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Airway hyperresponsiveness

CRSsNP:

Chronic rhinosinusitis without nasal polyps

CRSwNP:

Chronic rhinosinusitis with nasal polyps

Summary
The pathogenesis of asthma continues to be a major topic of interest to our authors with reviews and
original papers on the role of viruses, mechanisms of inflammation, biomarkers and phenotypes of
asthma being major topics. A number of papers described new treatments for asthma focusing on
blocking the Th2 response reflecting the fact that two decades of work in this area is finally bearing
fruit. The pathogenesis of chronic rhinosinusitis is a growing area of interest, but there has been less
on the genetics of airways disease than in previous years possibly reflecting the degree of rigour
(and therefore a smaller body of work), with which these sorts of studies are now being undertaken.
There continues to be a wide range of papers dealing with mechanisms of allergic disease ranging
from clinical based studies to basic research and the use of in vivo animal models especially mice.
As before mechanisms and new approaches to immunotherapy are common themes. Several were
published in the allergens section investigating modification of allergens to increase their
effectiveness and reduce the risk of adverse events. Risk factors for allergic disease was a common
theme in the epidemiology section and food allergy a common theme in clinical allergy with papers
on the development of protocols to induce tolerance and attempts to find biomarkers to distinguish
sensitization from allergic disease. Another exciting year for the editors and we hope the readers of
the journal.

1.0 Asthma and Rhinitis
1.1 Phenotypes of the disease
For the past several decades, asthma was considered a homogeneous disease caused by allergeninduced, Th2-driven, eosinophilic airway inflammation. However, in recent years, clinical and
translational research has demonstrated that asthma is highly heterogeneous in character and
varies in severity, clinical expression, and treatment response between individuals and within
individuals over time. For example, using both biased and unbiased approaches, multiple asthma
phenotypes have been described in relation to such factors as eosinophilic inflammation,
exacerbation and age at onset; these phenotypic analyses have improved our understanding of the
heterogeneity of asthma and may provide a starting point to transform clinical practice through
evidence-based classification of disease severity.

The nature of young adult wheezing has yet to be clearly characterized. Kurukulaaratchy and
colleagues used cluster analysis to define clinically relevant young adult wheeze clusters in a
longitudinal birth cohort (1). K-means cluster analysis was undertaken among 309 currently
wheezing subjects aged 18 years in the Isle of Wight birth cohort (N = 1456). Using 13
parameters representing core disease characteristics, the study identified six wheeze clusters at 18
years with differing associations with age of wheezing onset, atopy, allergic co-morbidity, lung
function, bronchodilator reversibility (BDR), airway hyper-responsiveness (AHR), and level of
asthma therapy. Further characterization of those clusters indicated differing associations with

healthcare utilization, symptom severity, and frequency. More severe clusters were associated
with childhood onset, atopy, impaired lung function, and smoking, and merit additional attention.

Although disease phenotypes are the result of complex interactions between largely unknown
genetic and environmental mechanisms, identification of environmental factors offers a real
possibility of asthma prevention. Gonzalez and colleagues analyzed associations between asthma
and occupational exposure to disinfectants, especially quaternary ammonium compounds (QACs),
which are commonly used in cleaning/disinfection products (2). Nursing professionals reported a
significantly higher risk of reported physician-diagnosed asthma and, for registered nurses, of
nasal symptoms at work than did administrative staff working in the health-care sector. This risk
was particularly marked during disinfection tasks and during exposure to QACs. The highest risk
was associated with tasks involving dilution of disinfection products by manual mixing,
suggesting possible exposure to repeated peaks of concentrated products known to be strong
respiratory irritants. Workplace interventions should be conducted to more clearly determine
QAC exposure and improve disinfection procedures.

1.2 Eosinophilic inflammation
Molfino and coworkers reviewed the literature in 2012 showing that sputum eosinophilia can be
used to predict severe exacerbations and response to corticosteroid therapy and anti-eosinophil
therapies such as anti-IL-5 (3). Despite this, measurement of airway inflammation using sputum

analysis has not found its way into routine management and remains primarily a research tool .
Zhang and colleagues found that blood eosinophil count, whether expressed as a percentage or a
number, is a sensitive and specific marker of a raised sputum eosinophil count (4). Cianchetti and
colleagues assessed whether sputum eosinophils and sputum eosinophil cationic protein (ECP)
were related differently to several clinical and functional parameters (5). Patients were divided
into four groups on the basis of sputum eosinophil percentage and sputum ECP values. The results
confirmed that the pattern of airway inflammation is heterogeneous in asthma. Overall, both
increased sputum eosinophils and increased ECP levels were related to increasing severity of
clinical presentation assessed by asthma symptom score and use of short-acting bronchodilators.
An interesting finding was the poor concordance between the two indices of airway eosinophilia,
ie, percentage of eosinophils and ECP levels, with discordant results in 38.8% of the cases.
Considering both markers, the proportion of mild/moderate asthmatic patients without evidence
of airway eosinophilia was limited to 20%. A stepwise regression analysis showed weak, albeit
significant, inverse correlations between eosinophil count and disease duration, and between ECP
and airflow obstruction, suggesting that these biomarkers might identify different aspects of the
disease.

1.3 Asthma exacerbation
Exacerbations represent a major source of morbidity and mortality in asthma and are a prominent
feature of poorly controlled, difficult-to-treat disease. Factors that cause and/or trigger asthma

attacks include host-related factors (genetic predisposition, obesity, and sex) and environmental
factors (allergens, infections, occupational sensitization, smoking status, pollution, and diet).
Kupczyk and colleagues, by studying 93 patients with severe asthma and 76 patients mild-tomoderate asthma, were able to distinguish and characterize a sub-phenotype of asthma
patients—frequent exacerbators, who were significantly more prone to exacerbations (6). The
study showed that patients with FeNO > 45 ppb and a history of smoking are at increased risk of
frequent exacerbations and require careful monitoring in clinical practice.

1.4 Adult-onset asthma
Many people develop asthma in childhood. However, asthma symptoms can appear at any time in
life. Although the prevalence of asthma in the elderly is increasing and is associated with higher
mortality than in children or young adults, the effect of older age on airway inflammation in
asthma is not well established. Brandenberger and colleagues, used 12-week-old and 15-monthold male BALB/c mice, sensitized and challenged with house dust mite (HDM), and indicated that
elderly patients with asthma may be prone to developing severe allergic airway inflammation
with a mixed Th2/Th17 immune response (7). The features of allergic airway disease, such as
mucous cell hyperplasia, infiltration of airway eosinophils and lymphocytes and Th2 cytokine
expression, were greater in the old than in the young mice. In addition, only the old mice
developed airway neutrophil infiltration and a Th17 immune response upon HDM exposure, with
increases in the BALF cytokines IL-17A and KC and in Th17 cytokine-producing T cells in the

spleen, suggesting that the severity and character of allergic airway disease are age-dependent,
with a bias towards a Th17 immune response with aging. Birmingham and colleagues also noted
age-specific differences in the effect of a viral infection on allergic sensitization, airway
inflammation, and AHR between young and old mice infected with a non-lethal dose of influenza
virus A (8). Serum OVA-specific IgE was significantly increased only in the old mice infected with
influenza virus. Therefore, in a mouse model, viral infection prior to antigen sensitization affects
the airway and systemic allergic responses differently according to increase in age. These
differences may reflect distinct phenotypic features of allergic inflammation in older patients with
asthma.

