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McSherrv and Blumenthal

variable regions of the light and heavy chains, is cailed the "paratoP_e and forms. a tightly.

fitting .or.,"pl"r1rentary slrface with ihe antigen's B-cell epitope. The juxtapositioning of

charges u.,d hyd.opnóUic mountains or valleys *ithirl epitope and-paratope produces the free

".".[y 
for thó bmding reaction. The preciée fit of the two surfaces excludes most of the

hydótion water, tightóing the comptex (q). Because the antibody is directed toward a specific

ePlitope, it will recognize another antigen if iit carries the same or a very similar epitope. This is

the basis for obserled cross-reactiviiy between antigens (10,11). The surface of an antigen

represents a quilt of putative epitopes if Z). Ho* many of those putative epitopes dominate the

urliibody ,"rpo.,r" vàries from caie to case (8,11). The structure and position_gfjominating

epitopeé areteing described for an increasing number of protein antigens (13). To date, the

pi"ai.tiot, of alleilen cross-reactivity has mainly been based on protein homology (i.e., linear

sequence data).
Next, consideration must be given to the function of antibodies in general and those

specifically involved in interaction with allergens (14). The most important feafure for an

antibody ís its ability to recognize an antigen ut',d to form a complex with its target epitope. The

function of an antibódy to aùergen is thoùght by many to arm an antibody recep_tor situated on

effector cells, such as mast ce[é, and waiifor ihe aniigen/allergen to come and cross-link the

receptors. It is the cross-linking reaction that an allergen, in general, must accomplish. For that

prrrpor" an allergen must carry-at least two suitably separated epitopes, allowing the molecuie to

?orÀ a bridge. Oie epitope might be enough for the functioning of an antigen, but it is-probably

not for u., uIl"rg"n. Fàr ,à*" pìrrified allergens, the antibody response is predominantly toward

three to four dominant epitopes (15). BotÉ the IgG and IgE responses in the same sensitized

individual recognize the^same epitopes (16). From a receptor aggregation _point.of 
view, a

favorable topogiaphy of epitop"r *oúld probably contribute to the potency of an allergen' One

might u.gré ttat^ th! n".àtrury high affìnity of antibody would limit the inherited libraries

.up"uUt" ò? prodn.ing such antíbodies and thus restricting some antigens to become.allergen-s.

Aithough tgg affinitús toward allergens are exceptionally high, nonallergic individuals are able

to mount an equally high-affinif résponse of IgG to the same allergens acting in this case as

antigens (15). Thus, nigÉ affinityby iiself is not a necessary step toward atopy. In addition, in

skin"test negative cliniaally allergic-people, lower-affinity antibodies can act in allergic reactions

(77,7g). Affinity is correlàted to tnò aUitity to cross-link receptors (19). Thus, high affinity is

correlated with the strength of atopic ,"u.iiorlr, but achieving that affinity seems not to be the

limiting factor in characterizing allergens among antigens.
The necessity of link forÀation of two sepàrated epitopes might also induce a lower limit

in molecular weifht where crowding on small surfaces could limit a cross-linking activity.

Studies of Amb aE reveal that at leasithree epitopes are present on that 2500 MW protein (16).

How much smaller it can go without the r-ré."mity of dimerization or polymerization of the

putative allergen is not known; it is likely, however, that the probability of finding an antigen

with allerge.ic properties is lessened at the lower molecular weight'

For àntigens à act as allergens, they must elicit T-cell-dependent responses and be able

to form at least two, preferabllithr"" oi four, spatially separated epitopes. This establishes

some lower moleculaiweight limit and raises thè question of whether the maiority of T-cell-

dependent antigens becoÀe allergens. They certalnly have_ the ability, but -w-hether 
they

beàome an anti{en depends on ciròumstances (20). A series of investigation_s of allergy-prone

families found iírat altirough the tendency to be sensitive to allergens was inherited, the choice

of allergens among antigeis seemed to be totally random. Clinically, there was no correlation

betweel the type of sfecific allergen sensitivity seen in the mother or father versus the

children. Thus, all antigèns encountéred fulfilling the two criteria above may become allergens

by a purely random process (21).

