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Introduction

Atopic allergy is a genetically determined disorder char-
acterized by the increased ability of B lymphocytes to
produce IgE antibodies directed at groups of ubiquitous
antigens that activate the immune system after inhalation
or ingestion, and perhaps after penetration through
the skin (allergens). IgE antibodies are able to bind
to high-affinity Fc€ receptors (FceRI) present on the
surface 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
that produce IgE and mast cells/basophils that bind IgE,
eosinophils also appear to be involved in the pathogenesis
of allergic reactions, as these cells usually accumulate at
the sites of allergic inflammation and the toxic products

they release significantly contribute to the induction of
tissue damage.

Pathogenic role of allergen-specific Th2-like
cells

The mechanisms accounting for the joint involvement
of 1gE-producing B cells, mast cells/basophils and
eosinophils in the pathogenesis of allergic reactions have
become clear with the demonstration of polarized forms
of the specific immune response, as revealed on the basis
of their profile of cytokine secretion [1,2]. Type 1 helper
(Th1l) CD4* T cells produce interferon (IFN)-y and
are the principal effector of phagocyte-mediated host
defense, which is highly protective against infections
sustained by intracellular parasites. On the other hand,
Th2 CD4+ T cells produce IL-4, which stimulates
the production of IgE and IgGy antibodies, IL-5
(an eosinophil-activating factor), IL-10 and IL-13,
which, together with IL-4, inhibit several macrophage
functions. Therefore, the Th2 cell is mainly responsible
for phagocyte-independent host defense (e.g. against
certain nematodes [3]) as well as an excellent candidate
to explain why the mast cell/eosinophil/IgE-producing

B cell triad is involved in the pathogenesis of allergy.
Strong evidence has been accumulated to support this
concept: allergens preferentially expand Th cells with a
Th2-like profile [4,5); Th2-like cells accumulate in the
target organs of allergic patients [6-9]; challenge with
allergen results in the local activation and recruitment
of allergen-specific Th2-like cells [10]; and successful
specific immunotherapy is associated with changes in the
cytokine profile of allergen-reactive Th cells [11-13].
More recently, it was found that allergen-reactive
Th2 cells expressing membrane CD30, an activation
marker preferentially associated with the production of
Th2-type cytokines, are present in the circulation of
allergic patients during seasonal allergen exposure [14].
Moreover, CD30+ T cells are present in the lesional
skin of patients with atopic dermatitis (M Caproni ef al.,
unpublished data), and high levels of soluble CD30 are
detectable in the serum of patients with atopic dermatitis
(L Giannarimi, F Vinante, G Pizzolo, S Romagnani, E
Maggi, unpublished data).

Mechanisms involved in the differentiation of
Th2 cells

The mechanisms responsible for the preferential devel-
opment of allergen-reactive Th2 cells n atopic subjects
have not yet been clarified. In both murine and human
in vivo and in vitro systems, IL-4 appears to be the
most dominant factor in determining the likelihood for
Th2 polarization [15-17]. Accordingly, mice that have
had their IL-4 gene targeted fail to generate mature
Th2 cells in vive and to produce IgE antibodies [18],
suggesting that early IL-4 production by a cell type
distinct from the Th2 cell must be involved. Possible
candidates include mast cells/basophils and eosinophils,
which have been shown to release stored IL-4 1n
response to FceR triggering [19-21], the LECAM-1dull
subset of CD4+ T cells [22], the CD4*NK1.1* T-cell
subset [23], or the naive Th cells themselves [24-26].
With regard to the role of mast 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 immune
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 mice produce antigen-specific IgE only
when reconstituted with IL-4-producing T cells (but
not with IL-4-producing non-T cells) [28]. Thus,
IL-4 production by mast cells/basophils or eosinophils
triggered by antigen-IgE antibody immune complexes,
might play a role in amplifying secondary responses to
parasites, but cannot account for the Th2 development in
primary immune responses. A way out of this dilemma
may be a pathway of IL-4 secretion independent of FceR
cross-linking. It has been suggested that, because of their
proteolytic activity, both helminth products and some
allergens may induce FceRIt cells to release 1L-4 [29];
however, obvious mechanisms of FceR-independent

IL-4 production by these cells have not yet been
identified.

