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Atopic allergy and other hypersensitivities

Editorial overview:

Technological advances and new insights into pathogenesis prelude

novel therapeutic strategies
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lntroduction

Atopic allergy is a genetically determined disorder char-

acteiized by the itrcreased ability of B lymphocytes to

produce IgE antibodies directed at groups -of ubiquitous

antigens tÈat activate the intnrune system after inhalation

or ìngestion, and perhaps after penetration through

the ,kitr (allergens). IgE antibodies are able to bind

to high-affiniry Fc€ receptors (FceRI) present on the

s,rrface of mast cells/basophils, and allergen-induced

FceRI cross-linking triggers the release of vasoactive

mediators, chemotactic factors and cytokines that are

responsible for the allergic cascade. In addition to B cells

thaì produce IgE and mast cells/basophils that bind IgE,

eosinophils also appear to be involved in the pathogenesis

of alleigic reactions, as these cells usually accumulate at

the sitei of allergic inflamnration and the toxic products

they release signifìcantly contribute to the inductiorl of

tissue damage.

Pathogenic role of allergen-specific Th2-like

cells

The mechanisnrs accounting for the joint involvenrent

of IgE-producing R cells, nlast cells/basophils and

eoslnopÉlls in rhe pathogenesis of allergic reactions have

become clear with the denronstration of polarized fonns

of the specific immune response, as revealed on the basis

of theiiprofi le of cytokine secretion [1,2]- Typ. t helper

(Th1) CD4+ T cells produce interferon (lFN)-y and

are the principal effector of phagocyte-rÌtediate-d host

defense, which is highly protective against infections

sustained by inrracellular parasites. on the other hand,

Th2 CD4+ T cells produce lL-4, which stimulates

the production of IgE and IgGr antibodies, IL-5

(att èosinophil-activating factor), IL-10 and IL-13,

which, together with IL-4, inhibit several nracrophage

functions.-Therefore, rhe Th2 cell is nrainly responsible

for phagocyte-independent host defense (t 'g' against

certain nenratodes [3]) as well as alì excellent candidate

to explain why the nrast cell/eosinophil/lgE-producirtg

(fiu

B cell triad is involved in the pathogenesis o[ allergy.

Strong evidence has been accumulated to support this

.or,..pt, allergens preferentially expand Th cells with a

fhZ-like profi l. t+,S]; Th2-like cells accumulate i '  the

target orgìnt of allergic patients [6-9]; challenge with

ailèrgen iesults in the local activation and recruitment

of . i i".g"n-specific Th2-like cetls [10]; and successful

specific-ínrmunotherapy is associated with changes i' the

rytokine profi le of allergen-reactive Th cells [11-13]'
More rcóently, it was found that allergen-reactive

Th2 cells expressing membrane cD30, an activation

marker prefercntially associated with the production of

Th2-type cytokines, are present in the circulation of

allergic parienrs during seasonal allergen exposure [14].
Mo*ouèr, CD30+ T cells are present in the lesional

skin of patients with atopic dermatit is (M caproni ct al.,

unpubliìhed data), and high levels of soluble CD30 are

deiectable in the serum of patients with atopic dernratit is
(L Giannarini, F Vinante, G Pizzolo, S Romagnani, E

Maggi, unpublished data).

Mechanisms involved in the differentiation of

Th2 cells

The nrechanisnrs responsible for the preferential devel-

opllìent of allergen-reacrive Th2 cells in atopic subjects

haue ,rot yet beèn clarifìed. I '  both 'rurine and human

itr viutt and itt vitro systenls, lL-4 appears to be the

rnosr donrinant factor in deternrining the likelihood for

Th2 polarization [15-17]. Accordingly, rrrice that have

had their IL--l gene targeted fail to gelìerate nlature

Th2 cells in t, ivr, and to produce IgE antibodies [18],
suggestirtg that early IL-4 productiott by t cell type

diìiì".t Èo,lr the Th2 cell rnust be involved. Possible

candidates include nrast cells/basophils and eositrophils,

which have been shorvn to release stored lL-4 in

response to FceR triggering l1g-21], the LECAM-1dull

subset of CD't+ T cells [22], the CD4+NK1'1+ T-cell

subset [23], or the naive Th cells thernselves [2a-26).
with ."g.ra to the role of nrast cells/basophils, it is