Recent studies suggested that Staphylococcus aureus enterotoxin sensitization is a risk factor for
asthma (9). Using a baseline data set from a Korean adult population survey, consisting of 1080
adults recruited from an urban and a rural community, Song and colleagues identified

Staphylococcal sp. enterotoxin sensitization as having a prevalence of 27.0%, and the risk factors
as being male sex, current smoking, advanced age and inhalant allergen sensitization (10).

Staphylococcal sp. enterotoxin sensitization was independently associated with adult-onset
asthma in the adult community population.

1.5 Hygiene hypothesis

According to the hygiene hypothesis, changes in lifestyle in industrialized countries have led to a
decrease in the infectious burden and are associated with a rise in allergic diseases (11).
Underlying mechanisms include immunoregulation, involving various regulatory T cell subsets
and Toll-like receptor stimulation, which could originate from changes in the microbiota caused
by changes in lifestyle. Recent reports indicate that a high diversity of the gut microbiota in
infancy may be more important than the prevalence of specific bacterial taxa (12). The suggested
underlying rationale is that the gut immune system reacts to exposure to new bacterial antigens
and repeated exposure enhances the development of immune regulation including a conversion
of CD4+ T cells into regulatory T cells. Abrahamsson and colleagues assessed microbial diversity
and characterized the dominant bacteria in stool during the first year of life in relation to the
prevalence of different allergic diseases according to school age, such as asthma, allergic rhinitis
(AR), and eczema (13). The microbial diversity and composition were analyzed with barcoded 16S
rDNA 454 pyrosequencing in stool samples at the ages of 1 week, 1 month, and 12 months in 47
infants, who were subsequently assessed for allergic disease and skin prick test reactivity at the
age of 7 years. Children who developed asthma had a lower diversity of the total microbiota than
did non-asthmatic children at 1 week and 1 month of age, whereas AR, eczema, and positive skin
prick reactivity at 7 years of age was not associated with gut microbiota diversity. Children having
IgE-associated eczema in infancy and subsequently developing asthma had lower microbial
diversity than did those who did not.

Cheng and colleagues evaluated the independent and combined effects of day care attendance and
respiratory infections on the development of asthma at the age of 7 in a prospective birth cohort
(14). Day care hours and number of respiratory infections were reported in follow-up
questionnaires through age 4. At 7 years of age, asthma was diagnosed in 95 children (16%), on
the basis of predefined symptoms criteria confirmed by the presence of either BDR or AHR. In the
multivariate logistic model, the cumulative hours of day-care attendance and number of lower
respiratory infections at 12 months were associated with asthma. However, a threshold of greater
than 37.5 hours per week of day-care attendance was associated with a lower risk of asthma.
Dependent on the duration of attendance, day care during infancy can either increase or reduce
the risk of asthma at the age of 7.

1.6 Chronic rhinosinusitis with nasal polyps
Two studies from Japan and China reported distinct patterns of inflammation in eosinophilic and
non-eosinophilic chronic rhinosinusitis with nasal polyps (CRSwNP). The concentrations of total
IgE and number of IgE-positive cells were significantly higher in the eosinophilic polyps than in
the non-eosinophilic polyps. IgE-positive cells were predominantly mast cells in the eosinophilic
polyps and significantly correlated with the number of FcεR1-positive cells in the sub-epithelial
layer. IL-5 and IL-13 mRNA and ε germline gene transcript expression levels were also
significantly higher in the eosinophilic polyps than in the control and non-eosinophilic polyps
(15). The number of mast cells positive for both tryptase and chymase and of activated mast cells

was increased in eosinophilic CRSwNP, and the number of activated mast cells was positively
correlated with local IgE level, eotaxin-1 level and eosinophil count in CRSwNP (16). These
studies suggest local class switching to IgE, production of IgE, and IgE localization to the surface of
mast cells in eosinophilic chronic rhinosinusitis. The difference in the IgE-related profiles
between eosinophilic chronic rhinosinusitis and non-eosinophilic chronic rhinosinusitis offers a
rationale for considering intervention strategies designed to target local allergy in eosinophilic
CRSwNP.

1.7 Rhinitis and Airway Hyperresponsiveness
A high percentage of patients with AR exhibit signs of AHR, and approximately 30% may develop
asthma later in life. Buslau and colleagues identified predictors for allergen-induced asthma in
patients with AR (17) . Bronchial allergen provocation (BAP) is considered the gold standard for
the diagnosis of clinically relevant allergen-specific asthma. An early asthmatic reaction was
equally distributed between patients with and without signs of possible asthma as assessed by
questionnaire (56.8% vs. 48.3%). There is a considerable discordance between reported asthma
signs and disease diagnosed by BAP. Simple measurement of allergen-specific IgE for grass pollen
was the best predictor of allergen-induced asthma in patients with AR.

Exercise-induced bronchospasm (EIB) is frequent among asthmatic children. Caillaud and
colleagues assessed the relationship between EIB and various phenotypes of rhinitis according to

asthmatic status at the general population level in the Six Cities Study (18). Of 6813
schoolchildren, 227 (3.33%) experienced EIB after exercise. In this large sample of 10-year-old
children drawn from the general population, EIB was associated with rhinitis in the absence of
asthma. Furthermore, it constituted an entity independent of asthma and was not related to a
familial history of asthma. Thus investigating these symptoms could be important in this disease,
as a specific nasal treatment might improve EIB in these children.

1.8 Genetics/epigenetics
Studies of genetics and epigenetics could give us some idea about the endotype of asthma, ie, a
sub-type of the condition defined by a distinct pathophysiological mechanism underlying several
phenotypes. An insight related to the role of filaggrin mutations was reported in the population
cohort established in the Isle of Wight in the UK (19). Filaggrin is a barrier protein in the skin, and
loss of function genetic mutations in filaggrin is a major risk factor for eczema. Although filaggrin
is not expressed in the airway, it is also an important risk factor for asthma and AR and
particularly a combination of all three ‘atopic’ diseases. People with mutations in the filaggrin
gene have a 23-fold increased risk of developing a combination of eczema, asthma, and AR. The
mechanism is likely related to the loss of barrier function leading to sensitization via the skin that
favors a Th2-type immune response. This generates specific IgE that then interacts with inhaled
allergens leading to allergic disease of the airways.

Yatagai and colleagues reported the results of a sub-analysis of a larger Japanese GWAS in an
article published in 2011(20, 21). This larger GWAS identified five loci at a genome-wide
significant threshold for asthma in 7171 adult individuals with asthma and 27,912 controls.
These patients were recruited from different regions of Japan. In their sub-analysis, 240 asthma
patients and 734 healthy controls recruited in a single region were analyzed for a genome-wide
association with asthma. Only participants from one specific geographic region were selected, the
rationale being that certain polymorphisms may be more present or important in a certain region.
Furthermore, only non-smoking asthmatic patients or those with a limited smoking history of less
than 10 pack years were included. This may have reduced the number of participants who had
asthma-like symptoms due to environmental factors such as smoking, and increased the power to
find genetic effects. Using this approach, evidence for a gene called hyaluronan synthase 2 (HAS2)
was provided. This gene encodes a glucosaminoglycan that is present in the extracellular matrix
and is strongly expressed in the lungs. Furthermore, asthma-associated SNP was shown to
regulate the mRNA expression of HAS2. This genetic association signal was not found in the initial
larger Japanese GWAS, suggesting that the selection of one geographic region was important. It is
also plausible that smoking strongly affected their results.

