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SUMMARY 
Genetic predisposition and environmental instructions tune thresholds for activa-
tion, effector functions and life span of T cells, other inflammatory cells and resi-
dent tissue cells. Defects in apoptosis and peripheral tolerance in T cells define
different allergic phenotypes. High IFN-γ-producing activated allergen-specific T
cells predominantly undergo apoptosis in the circulation, skewing the immune
response to surviving Th2 cells in atopic diseases. In affected tissues, these cells
switch on effector cytokines, induce activation and apoptosis of epithelial cells.
On the other hand, in monoallergic non-atopic individuals disturbed balance
toward allergen-specific T helper 2 cells instead of T regulatory 1 cells character-
ize the T cell response. (Journal of Current Pediatrics 2009; 7: 24-30)
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ÖZET
Genetik yatk›nl›k ve çevreden gelen uyar›lar T hücrelerinin, di¤er inflamatu-
var hücrelerin ve vücut dokular›nda bulunan hücrelerin yaflam sürelerini ve
efektör fonksiyonlar›n› düzenlerler. T hücrelerindeki apoptoz ve periferal tol-
erans bozukluklar› farkl› alerjik fenotiplerini belirler. Yüksek IFN-γ yapan
aktive olmufl alerjen spesifik T hücreleri dolafl›mda erken apoptoza gittikleri
için atopik hastal›klarda immun yan›t› Th2 hücreleri yönüne çevirirler.
Etkilenen dokularda bu hücreler efektör sitokinleri devreye sokarak epitel
hücrelerinin aktivasyonunu ve apoptozunu da tetiklerler. Di¤er taraftan
monoallerjik nonatopik bireylerde T regulatuvar 1 hücreleri yerine alerjen
spesifik Th2 hücreleri yönüne kaym›fl olan denge T hücre yan›t›n› belirler.
(Güncel Pediatri 2009; 7: 24-30)
Anahtar kelimeler: Apoptoz, atopi, sitokinler, T hücreleri, ast›m, atopik der-
matit
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Introduction

T cells constitute a large population of cellular in-
filtrate in atopic/allergic inflammation and a dysregu-
lated immune response appears to be an important
pathogenetic factor. Cardinal events during allergic
inflammation can be classified as activation, organ-
selective homing, survival and reactivation and effec-
tor functions of immune system cells (1). T cells are
activated by aeroallergens, food antigens, autoanti-
gens and bacterial superantigens in allergic inflam-
mation. They are under the influence of skin, lung or
nose-related chemokine network and they show or-

gan-selective homing. A prolonged survival of the inf-
lammatory cells in the tissues and consequent reacti-
vation is observed in the subepithelial tissues (2-4). Fi-
nally, T cells display effector functions, which result in
the induction of hyper IgE, eosinophil survival and mu-
cus hyper production (3-5); and interact with bronchi-
al epithelial cells and keratinocytes causing their ac-
tivation and apoptosis (6,7).

It is still not understood why exposure to allergens
causes atopic disorders in some individuals, but not
others, however, it is clear that strong interaction of
environmental and genetic factors is involved. Four
cardinal events during allergic inflammation can be
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classified as activation of memory/effector T cells and
other effector cells such as mast cells, eosinophils
and basophils, their organ-selective homing, prolon-
ged survival and reactivation inside the allergic or-
gans and effector functions (8). T cells are activated
by aeroallergens, food antigens, autoantigens and
bacterial superantigens in allergic inflammation (3,9).
They are under the influence of skin, lung or nose-re-
lated chemokine network and they show organ-selec-
tive homing (10-12). A prolonged survival of the inflam-
matory cells and strong interaction with resident cells
of the allergic organ and consequent reactivation is
observed in the subepithelial tissues (13,14). T cells
play important effector roles in atopic dermatitis and
asthma with induction of hyper IgE and eosinophil
survival (3,14). In addition, activated T cells induce
bronchial epithelial cell and keratinocyte apoptosis as
major tissue injury events (7,15-17). Peripheral T cell
tolerance to allergens can overcome all of the above
pathological events in allergic inflammation, because
they all require T cell activation. 