unlikely that parasites or allergens would be able to
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cross-link their receptors prior to a specific inrmune
response that had produced parasite-specific IgG and
IgE antibodies. On the other hand, mice deficient in
mast cells develop normal Th2 responses [27]. Finally,
Il-4-deficient nrice produce antigen-specific IgE only
when reconstituted with Il-4-producing T cells (br,rt
not with l l-4-producing non-T cells) [281. Thus,
IL-4 production by mast cells/basophils or eosinophils
triggered by antigen-lgE antibody inrmune conrplexes,
rnight play a role in amplifying secondary responses to
parasites, but cannot accourìt for the Th2 developrncnt in
prinrary irnmune responses. A way out of this dilernnra
nray be a pathway of IL-4 secretion independent of FceR
cross-linking. It has been suggested that, bccausc of their
proteolytic activiry both helnrinth products and sorne
allergerrs rnay induce FceRI+ cells to release IL-a [29];
however, obvious rnechanistns of Fcelì.-independent
lL-4 production by these cells havc rìot yet becn
identif ied.

A second possibil i ty is that the endogenous source of
IL-4 required for Th2 developrnent is the 1pg6i14-1dull
subset of CD4+ T cells, which contains the nrajority of
the nrenrory/activated CD4+ cells and has been shown
to secrete signifìcant amounts of IL-4 uporì prirnary
st inrulat ion in ui t r t t  122,301, and/or the CD4+NK1.1+
T-cell subset [23]. The latter cells appear to represent
a specialized population of CD4+ T cells that are
particularly effective at producing cytokines and that
are positively selected by the recognition of CD1,
a nonpolymorphic MHC class I l ike nrolecule [31].
Interestingly, rnice that are deficient in p2-rnicroglobulin
(which are also deficient in CD1 expression) produce
neither lL-4 nor IgE; nìoreover, SJL nrice that are
unable to produce IgE do not possess CD4+NK1.1+
T cells or express rnenrbrane lL-4 following in uiuo
injection of anti-CD3 antibody [32,33]. Therefore, it
could be possible that imnrunogens having associated
superantigens can interact not only with the naive
CD4+ cells, but also with a suffìciently largc fraction
of CD4+NK1.1+ cel ls,  thus rnaking a pulse of  IL-4
available for naive CD4+ T cells that are responding
at the sanre time to the antigenic peptide. It is unlikely,
however, that all antigens that are able to prolnote the
differentiation of naive Th cells into the Th2 pathway
can necessar i ly  act ivate CD4+NK1.1+, CD1-restr icted,
T cells. A nrore likely possibility is that the source of
IL-4 in the prirnary response is the naive CD4+ T cells
thernselves. This possibiliry has recently been supported
by several findings. First, low intensiry signalling o[ the
TCR, such as that nrediated by low peptide doses or
by nrutant peptides, led to secretion of low levels of
IL-4 by nrurine naive T cells I24]. Secotrd, hurtran
CD4SRA+ (naive) adult peripheral blood T cells, as well
as hunran neonatal T cells, were found to develop into
Il-4-producing cells in the absence o[ arìy pre-existing
source of IL-4, everì in the preselìce o[ anti-l l-4
antibodies [25,26]. Finally, high proportions of T-cell
clones showing a clear-cut Th2 profìle of cytokine
production can be generated front single CD4+ T cells
isui.ried fiut,r thyrrrus u[ srt 'rall childrert (MC Mingari ct

al., unpublished data). Thus, evidence is accumulating
to suggest that the maturation of naive T cells into the
Th2 pathway depends mainly on the level of, and the
kinetics o[,lL-4 production by naive T cells themselves
at priming. These are likely to be deterrnined by the
genetic background of the individual and the nature and
the intensiry of TCR signalling by the peptide ligand.
Obviously, when CD1-restricted arttigens are expressed
on APCs, CD4+NK1.1+ T cells, which rapidly release
high amounts of lL-4, nray also contribute to the
development o[ the Th2 pathwey.

