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Purpose of review

Basophils and eosinophils represent less than 1 and 5% of white blood cells, respectively. Their role in
asthma and allergic inflammation remains incompletely defined. The present review addresses recent
advances regarding the role of these two cell populations in allergic inflammation and asthma regarding

both biological and genetic point of view.

Recent findings

Regarding eosinophils, the role of interleukin(IL)-25, IL-33 and thymic stromal lymphoprotein (TSLP) have
been evidenced, and activation states of eosinophil 31 and B2 integrins have been found to correlate with
the measurement of eosinophil recruitment and pulmonary function in asthma. New insights into the biology
of basophils concern their role as regulators of Th2 cell response through IL-4 expression or the
differentiation of monocytes to macrophages, and their population heterogeneity in human. The
transcription factor PU.1 was reported to be involved in controlling transcription of specific genes both in
eosinophils and basophils. Candidate genetic studies on eosinophils have explored genes involved in the
intracellular calcium influx and apoptosis. At the genome-wide level, studies identified genetic variants
belonging to ILTRL1, TSLP and [-33, and four loci with pleiotropic effects on eosinophil and basophil
counts [GATA2 (3g21), MHC (6p21), HBSTL-MYB (6923), and ERG (21q22)].

Summary

Recent findings from biological and genetic studies on eosinophils and basophils highlight the role of
epithelial cell-derived cytokines such as TSLP and IL-33 in asthma and allergic diseases.
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Blood granulocytes are divided into three subsets:
basophils, eosinophils and neutrophils. Both baso-
phils and eosinophils are involved in allergic inflam-
mation, and circulate at relatively low levels in the
blood, making up 0.1-1% and 1-5% of white blood
cells, respectively.

The contribution of basophils and eosinophils
to allergic inflammation remains incompletely
defined. Although described by Paul Ehrlich in
1879 and conserved in all vertebrates, including
fish, birds and reptiles, the in-vivo role of basophils
is always elusive and was poorly investigated, and
therefore sometimes considered as possibly redun-
dant ‘circulating mast cells’ [1]. In recent years,
basophils have been considered as primary effector
cells in allergic disorders such as asthma, hay fever
and anaphylaxis. In contrast, extensive studies on
eosinophils have revealed their contribution to host
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defense, immunomodulation, tissue remodeling
and fibrosis, and in immunoregulatory and anti-
inflammatory processes. Activation of eosinophils
in asthmatic patients causes inflammation, airway
remodeling, mucus production and airway hyper-
reactivity. The recruitment of eosinophils is related
to the release of cytokines, chemokines and other
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KEY POINTS

o New epithelial cell-derived cytokines, including IL-25,
IL-33 and TSLP, activate innate immune cells such as
basophils and eosinophils.

e Galectin-3 and different conformations of integrins
regulate trafficking and activation of eosinophils in
allergic airways.

e Acting as antigen-presenting cells for haptens and
peptide antigens, basophils interact with Th2,
monocytes and macrophages, thus playing an ever
increasing importance in the regulation of the allergic
skin inflammation.

e Biological and genetic studies highlight the role of
epithelial cell-derived cytokines (TSLP and IL-33) that
promote differentiation and activation of Th2 cells and
their receptors.

products such as interleukin (IL)-3, IL-4, IL-5, IL-13,
CCL11, CCL24, CCL26, tumor necrosis factor (TNF)-
a, integrins and histamine, released from different
cells involved in the disorders (Fig. 1) [2]. Basophils
may be recruited to the sites of inflammation especi-
ally during immune responses against allergens and

contribute to hypersensitivity reactions. Basophils
are also known as regulators of Th2 responses
in allergic inflammation and can play a role of
antigen-presenting cells (APCs).

Many publications have been published on
both the role of cytokines and other mediators
in all aspects of eosinophil development, activation
and survival and cellular features of eosinophils.
In contrast, the literature on basophils is scarce,
and this imbalance is reflected in this review that
focuses on the new insights of the role of basophils
and eosinophils in allergic inflammation according
to both biological and genetic findings in the last
18 months.

