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Our evolving knowledge of the universe of immune cyto-
kines has permitted more precise definition of the extensive 
involvement of many cell-derived protein factors in the 
mediation of allergic diseases and asthma. Several newly 
recognized cytokines, which are derived from epithelial 
cells of the respiratory system, skin, and gastrointestinal 
tract or intraepithelial T cells in the context of interactions 
with nonimmune parenchymal cells, have potent stimu-
latory or inhibitory effects on the differentiation and/or 
activities of T helper (Th) 2-type CD4 T cells. Their proper-
ties and effects are reviewed from the perspective of novel 
targets for antiallergic therapy.

Introduction
I discuss in this perspective three major advances in our 
understanding of basic immunological concepts and mech-
anisms, which likely provide the foundations for novel 
diagnostic and therapeutic approaches in allergic diseases. 
Each topic focuses on an allergologically relevant aspect 
of the seemingly limitless universe of immune cytokines. 
First, I consider interleukin (IL)-18 and IL-33, which are 
two cytokines of the IL-1 family now known to evoke 
generation of T helper (Th) 2-type proallergic cytokines, 
induce production of immunoglobulin (Ig) E antibod-
ies, and elicit pulmonary airway responses characteristic 
of asthma. Higher-than-normal levels of IL-18 also have 
been found in the skin and serum of patients with atopic 
dermatitis. Second, the pre–B-cell growth factor thymic 
stromal lymphopoietin (TSLP) has been shown also to 
stimulate the maturation and expansion of a set of den-
dritic antigen-presenting cells that mediate development of 
Th2-type activated human CD4 T cells, thereby promoting 
pulmonary and cutaneous allergic inflammation. Third, 

osteopontin is a cytokine present at high levels in asthmatic 
lungs that exhibits apparently opposing effects on allergic 
inflammation by acting on two different sets of dendritic 
cells. Osteopontin enhances primary allergic sensitization 
by suppressing activities of an inhibitory set of dendritic 
cells and subsequently decreases allergic responses to sec-
ondary allergen challenge by suppressing activities of a 
stimulatory set of dendritic cells. The diagnostic potential 
of our new knowledge of these cytokines derives from the 
predisposition to allergic diseases among individuals with 
mutations in their cellular receptors. Therapeutic possibili-
ties arise from the distinctive specificity of these cytokine 
receptors, anatomic compartmentalization of their patho-
genetic involvement in allergic diseases and asthma, and 
emergence of cytokine/cytokine receptor–directed biophar-
maceutical modalities. 

IL-1 Family of Cytokines 
Of the two newer members of the IL-1 family of cyto-
kines, the immunological effects of IL-18 are better 
known [1]. IL-18 is derived predominantly from epithe-
lial cells, including keratinocytes and pulmonary airway 
epithelium, and from antigen-presenting cells (macro-
phages and dendritic cells). Interest in the effects of IL-18 
in allergy was heightened by finding that human mast 
cell chymase converts pro–IL-18 into a smaller form 
of active IL-18 than is usually found [2]. The net effect 
of IL-18 on CD4 T cells depends on its costimulatory 
partner cytokine (Fig. 1A). IL-18 was first recognized 
to induce T-cell secretion of interferon (IFN)-  and to 
suppress T-cell generation of IL-4 in the presence of 
IL-12, suggesting that its principal activity in normal 
host defense against diverse microbial infections was 
deviation to and amplification of Th1-type responses [1]. 
Consistent with these findings, suppressor CD8 T cells 
interacted with dendritic cells to elicit secretion of IL-18 
and IL-12, which synergistically both enhance differen-
tiation of Th1-type cells and inhibit that of Th2 cells [3]. 
In contrast, IL-18 exhibits dual effector roles through 
Th2-type cells in allergic diseases and asthma in con-
cert with a different cytokine partner (Fig. 1B). First, 
IL-18 with IL-2 promotes differentiation of Th2-type 
cells and the generation of Th2-type cytokines by CD4 
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T cells and natural killer (NK) cells [4]. Mast cells and 
basophils express the IL-18 receptor and respond to IL-
18 together with IL-3 by producing and secreting high 
levels of Th2-type cytokines, without a requirement for 
Fc RI-mediated stimulation [5]. Second, IL-18 with IL-2 
mediates airway responses that mimic those of asthma. 
Administration of IL-18 with IL-2 into mouse pulmo-
nary airways elicits CD4 T-cell– and IL-13–dependent 
airway eosinophilic infiltration, hyperresponsiveness, 
mucus hypersecretion, and goblet cell metaplasia [6]. Of 
special interest are the results of studies of the incidence 
of three common polymorphisms of the IL-18 gene in 
patients with allergic rhinitis (AR) compared with non-
allergic subjects [7]. For the total groups, frequencies 
of combined, but not individual, IL-18 gene single-
nucleotide polymorphisms (SNPs)-607 C/A, -137 G/C, 
and -133 C/G were significantly different. For patients 
allergic to Alternaria, but not other allergens, there was 
a significant association with the IL-18-607 SNP. These 
data support a role for IL-18 in the pathogenesis of AR. 