Tryptase, a major secretory product of human mast cells, has been implicated as a key mediator of
allergic inflammation. Genetic variation in the tryptases is extensive, and α-tryptase, an allelic

variant of the more extensively studied β-tryptase, is absent in substantial numbers of the general

population. Abdelmotelb and colleagues investigated the α-tryptase gene copy number variation

and its potential associations with asthma phenotypes (22). White families (n = 341) with at least
two asthmatic siblings (n = 1350) were genotyped for the α-tryptase alleles. Associations between
α-tryptase copy number and serum IgE levels, atopy scores, and bronchial function were found,
indicating roles for tryptases in regulating IgE production and other processes in asthma.

Epigenetic dysregulation manifested by DNA methylation, potentially reflecting combined genetic
and environmental modulation, has been reported in asthma and allergy (23). Genetic variation
in the β-2 adrenergic receptor gene (ADRB2) has been implicated in asthma severity and control,
with conflicting results. Epigenetic variation in ADRB2 may play an important role in the asthma

phenotypes. Gaffin and colleagues found that DNA methylation in ADRB2 was associated with
decreased asthma symptom severity, suggesting a role for methylation in asthma phenotypes in
inner-city school-aged children (24).

1.9 Biology of allergic inflammation underlying asthma and rhinitis
T lymphocytes, particularly Th2 cells, are critical to the development and maintenance of asthma.
However, the factors responsible for regulating the development and/or maintenance of Th2mediated inflammation are not well understood. Many studies have explored the cellular and
molecular mechanisms involved in asthma and allergic diseases

IL-21–positive cells are increased in the bronchial mucosa of asthmatic patients when compared
with those of non-asthmatic individuals. Allergic airway responses were compared in wild-type
and Il21R-deficient mice exposed to local airway challenge with HDM (25). The study
demonstrated that IL21R-deficiency reduces HDM-driven AHR with only partial effects on airway
inflammation. Concomitant with the reduction in AHR in Il21R-deficient mice, significant
suppression was observed in the protein levels of the Th2 cytokines IL-4 and IL-13. The study
indicated that IL-21 plays an important role in allergic diathesis by enhancing Th2 cytokine
production through multiple mechanisms, including the suppression of Treg inhibitory effects on
Th2 cytokine production.

IL-25 has also been implicated in the pathogenesis of asthma as a result of studies on human
subjects with asthma and on murine asthma models. Compared with the OVA-challenge,
intranasal challenge of BALB/c mice with IL-25 alone induced a delayed, predominantly
eosinophilic and lymphocytic infiltration into the airway lumen, along with increased production
of Th2-type cytokines, chemokines and collagen, secretion of epithelial mucus, goblet cell
hyperplasia, deposition of sub-epithelial collagen, airway smooth muscle cell hyperplasia, and
angiogenesis(26). In contrast, IL-25 exposure did not increase IgE or IgG1 production. This study
suggested that chronic airway exposure to IL-25 alone is sufficient to induce allergen- and IgEindependent, asthma-like airway inflammation, remodeling, and hyper-responsiveness in mice.

Dendritic cells (DCs) are professional antigen-presenting cells that mediate the response to
inhaled allergens. A major division in DC ontogeny exists between myeloid DCs (mDCs) and
plasmacytoid DCs (pDCs). Peripheral blood and induced sputum were obtained before and at 3, 7
and 24 h after inhalation of diluent and allergen from allergic asthmatic patients who developed
both allergen-induced early- and late-phase responses. A sub-type of mDCs expressing
thrombomodulin, termed myeloid DCs type 2 (mDC2s), has been identified in both the circulation
and lungs and has recently been suggested to have a role in allergic asthma. Dua and colleagues
found that the number of sputum mDC2s significantly increased 24 h after allergen challenge
when compared with after diluent challenge in patients with asthma, suggesting that this subtype
of mDC is involved in the regulation of allergen responses in the lung (27).

In AR, it has been shown that ICOS expression is up-regulated and associated with Th2 response
(28). mDCs from AR patients expressed a lower level of ICOSL, in both blood and nasal tissue.
mDCs from AR were constitutively primed to induce Th2 cytokines and TNF in allogeneic CD4+ T
cells. Shen and colleagues showed that mDCs from patients with AR displayed impaired ICOSL
expression, and that this defect licenses mDCs to promote aberrant IL-13– and IL-5–producing
Th2-cell responses (29).

Inhaled peptide challenge has been shown to induce a T cell-mediated, isolated late asthmatic
reaction (LAR), characterized by recruitment of CD4+ T cells. Epithelial-derived thymic stromal

lymphopoietin (TSLP) has been shown to modulate dendritic cell function to promote Th2
responses. Both dsRNA and allergen-specific T cells induced enhanced TSLP secretion from
asthmatic primary bronchial epithelial cells (PBECs) compared with healthy PBECs (30). IL-1β, IL6, and CXCL8, rather than Th2 cytokines including IL-4, IL-5, and IL-13, appeared to be the
principle mediators of allergen-specific T cell-dependent induction of epithelial-derived TSLP,
which was regulated by the MEK, MAPK and NFκB pathways. This study revealed a novel effect of
allergen-specific T cells as a positive regulator of TSLP production by epithelial cells, suggesting T
cell-airway epithelium interactions that may lead to maintenance and amplification of allergic
inflammation.

Regulatory T cells (Tregs) are activated during anergy in response to T cell receptor (TCR)
activation and functional immune suppression. Negoro and colleagues reported that CD4+,
CD25+, CD127-/low Tregs from participants without asthma did not elicit Ca2+ influx in response
to TCR activation, exhibited little proliferation, and suppressed proliferation of CD4+, CD25- T
cells (31). In contrast, under similar conditions, Tregs from patients with asthma exhibited
increased Ca2+ influx and robust proliferation with partial loss of regulatory functions. They
confirmed that Tregs in patients with asthma are functionally impaired and that the abnormal
regulatory functions of these cells can be analyzed by Ca2+ influx following TCR engagement.
Furthermore, their study indicated that the impaired functioning of Tregs evident in patients with
asthma may be due to a high level of the receptor for activated C kinase 1 (RACK1).

Regulatory B cells have been identified that strongly reduce allergic inflammation in experimental
models by producing IL-10. van der Vlugt and colleagues analyzed peripheral blood B cells from
13 patients with allergic asthma and matched healthy controls for the expression of different
regulatory B-cell markers (32). They showed that the CD24hiCD27+ B-cell subset was reduced in
number and that IL-10 production was decreased in patients in response to LPS. In response to
DerP1, CD4+ T cells taken from patients and co-cultured with LPS-primed B cells produced less
IL-10 than did similar cultures from controls. These results indicated that CD24hiCD27+ B cells
from allergic asthma patients produce less IL-10 in response to LPS, leading to weaker IL-10
induction in T cells in response to DerP1.