A second possibility is that the endogenous source of
IL-4 required for Th2 development is the LECAM-1dull
subset of CD4+ T cells, which contains the majority of
the memory/activated CD4+ cells and has been shown
to secrete significant amounts of IL-4 upon primary
stimulation in vitro [22,30], 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 CDI1,
a nonpolymorphic MHC class I like molecule [31].
Interestingly, mice that are deficient in fs-microglobulin
(which are also deficient in CD1 expression) produce
neither 1L-4 nor IgE; morecover, SJL mice that are
unable to produce IgE do not possess CD4tNK1.1+
T cells or express membrane I1L-4 following in vivo
injection of anti-CD3 antibody [32,33]. Therefore, it
could be possible that immunogens having associated
superantigens can interact not only with the naive
CD4+ cells, but also with a sufficiently large fraction
of CD4*NK1.1* cells, thus making a pulse of IL-4
available for naive CD4% T cells that are responding
at the same time to the antigenic peptide. It is unlikely,
however, that all antigens that are able to promote the
differentiation of naive Th cells into the Th2 pathway
can necessarily activate CD4+*NK1.1*, CD1-restricted,
T cells. A more likely possibility is that the source of
IL-4 in the primary response is the naive CD4% T cells
themselves. This possibility has recently been supported
by several findings. First, low intensity signalling of the
TCR, such as that mediated by low peptide doses or
by mutant peptides, led to secretion of low levels of
IL-4 by murine naive T cells [24]. Second, human
CDA45RA* (naive) adult peripheral blood T cells, as well
as human neonatal T cells, were found to develop into
IL-4-producing cells in the absence of any pre-existing
source of IL-4, even in the presence of anti-IL-4
antibodies [25,26]. Finally, high proportions of T-cell
clones showing a clear-cut Th2 profile of cytokine
production can be generated from single CD4+ T cells
sulaied from thywmus of small children (MC Mingari et

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 of, IL-4 production by naive T cells themselves
at priming. These are likely to be determined by the
genetic background of the individual and the nature and
the intensity of TCR signalling by the peptide ligand.
Obviously, when CD1-restricted antigens are expressed
on APCs, CD4*tNK1.1*+ T cells, which rapidly release
high amounts of IL-4, may also contribute to the
development of the Th2 pathway.

Mechanisms responsible for development 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 1L-13) suggests that the mechanism(s) underly-
ing heightened IgE responsiveness seen in atopic diseases
(i.e. non-cognate regulation of IgE responsiveness) could
primarily involve the development and/or the functional
capability of Th cells. Such a possibility was strongly
supported by experiments performed in the past few
years in my laboratory.

First, it was found that CD4* T-cell clones from 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 Thl-like cytokine profile
in nonatopic individuals [34]. Moreover, T-cell clones
generated from cord blood lymphocytes 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 of 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 immunodominant Par O 1 peptides
(P92 and p96). Interestingly, both p92-specific and
p96-specific T-cell clones generated from ‘high IgE’
donors produced remarkable amounts of IL-4 and low
levels of IFN-y. In contrast, T-cell clones generated
from ‘low IgE’ donors showed a different profile of
cytokine production: the majority of those specific
for p96 produced high amounts of both IL-4 and
IFN-y, whereas most p92-specific T-cell clones showed
a Thl-like profile (high IFN-y and low IL-4) (P
Parronchi, S Sampognaro, 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,
mechanisms underlying non-cognate regulation of IgE
responsiveness are overwhelming.

The genetic alterations that are possibly responsible for
immune disorders of atopic individuals are still unclear.
Regarding a potential genetic link between atopy and
specific IgE response, several studies have underlined
the potential role of both MHC class I haplotype
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[35], but the data remain controversial. With regard to
TCR repertoire, a gene (or genes) in the a/8 complex
has been described to influence the development of a
specific IgE response in allergic subjects [36]. Restricted
usage of Val13 by T-cell clones specific for Lolium
perenne group 1 (Lol p 1) was also reported [37].
More recently, we found an intra- and interindividually
restricted usage of TCR variable regions in both Lol p
1-specific and Poa pratensis group 9 (Poa p 9)-specific
T-cell lines (P Parronchi et al., unpublished data; A
Daser, P Parronchi, U Whan, S Romagnani, H Renz,
unpublished data). On the other hand, the evidence for
linkage of the IgE response to markers in chromosome
5g31.1, especially to the IL-4 gene [38], suggests that
one or more polymorphisms exist in a coding region or,
more probably, a regulatory region of the IL-4 gene.

Several studies have identified potential mechanisms
governing the IL-4 gene expression in human and
murine T cells. Transcription of IL-4 gene is stringently
regulated by multiple promoter elements acting together
(39,40]. Thus, the more likely possibility is that atopic
subjects have an altered regulation at level of the 1L-4
gene. Numerous genes map within 5¢31.1, however,
including 1L-13, which might influence IgE production.
Other possible candidates are IRF1, whose gene product
upregulates IFN-a production, which in turn can
downregulate IgE production and inhibit Th2-cell
development [41] and IL-12B, which encodes the B
chain of IL-12, a known inducer of IFN-y production
by CD4+ T cells, CD8" T cells and by natural killer
cells [42], as well as a powerful inducer of Th1 responses
[43]. In this respect, it is noteworthy that depletion with
a sublethal dose of ricin of a subpopulation of CD8* T
cells that produce IFN-y results in a massive increase in
the level of serum IgE [44]. More importantly, IFN-y
released by MHC class I-restricted CD8*yd* T cells
prevents the development of Th2-like cells in response

to nonreplicating antigens presented at mucosal surfaces
[45,46].