Unlike other cytokines of the IL-1 family, soluble 
mature IL-33 does not stimulate secretion of any Th1-type 
cell cytokine or any other Th1-derived proinflammatory 
activity. Instead, IL-33 only activates transcription of 
Th2-type cytokines by signaling solely through the ST2 
IL-1–type receptor that does not transduce signals from 
IL-1 or IL-18 [8]. Mice that receive IL-33 develop spleno-
megaly, eosinophilic infiltration of lung, esophagus, and 
intestines, and elevated serum levels of IgA and IgE. The 
N-terminal domain of pro-IL-33, like that of pro-IL-1 ,
has a sequence that promotes translocation to the nucleus 
where it binds to several nuclear proteins and functions 
as a transcriptional regulator. This other immunoregula-
tory role of IL-33 so far has no apparent relationship to its 

augmentation of Th2-type reactions that promote allergy, 
but some as yet unidentified intracellular signal(s) must 
determine when either pathway receives IL-33. 

Thymic Stromal Lymphopoietin
Although originally identified in epithelial cells of sev-
eral thymic structures, barrier epithelial cells of the 
lungs, skin, and gastrointestinal tract are the main 
sources of thymic stromal lymphopoietin (TSLP) [9]. 
TSLP levels are abnormally elevated in skin of patients 
with atopic dermatitis and asthmatic airways [10]. 
TSLP is an IL-7–related cytokine that normally regu-
lates thymic-positive selection of regulatory T cells and 
maintains homeostasis of peripheral naive CD4 T cells, 
but in allergic diseases stimulates differentiation and 
expansion of Th2-type CD4 T cells predominantly by 
driving the maturation and activation of a specific type 
of myeloid dendritic cells (mDC). TSLP augments mDC 
expression of major histocompatibility complex (MHC) 
I and II, and costimulatory membrane proteins such as 
CD40, CD80, and CD86, and selectively conditions 
their capacity to induce Th2-type differentiation by 
a specific OX40 ligand-dependent signaling pathway. 
TSLP-conditioned mDC efficiently induce differen-
tiation of naive CD4 T cells into Th2-type cells, which 
generate IL-4 and IL-13, in contrast to Toll-like receptor 
(TLR) ligand-activated mDC that selectively promote 
conversion of CD4 T cells into Th1-type cells [11]. As 
in mice, TSLP enhances immune responses of human 
activated CD4 T cells as well as conditioning mDCs 
[12]. Of great interest is the recent discovery of a posi-
tive-feedback loop, whereby the TLR3 ligand dsRNA, 
a mimic of viral respiratory infections, and IL-4 and 
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Figure 1. Dual roles of interleukin (IL)-18 
in the mediation of allergies. Unbroken 
straight arrows represent conversion, a 
direct effect, or production. Dashed arrows
depict stimulation. Curly arrows show 
inhibition. APC—antigen-presenting cell; 
B—B cell; To—T-cell precursor of T helper 
(Th) 1 and Th2 cells.
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IL-13 from Th2-type cells elicited by TSLP-conditioned 
mDC individually and synergistically stimulate human 
epithelial cells to produce TSLP [13].