The presence of activated NK cells has also been noted in patients with asthma. Induction of OVAallergic airway disease (AAD) in C57BL/6 wild-type (WT) mice resulted in the expansion of
airway NK cells and the development of pronounced airway eosinophilia. In the absence of NK
cells or specific subsets of NK cells, either in NKD mice or after the depletion of Ly49A/D/G+ NK
cells, the development of OVA-AAD was significantly impaired as seen by decreased airway
inflammation and eosinophilia, decreased secretion of the Th2 cytokines IL-4, IL-5, and IL-13,
and diminished OVA-specific antibody production (33). Furthermore, while OVA exposure
induced a dramatic expansion of DCs in WT mice, their induction was significantly attenuated in

NKD mice. These findings demonstrated that conventional NK cells play an important and distinct
role in the development of AAD.

IL-13, a helper Th2 cytokine, transforms cultured airway epithelial cells to goblet cells, and this is
not inhibited by corticosteroids. IL-33 stimulates Th2 cytokines and is highly expressed in airways
of patients with asthma. Tanabe and colleagues examined the effect of IL-33 on CXCL8/IL-8
secretion from goblet or normally differentiated human bronchial epithelial (NHBE) cells and
signaling pathways associated with IL-33 activation in these cells (34). CXCL8/IL-8 secretion into
the apical side of the goblet cells was greater than that from normally differentiated cells, and IL33 stimulated apical CXCL8/IL-8 release from goblet cells, but not from normally differentiated
cells. IL-33 increased ERK 1/2 phosphorylation in goblet cells. IL-13 induced ST2 mRNA and
membrane-bound ST2 protein expression on the apical side surface of goblet cells when
compared with normally differentiated cells. These results suggest a mechanism for enhanced
airway inflammation in the asthmatic airway with goblet cell metaplasia.

Mouse models of atopic march suggest that systemic, skin-derived TSLP mediates progression
from eczema to asthma (35). A prospective analysis of the relationship between plasma levels of
TSLP to allergic sensitization and recurrent wheezing was conducted in the birth cohort from the
Urban Environment and Childhood Asthma (URECA) study (36). Plasma TSLP levels were
measured at 1, 2, and 3 years of age and analyzed for correlation with clinical parameters in each

of the 3 years. Overall, a consistently significant association was not found between TSLP and
eczema or allergic sensitization. With regard to recurrent wheezing, children with detectable
TSLP at 1 year of age were significantly less likely to experience recurrent wheezing by three
years of age than were those with children without detectable TSLP, but this was seen only in
children without aeroallergen sensitization at 3 years. These findings suggest a possible
underlying distinction between the pathogenesis of developing atopic and that of non-atopic
recurrent wheeze.

1.10 Non-allergic mechanisms underlying asthma and rhinitis
Asthma has almost universally been regarded as an atopic disease involving allergen exposure,
allergic sensitization with a Th2 CD4+ lymphocyte response, and subsequent IL-5 mediated
eosinophilic airways inflammation, resulting in enhanced bronchial reactivity and eventually in
reversible airflow obstruction. However, there is now increasing evidence that other
inflammatory mechanisms may be involved in producing the final common pathway of enhanced
bronchial reactivity and reversible airflow obstruction that characterizes asthma. Elucidation of
such mechanisms involved in the airway inflammation is important to permit their manipulation
for therapeutic gain.

Cross-sectional and longitudinal studies show that obese adults have more asthma than do nonobese adults. A proposed mechanism is via effects of adipokines (leptin and adiponectin) on the

immune system. Asthma levels were positively associated with serum leptin in the Global Asthma
and Allergy Network of Excellence (GA2LEN) clinical follow-up survey (37). However, these
associations were attenuated after adjustment for confounders and became non-significant after
additional adjustment for obesity measures and multiple comparisons. Therefore, there is a
possibility that this association is secondary to associations of both with obesity measures.

Histone acetyltransferases (HATs) and histone deacetylases (HDACs) regulate gene expression.
Gunawardhana and colleagues investigated total HAT/HDAC activity and gene expression in
isolated blood monocytes and sputum macrophages from healthy individuals (n = 9) and patients
with asthma (n = 52) (38). There was a significant inverse association between blood monocyte
HAT and HDAC activity. Neutrophilic asthma was associated with increased blood monocyte HAT
enzyme activity, decreased HDAC activity and an increased HAT: HDAC ratio when compared
with eosinophilic asthma, which demonstrated further systemic manifestations relating to the
altered inflammatory gene transcription profile of neutrophilic asthma.

The toll-like receptors, TLR5 and TLR7, have recently been proposed to play a role in asthma
immunopathogenesis. Advanced immunohistochemical mapping of TLR5 and TLR7 was
performed on bronchial and transbronchial biopsies from healthy individuals and patients with
moderate or severe asthma (39). Patients with severe asthma had decreased total and epithelial
TLR5 expression when compared with the controls and the patients with moderate asthma. TLR7

expression was found in several structural cells and asthma-related immune cells; TLR7
expression was also decreased in patients with severe asthma. Within the asthma groups, both
TLR5 and TLR7 expression correlated with multiple lung function parameters. Hence, patients
with severe asthma may suffer from insufficient TLR signaling during viral or bacterial infections
leading to poor and impaired defense mechanisms.

Disintegrin and metalloproteinase domain 8 (ADAM8) is an enzyme expressed on most leukocytes
and may be important for facilitating leukocyte migration in respiratory disease. Induced sputum
was collected from 113 patients with asthma (severe n = 31, uncontrolled n = 39, and controlled n
= 35), 20 patients with COPD, and 21 healthy controls (40). ADAM8 mRNA and soluble ADAM8
protein levels were significantly higher in both the asthma and the COPD patients than in the
healthy controls. ADAM8 mRNA and sADAM8 protein levels were significantly higher in patients
with severe asthma than in those with controlled asthma. While the total inflammatory cell count
and neutrophils were elevated in the sputum of the patients with severe asthma, ADAM8
expression was positively correlated with the sputum total cell count and sputum neutrophils.
ADAM8 may facilitate neutrophil migration to the airways in severe asthma and COPD.

Mast cell-airway smooth muscle interactions also play a key role in the pathogenesis of asthma.
Alkhouri and colleagues identified the factors expressed in non-asthmatic ASM that might inhibit
MC chemotaxis (41). From an array of 120 cytokines, CXCL1 was the only factor expressed in

abundance by Th1-stimulated non-asthmatic ASMs when compared with asthmatic ASMs. In
vitro experiments identified CXCL1 as a negative regulator of MC chemotaxis. They also suggested
that there is a defect in the CXCL1 axis in asthma that acts as a protective brake in normal ASM,
and therefore, the increased MC accumulation in asthma is due at least in part to a failure of the
inhibitory mechanism.

γδT cells have previously been shown to down-regulate acute inflammatory responses in the lung.
Murdoch and colleagues studied the role of γδT cells in remodeling caused by chronic
inflammatory responses in mice in a house dust mite model of asthma (42). They demonstrated
that blockade of γδT cells exacerbated the inflammatory response and led to a greater degree of
remodeling changes.

Infiltration of fibrocytes (FCs) in the airway smooth muscle is a feature of asthma. Lin and
colleagues explored whether FCs modulate the phenotype of airway smooth muscle cells (ASMCs)
in asthmatic patients as compared with controls (43). Fibrocytes did not affect ASMC proliferation
or expression of TGF-β1, eotaxin, α-SMA and MLCK; however, ASMC production of IL-8 and IL6 was increased in the co-culture and transwell culture by FCs. ASMC treated with fibrocyteconditioned medium were immunopositive for IL-8/IL-6 and produced more IL-8/IL-6.
Furthermore, siRNA silencing of NF-κB-p65 or ERK1/2 in transwell cultures of asthmatic ASMC

with normal FCs decreased IL-8 and IL-6 production. These results demonstrate a proinflammatory role for FCs and a possible mechanism of the inflammatory phenotype in asthma.