The éea of molécules acting as allergens is organized and named according to a schema

proposed by World Health Oiganizatión/International Union of Immunologic Societies

twHOZtUrS). rne molecules are làbeled by the first three letters of the genus and the first letter

of the species they are isolated from, and then by an Arabic numeral indicating the sequence-of

isolation. Der p 1 is the first isolate from Dermntophagoides pteronyssittt$, a house-dust mite. The

distinction between major and minor allergens is a functional classification; in current usage/ a

major antigen is one to which >50% of allergic patients react.' 
Anti[ens/allergens are generally protéinJ, glycoproteins,- or lipoproteins of plant or

animal orlgin. Mani of the Àajor aliergens (including those from mites, animal danders,
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once encountered, the amount/dose of exposure, duration, as well as other modulating

porutants are a tew of the many environmentai factors that infiuence the type of response to

an antigen/allergen. Allerger^,, upf"u.lo.mdrrÎ",IgE production.at relatively low doses (39)'

Marsh has estimàted that the mean'adult annual aoiuge of individual allergenic components is

probabty in the nanogram range rr+i. ir.," ambient leveíof mite allergen that a normal individual

is exposed to has béen measured to fluctuate at around 100 pglm3. House dust with mite

content >2 vgmite/g dust is associated with sensitization ln chi-dren (expert consensus) (40)'

Crinical studies suggest that the duration of exposure needed for rgE sensitiZation varies; "days"

for parasitic auergens, 
,,months,, for some constant/perenniar arÉrgen exposure, to "years" of

exposure for seaónal allergens such as pollens are needed to develop IgE antibodies'

ALLERGIC SENSITIZATION

The innate and adaptive immune systems work together to grotlll-the organism from foreign

substances that may possess a divJls"e .oii".tio" of 
"pathogenic mechanisms' Though the innate

and adaptive immune responses are different in thàir màchanisms of action, synerEiv between

them is essential for a fully effective immune r"rpà.rr" (4r,42).,The innate system is the first

rine of host defense; it sets the stage for the dwelopment of an adaptive response to the

""tttTJltltfl|: the possible positioning of allergens within the antigen fami$, features of

antigen in its function as an iniiiator of hrímoral ."ípo.,".l"y: tÎ,b" considered' First' antigens

(regardless of their a[ergenic prof"rii"s) can ue uÀ'aaty divided based on whether or not they

require T-cell help when elicitirij u h=.^Tul,response',The.thymus-independent 
pathway

arows direct activation of antigen:specific B-celr.clànes, thus eliminating the need for a T-cell

epitope. Most bacterial ,.rgur--bur"T antigens.belong to this class (43)' Protein antigens'

including a[ergens, are thymrrrì"p"r.deriu this mea-ns that to act as antigen and trigger a

humoral, antibody-based ,"rpo.*,ih" *olecule has to be able to first interact and activate

""tttT-:Xrir*H*iu,o r".o gnrzeantigen in the absence or antigen P':t-".*1t:n 
(with the

exception of the superantigens.) (44). The"TCR is restricted to recognizíng antigenic peptides

displayed in the context of-moreàules of the majoi hirto.or'tpatibililv complex (MHc) (45)' In

humans, human leukocyte antigens (HLA) are encoded by gér-,", of t'he rraÉc complex, located

on chromosome 6. with the er,c"ption of some.."u typ"r,"ali_cells are capable of presenting

antigen and activating the adaptive response via MÉò class I. Dendritic cells, macrophages'

and B cells play a major role in the innate response, and.also act as professional antigen-

presenting cetts'(APCs). APCs phagocytir" 
""oje""":-l:1:tql^t:Ottances' 

such as allergens'