Recent experiments performed in my laboratory also
suggest a possible role for CD8* T cells in controlling
the allergen-specific Th2 response in humans. First,
challenge with the Par O 1 peptide 92 (see above)
resulted in the expansion of higher numbers of CD8*
T-cell clones that were ‘low’, rather than in those that
were ‘high’, IgE producers. In addition, lactalbumin
resulted in the expansion of higher numbers of CD8*
T-cell clones in nonatopic, rather than in atopic
milk-sensitive, donors (P Parronchi, S Sampognaro, L
Giannarini, E Maggi, S Romagnani, unpublished data),
suggesting that allergen-specific CD8* T cells may play
an important role (via IFN-y production?) in shifting the

response of CD4* Th cells to the same allergen from
Th2 to Thl.

Thus, either alterations of molecular mechanisms directly
involved in the regulation of IL-4 gene expression, or
deficient regulatory activity of cytokines responsible
for the inhibition of Th2-cell development (such as
IFN-a/y and IL-12), or both, may account for the

preferential Th2-type response towards environmental
allergens in atopic people. An overexpression of other
cytokine agents (IL-3, IL-5, granulocyte-macrophage
colony-stimulating factor [GM-CSF] and IL-9) located
together with 1L-4 and IL-13 within the same cluster of
chromosome 5 may also be present. The overexpression
of the above genes can account for the preferential
development of Th2 cells in response to allergens, as
well as for the production by Th2 cells, and even by
other cell types, of the cytokines involved in the allergic
inflammation and can therefore explain the persistent

histological, pathophysiological and clinical aspects of
allergic disorders.

Novel therapeutic strategies now possible

The new insights into the pathogenesis of allergic
disorders, as well as dramatic biotechnological advances,
have provided novel opportunities for intervening more
efficiently in the allergic disease process. Important
technical progress was achieved when several groups
started to isolate and analyze c¢DNAs coding for
allergens. Current forms of in vitro and in vivo diagnosis of
allergic diseases might be improved as soon as a complete
panel of recombinant allergens covering plant, mite,
animal and fungal allergy will be available for routine
testing of allergic patients. Moreover, due to extensive
cross-reactivities at level of allergen T-cell epitopes,
it may be possible to use a few recombinant model
allergens that bind a high percentage of specific IgE for
the classic immunotherapy regimen. This field has been
discussed in this issue by Valenta and Kraft (pp 751-756).

The considerable progress in our understanding of
the mechanisms underlying the pathogenesis of atopic
disorders has also stimulated the development of alter-
native immunotherapy regimens. Immunotherapy can be
addressed to target allergen-specific T cells (allergen-spe-
cific immunotherapy) or their effector molecules (non
allergen-specific immunotherapy). Novel approaches to
allergen-specific immunotherapy consist of: induction of
T cell anergy with allergen-derived peptides; induction
of T-cell class switch (from Th2 to Th0/Th1). Non
allergen-specific immunotherapy 1s based on antagoniz-
ing Th2 cytokines and anti-IgE therapies (Fig. 1).

Allergen-specific immunotherapies

The in vitro and in vivo experimental models of peptide
modulation of allergen-specific responses are extensively
discussed in this issue by Hoyne et al. (pp 757-761).
Preliminary results of clinical studies using the first
peptide employed in therapy have recently been reported
[46]. Treatment with this T-cell reactive (but not B-cell
reactive) peptide, obtained from the major cata dander
allergen (Fel d 1), appeared to be free of toxicity and,
after a short cycle of four weekly injections, resulted m a
significant improvement of symptoms, as compared with
the placebo-treated group. More importantly, neither
significant side effects, nor induction of anti-peptide IgE
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Fig. 1. Novel allergen-specific (a,b) and
non-allergen-specific (c,d) immunother-
apeutic strategies for allergic disorders.
(@) induction of T-cell anergy or Th2-
cell tolerance; (b) induction of T cell
class switch from Th2 to Th1 (allergen-
specific); (c) antagonizing Th2 cytokines
(IL-4, IL-5 and IL-13); (d) targeting B-cell
membrane and soluble IgE (allergen-non-

antibodies, were observed in any of the peptide-treated
patients [47].

