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EDITORIAL

Cytotoxic T lymphocyte antigen 4 polymorphisms and allergic asthma

A. J. M. van Oosterhout, D. T. Deurloo and P. C. Groot

Introduction

Allergic asthma is a complex disease characterized by
reversible airway obstruction, elevated levels of IgE, chronic
eosinophilic airway inflammation, lung tissue remodelling,
and airway hyper-reactivity (AHR) to bronchospasmogenic
stimuli. T helper type-2 (Th2) lymphocytes, which produce a
distinctive set of cytokines, including IL4, IL5, IL9, IL10, and
IL13, play a crucial role in the initiation and progression of
allergic asthma. Therefore, knowledge of the activation
requirements of T cells and the subsequent differentiation
into Thl, Th2, or regulatory T cell subsets is important to
understand the aberrant Th2-mediated inflammatory re-
sponses to allergens observed in allergic individuals, including
those with asthma. Moreover, this knowledge can be used to
design novel therapeutic strategies that target the Th2-
lymphocyte. An area of research that has continued to attract
a lot of attention is the role of the CD28/CTLA4:B7-1/B7-2
co-stimulatory pathway that is crucial for the activation of
naive T cells (Fig. 1). Interestingly, several studies have shown
linkage of total serum IgE or other allergy phenotypes to
chromosome 2q32—q33, a region encoding both CD28 and
CTLA4 genes. In this issue of Clinical and Experimental
Allergy, Yang et al. [1] report that a polymorphism in CTLA4
is associated in females, but not in males, to elevated serum
levels of total IgE and allergic rhinitis.

T cell co-stimulation

The current concept of T lymphocyte activation is originally
derived from the two-signal model of B cell activation, first
proposed by Bretscher and Cohn in 1970 [2]. Analogous to
this model, T cell activation requires two independent signals,
one through the T cell receptor (TCR) provided by engage-
ment of the peptide-MHC class II complex on antigen-
presenting cells (APCs) and a second so-called co-stimulatory
signal. Various receptor-ligand pairs for T cell co-stimulation
have been identified; however, the CD28/CTLA4:B7-1/B7-2
pathway is crucial for the primary activation of naive T cells
(Fig. 1). CD28 is constitutively present on the cell-surface of
T cells and has two ligands, B7-1 (CD80) and B7-2 (CDS6),
which are expressed by APCs. On most APC populations,
B7-2 is expressed constitutively at low levels and is rapidly
upregulated upon APC activation, whereas B7-1 is inducibly
expressed later after activation. CD28 signals promote T cell
activation by augmenting and sustaining T cell responses
initiated by TCR signalling. Blockade of CD28 during
activation of naive T cells renders these cells anergic to
secondary activation, even when restimulated in the presence
of CD28 ligation [3]. A second receptor for the B7 ligands,

cytotoxic T lymphocyte antigen 4 (CTLA4, CD152), has been
identified, which has a higher affinity for B7-1 molecules than
CD28 [4]. In contrast to CD28, CTLA4 is expressed only on
activated T cells and is a powerful negative regulator of T cell
activation. The importance of negative regulatory signals
through CTLA4 is illustrated in mice deficient in CTLA4.
These mice manifest massive lymphoproliferative disease,
which is lethal by 3 weeks of age. Thus, CD28 and CTLA4
compete for the same ligands, B7-1 and B7-2, but have
counter-regulatory effects on T cell activation.

Role of CD28/CTLA4 co-stimulatory pathways in allergic
asthma

The importance of the CD28/CTLA4:B7-1/B7-2 co-stimula-
tory pathway in allergic asthma has been studied in vitro using
peripheral blood mononuclear cells (PBMC), bronchoalveo-
lar lavage (BAL) T cells, and bronchial tissue explants.
Larche et al. [5] demonstrated that, in contrast to peripheral
blood CD4" T cell lines, allergen-induced proliferation and
ILS production of PBMC were inhibited by anti-B7-2 but not
anti-B7-1. Moreover, allergen-induced proliferation of BAL
T cells was also inhibited by anti-B7-2. Similarly, Van
Neerven et al. [6] demonstrated that allergen- and antigen-
specific T cells of allergic patients and non-allergic control
persons are equally dependent on co-stimulation via the
CD28:B7-2 pathway for their proliferation and cytokine
mRNA production. Blockade of both B7-1 and B7-2 by
CTLAA4-Ig, a soluble form of CTLA4, appeared to be slightly
more effective than blocking B7-2 alone.