Atopic, Monoallergic and Non-IgE-Associated
Types of Allergic Diseases
Atopic dermatitis (AD), allergic rhinitis, and ast-

hma are atopic diseases that develop on a complex
genetic background. Although they target different
organs, in most patients they are characterized by
the presence of elevated total serum IgE levels. The
atopic form of allergic diseases is often initiated with
the atopic march in infancy and the inflammation may
involve one of the organs such as skin, lung and nose
or appear in combination (18). The cutaneous mani-
festations of atopy represent the beginning of the
atopic march. Approximately half of AD patients de-
velop asthma, particularly with severe AD, and two
thirds develop allergic rhinitis (18). The start of the al-
lergic march is characterized by IgE mediated sensi-
tization to food allergens and later only to inhalatory
allergens, and that food allergy is very frequently as-
sociated with inhalatory allergies. The second type of
allergic diseases is monoallergy, so called allergic-
breakthrough characterized by development of aller-
gen-specific IgE in the absence of high serum total
IgE in non-atopic individuals (19). It may develop at
any time of the life without any predisposing factor. It
is manifested as an anaphylactoid type of allergy wit-
hout any target organ inflammation in venom, some

food and drug allergies or with organ involvement as
rhinitis, asthma and dermatitis (20,21). Especially ve-
nom allergic and allergic rhinitis patients in this gro-
up show highly successful response to allergen-spe-
cific immunotherapy (20,22). One of the key question
in monoallergies has been to understand how an in-
dividual develops allergy to a single protein, while to-
lerating thousands of others exposed by ingestion or
inhalation. Different sub-types of regulatory and sup-
pressor cells and mechanisms that may play a role in
peripheral tolerance have been demonstrated, and
their biology has been the subject of intensive inves-
tigation during the last few years. T regulatory (Tr) 1
cells consistently represent the dominant subset spe-
cific for common environmental allergens in healthy
individuals, in contrast there is a high frequency of al-
lergen-specific Th2 cells in allergic individuals (23).
Effector (allergen-specific Th2) and suppressor (al-
lergen-specific Tr1) T cells exist in both healthy and
allergic individuals in certain amounts. Their ratio de-
termines the development of a healthy or an allergic
immune response and also plays a role in successful
treatment (23-25).

Although most of the patients with AD, asthma and
rhinitis show high levels of total and allergen-specific
IgE, some of the patients have normal total IgE levels
and negative serum allergen-specific IgE. The sub-
group of these patients has been termed, non atopic
form, non-allergic form, non IgE-associated form or
intrinsic-types of asthma, dermatitis and rhinitis (26-
29). This subtype can be characterized by the follo-
wing criteria a) clinical phenotype of asthma, AD or
rhinitis; b) negative type I skin hypersensitivity to ae-
ro- and food allergens; c) normal serum IgE levels; d)
no detectable specific IgE antibodies to aero- and fo-
od allergens. These three forms of diseases often
overlap in terminology and mechanisms, however
exact definitions related with the underlying patho-
mechanisms may become possible in the near future,
because of rapid advancements in the field. 

Increased Activation-Induced Cell Death in 
Th1 Cells as a Mechanism of Peripheral 
T Helper 2 Dominance in Atopy
It has been proposed that differential organ-speci-

fic trafficking of CD4+ Th1 and Th2 cells promote diffe-
rent inflammatory reactions. Skin, lung and nose rep-
resent functionally distinct immune compartments
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and chronic inflammation of these organs is generally
associated with tissue infiltration by T cells (1,9,22,30).
A peripheral blood T cell marker has not been identi-
fied in allergic asthma, allergic rhinitis as well as ot-
her organ-specific autoimmune and inflammatory di-
seases so far. However, the great majority of T cells
homing to skin are of the CD45RO+ memory/effector
phenotype and express the skin-selective homing re-
ceptor, cutaneous lymphocyte-associated antigen
(CLA) (31). Peripheral blood CLA+ memory/effector
cells demonstrate typical features of activated T cells.
Both CD4+ and CD8+ subsets of freshly isolated CLA+ T
cells express significantly higher levels of CD25,
CD40-ligand and HLA-DR. They show spontaneous
proliferation, induce IgE production by B cells and en-
hance eosinophil survival (3,32,33). 

A polarized peripheral blood Th2 cytokine pattern
was regarded as a specific feature reflecting immune
dysregulation in atopy. Interestingly, a switch in cyto-
kine profile occurs towards Th0/Th1 after skin-homing
of T cells in AD. IFN-γ predominates over IL-4 in chro-
nic skin lesions and older patch test reactions, whe-
reas, IL-5 and IL-13 still remain at high levels (34-36).
IL-12 and IL-18 produced by keratinocytes and dendri-
tic cells in the microenvironment are likely predomi-
nant mediators for the induction of IFN-γ in T cells af-
ter homing to skin (37,38). In addition, most of the T
cells found in skin-draining lymphatics, which repre-
sent skin-de-homing memory/effector T cells, express
CLA and increased levels of IFN-γ (39,40).