In the first part of the review, we highlight the
role of three new epithelial cell-derived cytokines in
the activation of eosinophils and basophils, then
we discuss recent advances in biology regarding
attraction, adhesion, migration and proliferation
of eosinophils, the role of basophils in Th2 cell
responses, the heterogeneity between basophil
populations and the similarity between the regula-
tion of eosinophils and basophils. Published data
relevant to the research of the genetic of eosinophils
and basophils are discussed in the third part of
this review.
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Cascade of events involving eosinophils and basophils related to immunological responses in allergy. The cellular
mechanisms of asthma and allergy are complex in the bronchial mucosa. Many mediators are released inducing smooth
muscle contraction and local inflammation. Epithelial cell activation by inhaled allergen activates the local network of dendritic
cells which promote Th2 immune responses. Among the cytokines released by epithelial cells, interleukin (IL)-25, IL-33 and
TSLP seem to play an important role in the pathway leading to the inflammatory reaction. For example, TSLP promotes the
growth and differentiation of basophils from the bone marrow whereas IL-25 and IL-33 enhance Th2 development that mainly
produces IL-5 and IL-13 and contributes to eosinophilic inflammation.
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Recent literature highlights the role of epithelial cell-
derived cytokinesin the activation of eosinophils and
reported new findings on the attraction, adhesion,
migration and proliferation of eosinophils.

The role of the airway epithelial cells

Airway epithelial cells represent the first line of
defense against allergens and various particles.
Activation of the cells is a key triggering event in
the recognition of inhaled allergens that activates
the network of dendritic cells (DCs) to promote
Th2 immunity. Epithelial-derived cytokines and
chemokines also activate innate immune cells such
as basophils, mast cells, eosinophils and neutrophils
[3"]. More recent studies indicate an immunologic
function of airway epithelium. A triad of cytokines,
including IL-25, IL-33 and thymic stromal lym-
phoprotein (TSLP) - a cytokine associated with
the development of multiple allergic disorders — is
released by airway epithelial cells in response to
various environmental factors (Fig. 1) [47].

IL-25 is produced by activated Th2 cells,
epithelial cells and mast cells. IL-25 provokes the
production of Th2-type cytokines (including IL-5)
from Th2 cells and subsequently amplifies the
recruitment and survival of eosinophils in allergic
patients. High expression of both IL-25 and the
IL-25 receptor has been detected in a recent study
[S] of bronchial and skin biopsies from allergic
patients.

IL-33 has the potential to induce Th2 cytokine-
mediated allergic inflammation. IL-33 is implicated
in asthma, allergic conjunctivitis and anaphylactic
responses. It has been shown that IL-33 is an
essential biomarker in the development of ragweed-
induced allergic rhinitis in mice [6] because ragweed-
immunized and ragweed-challenged IL-33-/- mice
showed a significant reduction in the frequency of
sneezing, total and ragweed-specific response, and
accumulation of eosinophils and basophils in
the nasal mucosa [6]. In a mouse model of allergic
asthma, pretreatment with anti-IL-33 results in
decreases of serum IgE, eosinophils in broncho-
alveolar fluid (BALF), eosinophilic infiltration into
the lung and decreased airway hyperresponsiveness
[7].

TSLP, member of the IL-2 family, is mainly
synthesized from epithelial cells but also from baso-
phils and mast cells. Overexpression of TSLP in mice
caused a weak innate response and was insufficient
for development of airway inflammation. On the
contrary, both overexpression of TSLP and antigen
challenge provoke airway eosinophilia and airway
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remodeling in a mice model [8]. TSLP seems to play
an important role in Th2-type immune responses
and airway inflammation likely through mechan-
isms involving the interface between the innate and
adaptive immunity and/or adaptive immunity
itself [8]. Some recent publications concerning the
role of TSLP are mainly focused on atopic dermatitis,
and infectious diseases.

Attraction of eosinophils in the airways and
in the skin

Members of the eotaxin subfamilies are well known
to have a major chemotactic role for eosinophils.
Recent advances in this field are the significant
correlation shown between the level of the chemo-
kine (C-C motif) ligand 24 (CCL24)/eotaxin 2 and
the degree of eosinophilia and clinical symptoms in
patients with rhinitis or with allergy [9]. Expression
of CCL24 in the nasal mucosa of allergic and
asthmatic patients was significantly increased as
compared with control and chronic obstructive
pulmonary disease groups [9]. Furthermore, the
upregulation of CCL26/eotaxin 3 was also enhanced
in patients with seasonal allergic rhinitis leading to
an increase of eosinophils in the nasal mucosa and
probably in the airway walls of the lower respiratory
tract [9]. As skin eosinophil infiltration is one of the
most important characteristics of atopic dermatitis,
Bao et al. [10] studied in detail the signal trans-
duction pathway for IL-4 regulation of CCL26 in
human immortalized keratinocytes. They showed
that the regulation is at the transcriptional level
and involves the Janus kinase(jak)1 and Jak2/signal
transducer and activator of transcription (Stat)6
pathway.