The group of Holgate has studied the role of CD28 co-
stimulation using the ex vivo response of bronchial explants
to allergens. Blockade of either B7-1 or B7-2 inhibited
allergen-induced ILS production by bronchial tissue explants
from mild atopic asthmatic subjects [7], but not by those of
subjects with moderately severe asthma [8]. In contrast,
blocking of CD28 co-stimulation effectively inhibited aller-
gen-induced IL5 production in PBMC cultures from the same
subjects. The difference in the requirement of B7-1 and B7-2
for allergen-induced activation of T cells may reflect
differences in cell-surface expression of these molecules on
the local APCs involved. Compared with peripheral blood, in
airway tissue a different (sub)type(s) of APC may present
allergen to T cells or B7-1 may be higher expressed due to the
ongoing local inflammatory process.

Mouse models of experimental asthma

To delineate the role of the CD28/CTLA4:B7-1/B7-2 co-
stimulatory pathways both in vivo and in vitro, the mouse has
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Fig. 1. Schematic representation of the two-signal model of T cell activation. Triggering of the T cell receptor (TCR) by the peptide-MHC class Il complex
provides signal one ®. The co-stimulatory signals @ are delivered by ligation of CTLA4 and CD28 on the T cell by B7-1 and B7-2 on antigen-presenting cells
(APC). CD28 and CTLA4 have counter-regulatory effects on T cell activation and favour the differentiation of naive T cells into Th2 or Th1, respectively. Th1
and Th2 cells play an important role in the development of, respectively, organ-specific autoimmunity and allergic diseases, including asthma.

been used extensively. First, CD28 is critical for the
differentiation of naive T cells into Th2 cells, whereas CTLA4
limits Th2-differentiation [9—-11]. Using T cells from CTLA4-
deficient mice, differentiation of Th2 cells becomes even
independent of the Th2-skewing cytokine 114 [12]. Thus,
strong T cell activation provided by TCR and CD28 signals
favours Th2-generation, whereas weak CD28 co-stimulatory
signals lead to Thl differentiation [12].

Second, the critical role of CD28 co-stimulation in the
development of antigen-induced airway manifestations of
asthma has been demonstrated in blocking and gene targeting
studies in mouse models in vivo. It has been shown that
blockade of B7-1 and B7-2 during antigen sensitization or
challenge strongly inhibits serum IgE levels and antigen-
induced AHR and eosinophilic airway inflammation [13, 14].
In all these studies, a decrease in Th2-cytokine production
was observed in either the BAL fluid or in T cell recall
cultures. In agreement herewith, no asthma manifestations
could be induced in CD28-deficient mice [15], B7-1/B7-2-
double-deficient mice [16], or CD28/CTLA4-double-deficient
mice [17]. Altogether these data firmly demonstrate the
crucial role of CD28 co-stimulation in the development of
allergic sensitization and antigen-induced asthma manifesta-
tions, suggesting that the inhibition of CD28:B7 co-stimula-
tion pathway may be an interesting therapeutic strategy.

However, the clinical situation is more complex since
disease is already established in asthmatic subjects and
memory and effector T cells are less dependent on CD28
co-stimulation [18]. Interestingly, in a mouse model of
established antigen-induced asthma manifestations, CTLA4-
Ig was shown to significantly suppress both serum IgE levels
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and airway eosinophilia, but not hyper-reactivity [19]. These
suppressive effects were more pronounced in a ‘mild’
compared with a more ‘severe’ model of experimental asthma.
This is in agreement with the observation that T cells from
mild, but not moderately severe, asthma subjects are sensi-
tive to blockade of CD28 co-stimulation [8]. The beneficial
effects of therapeutic inhibition of CD28 co-stimulation in
asthmatic subjects may therefore be limited to mild forms of
asthma.

CTLA4 polymorphisms and asthma

Genome-wide screens for allergic asthma in different
populations have provided several promising linkages,
including a locus on chromosome 2q32-q33 that contains
the genes for CD28 and CTLA4 [20]. Linkage of serum IgE
levels or other allergy phenotypes to this locus has been
demonstrated in different populations [21-25]. Considering
their important role in T cell activation and differentiation,
CD28 and CTLA4 were classified as candidate genes and
analysed in subsequent association studies. None of these
studies has demonstrated a significant association of CD28
polymorphisms with asthma or atopy [26-28]. In contrast,
some studies have shown a significant association of different
CTLAA4 polymorphisms (Fig. 2) with asthma or atopy [27, 29,
30], whereas other studies did not find an association [26, 28].
In this issue, Yang et al. [1] report that a polymorphism in
CTLA4 (+49A/G) is associated in females, but not in males,
to elevated serum levels of total IgE. Previous studies have
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Fig. 2. Polymorphisms in human CTLA4. CTLA4 consists of four exons, indicated by black boxes. Introns are represented by thin lines between the exons.
Differential splicing of exon 3 is indicated by tilted lines. fICTLAA4, full-length CTLA4; sCTLA4, soluble CTLA4 lacking the transmembrane domain. Reported
associations with asthma, airway hyper-reactivity (AHR), and total serum IgE are indicated (for details and references, see text).