The balance between production and death is im-
portant in the control of cell numbers within physiolo-
gical ranges. Cell accumulation in the tissues may be
a consequence of either increased cell production or
decreased cell death. Because apoptosis of mature T
cells is a powerful mechanism for deleting T cells, it
raises the interesting possibility that unequal apopto-
sis of Th1 and Th2 effector cells may lead to preferen-
tial deletion of one subset over another. It has been
demonstrated that, a fraction of circulating CLA+

CD45RO+ T cells show direct evidence for in vivo ini-
tiated activation-induced cell death (AICD) (2). Imme-
diately after purification, these cells show active cas-
pase-8 and increased caspase degradation, in con-
trast to their CLA- counterpart and CLA+ T cells of he-
althy individuals and several non-atopic disorders,
such as intrinsic types of asthma and AD, psoriasis,

contact dermatitis and bee venom allergy. In addition,
AICD of CLA+ T cells could be inhibited by caspase
cascade inhibition and by blocking Fas/Fas-ligand in-
teraction. Characterization of cytokine profile of T
cells, which resist or undergo AICD revealed unequal
death in Th1 and Th2 cells. In the absence of survival
factors and Fas-pathway inhibitors, a Th2-skewed
cytokine profile was observed in CD45RO+ T cells as
well as CLA+ CD45RO+ T cell clones (2). Supporting
these findings, high IFN-γ-secreting Th1 cells were
shown to be short lived that do not efficiently develop
into long term memory Th1 cells in mice (41,42). By
using in vitro generated Th1 and Th2 cells, it was sug-
gested that unequal susceptibility to AICD may be re-
lated to increased expression of a Fas-associated
phosphatase, FAP-1 in Th2 cells (43). In addition, AICD
susceptibility of Th1 subsets in HIV infection was fo-
und related to variable levels of Bcl-2 expression (44).
Furthermore, upregulation of phosphatidylinositol 3'-
kinase, which inhibits caspase-8 cleavage at the de-
ath-inducing complex has been reported as a mecha-
nism for Th2 resistance to Fas-mediated apoptosis
(45). Instruction of different Th cell fates via different
transcription factors, such as T-bet for Th1 cells and
GATA-3 for Th2 cells has been demonstrated in seve-
ral mouse models and some evidence has been
shown for human diseases (46,47). In addition, Notch
pathways are used by antigen-presenting cells to ins-
truct T cell differentiation. Of the two Notch ligand fa-
milies, Delta induces Th1, while Jagged induces Th2
cell differentiation (48).

In the inflammatory forms of allergic diseases, der-
mis and submucosa turns into a secondary lymphoid
organ-like tissue with migrating T cells and dendritic
cells. Tissue infiltration of different types of dendritic
cells and increased expression of the high affinity re-
ceptor for IgE (FcεRI) has been repeatedly reported in
AD in comparison to non-atopic form (49). B cell infil-
tration and local IgE switch has been reported in the
atopic asthma and rhinitis (50). A prerequisite for
chronic inflammations is the prolonged survival of inf-
lammatory cells in the affected organs. Loss of at-
tachment to matrix causes apoptosis in many cell
types including T cells (51). This phenomenon, refer-
red to as anoikis (homelessness), was assumed to
prevent cells that have lost contact with their original
surroundings, from establishing themselves at inap-
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propriate locations. Inflammatory cells reside in a
protein network in the tissues, the ECM, which exerts
a profound control over them. T cells infiltrating the
AD skin are protected from apoptosis by ECM prote-
ins and cytokines, although they express both Fas and
Fas-ligand. The effects of ECM are primarily mediated
by integrins that can recognize several ECM proteins;
conversely, a single ECM protein can bind to several
integrins (51). Cell adhesion to the ECM has been imp-
licated in protection from apoptosis in anchorage-de-
pendent cell types (51). Apparently, integrin signaling
by ECM represents an important survival signal to T
cells, although they do not require anchorage in the
tissues. In addition, the common γ-chain shared by IL-
2, IL-4 and IL-15 receptors as well as all other known
T cell growth factor receptors is an essential survival
signaling component for T cells (52). 