bacteria, parasites, or toxins rr-, ti-r" tír*-ies, and tÈen migrate, 'yil chemcltactic signals, to T-cell-

enriched draining rymph ,roa", (+o). During migratioó dendritic ceus undergo a maturation

process in wniJh'théy l9?: phagocyti. iupa?ity 1t'td 
develop an increased ability to

communicate with r cel1s. This maùruiio. processis dependent on signaling through pattern

recognition receptors, such u, ìr-," membeis of the toil-rike receptor family, which occurs

following binding of pathogen-associated molecules @1,47)' Lysosome-associated enzymes

digest phagocytized protei., ir,io ,*aller peptides' These peptidés are loaded into the antigen-

binding clefts'of frrfÉC class II Àoleculesioi aitpiuy ti'"', o:,,'t-cell epitopes"); MHC class [I

morecures bind peptides that are 10 to 30 amino ̂ iiaí rong with.u_.ot" iegión of 13 amino acids

containing primary and seconJury u..nor ,"sid.res. on" the ApC surfàce the MHC-peptide

antigen complexe, u." avalabre io', ,".ognition;t;"y narve cD4+ T cell passing through the

ly*ph node.'éó+" helper T lympho.yt", are immune response mediators and play an

important role in establisÀi.,g ur.,i màximízing the capabilities of the adaptive immune response'

severar different subtypes of cD4+ T cell.u., b" u.tiiut"a by professionàl APcs, with each type

of T cell being specially equipped.a.d:11 with diff"r".,t ioreign.substance'.whether it be

allergenic, bacÉriàl , urril,or^u io'*i., (48). The type of T cell activaied' and therefore the type of

response generated, depends, in part, on the.o;I;;l.which the antigen was first encountered

by the APC.
when a naîve Ti10 cell contacts an antigen and is stimulated through its antigen receptor'

it begins to polarize along 
" 

il;;g. d-eterriining developmental pathway (49'50)' Ts1' Tv12'

TylT,and T regulatory (Treg) (Trfi cells all a."Eop f.om the sami naive Tp10 cell' under the
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methods considered genetic heterogeneity, gene-gene interaction, and gene-environmental

interaction. Atopy, defined as an advérse rp".ifi. IgE immune reaction, has been studied using

a variety of ph*otypes including ,"rrr* IgE levels, skin test reactivity, specific skin test

reactivity, and specific serum IgE levels (74).

Jaókola et al. demonstrated that all individuals usually respond with an. immune

,"rpor-rr" to a foreign allergen, but in atopy the_re is an increased production of a high-affinity

IgE'antibody while"non-atJpic individuais ptod,r.e an equally high-affinity IgGl antibody (75)'

The clinical conditior,, ."rrriting from an atòpic mechaniim may consist of asthma, some forms

of urticaria, and allergic rhinitL. It is evident that the ultimate clinical picture. of asthma will

involve a variety ofienetic factors that interact with each other and with environment

exposures such as allergens, smoke, weight, infectious agents, diet, endotoxins, drugs, and

diàsel particles, all of which may chang" ,iitn tile_. There is no consensus regarding the mode

of inheritance and/or the genes that aó involved. Even less is known about the clinicai course

of these phenotyp,es (74).Íhe main studies that have been used are the positional cloning or

the genom" ,.r"én and the candidate gene or association approaches (73)'

Genome Wide Linkage Analysis for Asthma and Atopy and Related Phenotypes

The number of regionJ havinglinkage with atopy and related phenotypes such as asthma is at

least 20. The repliiated regiotit r"poit"d for the-atopy and a_sthma phenotype have been on 1p,

2q, 4q, 5q, 6p, \2q, 73q, 7"4q, 79q,' and 21q; for totai t"..t* IgE _sites on 2q,3q, 5q, 6p,7q, and

dq; u,t"p, ón .hio*oio^ér 3q^, 4q, 6,p,-77q, 77q,20p; and uto.o{ eosinophil counts on 15q

(73,76Jg). Blumenthal et al. reporied bn u g"t o*"-wide search for an atopy 991" in three

ethnic groups from the Collaborative stuay ón the Genetics of Asthma (CSGA). They found

linkage"or1 ihro*osomes 11q and 20p (79). The same group investigat"d ryl: sensitivity and

notei linkage for the combìned grànp on chromotò*"t- 19q and 20q (80). These studies

indicate the complexity of these conditions.