Mechanisms responsible for developnrent of
Th2-like responses in atopic people

The demonstration that the production of IgE antibodies
is strictly dependent upon the production of IL-4
(and/or IL-13) suggests that the mechanism(s) underly-
ing heightened IgE responsiveness seen in atopic diseases
(i.e. non-cognate regulation of IgE responsiveness) could
prinrarily involve the development and/or the functional
capabiliry of Th cells. Such a possibiliry was strongly
supported by experilrìents perforrned in the past few
years in my laboratory.

First, it was found that CD4+ T-cell clones frorn atopic
individuals were able to produce noticeable amounts
of IL-4 and IL-5 in response to bacterial antigens,
such as PPD and streptokinase, that usually evoke
responses with a restricted Th1-like cytokine profi le
in nonatopic individuals [3a]. Moreover, T-cell clones
generated from cord blood lyrnphocytes of newborns
with atopic parents produced higher concentrations
of IL-4 than neonatal lymphocytes of newborns with
nonatopic parents (M-P Piccinni et al., unpublished
data). More recently, large panels o[ Parietaria officinalis
group 1 (Par O 1)-specific T-cell clones were generated
from donors with low or high serum IgE levels and
assessed for their profile of cytokine production and
reactivity to two irnnrunodonrinant Par O 1 peptides
(p92 and p96). Interestingly, both p92-specific and
p96-specific T-cell clones generated frorrr 'high IgE'
donors produced remarkable anìounts of IL-4 and low
levels of IFN-1. In contrast, T-cell clones generated
fronr 'low IgE' donors showed a diflerent profile of
cytokine production: the nrajority of those specific
ior p96 produced high anrounts of both lL-4 and
IFN-1, whereas nrost p92-specific T-cell clones showed
a Th1-like profi le (high IFN-1 and low IL-4) (P
Parronchi, S Sarnpognaro, L Giannarini, S Romagnani,
E Maggi, unpublished data). Taken together, these
data strongly suggest that allergen peptide ligand can
influence the cytokine profile of Th cells; however,
rnechanisnrs underlying nolì-co€Ìt-tate regulation of IgE
responsivetìess are overwhelrrting.

The genetic alterations that are possibly responsible for
inunune disorders o[ atopic individuals are sti l l  unclcar.
Regarding e potential genetic link between atopy altd
specific IgE response, several studies have underlined
the potential role of both MHC class II hrplorypc
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[35], but the data remain controversial. With regard to

iCn repertoire, a €lene (or genes) in the crlò complex

has been described to influence the development of a

specific IgE response in allergic strbjects [36]. Restricted

út.g. of Vat: by T-cell clones specific for l-oliwn

prrirrc group 1 (Lol p 1) was also reported [37]'
Mor. reèently, we found an intra- and interindividually

restrictcd usage of TCR variable regions in both Lol p

1-specific and Rra pratensis group 9 (Poa p 9)-specific

T-iell l ines (P Parronchi et al-, unpublished data; A

Daser, P Parrotrchi, U Whan, S Ronlagttani, H Renz,

uppublished data). on the other hand, the evidelce for

linkage o[ the IgE response to nrarkers in chronrosollìe

5q31.1, especially to the IL-4 gene [38], suggests that

ori. o. trore polyrtrorphisr's exist in a coding region or,

nìore probably, a regulatory region of the IL-4 gene'

Several studie s have identifìed potential tlrechatristrls

governing the lL-4 gene expression in hunlatr and

ìiru.in" T cells. Transcription o[ IL-4 gene is stringently

regulated by nrultiple pronroter eletnents actilìg together

1:é,+01. Thus, the tnore likely possibility is that atopic

iubjecis have ar altered regtrlation at level of thc IL-4

g.ti". Nunterotrs gel)es rlrap within 5q31.1, however,

ìircluding lL-13, which nright influence IgE productio..