Adhesion, migration and proliferation of
eosinophils in the mucosa

Recent articles focused on galectin-3 (Gal-3) and
integrins. Gal-3, a B-galactoside-binding lectin, is
implicated in the pathogenesis of allergic airway
inflammation. Gal-3-/- mice exposed to chronic
allergen ovalbumin (OVA) challenge have attenu-
ated airway eosinophilia and exhibit less severe
remodeling of the airways [11]. Furthermore,
airway eosinophilia in acute and chronic allergen-
challenged mice was accompanied by elevated
levels of extracellular soluble Gal-3 in the BALF
and intracellular Gal-3 in the lung tissue [11].
Gal-3 is secreted not only by various cell types such
as macrophages and activated Th2 cells, but also by
eosinophils especially when exposed to eotaxin-1.
Secreted Gal-3 can bind to integrin and other glycan
ligand on all the surface of human eosinophils to
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facilitate all trafficking and activation in allergic
airway.

Arrest of eosinophils in vessels and their
extravasation into the airway wall are partially
mediated by the integrin family of cell adhesion
receptors. Recent articles highlight for the first time
the influence of different conformations of integrins
on eosinophil trafficking. Studies [12,13%14] in
mice and human indicate that ao4B; and oupBy
are the major eosinophil integrins mediating cell
adhesion with «4B; largely responsible for arrest
of blood eosinophils on vascular cell adhesion
molecule-1 in vessels of the asthmatic lung, whereas
activated ayB», by interacting with periostin and
possibly other ligands, is involved in subsequent
eosinophil recruitment and persistence in the extra-
cellular matrix of the bronchi of asthma.

Cellular feature of eosinophils

New insights into immunity and Th2 immune
responses were provided through a better under-
standing of the physiological roles of IL-5, which
is produced by eosinophils and involved in many
aspects of eosinophil development. Ikutani et al.
[15] used a generation of IL-5/Venus knock-in
mice to identify innate IL-5-producing lymphoid
cells that play a role in orchestrating eosinophil
responses in the lung. They found unique tissue
localization of innate IL-5-producing cells in the
lungs of untreated mice; these cells regulate eosino-
phil infiltration into the lung, and may contribute
to antitumor immunity via lung eosinophils.

IL-17 is an important cytokine of the T helper
17 pathway. It has been suggested that in the
lung, IL-17 could be involved in the neutrophilic
inflammation and airway remodeling of chronic
respiratory diseases [16]. Eosinophils can promote
IL-17 production through the release of IL-1B
and modulate the allergic airway inflammation in
asthma [17].

Recent findings in the biology of basophils focus on
their role in the regulation of Th2 cell response
through IL-4 expression, in the differentiation of
monocytes to macrophages, and on their popula-
tion heterogeneity in human.

Basophils and Th2 cell responses

The apparent contradictions between different
studies on the possibilities of basophils to act as
APCs probably come from the nature and type of
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antigen presented and the route of antigens
administration. Basophils alone were reported to
polarize T cells toward Th2 for haptens and peptide
antigens, but needed the presence of DCs for protein
antigens [18,19"]. However, a basophil requirement
for IL-4 production by naive CD4+ T cell was not
observed in novel reporter strains of mice following
a papain-induced model of allergy [20]. In a very
recent study [21], correlation between the numbers
of basophils in the lung tissues with IgE-associated
airway allergic inflammation was reported in
OVA-immunized mice, and purified pulmonary
basophils from these mice were functional and
amplified Th2 responses. Furthermore, in vitro,
lung basophils failed to initiate Ag-specific naive
or OVA-immunized but were able to cooperate with
DCs to increase Ag-specific Th2 cell differentiation
and toincrease local Th2 response via IL-4-dependent
and IL-4 independent mechanisms. Overall, both
in vivo and in vitro, in humans as in mice, basophils
seem to enhance IL-4 expression by interacting
directly with CRTH2+ CD4 effector, circulating
memory Th2 cells.