Gandidate Genes for Asthma and Atopy and Related Phenotypes

Genome-wide linkage analysis and,/ or bìólogical factors are the basis used for the selection of

candidate genes stridied for association. A variety 9f g"1:lic association investigations for

atopy and 
"asthma 

phenotypes have been performed in different populatlgnl many times

yielding some ,"p.àdrr.iUíe Uut also many r-to.r"plicable results (73,76J8). The candidate

g".,", íor atopy and asthma include ailélic varùnts of genes of known immunological

íignifican."; ,ràiiur',ts in over 100 genes have- been.described (73,78). Some of the most common

.irldidut. gene variants are menfioned in the following paragraphs'

Chromosome 2q Region
This site identifiù in genome screens to be linked with the atopy and asthma. phenotype

contains the interleukù 1 receptor antagonist (IL-lRN) and the cytotoxic. T lymphocyte

antigen-4 (CTLA4) genes. Single nucleotid"e polymorphisms (SNPs) in CTLA4 are associated

with asth*u, ,.rrri IgE, astima severity, airway i"tpo^siv_eness, and asthma (73,81-86)'

P-selectin has been repórted as an atopy susceptibility locus (87)'

Chromosome 5q and 16q Regions
Activation of the interieukin 4 receptor (IL-4RA) stimulates the production of total serum IgE'

Interleukin 4 (IL-4) is located on chromosome 5q31 and IL-4RA ón chromosome 76p72, both of

which are found on genomic regions linkeà to the asthma phenotype. Yo"y 
studies

demonstrate that functional SNPs iitne promoters of IL-4 and IL-4RA are associated with the

atopy and asthma phenotypes (73,76.78).in article by Basehore et al. suggests that the 3017G/

T ràiiant or the hàplotyiés it identifies influence IL-4's ability to modulate total serum IgE

levels (72,77,88). fhày rngg"rt that inconsistencies with prev19"-tly reported IL-4 associations

might be due to popilatói airrerences in allele frequencies,,linkage disequilibrium with this

SN"p or haplotype, or both. Vercelli further discusies the discrepancies reported regardin-g

CD14 poly^oiphisms, atopy, and endotoxin switch (89). Other genes_on chromosome 5,

including inteileukin 13 (tl-ta), monocyte differentiation antigen cD14 _(cD14), 
serine

protease-inhibitor kazal type 5 (SPINKs), and leukotriene C4 svnthase (LTC4S) have been
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Table 1 Candidate Genes of Atopy and Allergy

ExamplesType

HLA class I and l l  molecules,
CTLA.4, CD28, JAKI
SP|NKS, Clara cel l  Protein 16,

TAP-1 and TAP-2, LMP

endothel in 2

Definition of A- ' ,

\\'e expect tt-r .ì'

this t ime pert,
interplav betr '

importance tn

al lergens, air
irnpact the ir-r'
( 104 ,105 ) .  The

animals, micrc
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early/ increase
(106). l t  n'as L'
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that chi ldren
sensit izat ion,
communit ies,

A possi i-
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production; t

rnf luence the i
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slrch as dogs ,

enimals cau l :
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.r  strong cel l-
'-.ttSitir.e rOle r

r t opv  (117 )

The resr

There are nìa

.r>thma and ;

-.1-,sen'ations
tl ther enr- ir t
-J\LrOsure ha\

: ic ture.  I t  ap

:  o n  ( 1 1 8 , 1 1 ' '  '