1.11 Viruses and asthma exacerbations
It is well established that viral upper respiratory tract infections (URIs), usually due to rhinovirus,
are the most common triggers for asthma exacerbations in adults and children an area reviewed
by Mackenzie et al (44). The reasons for this include the possibility of a defect in viral host
defence at the level of the bronchial epithelium (45, 46). The assumption is that if this defect
could be restored then asthmatic patients would be protected from viral-induced exacerbations.

Parsons and colleagues investigated the expression and function of pathogen recognition
receptors on epithelial cells from healthy controls and asthmatic patients to determine the role
they play in viral infections (47). They confirmed a previously reported defect in the generation of
type 1 and type III interferon responses in asthmatic epithelial cells. However, this did not appear
to be caused by differences in the expression of innate immune receptors, but by a defect in
signalling.

A contrasting possibility has been raised that excessive virus-induced interferon production
during acute infections can contribute to airway inflammation and exacerbations of asthma (48).
In sputum samples, interferon gamma expression was significantly greater in patients with

asthma exacerbations than in patients without exacerbations. IFN-γ mRNA levels correlated with
the peak Asthma Index. Additionally, IL-13, IL-10, and eosinophil major basic protein mRNA
levels were higher in patients with asthma exacerbations than in patients without exacerbations,
and IL-13 mRNA correlated with the peak Asthma Index. Therefore, asthma exacerbations are
associated with increased rather than decreased expression of interferons early in the course of
infection.

Rhinovirus and IgE act in concert to promote asthma exacerbations. Basophils are the principal
cell type activated by IgE in the blood, and basophils in atopic asthmatic patients, but not in nonatopic controls, show up-regulated the TSLP receptors upon IgE receptor ligation (49). The
magnitude of this response was correlated with the proportion of serum total IgE that was
allergen-specific. Circulating basophils displayed increased IgE responsiveness three weeks after
rhinovirus infection in patients with atopic asthma. This observation, coupled with increased
expression of Syk, implicates basophils in promotion, or else prolongation, of rhinovirus-induced
inflammation in patients with atopic asthma.

Lower respiratory tract symptoms, airflow obstruction and neutrophilic airway inflammation
were increased in experimental RV-induced asthma exacerbations. Neutrophil-related CXC
chemokines and anti-microbial peptides were increased and related to clinical, virological, and
pathological outcomes in RV-induced exacerbations of asthma (50). Thus, RV infection in asthma

may lead to increased release of CXCL8/IL-8, attracting neutrophils into the airways, where they
release HNP 1-3, which in turn further enhances airway neutrophilia.

For reasons that are unclear, not all asthmatic patients have an exacerbation with an URTI.
Manthei and colleagues investigated whether the profile of cytokines released from the upper
airway in response to natural viral infection could predict who would go on to develop an asthma
exacerbation (51). From the large number of cytokines that they measured, they found that VEGF
and TNF-α stood out as predicting the likelihood of an exacerbation. While it is possible that this
information could be used as a test to predict exacerbations, at the least, it should offer some clues
as to how viral infections cause exacerbations.

Respiratory syncytial virus (RSV) bronchiolitis leads to hospitalisation in 2-3% of children in their
first year of life. Approximately 40% of previously healthy infants hospitalized for RSV
bronchiolitis will later be diagnosed with asthma. Randolph et al found that vitamin D binding
protein (VDBP) GC1s haplotype carriage was associated with hospitalisation for RSV bronchiolitis
in infancy in two independent cohorts (52). The GC1s haplotype is associated with higher VDP
levels, resulting in less freely available vitamin D. This study supports previous findings linking
vitamin D deficiency to RSV susceptibility.

1.12 Allergens
Circulating levels of specific IgE are good markers of sensitization, but not of clinically
symptomatic allergy. Michaud and colleagues quantified circulating IL-4- and IL-13-secreting T

cells specific for HDM in children presenting with HDM-allergic asthma associated or not
associated with rhinitis and correlated the results with the clinical symptoms (53). The number of
HDM-specific IL-4– and IL-13–secreting T cells was higher in patients with allergic asthma than
in those with non-allergic asthma. Although it varied with the season of blood sampling, with a
peak in the fall and in the early spring, independently of the season, the number of HDM-specific
IL-4–secreting T cells correlated with rhinitis severity. Allergen-specific IL-4– and IL-13–
producing T cells were detected only in HDM-allergic asthmatic children but not in patients with
non-allergic asthma; thus, these cells are suitable markers to diagnose and monitor allergy and its
severity and, therefore, correctly assign patients to specific immunotherapy regimens.

Molecular allergy diagnostics is a prerequisite for future component-resolved specific
immunotherapy due to the high heterogeneity of sensitization profiles. Data is currently lacking
on molecular allergy diagnostics in adults with grass pollen allergy with regard to conjunctival
and nasal provocation tests outcomes and specific immunotherapy. Darsow and colleagues
assessed whether molecular allergy diagnostics for grass pollen allergens could help with
predicting provocation test outcomes and serve as a basis for future component-resolved specific
immunotherapy (54). Sera of 101 adults with grass pollen allergy were analyzed for IgE against
timothy grass pollen, rPhl p 1, rPhl p 2, nPhl p 4, rPhl p 5b, rPhl p 6, rPhl p 7, rPhl p 11, and rPhl
p12 and correlated with the individuals’ outcome in the nasal and conjunctival provocation tests
and investigated in regard to a potential component-resolved specific immunotherapy. Although

an increasing number of sensitizations to timothy grass allergens was correlated to a positive
reaction in the conjunctival and nasal provocation tests, in molecular sensitization profiles, a
substantial heterogeneity was detected, with none of the patients exactly matching the allergen
composition of a previously published component-resolved specific immunotherapy.

IgE-mediated AR to grass pollen can successfully be treated with either allergen immunotherapy
tablets (SLIT tablet) or SQ-standardized subcutaneous immunotherapy (SCIT). The efficacies of
these two treatment modalities for grass allergy are comparable, but the immunological
mechanisms may differ. Aasbjerg and colleagues randomized 40 individuals with grass pollen
rhinitis into groups receiving SCIT, SLIT tablet, or neither and followed them for 15 months with
regular serum measurements of specific IgE, IgG4, IgE-blocking factor, facilitated antigen
presentation and basophil activation test (55). Both SCIT and the SLIT tablets induced significant
changes in specific IgE antibodies and competition assays. Overall, SCIT induced larger changes
than did the SLIT tablets. The maximal changes were generally reached after 3 months’ treatment.
The data was discussed in an accompanying editorial and it was pointed out by Barbara Bohle that
the differences could be due to the adjuvant used in SCIT or the higher amount of allergen
delivered with this method although it is interesting in this context that the specific IgE response
to SLIT was higher. She pointed out that the crucial question is how these immunological changes
relate to clinically efficacy (56). With regards to assessing efficacy Calderon et al reviewed the
literature to compare the different methods used to assess efficacy in clinical trials of SLIT for

hayfever (57). They found a range of methodologies even when ostensibly measuring the same
parameter such asdaily symptom score which they concluded makes comparing clinical trials
very difficult. Greater standardization is required. Another important aspect of SLIT is the issue of
adherence. Antico reviewed the evidence that adherence to SLIT is poor in real life settings
although not in clinical trials. He suggested that this difference was due to the relative motivation
of the patient and advocated a concordance based approach to treatment in which the patient
becomes fully engaged in decision making (58).

