NF-xB
[79] that is depressed in patients with Crohn’s disease
[621]. Prominent in this context is G protein participa-
tion with a manifold role in cellular signal transduction
coupling an array of receptors at the cell surface with a
variety of intracellular effectors exposed to the plasma
membrane’s inner surface that couple a large family of
receptors to effectors, such as adenylcyclase, PLC, and
ion channels [292]. The large heterotrimer G proteins
have 21 Ga subunits, which are related to small G pro-
teins, plus five GB and six Gy that exist as a single com-
plex (GPy). Gas are stimulated by GAPs (GTPase-acti-
vating proteins) and GBy by RGS (regulators of G pro-
tein signaling) [231]. In the resting state, guanosine
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diphosphate (GDP) is tightly bound to Ga. When a
membrane receptor is activated by binding of a first
messenger, this causes GDP to dissociate from Go and
be rapidly replaced by guanosine triphosphate (GTP).
GPT binding leads the Ga subunit to dissociate from
GPy, each of them can independently transmit signals,
hence activating effector cells (active state). In a sub-
sequent phase, hydrolysis of GTP to GDP inactivates Ga,
allowing it to reassociate with GBy (inactive state) and
reset stable heterotrimers. Gy subunit binding to sev-
eral components of the Ga subfamily could open up a
new communication pathway among second messengers
[292]. Considering this activity, G proteins oscillate be-
tween GPT- and/or GDP-bound states, and regulate di-
verse processes, including signal transduction [24].
G proteins also belong to a superfamily comprising a
number of receptors; however, the amount of G proteins
bound by a given receptor is reduced, practically re-
stricting to one G protein signaling to one receptor. One
of the best characterized among signal transduction
systems is an increased formation and accumulation of
intracellular cAMP (cyclic adenosine monophosphate)
as a result of B-adrenergic receptor stimulation; further
receptor/ligand interactions enhance Ga3 activity due
to Ga3/GTP dissociation from Gfy. Correspondingly,
the activation of the enzyme chain of membrane adeny-
lyl cyclase catalyzes cAMP synthesis in Mg ion presence.
Returning G protein to its initial conformation the
enzyme is inactivated, while cAMP is converted to
noncyclic inactive 5-AMP by cAMP-PDE (phosphodi-
esterase) constitutive activity; otherwise other recep-
tors activate another G protein, Gi, which binds to
adenylyl cyclase to block enzyme activity [326].

Direct evidence suggests that, depending on the type
of related cells, cAMP, a second messenger present only
inside the cells, plays a role in enzyme phosphorylation,
Ca++ levels increase, also affecting both gene expres-
sion and further endocellular processes [292]. In addi-
tion, the CD3( cytoplasmic domain interacts with two
families of tyrosine kinases such as PTK of the src and
syk (intracytoplasmic) families (Tables 1.31, 1.32) [157,
214,222,240]. Some PTK src are associated via the SH2
domain with ARAM or ITAM sequences of intracellular
regions of y 6 € chains of CD3 as well as a and § (CD79a
and CD79b) of BcR and C or y of CD16. To fulfill G pro-
tein effects on CD4/CD8 T cells [292], within a few sec-
onds GTP is hydrolyzed to GDP; a cytoplasmic tyrosine
kinase, ZAP70 (C-associated protein 70), belonging to
the syk family, becomes active upon attachment to the
TcR-CD3 complex [213] and in turn activates PLCyl
[462]. The important result of PKC is PLCy1 activation,
which then acts to hydrolyze PIP2 into IP3 (inositol-
trisphosphate) and DAG [462]. IP3 and DAG serve as
second messengers of the T-cell activation process: IP3
with a short half-life rapidly increases cytoplasmic
Ca++ levels; however, in the absence of additional sig-
nals there is no activation [337]. DAG has been shown to
activate PKC, a process leading to its translocation to the



Table 1.31. Kinases and receptors (R)

Receptors associated with kinase domains

Tyrosine kinase CSF-R, EGF-R, M-CSFR, PDGF-R,

SCF-R, insulin-R
Activin-R eg: TGF-B-R

Serine/
threonine kinase

Receptors associated with cytoplasmic kinases

Src-family kinases
(blk, fgr, fyn, hck,
Ick, lyn, src)

TcR (fyn, Ick); BeR (blk, fyn, Ick, lyn);
FcR (fgr, lyn); CD4 (Ick); CD8 (Ick);
CD19 (lyn)

TcR (ZAP70), BcR (syk); FcR (syk)

Syk-family kinases
(syk, ZAP70)

PI 3 kinase

CD28
CD28 (itk); BcR, pre-BcR (btk?)

Tec-family kinases
(btk, itk, tec)

JAK-family kinases
(JAK1,2,3,tyk 1,2)

Receptors of all IL (except IL;, ILg,
IL;1, 1L, 4); EGF, G-CSF, GM-CSF,

all IFN; M-CSF; PDGF, growth hor-
mones, erythropoietin

Data from [157,214,222,240].

cell surface and to a cascade of downstream events, also
resembling the biochemical way employed for EGF
transduction signals, which activates phospholipase C
(PLC) instead of PLCy1 [454].