T Cells Induce Epithelial Cell 
Activation and Apoptosis
An inflammatory process is associated almost in-

variably with tissue damage and healing. There is
growing evidence to incriminate the epidermis and
bronchial epithelium as both target and enhancer of
the inflammatory response in asthma and AD (6,7).
The respiratory epithelium was demonstrated as an
essential target of the inflammatory attack by T cells
and eosinophils in asthma (7). Bronchial epithelial
cells show morphological characteristics of apopto-
sis mediated by activated T cells and eosinophils. Si-
milar to the findings in the lung, apoptosis of kerati-

nocytes induced by T cells and mediated by Fas is a
crucial event in the formation of eczematous lesions
in AD and allergic contact dermatitis (6). In both ast-
hmatic lung and eczematous skin, epithelial cells ex-
press functional Fas as an apoptosis receptor. IFN-γ
upregulates Fas and renders keratinocytes suscep-
tible to apoptosis. On the other hand, TNF-α upregu-
lates both Fas and Fas-ligand as well as its own re-
ceptors, TNF-RI and II on bronchial epithelial cells.
Moderate to severe epithelial apoptosis was de-
monstrated to be relevant in vivo using bronchial bi-
opsies in asthma and lesional skin biopsies in AD. It
has to be noted here that receptor affinity and activa-
tion thresholds for IFN-γ and Th2 cytokines IL-4, IL-5
and IL-13 show a significant difference. For example,
1 ng/ml of IFN-γ can induce KC apoptosis, whereas 50
ng/ml of IL-4 and IL-13 are required to induce IgE pro-
duction by B cells and IL-5 to prolong eosinophil life
span in vitro (6,24). This suggests that a Th2-like T
cell, which produces small quantities of IFN-γ can al-
so induce epithelial cell apoptosis. Apparently,
bronchial epithelial apoptosis leads to epithelial
shedding in asthma and keratinocyte apoptosis leads
to spongioform morphology in AD (6,7,53). It seems
probable that during the course of eczema, kerati-
nocyte stem cells located directly at the basal mem-
brane are protected from T-cell induced apoptosis
because of strong anti-apoptotic signals from dermal
fibrocytes and ECM proteins (51).

Mübeccel Akdifl. Mechanisms of Allergic InflammationGüncel Pediatri 2009; 7: 24-30

27GüncelPediatri

Table 1. Immunological characterization of atopic, non-atopic and monoallergic forms of allergic diseases
Clinical Total Specific Th1 Specific Eosinophilia Epithelial Type 1
outcome IgE IgE AICD Th2 apoptosis skin test

reactivity
Atopic diseases AD asthma high + + + + + +

rhinitis (multiple (multiple
specificity) specificity)

Non-atopic diseases dermatitis normal - - - ± + -
(non IgE- asthma
associated, intrinsic) rhinitis

without organ normal + - + - - +
involvement (single (single

Monoallergy (venom allergy) specificity) specificity)
(allergic- with organ normal + - + - + +
breakthrough) involvement (single (single

dermatitis specificity) specificity)
asthma 
rhinitis



Conclusion

Different immune response profiles and activation
and apoptosis thresholds define at least three types of
allergic diseases (Table 1). In atopic diseases, T cell
turnover between skin and circulation is associated
with a switch of cytokine profiles as Th0/Th1-like insi-
de the skin and Th0/Th2-like in the circulation. T cell-
mediated effector functions such as epithelial shed-
ding and spongiosis formation depends on IFN-γ, TNF-
α and Fas-ligand production in the skin and lung. In
contrast, hyper-IgE production depends on Th2-like
profile of circulating memory/effector T cells that ho-
me to secondary lymphoid organs. The unequal sus-
ceptibility to AICD between Th1 and Th2 cells that
controls the T cell fate, may eventually cause an im-
balance in Th cell subsets leading to peripheral blood
Th2 response in poly-allergic individuals with AD. This
is often associated with peripheral blood and someti-
mes tissue eosinophilia. In monoallergic form, aller-
gen-specific Th2 and IgE responses are confined to
the single allergen and esosinophilia is not observed.
Changes in the fine balance between allergen-speci-
fic Tr1 and allergen-specific Th2 cells are very cruci-
al in the development and also treatment of monoal-
lergies. In the non IgE-associated type of allergic di-
seases, Th2 cytokine production is much lower com-
pared to atopic form. Total IgE and specific IgE are not
observed, but eosinophilia is reported occasionally.
Epithelial apoptosis in the lung and skin may occur in
all forms with tissue inflammation.
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