ALLERGIC  I
( I N C L U D I N G

Cytokines influencing atopic phenotype

Eosinophil growth-, activation-, and

apoptosis-inhibitin g f actors
Mast-cell growth factors
H istamine-releasin g f actors
lgE isotYPe switch factors
Inhibition of lgE isotype switch
Lipoxygenase PathwaY metabolism
Proinf lammatory cYtokines
Anti-inf lammatory cYtokines

Receptors
Antigen recePtors
lgE recePtor
Cytokine gene recePtors
Adhesion molecules
Corticosteroid recePtor
Neurogenic recePtors

Nuclear transcriPtion factors
Other molecules of imPortance

MHC and antigen Processing
Cell  signal ing
Barriers and other defense

rL-5,  lL -3 ,  GM-CSF,  CCL11'  ccL5

tL-3,  l l -g ,  lL -10,  scF,  TGF-f l
cc l2  (MCP-1) ,  ccLT (MCP-3) ,  cc ls

lL-4 ,  lL -13
IFN-; ' ,  lL -12,  lL-18,  lL-23
5-LO, 5-LO-activating peptide, leukotriene C4 synthase

lL-14,  lL-1B,  TNF-r ,  lL -6
TNF-8,  IL-10,  IL-1Rry"

T-cel l  receptors (a/g, ; ' /ò), B-cel l  receptor ( lG' r/ i '  l ight chains)

FccRl P chain, FccRll  (CD23)
IFN-l ' i  B chain lL-1R, t l-an, TNF receptors, common ; '-chatn

VLA-4,  VCAM-1,  ICAM-1,  LFA-1

Grl-hsp90
p2-Adrenergic, chol inergic receptors-- .
bntR-g, r-oet, NF-*B, lkB, NFAT, srAT-1/2, srAT-4' srAT-6

m"hemokine| igand;GM-cSF,granu|ocyte-macrophagecolony_st imulat ingfactor ;HLA,human
teukocyte antigen; hsp, heat-shock protein; lcAM, intercellular adhesion molecule;.lFN','I"tl:^':l;,ij;rljljÎì'x[:

fff:ffiril:ilJ'tfi:ilffi;J;;#;;,isen; LMp, rarse murticatarytic proteosome; Lo, ripoxvsenase; MHc'

major histocompatibirity comprex; scF, stem ceil factor; TAp, transporter associated with antigen processing;

TNF, tumor necrosts factor; vcAM, vascular cel l  adhesion molecule; VLA, very late antigen'

that are recognized on MHC class II molecules on antigen-presentation cells' INF-1 appears to be a

major downregurator of Ig_E synthesis. There are at teist two maior genetic controls of atopy' one,

which is non-epitope specific, is noted using the phenotyg"-? of tótalìerum IgE levels and skin test

reactivity in general. The genes may resid"ón u varietyt? differentloci and chromosomes, that is,

IL-4 on chromosome 5q, IgE receptor on chromosóme 119, 1"1-IFN-; 
on chromosome 12q'

Another is epitope specific urrd upp"ars to be.associated witÀ the HLA system. Therefore, there

appears to be ,".r"ru'r levers rnvotrrid in serectivity: (l) epitope-specific level that is related to the

HLA system, (li) purified allergen level (moleculai selectìonithai is only partially HLA associated

and dependent on size, and 
"(lli) 

complex- or natural allergen level involving many epitopes

selective for organisms. There are próUutrty.to-o--{ranY 
""lut" 

epitopes' and too many HLA

pàfy*otphic ty[es to demonstrate ahy specific HLA association'

In view of the complexity of atopy, it is not completely clear how many genes and

environmental factors are involved. The genome screens suggest that there may be many genes

with modulatory effects. It is likeiy ttrut i1u"y of the genes ihat influence immunity wiil prove

to be polymorphic. As a result, aímost uny i**,'ne response gene may be found to have an

effect on any immune-mediated diseasl. To determìne the clinical relevance of these

polymorphisms, they should be tested in case-control studies involving patients with different

manifestations u.d-'r",r".ity of the disease. The sample-s should be obtained from represen-

tative populations with environmental factors being àefined' A gg:d understanding of these

relationships is needed for the ProPer management"of atopy and its related conditions'