The increase in Ca++ concentrations by the second
messenger cascade activates calmodulin, which regu-
lates several protein kinases and phosphatases, includ-
ing calcineurin (CN). This event, together with PKC
phosphorylation of serine residues of the CD3 y chain,
and of tyrosine residues of the { chain, plays a major
role in T cell activation as well as in gene transcription
coding the IL,R a chain (G; phase). CN also regulates
NFAT activity and contains a binding site for one of its
components (Fig. 1.42) [457]. In particular, CD3( phos-
phorylation appears to be the signal for ZAP70 binding
to CD3 ARAM [462]. The significance of ZAP70 in such
processes is demonstrated by its deficiency in a form of
SCID characterized by the absence of CD8 T cells [544],
emphasizing its prominence in T lymphocyte intra-
thymic selection and not only in mature cell activation.
CD45 (CLA) is associated with T- and B-cell activation
processes: for example, CD4-mediated signals are en-
hanced by cross-linking to CD45, with a rapid rise in
Ca++ levels, an effect mediated by Ca++-independent
PTPase activity of two domains within the CD45 cyto-
plasmic tail [584]. On the contrary, CD45 direct interac-
tions with the TcR-CD3 complex could lead to dephos-
phorylation of CD3( and a down-regulation of the re-
sponse [337]. CD45 is also able to dephosphorylate and

Lymphocyte Activation

Table 1.32. Cytokines, receptors and signaling

Receptors Activated JAK Activated STAT

IL subfamily sharing the y chain

IL,R JAK1,JAK3 STAT3, STAT5
IL,R JAK1,JAK3 STAT6

IL,R JAK1,JAK3 STAT5

IL,R JAK1,JAK3 ?

IL;;R JAK1,JAK3 STAT6

IL;sR JAK1,JAK3 STAT5

IL,;R JAK1,JAK3 ?

Subfamily of GM-CSF receptor sharing
the gp140p chain

IL, JAK1,JAK2 STAT5, STAT6
ILs JAK1,JAK2 STATS
GM-CSF JAK1,JAK2 STATS

Subfamily of ILg sharing gp130

ILg JAK1,JAK2, Tyk2 STAT1, STAT3
ILy, ? ?

CNTF JAK1,JAK2, Tyk2 STAT1, STAT3
LIF JAK1,JAK2, Tyk2 STAT1, STAT3
Oncostatin M

IL;y JAK2,Tyk2 STAT3, STAT4
IFN receptors

ILio JAK2,Tyk2

IFN-a/B JAK1,Tyk2 STAT1,STAT2,
STAT3

IFN-y JAK1, Tyk2 STAT1a/STAT1B
Receptors with single chain

G-CSF JAK1, JAK2 STAT3
GM-CSF JAK2 STAT5a

EGF JAK1 STAT3

EpoR JAK2 STAT5

TpoR JAK2 STAT5

EpoR JAK2 STAT5

GH JAK2

Data from [157,214,222,240].

activate members of the src family of kinases, a likely
basis for the requirements of antigen-induced receptor
signaling [395, 584]. CD45 activation of the src-family
members before stimulation is consistent with the belief
that src are the first tyrosine kinases required for anti-
gen-induced signaling [395].
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Fig. 1.42. Schematic representation of the morphofunctional
aspects of T and B lymphocyte activation signals

Costimulatory Molecules

Recently stressed is the part played by CSMs such as
CD2 present on T cells and its ligand CD58 on B cells.
CD2 enhances antigen recognition drawing TcRs into
zones of cell-cell contacts also arranging the opposing
cell membranes of both T cells and APCs at the optimal
distance, thus promoting TcR-peptide-HLA interac-
tions. Thus CD2 can allow lower affinity TcRs to be uti-
lized, thereby increasing the size of the mature T-cell
repertoire [109]. CD58 for B cells stimulated by IL, and
CD2 for T cells can provide a second signal for isotype
switching to IgE; CD58 can only cross-bind to anti-CD58
lower than that of CD40 [243]. CD2 could also mediate
an alternative pathway of T activation if aggregated to
the TcR-CD3 complex [109]: it is postulated that mole-
cules different from CD40L are involved in IgE synthe-
sis. Further molecules are CD28 (expressed by the B-cell
majority and CD4 as well as by =50% of CD8 T cells)
and CD152 is = CTLA-4 (present only on activated T
cells), whose interactions with CD80 and CD86, main
ligands for CD28/CD152, represent a very important
costimulatory membrane signal for T-cell activation
and are crucial for both proliferation and differentiation
of T-cell effector functions [243]. Studies have also
hypothesized that both ligands could follow a different
model in regulating T-cell differentiation, CD86 to Th2
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T cell production with IL, predominance and CD80 to
Thl T cell phenotype [279]. Skin CSMs are keratino-
cytes coming on stage when external factors shift the
immunological balance toward an epithelial sphere of
influence. Cells expressing CD80 can have a pivotal role
in triggering immune responses, delivering costimula-
tory signals to resting T cells and modulating their mat-
uration into Th2 T cells [279]. Lack of such a strategy
can depend on intrinsic differences of class Il HLA mol-
ecules (that is, li reduction), rather than on defects of
CSM potential [381].