Other pòssible ca'didates are IRF1, whose gene product

upregulates IFN-a production, which in turl l can

dàwnregulate IgE productio' and inhibit Th2-cell

developìitent t4i] .t-ta tl-12B, which encodes the p

chain of IL-12, a known inducer of IFN-1 production

by CD4+ T cells, CD8+ T cells and by natural kil ler

cells [42], as well as a powerful inducer of Th1 responscs

[431. In thit t.rp.cr, ir is noreworthy that deple,tion with

a sublethal dose of ricin of a subpopulation of CD8+ T

cells that produce IFN-y results in a nrassive increase it i

the level of serutn IgE [44]. More irnportantly' IFN-y

releasecl by MHC class l-restricted CD8+y6+ T cells

prevents the developnìenr of Th2-like cells in response

io norr..plicating íì lìt igens presented at l l ìucosal surfaces

[45 ,46 ] .

Recelt experitnents perfortled in t1y laboratory also

suggesr a possible role for cD8+ T cells in controlling

thè ailerge'-specific Th2 response i '  hu'rats. First,

challenge with the Par O 1 peptide 92 (see above)

resulted in the expansion o[ higher nuntbers of cD8+

T-cell clones that were ' low" rather than in those that

were .high" IgE producers. In addition, lactalbtrntin

resulted ir the expa'sion o[ higher 'tr ' tbers of CD8+

T-cel l  c lones in nonatopic,  rather than in atopic

rl i lk-sepsitive, dopors (P Parrolchi, S Saltpoglaro, L

Giannarini, E Maggi, S Ronragnani, trnpublishcd clata),

suggesting that allergen-specifrc cD8+ T cells nray play

.ti i ìnporierìt role (via IFN-!production?) in shift irtg the

l..rporrr. of cD4+ Th cells ro the seltìe allergen front

T h 2  t o  T h l .

Thus, either alterations of nrolecular nrechatlisttrs directly

involved in the regulation of IL-^t gene expressiott, or

defìcient regulatoiy activity of cytokipes resporrsible

for the inhibit ion of Th2-cell developnrelrt (such es

IFN-ct/y and lL-12), or both, rlìÍ ly accourìt for the

preferential Th2-type response towards environmental

,[..g.n, in atopic people. An overexpression of other

.yto-Éir,. agent; (tL-3, IL-5, granulocyte-nracrophage

colony-stinflating factor [GM-CSF] and IL-9)- located

togerher with IL-4 and IL-13 within the same cluster of

ch-ionrosorne 5 rnay also be prese't. The overexpression

of the above genes can account for the preferential

developrnent of Th2 cells in response to allergens, as

well ai for the production by Th2 cells, aud even by

othe r cell types, o[ the cytokipes ipvolved in the allergic

inflanrnration and can therefore explain the persistent

hisrological, pathophysiological and clinical aspects of

allcrgic disorders.

Thc r)ew insights into the pathogenesis of allergic

disordcrs, as well  as dratnatic biotechnological advauces,

have provided novel opportunities for intervening llìore

eflìciently in thc allergic disease process. Inrportant

technical progress was achieved when several groups

started to isolate and analyze cDNAs codir lg for

allergens. Current fornrs of in uitro and in uiuo diagnosis of

ai ler[ ic discases 'r ight be i ' rproved as soon as a cottrplete

p",r. ì  of reco.rbina't  al lerge's covering platrt ,  I ' t t i te,

aninral and fungal allergy will be available for routine

testing of al lergic patients. Moreover, due to extensive

..orr-ì"r. t ivi t ies et level of al lergen T-cel l  epitopes,

it rnay be possible ro use a few recombinant tnodel

ailergóns that bind a high percentage of specific IgE for

the classic irnntunotherapy regirnen. This fìeld has been

ci iscussecl in this issue by Valenta and Kraft (pp 751-756).

The considerable progress in our understanding of

thc  r r rcchanisr r rs  under ly ing the pathogenes is  o i  a top ic

disorciers has also stinrulated the developllìellt o[ alter-

native ininrunotherapy regimens. Irnnrunotherapy catr be

addressed ro rarger allergen-specific T cells (allergen-spe-

cifrc irrrrnunorherapy) or their ef lector nrolecules (non

allcrgen-specif ic imnrunotherapy). Novel approaches to

al lergen-specif ic iurtnut ' totherapy cotrsist of:  induction of

f cÈtt . ,rè.gy with al lergen-derived peptides; i 'ductiorr

of T-cel l  class switch (fronr Th2 to ThO/Thl) '  Non

allergen-specif ic ini lnunotherapy is based otr atrtagotr iz-

ing ThZ cytokines and anti- lgE therapies (Fig' 1) '