ENVIRONMENTAL FACTORS MODULATING THE IMMUNE RESPONSE

TO ALLERGENS

A substantial increase in the prevalence of atopic diseases has occurred in the western world

over the last few decades (103). These increaséd numbers cannot be expla-ined simply on the

basis of heightened awareness (leading to increased diagnosis of existent disease)' Nor would
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urticaria, may be due to the rerease of mediators from the mast cells, such as histamine,

whereas the chronic symptoms such as bronchiar hyperreactivity may be explained on the

basis of eosinophil-mediai"d tirrrr" damag_e. T cells ià of the TsZtype and produce rL-4 and

IL-5, which potentiate the terminal dif"ferentiation and activation of eosinophils' Basic

proteins, together with the platelet-activating factor and leukotrienes secreted by

eosinophils, probably also contribute to these chionic symptoms' Cell-adhesion molecules

are also important in inflammation. A series of cell-adhésion molecules mediate interaction

between vascular endothelium and leukocyte cell surfaces. The three major families of

adhesion molecules, which contribute to this . P-roces; are integrins' sele.ctins' and

immunoglobutin-like receptors. other mediators of ìh" itrflu*matory resPonse that may be

important are the complement system and heat-shock proteins. Therefore, as a result of the

interaction of the ailergen in a sensitized individuàr, a variety of cells .and 
humoral

components are activateà, which results in inflammation and determines the clinical picture'

The end result for exposure to an arlergen is transient and/or chronic inflammation'

The molecular and tissue changes found à." .o**on to all inflammatory Processes' The

difference between atopic auergy and all other inflammatory processes lies in causation' In

the case of atopic allergy, it is linked to aberrant humorul .èrponse to foreign molecules

whether these responses are IgE, IgG or direct cellular reactions, as in the case of some late-

phase reactions (120'721).

The nature of the immune reaction to an allergen and the.resulting clinical picture is

dependent on many steps influenced by host and enrr"ironmentar factors such as properties of

thé alergen, route of exposure, as well as genetic controls'

SALIENT POINTS

o Allergens/antigens have two properties: (l) immunogenicitY (i'e'' the capacity to

stimulate the formation of the corresponding antibody and/or a state of sensitivity)

and (li) the abitity to react specifically with ihor" antibodies and/or the responding

tissue. The two properties aie not always associated'

o Allergens are antigens that induce the production of an lgE-specific antibody that wili

interact with the inducing antigen'
o From the chemical standfioint,"there seems to be little to differentiate allergens from

other antigens.
o There upp""u,. to be four restrictions for a molecule to become an allergen: (l) it must

porr"r, u surface to which the antibody can form a complementary surface' (il) it must

have an amino acid sequence in its backbone able to blnd the MHC II alleles of the

responding individ ual, (iii) the free energy of interaction of the allergen with the

antibody siould be adequaie to ensure biniing at low concentrations, and (lz') it must

f o r m a t l e a s t t w o e p i t o p e s a b l e t o a c t a s a b r i d g e .
o The nature of the immune reaction to an ull"tg.., is dependent on many steps

inf luencedbyhostandenvironmental factors.
o Genetic factors include multiple genes regulating no-n-epitope-specific factors' such as

those on chromosome s[, u, 
'well"as 

thosí that aie allergen èpitope-specific, including

genes rn the MHC on chromosome 6'
o The duration, route, and amount of exposure, as well as other modulating poilutants'

are a few of the environmental factors that influence the type of response seen to an

allergen.
. Atopy clinically defined is an inflammatory condition resulting from an allergen

proàucing an adverse immune reaction'
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