Trees belonging to the order of Fagales show a distinct geographical distribution. While alder and
birch are endemic to the temperate zones of the northern hemisphere, hazel, hornbeam, and oak
prefer a warmer climate. However, specific immunotherapy for Fagales pollen-allergic patients is
mainly performed using birch pollen extracts, thus limiting the success of this intervention in
birch-free areas. Pichler and colleagues combined linear T cell epitope-containing stretches of the
five most important Fagales allergens from birch, hazel, alder, oak, and hornbeam, resulting in a
Fagales pollen hybrid (FPH) molecule applicable for SIT (59). The hybrid molecules showed a
more efficient uptake and processing by DCs resulting in a modified T-cell response. The proteins
had a lower IgE-binding capacity than did the parental allergens; thus, their high safety profile
and increased efficacy emphasize their potential clinical application for the treatment of Fagales
multi-sensitization.

1.13 Biological therapies
An improved understanding of the pathobiological mechanisms of asthma and AR will provide a
better insight into novel therapeutic targets. Biological therapies currently represent useful
adjunctive treatments for asthma, especially in patients with more severe disease that is not
responsive to conventional therapies alone.

Scheerens and colleagues described results from a study of the IL-13 blocking monoclonal
antibody lebrikizumab (60). They studied 29 patients with mild atopic asthma treated with an asneeded bronchodilator therapy only in a multi-center, double-blind trial. A screening allergen
challenge was performed to select patients with a LAR, who were then randomized to one of four
doses of sub-cutaneous lebrikizumab or a placebo, given monthly over 12 weeks, after which a
second allergen challenge was performed. The LAR was 48% less in patients treated with
lebrikizumab than in the placebo-treated volunteers. There was also a trend for a reduction in
maximal late declines in FEV 1 in the lebrikizumab-treated patients when compared with those
treated with the placebo. They also examined the effect of baseline expression of the biomarkers
serum periostin, blood eosinophils, and FeNO to see whether these could be related to the effect of
treatment on LAR. Results suggested that subjects with high Th2-markers at baseline tended to
have a greater reduction in LAR after treatment with lebrikizumab than did those with low Th2markers.

The CCR3 signaling pathway is one of the key regulatory pathways in eosinophil migration;
eotaxin is a ligand for CCR3 and reflects eosinophilic airway inflammation. Neighbor and
colleagues reported the results of the first clinical trial of an oral small molecule CCR3 antagonist
(GW766994) on sputum eosinophil counts in patients with eosinophilic asthma (61). In a doubleblind parallel group study, 60 patients with asthma were randomized to 300 mg of the CCR3
antagonist GW766994 twice daily or to a matching placebo for ten days followed by prednisone
30 mg daily for five days. The main finding of that trial was that the CCR3 antagonist did not
significantly reduce eosinophils or eosinophil progenitor cells in the sputum or blood of asthmatic
patients receiving inhaled corticosteroids. The CCR3 antagonist had no beneficial effect on FEV 1
although there was a small improvement in PC20 methacholine and ACQ scores.

The OX40/OX40L interaction contributes to an optimal T-cell response following allergic stimuli
and plays an important role in the maintenance and reactivation of memory T effector cells.
Gauvreau and colleagues tested whether treatment with an anti-OX40L monoclonal antibody
(MAb) would inhibit allergen-induced responses in patients with asthma (62). Twenty-eight mild,
atopic asthmatic patients were recruited for a double-blind, randomized, placebo-controlled,
parallel-group trial to compare blockade of OX40L using a humanized anti-OX40L MAb with
placebo administered intravenously in 4 doses over three months. Treatment with anti-OX40L
MAb did not attenuate the EAR or LAR at days 56 or 113 when compared with treatment with the
placebo. In the anti-OX40L MAb treatment group, total IgE was reduced 17% from pre-dosing

levels, and sputum eosinophils were decreased by 75% by day 113. However, there was no effect
of anti-OX40L MAb on AHR or blood eosinophils. It is possible that the treatment duration or
antibody dose was insufficient to impact the airway responses.

SH2-containing inositol-5'-phosphatase 1 (SHIP1) is an endogenous inhibitor of the
phosphoinositide-3-kinase pathway that is involved in the activation and chemotaxis of
inflammatory cells. AQX-1125 is a first-in-class, oral SHIP1 activator with a novel antiinflammatory mode of action. Leaker and colleagues evaluated the effects of AQX-1125 on airway
responses to allergen challenge in asthmatic patients (63). A randomized, double-blind, placebocontrolled, two-way crossover study was performed in 22 steroid-naïve, mild-to-moderate
asthmatic patients with a documented late-phase response to inhaled allergens. AQX-1125
significantly attenuated the LAR when compared with the placebo and significantly increased the
minimum FEV 1 during LAR, although there was no effect on methacholine responsiveness or
FeNO.

Prostaglandin D2 (PGD2) plays an important role in allergic inflammation. The PGD2 receptor,
CRTH2, is expressed on basophils, eosinophils and Th2 lymphocytes and mediates chemotactic
activity in allergic responses. Shiraishi and colleagues tried to define the role of CRTH2 in
allergen-induced nasal responses in a mouse model of AR (64). A potent, selective CRTH2 receptor
antagonist, ARRY-063, was administered in a mouse model of AR. Instillation of PGD2 in the nose

of sensitized mice together with a low concentration of OVA induced both early- and late-phase
reactions. Treatment with the CRTH2 receptor antagonist prevented the decreases in respiratory
frequency seen immediately following the fourth challenge of sensitized mice. In the late-phase
reaction, decreases in respiratory frequency and increases in nasal resistance were also prevented
by antagonist treatment associated with reduced cytokine levels and inflammation in the nasal
tissues. In addition, Diamant and colleagues investigated the tolerability and pharmacokinetics of
setipiprant (ACT-129968), a selective, orally active CRTH2 antagonist, in allergic asthmatic
patients and assessed the protective effects of multiple doses of this drug against allergen-induced
airway responses (65). In this three-center, double-blind, placebo-controlled, crossover study, 18
allergic asthmatic males were randomized to setipiprant 1000 mg or a matching placebo for five
consecutive days. When compared with the placebo, setipiprant significantly reduced the
allergen-induced late response, inhibiting the area under the response versus time curve by an
average of 25.6% and significantly protected against the allergen-induced AHR to methacholine.
These studies identified PGD2 as a mediator of both the early and late responses in AR and asthma
and confirm that CRTH2 may be a promising target for the treatment of allergic disorders.

The peptide hormone relaxin plays a key role in the systemic hemodynamic and renovascular
adaptive changes that occur during pregnancy, which is linked to its anti-remodeling effects.
Intranasal administration of serelaxin was evaluated for its ability to reverse airway remodeling
and AHR associated with asthma (66). Daily intranasal delivery of serelaxin significantly

diminished epithelial thickening, epithelial pSmad2, subepithelial, and total lung collagen content
and AHR. Thus, respirable preparations of serelaxin may have therapeutic potential for the
prevention and/or reversal of established airway remodeling and AHR in asthma.