not reported such a gender difference [26, 27, 29], but
differences in the set-up and the size of these studies make it
possible that such an effect, if present, would not have been
observed. Therefore, replication of this important finding in
independent studies is clearly warranted. The mechanism by
which this CTLA4 (+49A/G) polymorphism may lead to
increased serum levels of total IgE can only be speculated at.
At the protein level, the polymorphism results in a conserved
amino acid substitution (17Thr/Ala), which may well be
without functional consequences. Furthermore, strong link-
age disequilibrium between different CTLA4 polymorphisms
makes it quite possible that the causative mutation is located
at some distance from the +49A/G polymorphism. If this
mutation leads to a dysfunction of negative signalling
through CTLA4, an increased susceptibility to generate
Th2-responses may be the consequence, as discussed above.
In agreement herewith, it has been shown that blockade of
CTLA4 at the time of antigen sensitization favoured Th2-
generation and antigen-specific IgE production in BALB/c
mice resulting in elevated airway manifestations of asthma
[31]. However, CTLA4 may influence Th2-dependent total
serum IgE levels by completely different mechanisms. First,
triggering of CTLA4 on regulatory T cells, which constitu-
tively express CTLA4, can enhance the suppressor function of
these cells [32, 33]. Second, CTLA4 can inhibit T cell
proliferation indirectly by enhancing the levels of indoleamine
2,3-dihydrogenase in APCs [34].

Howard et al. [27] also observed significant association of
the CTLA4 —1147C/T polymorphism with AHR and asth-
ma, but not for allergy-related phenotypes. Subjects with risk
genotypes for both AHR (— 1147CT or TT) and elevated IgE
levels (+49AA) were 4.5 times more likely to have asthma
than subjects with both non-risk genotypes. The authors
suggested that the biological implication of the CTLA4 —
1147C/T polymorphism, which lies within the consensus-
binding site for transcription factors, may be the level of
CTLA4 mRNA expression [27].

Recently, several common organ-specific autoimmune
diseases have been shown to be linked to CTLA4 poly-
morphisms [35]. In this study, autoimmune-protective and
susceptible haplotypes were identified. The CTLA4 poly-
morphism +49A/G appeared to be part of the autoimmune-
protective haplotype (+49A-CT60A). It is noteworthy that
the +49A/G mutation could be excluded as the causative
mutation, which, according to this study, is most likely
located close, or perhaps identical to the CT60A/G poly-
morphism, which is located a few kb downstream of the
CTLA4 gene. The CT60 polymorphism has not been
determined in any of the studies involving allergy and
asthma, making it difficult to draw conclusions about the
involvement of CT60-polymorphism in the susceptibility for
allergic diseases. However, the CTLA4 autoimmune-protec-
tive haplotype (+49A-CT60A) appears to be associated with
increased susceptibility to IgE production and allergic disease
[1, 27]. Ueda et al. [35] also examined the consequence of the
autoimmune-protective and -susceptible (+49G-CT60G)
haplotypes for the mRNA expression levels of two known
CTLAA4 isoforms, full-length CTLA4 (ICTLA4) and soluble
CTLA4 (sCTLA4). The ratio of sCTLA4 to fiICTLA4 mRNA
splice forms in unstimulated CD4 T cells was 50% lower in
individuals with the autoimmune-susceptible haplotype com-
pared with those with the protective haplotype. sCTLA4 is
present in human serum and has been shown to bind B7-1
[36]. Serum levels of sSCTLA4 may therefore play a role in the
susceptibility to autoimmune diseases and probably also in
the development of allergy and asthma. Currently, nothing is
known about the serum levels of sCTLA4 in allergy and
asthma subjects.

Conclusions

Genetic susceptibility to atopy and asthma appears to be due
to multiple genes that interact with each other and the
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environment. A genetic association of the +49A/G poly-
morphism in the immune-braking gene CTLA4 with serum
total IgE levels in atopic and asthmatic subjects is demon-
strated in at least some (sub)populations. The precise
mechanism of how the different haplotypes affect increased
serum IgE levels and other asthma manifestations can only be
speculated at, but differential splicing of CTLAA4, resulting in
competition of different CTLA4 isoforms, may play a role. It
appears likely that the increased serum IgE concentration is
the result of enhanced T cell activation leading to increased
generation of Th2 cells. The promotion of Th2-skewing may
be mediated by (i) decreased negative signalling through cell-
surface CTLAA4, (ii) decreased function of regulatory T cells,
(iii) decreased indoleamine 2,3-dihydrogenase activity of
APCs, and (iv) increased serum levels of sCTLA4. Future
studies on the functional implications of CTLA4 polymorph-
isms may reveal which of these mechanisms, if any, is
implicated.
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