On the contrary, an unexpected interaction
between basophils and monocytes—macrophages
was observed during allergic skin inflammation
[22""]. The fate, polarization and function of mono-
cytes after their recruitment to skin lesions were
analyzed under an immunoglobulin E-mediated
chronic allergic inflammation (IgE-CAI), a model
in which basophils play a critical role. Basophils
promoted the differentiation of inflammatory
monocytes into M2 (alternatively activated) macro-
phages rather than M1 (classically activated)
macrophages, being from proinflammatory to
anti-inflammatory. By using new genetic tools,
inflammatory monocytes were shown to acquire
an M2-like phenotype through IL-4R in response
to basophil-derived IL-4, and to exert an anti-
inflammatory function to regulate the allergic
inflammation. Furthermore, TSLP produced by
basophils amplified the M2 polarization in allergic
airway inflammation [23]. These findings bring
new light on the role of basophils as regulators of
allergic skin inflammation.

Heterogeneity in basophils

Whereas IL-3 is considered as essential for basophil
activation, expansion and survival, TSLP was recently
reported to promote peripheral basophilia in both
IL-3/IL-3-R-sufficient and deficient environments,
and to contribute to Th2 cytokine responses in vivo
(Fig. 1) [24]. Furthermore, genome-wide transcrip-
tional profiling and functional analyses identified
phenotypic heterogeneity, distinct responsiveness
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and functional potential between TSLP and IL-3-
elicited basophils. This heterogeneity in human
basophil populations correlated with susceptibility
to allergic inflammation [24].

Eosinophil development is determined by the
interplay of a few transcription factors including
PU.1, a member of the Ets (E-26) transcription
family, one of the largest families of transcription
factors, which have a conserved Ets domain that
belongs to the winged helix-turn-helix DNA-
binding domain superfamily. PU.1 is involved in
controlling transcription of eosinophil-specific
genes such as MPB (major basic protein), EDN
(ribonuclease, RNase A family, 2), ECP (ribo-
nuclease, RNase A family, 3), EPO (erythropoietin),
CCR3 [chemokine (C-C motif) receptor 3] and IL-5R
(Interleukin S receptor, alpha) [25]. PU.1 seems to
have the same role in basophils because it was also
involved in the transcriptional activity of the ST2
promoter — the IL-1 receptor-like 1 gene (ILIRL1/
S§T2) encodes IL-33 receptor — bound to its promoter
region, and participated in its expression in human
basophilic cell line [26%].

Finally, because little is known about the mech-
anism of cooperative function between basophils
and eosinophils in IgE-CAI, Matsuoka et al. [277]
generated new basophil-depletion and eosinophil-
depletion mouse models [basophil diphtheria toxin
receptor (basoDTR) and eosinophil (Eo)DTR mice
respectively]. As said by the authors, the basoDTR
mice model will permit measurement of the cellular
dynamics of basophils, and the EoDTR mouse is
the first model for conditional eosinophil ablation
in vivo.

The recent genetic findings at both the candidate
and the genome-wide levels are now discussed.
The main new results in candidate genetic studies
are the genes involved in the intracellular calcium
influx and apoptosis in eosinophils. At the genome-
wide level, studies identified genetic variants related
to the triad of cytokines that has been described in
the first subsection.

Candidate association studies

Eosinophils and basophils are known to be heritable
traits with heritability estimate ranged from 14% for
basophils to 30-35% for eosinophil counts [28,29].
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To our knowledge, no association between genes
and basophil counts or percentage was investigated
at a candidate level. Recent studies on eosinophils
have explored genes in two pathways involved in
the cellular response, which are the intracellular
calcium influx and apoptosis. Following the
establishment of the importance of the 17q12-21
locus in asthma, which includes the gasdermin B
(GSDMB)/ORM1-like 3 (ORMDL3) genes, Kang et al
[30"] investigated the association between poly-
morphisms in these genes, whose ORMDL3 protein
binds to and inhibits the calcium pump in the sarco-
endoplasmic reticulum, and blood eosinophils
expressed as percentage in 1907 elementary school
Korean children. Eosinophils were significantly
lower in subjects carrying the A allele of
rs4794820 and with a methacholine provocation
test value less than or equal to 16, showing for
the first time that polymorphisms in the GSDMB/
ORMDL3 genes may affect eosinophil-mediated
bronchial hyperresponsiveness. Another interesting
but intriguing result is the association of the
1s2238634T/rs2238633G/rs2238632T/rs2238631A
haplotype in the thromboxane A2 receptor gene
(TBXA2R), member of the seven-transmembrane
G-protein-coupled receptor super family, and blood
eosinophils in 226 childhood-onset asthma patients
and 164 controls from Japan; homozygotes for
this haplotype had higher levels of blood eosinophils
than other zygotes in female controls, whereas a
trend for lower levels of blood eosinophils was
found in female asthma patients. No association
was reported in men whatever the asthma status is
[31]. Furthermore, this haplotype was associated
with lower lung function in asthma patients, and
with increased TBXAZ2R mRNA level, suggesting
severe airway inflammation and/or remodeling
in these subjects. The last study [32] investigated
association between Baculoviral IAP repeat contain-
ing 5 (BIRCS, also called survivin), a member of
the inhibitor of apoptosis protein family and blood
eosinophilsin a case—control study (307 asthma/344
control Hungarian subjects). The authors found that
individuals homozygous for the wild-type allele of
1s9904341 had elevated eosinophil levels compared
with those carrying either one or two copies of the
rare allele. This result was confirmed by haplotype
analysis, and was coherent with the elevated BIRCS
mRNA levels found in sputum samples of patients
with asthma as compared with controls, and the
correlation between sputum eosinophil and BIRCS
mRNA levels, suggesting that survivin may have a
primordial role in eosinophil accumulation. Overall,
these findings highlight the interest to study several
genes in metabolic pathway such as regulation
of calcium influx and apoptotic response to better
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understand the contribution of eosinophils in aller-
gic inflammation.