Novel therapeutic strategies now possible

Al lergen-specifi c immunotherapies

Thc irr uifro and 111 1ti1t1t experitnetrtal nrodels of pcptidc

ntocltrlation of allergerl-specific responses erc extensively

clisctrssccl in this issue by Hoyne ct al ' (pp 757-761)'

Prclinrinary rcsults of clinical studies using thc fìrst

pcpricle criployecl i' therapy havc recertly bee' reported
j+C1. fr..t, ir.,rt with this T-cell reactive (but 'ot B-cell

ieaóriuc) pcpride, obtained fro'r the rnajor cata dander

ellcrgcrr (n.'t a 1), :rppeared to be free ol'toxiciry a'd'

eftci :, short cycle o[ fotrr we ekly irt jcctions, rcsttlteri i tt a

signifìcant intprovelttelìt oI synrptollìs, as cotltpare cl s' ith

the placcbo-ireatecl gro'p. More i 'rporta't ly, rtcithcr

signifìc:rnt side etÌects, nor induction o[anti-peptidc IgE
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% Fig.  1.  Novel  a l lergen-speci f ic  (a,b)  and

non-allergen-specific (c,d) irnmunother-

apeut ic st rategies for  a l lergic d isorders.
(a)  induct ion of  T-cel l  anergy or  Th2-

cel l  to lerance;  (b)  induct ion of  T cel l

c lass swi tch f rom Th2 to Th1 (a l lergen-

speci f ic) ;  (c)  antagoniz ing Th2 cytokines
( lL -4 ,  tL -5  and  lL -13 ) ;  (d )  ta rge t inB  B-ce l l

membrane and soluble lgE (al lergen-non-

speci f ic) .

antibodies, were observed in any of the peptide-treated

patients [47].

At present, the induction of a T cell class switch, which is

disóussed i' this issue by Daser ct al. (pp 762-770), is one

of the hottest topics, lot only for the treatnìelrt of allergy,

but of other ir i ' 'unopathological conditions, such as

chronic infectious diseases and autoinlllìune disorders.

As Th2-rype respolrses agaittst coll)I l lotr etlvirottt lental

allergens dò represent the initial triggeri'g evelìt in the

ailer[ic cascadè, the possibiliry to switch the T-ceiì

,.rpónr. toward a less dangerous pathway ap-pears of

prinrary intportance in the developntent o[ a îtew

.ffi.i.ttt fornt of specific itntlrunotherapy' A very

inrportant issue is how to achieve such a switch'

one possibiliry nlay be ro downregulate established

,le.gÀ-specific Th2 respo'ses (i.e. by acti 'g at level of

,rr.rr-rory T cells). Downregulation of Th2 cells nright

result frortr either ilductiort of tolerartce, AS well as by

selective nranipulation of cytokine secretiotl petterlìs

(reduction of IL-4 productiotr atrd itrcrease in IFN-y

production). Indeed, although several studies in the

anirtral rnodels have previously detriotrstrated a failure

to tolerize Th2 clones [48,49], nìore recelìt studies

have dertronstrated toleratrce ittcltrctiort in both the

Th1- l ike and Th2- l ike subpopulat ior ts [50,51] '  More

inrportanrly, such a possibil i ty has been supported bv

recent studies perfornred in allcrgic patie lìts tre ate d

with the t radi t ional  inrnrunotherapv rcginrcrt  [12-11].
Tolerization o[ antigen-specifìc Th2 cells nright bc

achieved by induction o[ high dose erìergy by peptidcs

[52] or by their parrial acriveriorì $' ith altered peptide

ligands [53].

In nry opinion, however, e potelìt ixl lV tttore strcccsstìrl

approach would be thc trprcgulatiort of allcrgctr-spccitìc

1. É t respo'ses, which is directctl to pri 'rc ttei 'c

T cells in a nleli l ter thît sclects tbr a prcvaletlt

Th1 phenotype. Prer!,-.rtrinrrrt ser'retinrt of Th1-t)'pt'

cytokines in responsc to allergen wil l r lot only restrlt in

the developrrt.tit and rccrttittrletrt of differetrt effector

responses (lgG productiotl atrd tlracrophage activatiotr

insiead of IgE producrion and cosinophil activatiol), but

ir wil l also-próbably inhibit thc function of established

Th2 respotrses as a result of cross-regulatory circtrits.