Studies in rodent asthma models demonstrated that intravenous mesenchymal stem cells (MSCs)
attenuate the major pathological features of asthma including airway inflammation, AHR, and
remodeling (67). Trzil and colleagues documented the effects of allogeneic, adipose-derived MSCs
on airway inflammation, AHR and remodeling over time and investigated the mechanisms by
which MSCs alter the local and systemic immunological responses in chronic experimental feline
allergic asthma (68). Cats with chronic, experimentally induced asthma received six intravenous
infusions of MSCs or placebo bimonthly at the time of study enrollment. There were no
differences between the treatment groups or over time with respect to airway eosinophilia or
AHR. However, significantly lower lung attenuation and bronchial wall thickening scores were
noted in the CT images of the MSC-treated cats than in those of the placebo-treated cats at month
8 of the study.

Glucocorticoids are used to treat AR, but the mechanisms by which they induce disease remission
are unclear. 11β-hydroxysteroid dehydrogenase (11β-HSD) is a tissue-specific regulator of
glucocorticoid responses, inducing the interconversion of inactive and active glucocorticoids. The
expression levels of 11β-HSD1, CYP11B1, and cortisol were up-regulated in mild and

moderate/severe persistent allergic nasal mucosa (69). In cultured epithelial cells treated with IL4, IL-5, IL-13, and IL-17A, 11β-HSD1 expression and activity increased in parallel with the
expression levels of CYP11B1 and cortisol. The siRNA technique or measurement of 11β-HSD1
activity showed that the nasal epithelium converts cortisone to cortisol in an 11β-HSD-dependent
manner. These results indicate that the localized anti-inflammatory effects of glucocorticoids are
regulated by inflammatory cytokines, which can modulate the expression of 11β-HSD1, 11βHSD2, and CYP11B1, and by the intracellular concentrations of bioactive glucocorticoids.

1.14 Smoking cessation, telemonitoring, and overtreatment
Smoking has been shown to have several detrimental effects on asthma, including poor symptom
control, attenuated treatment response, and accelerated decline in lung function. The aggravations
of smoking on asthma may be caused by effects on airway inflammation, which has been found to
be changed in asthmatic smokers. It is not known whether these smoking-induced airway
inflammation changes are reversible after smoking cessation. Westergaard and colleagues
assessed airway changes in asthmatic smokers before and during smoking cessation (70) . Fortysix smokers with asthma, all steroid-free, were recruited. All participants attempted smoking
cessation over a period of three months. Twenty-six of the 46 patients succeeded in quitting
smoking. In the quitters, improvements in methacholine AHR, ACQ6 score, and FeNO were
observed, whereas no significant changes were found related to eosinophils or lung function. A

small but significant decrease in neutrophils was present in quitters when compared with nonquitters.

Adherence to controller therapy in allergic diseases is low. Telemonitoring has been proposed to
improve adherence to treatment in chronic diseases. Pizzulli and colleagues tested whether
Internet-based telemonitoring during the grass-pollen season of children with allergic
rhinoconjunctivitis might enhance adherence to treatment (71). Children and adolescents with
moderate-to-severe seasonal allergic rhinoconjunctivitis to grass pollen requiring daily
administration of nasal corticosteroids (NCS) were recruited. Participants were randomized to
Internet-based monitoring system (AllergyMonitorTM, AM, Technology Projects & Software, Rome,
Italy) or to usual care. The use of NCS, expressed as both the optimal adherence rate and average
daily use, was higher in the AM group (n = 31) than in the control group (n = 32). Importantly,
disease knowledge improved among the patients using AM but not among the controls.

Although AHR is a defining feature of asthma pathophysiology, bronchial challenge testing is not
routinely used in primary care asthma management. Using both a direct (methacholine) and an
indirect (inhaled mannitol) inhalational challenge, Manoharan and colleagues reported that 30%
of subjects were negative to both mannitol and methacholine AHR testing from an observational
cross-sectional survey on apparently representative UK adults diagnosed and treated for asthma
in the community (72). Those testing negative were older, had less atopy, better lung function, and

less airway inflammation, with the majority being within normal limits for all these measures. The
authors suggested the need for supervised step-down in those patients.

2.0 Clinical Mechanisms

2.1 Regulation of T cell-responses

The cellular origin of the exaggerated IL-13 response seen in eosinophilic esophagitis (EoE) is not
entirely clear. Peripheral blood cells and esophageal biopsies from children with EoE were
investigated by Jyonouchi et al for their invariant NKT (iNKT) cell content and function (73).
Children with EoE had fewer peripheral iNKTcells but a higher expression of these cells in
esophageal biopsies. The circulating iNKT cells from EoE children showed a stronger Th2signature, being more positive for IL-4 and IL-13. Notably, iNKT cells from children with active
EoE were significantly more positive for IL-13 than iNKT cells from children with a controlled
EoE following exposure to cow’s milk sphingomyelin. The authors conclude that sphingolipids in
milk might drive a Th2 response and support eosinophil mediated inflammation partly through the
activation of iNKT cells.

2.2 Mast cell and basophil regulation
The human Fc receptor

 IIb, or
-affinity,
inhibitory
CD32b, receptor
is the lowfor IgG, but

CD32b engagement has also been demonstrated to affect release of mediators from human
basophils following IgE mediated activation. In a study by MacGlashan and co-workers, the
regulation of IgE mediated signalling by CD32b was investigated in basophils (74). Basal CD32b

expression in basophils varied to a high degree between individuals, and the expression was
strongly influenced by IL-3. This observed profound variability in expression of CD32b had
implications for inhibition of IgE induced release of active basophil mediators.

FcεRIα, FcεRIβ and FcεRγ together form the high-affinity IgE receptor (FcεRI). The localization
of both the α and β chains in giant papillae from patients with keratoconjunctivitis and in cultured
human mast cells was determined by confocal microscopy by Okayama et al (75).
FcεRIβ detected both the
in cytoplasm and in the cell membrane. In a model system where
FcεRIβ was transduced into peripherally derived mast cells, there was an up-regulation of FcεRIα,
FcεRIβ and FcεRγin the membrane as well as in the cytoplasm. However, the transduction of
FcεRIβ into the mast cell cytoplasm caused a dampening of FcεRI mediated effects such as
degranulation, prostaglandin synthesis, Ca2+ influx and cytokine production, suggesting that
cytoplasmic FcεRIβ at least in high concentrations, may act as a negative regulator of mast cell
activation.

Ceramide, a sphingomyelin metabolite, is suggested to induce apoptosis in mast cells and to inhibit
their release of active mediators. Mast cells from the bone marrow or peritoneal cavity were
isolated from mice lacking acid sphingomyelinase (Asm), an enzyme implicated in the production
of ceramide from sphingomyelin (76). Yang et al could then demonstrate that Asm regulates several
different key steps in mast cell activation, as reduced mast cell Ca2+ signalling, degranulation and
migration was observed in mast cells lacking Asm. Of note, the Asm deficient mice also displayed a
less severe anaphylactic reaction in vivo. The results presented in this study points towards a mast
cell regulatory role for Asm in vivo and highlights ceramide as a possible candidate to consider for
therapeutic intervention.