Genome-wide association studies

Three genome-wide association studies (GWAS)
[33-35] of eosinophil and/or basophil cell counts
have been conducted in European and Asian
populations. These GWAS led to detection of four
loci with pleiotropic effect on eosinophil and
basophil counts in both European and Asian
samples: GATA2 (GATA-binding protein 2, 3g21),
MHC region (major histocompatibility complex,
6p21), HBS1L-MYB (HBS1-like — myeloblastosis viral
oncogene homolog, 6q23) and ERG (erythroblasto-
sis virus E26 oncogene homolog, 21q22) [33,35].
Three other regions showed association with baso-
phil count: SLC45A3-NUCKS1 (solute carrier family
45, member 3 — nuclear casein kinase and cyclin-
dependent Kinase substrate 1, 1q32), RPN1-C3orf27
(ribophorin I — chromosome 3 open reading frame
27,3p21), and NAALADZ2 (N-acetylated alpha-linked
acidic dipeptidase 2, 11q14) [34,35]. The first GWAS
of eosinophils identified six other regions associated
with eosinophil counts in European populations:
ILIRL1 (2q12), IKZF2 (Ikaros family zinc finger 2,
2q13), WDR36 (WD repeat domain 36, 5922), IL5
(IL-5, 5q31), IL33 (IL-33, 9p24), and SH2B3 (SH2B
adaptor protein 3, 12q24) [33]. Interestingly, in this
study [33], the genetic variants in ILIRL1, WDR36
and IL33, which were associated first with eosino-
phil count, were also associated with asthma and
atopic asthma. Moreover, a GWAS of eosinophilic
esophagitis (a food allergy-related disorder charac-
terized by the accumulation of eosinophils in the
esophagus) identified genetic variants belonging
to TSLP-WDR36 locus among the most significant
single-nucleotide polymorphisms associated with
the disease [36]. Candidate gene studies of IL33,
TSLP and ILIRL1 as well as GWAS of asthma and
asthma-related phenotypes have further implicated
these loci in asthma and atopy susceptibility.

In the last years, the immunological approach
has considerably developed the understanding of
the cellular mechanisms of asthma and allergy.
One could ask whether allergy is really an immuno-
logical disease and asthma a genetic disorder affect-
ing the bronchial smooth muscle. The eosinophils
play a key role in allergic inflammation, but other
cells such as basophils are still poorly known to be
involved in the pathway leading to the inflamma-
tory reaction. A lot of extensive studies have been
done in mice to better understand the underlying
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immunological mechanisms, but very few articles
have investigated the human cells. Novel genetic
tools are developed in mice models to elucidate
the role of basophils in vivo. It is difficult to anti-
cipate whether the results will reflect some func-
tional significance similar to those in humans.
Furthermore, the large number of different clinical
phenotypes observed in asthma and allergy compli-
cates the understanding of the immunological
mechanisms.

The genetic studies highlight the importance of
epithelial cell-derived cytokines (TSLP and IL-33)
that promote differentiation and activation of Th2
cells and their receptors (ILIRL1 encodes ST2, the
receptor for IL-33 on immune cells including mast
cells, Th2 cells, T regulatory cells). Replication of
genetic results is often difficult because of the
disparity in phenotype definition. A pathway-based
approach in which several genes are selected
for analysis, based on biological knowledge, can
represent a good strategy to detect relevant associ-
ations with eosinophils or basophils, and better
understand their role in allergic inflammation.
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