Osteopontin
Osteopontin (Opn) is a cytokine derived from activated 
T cells that regulates many dendritic cell functions and 
thereby the qualitative and quantitative characteristics of 
diverse adaptive immune responses [14]. Intracellular Opn 
(Opn-i) is necessary for production of IFN-  by plasma-
cytoid-type dendritic cells (pDC) during responses to viral 
infections [15]. The secreted form of Opn (Opn-s) condi-
tions monocyte-derived dendritic cells to induce maturation 
of Th1-type CD4 T cells by increasing their expression of 
MHC II and costimulatory membrane proteins. Recent 
results of studies of a traditional mouse model of ovalbumin 
(OVA)-elicited airway inflammation and asthma-like hyper-
responsiveness have revealed a delicate balance of effects of 
Opn-s on different sets of dendritic cells during induction 
of Th2-type pulmonary immune responses [16]. Systemic 
administration of OVA in alum in the initial sensitization 

phase recruits pDC suppressive of Th2-type responses to 
draining mediastinal lymph nodes (LNs) through a pro-
cess that is inhibited by Opn-s (Fig. 2A). After airway 
challenge with OVA in the second phase, IgE and IgG1 
anti-OVA antibody appears in serum, and OVA-specific 
Th2-type cells accumulate in draining LNs concurrently 
with airway hyperresponsiveness. This response to OVA 
challenge depends on the stimulatory activity of other 
types of dendritic cells, which also are inhibited by Opn-s. 
A consistent dendritic cell–inhibitory effect of Opn-s has 
very different immunologic consequences in the two phases 
of this model. The net effect of Opn-s in the first phase is 
enhancing, as proven by the ability of immunoneutraliza-
tion of Opn-s before OVA sensitization to decrease the 
Th2-type immune response and airway reaction to OVA 
challenge (Fig. 2B). The net effect of Opn-s in the second 
phase is suppressive, as shown by the increase in Th2-type 
immune response and airway reaction to OVA challenge 
when Opn-s is immunoneutralized in the challenge phase 
(Fig. 2C). These observations, and the preliminary finding 
of inhibition of the Th2-type immune response and airway 
reaction to OVA challenge by administration of exogenous 
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Figure 2. Dendritic cell-dependent oppos-
ing roles of osteopontin (Opn) in allergic 
diseases and asthma. Unbroken straight 
arrows represent primary immunization or 
challenge; dashed arrow depicts stimulation; 
and curly arrows show inhibition. AHR—air-
way hyperresponsiveness; DC—dendritic 
cell; Ig—immunoglobulin; IL—interleukin; 
LN—lymph nodes; OVA—ovalbumin; 
pDC—plasmacytoid DC; Th2—T helper 2.
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recombinant Opn before intrapulmonary OVA [16], sug-
gest possible therapeutic benefit of Opn in asthma. 

Conclusions
Several allergically active cytokines that were origi-
nally identified in the immune system have recently also 
been recognized as major products of epithelial cells or 
intraepithelial T cells in the skin, pulmonary airways, and 
gastrointestinal tract. Thus, the selectively high concentra-
tions of these cytokines in compartmental allergic reactions 
are in part attributable to local nonimmune sources. The 
often complex effects of these cytokines also do not result 
principally from direct actions on T cells, mast cells, or 
basophils. In many instances, their predominant effects 
in allergic diseases and asthma are a consequence of 
alterations in the numbers and activities of different sets of 
dendritic cells or of specialized subsets of T cells active only 
in the context of nonimmune parenchymal cells at the reac-
tion sites. Therefore, novel modes of antiallergic therapy 
may be developed that target these cytokines, but involve 
blocking nonimmune cellular targets or administering bio-
logic factors or drugs that act selectively on mechanisms of 
hypersensitivity without impairing immune host defenses. 
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