At present, the induction of a T cell class switch, which is
discussed in this issue by Daser et al. (pp 762-770), is one
of the hottest topics, not only for the treatment of allergy,
but of other immunopathological conditions, such as
chronic infectious diseases and autoimmune disorders.
As Th2-type responses against common environmental
allergens do represent the initial triggering event in the
allergic cascade, the possibility to switch the T-cell
response toward a less dangerous pathway appears of
primary importance in the development of a new
efficient form of specific immunotherapy. A very
important issue is how to achieve such a switch.
One possibility may be to downregulate established
allergen-specific Th2 responses (i.e. by acting at level of
memory T cells). Downregulation of Th2 cells might
result from either induction of tolerance, as well as by
selective manipulation of cytokine secretion patterns
(reduction of IL-4 production and increase in IFN-Y
production). Indeed, although several studies in the
animal models have previously demonstrated a failure
to tolerize Th2 clones [48,49], more recent studies
have demonstrated tolerance induction in both the
Thi-like and Th2-like subpopulations [50,51]. More
importantly, such a possibility has been supported by
recent studies performed in allergic patients treated
with the traditional immunotherapy regimen [12-14].
Tolerization of antigen-specific Th2 cells might be
achieved by induction of high dose anergy by peptides
[52] or by their partial activation with altered peptide
ligands [53].

In my opinion, however, a potentially more successtul
approach would be the upregulation of allergen-specitic
Th1 responses, which is directed to prime naive
T cells in a manner that selects for a prevalent
Th1l phenotype. Predominant secretion of Thi-type

specific).

cytokines in response to allergen will not only result in
the development and recruitment of different eftector
responses (IgG production and macrophage activation
instead of IgE production and cosinophil activation), but
it will also probably inhibit the function of established
Th2 responses as a result of cross-regulatory circuits.
Indeed, although in vitro generated Th2 cells could not
be converted into IFN-y producers, in as much as they
lose their sensitivity to IL-12 [54], compelling evidence
that established Th2 responses can be shifted in vivo to
Th1-like responses has been provided in both mice [55]
and humans [14]. Upregulation of allergen-specific Thl
responses has already been achieved both in vitro and
in vivo by using cytokines, such as IFN-y or IFN-a
[41,56] and IL-12 [43]. More recently, we have found
that, at least in vitro, IFN-a not only modulates the
cytokine profile, but also affects the T-cell repertoire of
allergen-specific T cells (P Parronchi et al., unpublished
data). Alternative ways to upregulate Thl-type responses
to allergens may be the use of recombinant Mycobacteria
or other adjuvants, APCs that select for the Thl
phenotype, or plasmid DNA (allergen  epitope plus
cytokine) — gene therapy.

Non-allergen-specific immunotherapies

Other potentially efficient therapeutic strategies involve
targeting the effector molecules produced as a conse-
quence of activation of Th2 cells (non-allergen-specific
immunotherapy). This approach has become conceptu-
ally available after evidence was accumulated to suggest
that Th2 responses are probably not critical for survival
and protection. First, IL-4-deficient mice, which do
not develop Th2 responses, are better protected than
wild-type animals against the great majority of infections
[18]. Th2 cells are indeed more protective than Th1 cells
only against gastrointestinal nematodes; Th2 cells do not
kill nematodes, but make their life habitat unpleasant via
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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 € gene, however, appear perfectly normal [58],
suggesting that at least one of the main IL-4-dependent
effector mechanisms (i.e. production of IgE antibody)
is not critical for human life, or its quality. IL-4
activity may be antagonized by soluble IL-4 receptor
[59] or more effectively by a human IL-4 mutant
protein, described in this issue by de Vries et al.
(pp 771-778). Interestingly, this protein also antagonizes
the biological activity of IL-13, as well as the 1L-4-driven
differentiation of Th2 cells in vitro. IL-5 activity has now
been antagonized by humanized antibodies to IL-5,
which appeared to be capable of inhibiting eosinophil
infiltration and normalizing airway hyperreactivity in
monkeys challenged with Ascaris suis [60,61]. IL-5
activity has also been antagonized by a IL-5-specific
gene transcription inhibitor [62]. Finally, ‘intelligent’
humanized anti-human IgE antibodies have recently
been prepared. These antibodies, which are described
by Paula Jardieu in this issue (pp 779-782), bind to
IgE residues critical for receptor binding, thus reacting
with both membrane IgE from B cells and soluble IgE,
but not with IgE bound to mast cells or basophils.
Human preclinical safety of anti-IgE therapy appears to
be satisfying and clinical studies look very promising.
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