Indeed, ìlthough in vitro gencrated Th2 cells cotrld not

be converted into IFN-y producers, in as nruch as they

lose their sensitivity to IL-12 [54L conrpell ing evidence

that established Th2 respotrses catt be shifted i11 1ti1t1t rs

Th1-like resporlses has been provided in both nrice [55]
and hunrans [14]. Upregularion of allergen-specifrc Th1

responses has already been achieved both irr rrifro and

irt rt iuo by using cytokines, such as IFN-y or IFN-a

[41,56] and IL-12 1431. More recerttly, we have found

ihrr, , i l .tt, i tt rt itrtt, IFN-a rrot otrly tnocltt lates the

cytokine profi le, but also affects the T-cell repertoirc oi

.Í1..g.,r-rpecifìc T cells (P Parronchi ct a/., trnpttblished

data). Alternative ways ro uprcgulate Th1-typc rcspolìses

to allergetìs lÌìay be thc trse of recortlbittant Myroltaclcritt

or  other adjuvar l ts,  APCs that selcct  for  thc Th1

phenotype, ót plasnrid DNA (allergert epitope pltrs

cytokine) - gelÌe thcraPY.

N on-al lergen-specific immunotherapies

Othcr potential lV efÌìcicnt thcrapctrt ic stratcgies ir tvolvc

targctir ig the ci l tctor t t tc.r lcctr lcs proclt tcc'd es i ì  colìsc-

q,., . i ,r . .  
-oi 

act ivat ion of T62 ccl ls (rou-al lcrgen-specifìc

irrrnrtrnothcrapy). This apprt lach has bccorÌìe concepttr-

al ly avai lablc i t ter cvidcrtce was acctr l tr tr lated to suggcst

that Th2 respolìses are prgbably not cr i t ical for survival

lnd protecriorì.  First,  IL-.t-defìcient t tr ice, which ci<r

rìot ; icvclop Th2 rcsporìscs, are bettcr protectc'd t5a'

wi l t l - tvpc arr ir t tels against thc grcat nrajori ty- of infect iorrs

[18] .  Tù2 ce l ls  are i .c lecc i  n ìore protect ive than Th1 ce l ls

ànly ageitrst gastrointcst ir tal trctt latodcs; Th2 cel ls do rt . , t

ki l l 'neìnato, l . ' t ,  btrt  ntakc thcir l i t i '  habitat uttpleasettt  vi : t
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the effects exerted by IL-4 on gastrointestinal function

[57]. At present, however, gastrointestinal nematodes
do not represent a health problem, at least in developed
countries. Subjects homozygous for deletions involving

the t gene, however, appear perfectly nornral [58],
suggesting that at least one of the main ll-4-dependent
effector mechanisrrrs (i.e. production of IgE antibody)
is not critical for human life, or its qualiry. lL-4
activiry nray be antagonized by soluble IL-4 receptor

[59] or more effectively by a hunratr lL-4 nrutant
protein, described in this issue by de Vrics et al-
(pp 771,-778). Interestingly, this protein also antagotrizes
the biological activiry of IL-13, as well as the l l-4-driven
differentiation of Th2 cells in uitro.lL-5 activiry has now
been antagonized by hurnanized antibodies to IL-5,
which appeared to be capable of inhibit ing eosinophil
infiltration and nortnalizing airway hyperreactiviry in
monkeys challenged with Ascaris suis [60,61]. IL-5

activity has also been antagotrized by a l l-5-specific
gene transcription inhibitor 162). Finally, ' intell igent'
humanized anti-hutnan IgE antibodies havc recently
been prepared. These antibodies, which are described
by Paula Jardieu in this issue (pp 779-782), bind to
IgE residues crit ical for receptor binding, thus reecti lìg
with both menrbrane IgE fronr B cells and soluble IgE,
but not with IgE bound to nìast cells or basophils.
Hunran preclinical safety of anti-lgE therapy appears to
be satisfring and clinical studies look very pronrising.
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