Role of B Lymphocytes

At first glance, the B cell first stage of activation is in
the T cell area, the splenic PALS, then proliferating cells
form GCs (Fig. 1.43). In the superficial cortical zone
there are primary follicles, lymphoid aggregates of uni-
form cellular density, with mature resting B lympho-
cytes probably not yet stimulated by antigens, and sec-
ondary follicles containing GCs, proliferated in response
to antigen stimulation. GCs are characterized by a
central dark zone proximal to T areas, containing many
rapidly dividing B cells failing to express surface Igs, the
centroblasts [37], and a basal light zone filled with cen-
trocytes, non-dividing B Ig* lymphocytes [254]. The GC
reaction reaches a peak volume by day10-12 after
immunization, when PALS (Fig. 1.11) start to decline;
without further antigen stimulation GCs also gradually
regress until they wane around 4 weeks after immuniza-
tion [37]. In GCs there are macrophages with phagocyt-
ic activity and IDCs deriving from tissue homologous
cells,among which are also DCs. Naive B cells come into
contact with antigens presented by DCs in the GC light
zone: within a few hours B cells interact with specific
CD#4 cells; their proliferation reaches the apex by day 5,
followed by their migration into lymphoid follicles or
other peripheral sites [454]. Exponential proliferation of
a given B clone leads to thousands of antibodies/min in
3-4 days that are secreted outside GCs [254]. During the
course of primary response, isotype switching occurs in
centroblasts, and somatic mutations accumulate in V
and Vy regions [63]; by day 10 of the response, GCs are
clearly divided into dark and light zones [37]. In the
dark zone, at about 2 days B blasts differentiate into
mlg-negative centroblasts which collect at one pole ad-
jacent to the FDC network, which a little later fills up
with centrocytes [37]. Studies suggested that in the api-
cal light zone centroblasts differentiate into memory
cells (small lymphocytes) or plasma cells with T-cell
cooperation [256]. When FDCs form their protrusions
embracing B cells to present bound antigens to BcR, the
process is exhausted and plasmocytes migrate into the
medulla and eventually the bone marrow, where they
undergo a terminal differentiation [256]. Interestingly,
light zone centrocytes re-enter the dark zone, join
the centroblast population and reinitiate proliferation,
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whereas T-B collaboration in the light zone is necessary
to maintain active GC reactions [256]. A principal pur-
pose of GC formation is to direct VD] rearrangement,
and mutated Igs are first observed on day 7-10 of prima-
ry responses, coincident with GC polarization and CD86
expression on centrocytes [254]. T-cell-B-cell interac-
tions involve signaling via CD40 and CD154 (CD40L),
found in the outer zone of tonsillar GCs [71]. Inhibition
of this signaling pathway also impairs GC formation
[71]. Markers and/or participants in the activation
process are CD19 and CD20 expressed at all stages of
differentiation, CD21 (CR2) and CD22 expressed only
by mature B cells; IgE* antibodies instead express CD5
ligand of CD72, CD32, CD38, CD45RA and CD45RO
(Table 1.2). CD19 interactions with BcR markedly lower
the threshold (100 antigen receptors per cell, 0.03% of
total) to enable B cell activation [70], as they are conse-
quently processed, degraded into peptides, and trans-
ported to the cell surface associated with HLA mole-
cules [384].Independently of signals mediated or not by
T cells, BcR internalization does not require ITAM par-
ticipation [453]. B cell activation by CD79a and CD79b
involves triggering src and syk, which form molecular
mechanisms able to transduce activation signals gener-
ated by interactions between antigen and epitope [408].
However, so that the B cell functions as an effective APC,
CD80 and CD86 coexpression is necessary, while it is
absent in resting B cells. Upon BcR cross-linking, PTK
src are activated, tyrosine residues are phosphorylated
in the ITAM, while syk is required for BcR communica-
tion with PLCy1, IP3 generated via PIK3 activation, and
Cat* release [453]. Analogous to ZAP70, in addition to
tyrosine kinase regions, src and syk carry a SH2 domain

with high affinity for phosphorylate tyrosine residues,
binding those from CD79a and CD79b [453]. Two path-
ways are involved in IL,-mediated Ce transcription: the
one associated with PLCyl, leading to PKC$ transloca-
tion with cooperation of IP3, PIP2 and DAG, and the
other based on PIK3 and PKCC [659]. A growing body
of evidence indicates that FcyR in B cells inhibits their
activation and Ig production [337]. If properly glycosy-
lated, CD45 may interact with CD22, an important step
for cell-cell adhesion [395], which has been shown to
regulate the B cell phosphatases, also regulating T cell
activation. As a result of this sequence of events, 12h
after the antigenic stimulation, the blasts increase in size
and, if they receive appropriate signals from T cells, pro-
liferate and differentiate in plasma cells [36]. As we have
mentioned, B cells can be at the center of antigen-inde-
pendent responses, which occur early in the B cell devel-
opmental pathway and can be induced by the associa-
tion of H chains with CD79b in B cells that develop
to the pre-B cell stage even in the absence of L chain
synthesis [408].
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