2.3 Immune tolerance

Strömbeck and collaborators investigated the relation between CD4+ T cell subsets the first days of
life and the development of IgE-sensitization and allergy during infancy and early childhood (77).
While early IgE-sensitisation correlated with a higher proportion of FOXP3+CD25hi T cells at birth
and at 3 days of life, this association could not be observed for allergy. Furthermore, a farming
environment was associated with lower proportions of FOXP3+CD25hi T cells at some, but not all,
time points investigated during early life. The results show that the relationship between
proportions of FOXP3+CD25hi T cells, i e putative Tregs, and allergy is complex, and indicate that a
high proportion of these cells at birth is not protective against future allergy development.

Hydrolysis is a way to reduce allergenicity of milk proteins and is used in production of
hypoallergenic formulae. Meulenbroek and co-workers investigated how the degree of whey
hydrolysis influenced T cell responses and basophil activity in vitro in cow’s milk allergic (CMA)
patients (78). A longer hydrolysis time reduced IgE recognition of proteins and peptides in the
hydrolysate. T cell responses as well as basophil activation was also reduced with increased
hydrolysis time, but not in all patients. In some individuals the basophil activity actually increased
with increasing hydrolysis, possibly due to the reaction to degradation products. These results
underscore the importance of not only considering the hydrolysis grade in hypoallergenic formulas,
but to also evaluate how the hydrolysate influences immune cells and responses.

Maternal avoidance diets to prevent food allergies in their children are debated. Järvinen et al
investigated the correlations between maternal avoidance of cow’s milk during breast-feeding,
breast milk levels of IgA to different cow’s milk proteins and the development of CMA in the
offspring (79). There were lower levels of IgA to certain milk protein in breast milk from mothers
avoiding cow’s milk, while their children had lower serum IgA, IgG 1 and IgG 4 responses to some
components. Notably, lower IgG 4 and IgA to cow’s milk proteins were positively associated with

CMA, showing that in this study maternal avoidance of cow’s milk during breast-feeding was not
protective against infant CMA. The authors conclude that reduced levels breast milk IgA with
specificity for food antigens might lead to a deregulated food antigen uptake in the gut and increase
the risk for food allergy in the children. Furthermore, maternal dietary restrictions may impair
development of neonatal oral tolerance.

2.4 Prediction of clinical reactivity

While skin prick testing (SPT) is often the first method used for screening of possible causative
agents in subjects with symptoms suggesting allergy, incorrect interpretation of positive SPT can
result in overdiagnosis of allergic disorders and medicalization. In the European-wide Global
Allergy and Asthma European Network (GA2LEN) SPT study, the relationship between SPT wheal
size and patient-reported clinical relevance was investigated in 3068 patients for 18 inhalant
allergens, using standardised procedures (80). The risk of allergic symptoms increased significantly
with larger wheal sizes for 17 of the 18 allergens tested (all but Aspergillus fumigatus). As
expected, positive SPTs correlated particularly well with physician-diagnosed allergic rhinitis,
while the correlation was poorer for asthma and poorest for atopic dermatitis and food allergy.
Children with positive SPT reactions had a smaller risk of sensitizations being clinically relevant
than adults. The 80% positive predictive value for being clinically relevant varied from 3 to 10 mm,
depending on the allergen. The network provides a SPT form with the standard allergens including
mm decision points for each allergen for clinical use.

Diagnostic algorithms, including e g symptoms at first exposure, age, sex, SPT and circulating IgE
to food allergens, have been proposed to predict outcome at food challenge (81). Preece et al
assessed the value of fraction of exhaled nitric oxide (FeNO) in further improving prediction of a
clinical allergic reaction in 53 children, with a mean peanut SPT wheal diameter between 3.0 and

8.9 mm, undergoing an open-labelled peanut food challenge (OFC) (82). The authors propose that
FeNO measurements should be included as a safe non-invasive step in a novel algorithm, prior to
blood collection for analysis of circulating IgE to Ara h 2, to improve diagnostic accuracy,
potentially decreasing the need for food challenge testing in the paediatric peanut-allergic
population. The findings need to be confirmed in larger cohorts before any firm conclusion can be
drawn on utility for clinical practice, however.

2.5 Treatment models

A prophylactic multivalent allergen vaccine strategy was investigated in a murine model by
Waeckerle-Men et al (83). Immunization with allergy vaccines containing aluminium hydroxide
and CpG oligodeoxynucleotide as adjuvants protected in a Th1 and Treg dependent manner against
later sensitization and anaphylaxis, both after juvenile and neonatal vaccination. Furthermore,
monovalent and pentavalent (containing ovalbumin, cat, bee venom phospholipase A 2 , birch, house
dust mite allergens) vaccines were protective to a similar level, suggesting a potential strategy to
prevent allergy development towards several allergens.

Epicutaneous immunotherapy (EPIT) may shorten treatment duration by delivering the allergen to a
site with a high number of antigen presenting cells, while reducing side effects by minimising
allergen penetration to the vasculature. Dioszeghy and co-workers demonstrated that EPIT induces
long term tolerance in peanut-sensitized mice, with efficient Tregs persisting during a long period
of time after treatment cessation (84). Depleting Tregs using anti-CD25 antibody injection
abolished the inhibitory action of EPIT on circulating IgE to peanut, Th2 responses and peanutinduced oesophagus injuries. Furthermore, Tregs transferred both immediately after EPIT and 8
weeks later were equally effective at preventing the allergic responses. The sustained tolerance
suggests EPIT as a promising strategy for treatment of food allergies.

Vaccines consisting of allergen-derived peptides lacking IgE reactivity and allergen-specific T cell
epitopes bound to allergen unrelated carrier molecules that can induce blocking antibodies to the
allergen may represent a novel strategy to improve safety during allergen specific immunotherapy.
Linhart et al demonstrated that prophylactic as well as therapeutic vaccination with carrier bound
Bet v 1 peptides lacking allergen-specific T cell epitopes reduced T cell responses to Bet v 1 and
allergic lung inflammation via blocking antibodies in a murine model for birch pollen allergy (85).
The blocking antibodies were suggested to capture the antigen during sensitisation in the
prophylactic setting and to inhibit IgE-facilitated antigen-presentation to the T cells when used
therapeutically.

2.6 The microbiome

A reduced microbial exposure may underlie the increase in allergic diseases in affluent countries,
with the gut microbiota representing the quantitatively most important source of microbial
stimulation. Probiotic supplementation has been evaluated as an allergy preventive strategy in
several studies, with combined pre- and postnatal supplementation showing promising eczema
preventive effects (86). In one of the double-blind, randomised, placebo-controlled trials with preand postnatal supplementation, two different probiotic strains were compared, demonstrating that
Lactobacillus rhamnosus HN001 (HN001) prevented eczema in children through to six years of
age, while Bifidobacterium animalis subsp lactis HN019 (HN019) had no effect (87). Morgan et al
then extended these findings by analysing whether these probiotic interventions could modify
genetic predisposition to eczema conferred by 26 different susceptibility polymorphisms (88).
HN001 supplementation protected children carrying a genetic variant putting them at a high risk of
developing eczema, while HN019 conferred modest protection against the effects of some SNPs.
Interestingly, HN001 supplementation also modified genetic susceptibility to eczema severity and

atopy risk. Further research is required to elucidate the mechanisms of probiotic benefits in eczema
prevention and the interaction between the maternal and offspring microbiome, genotype and
immunity.
Probiotic interventions have so far failed to prevent respiratory allergy development. Furthermore,
studies demonstrating that the gut microbiota differs in composition and diversity in children
developing allergy have mostly performed the clinical follow-ups in infancy, with eczema as the
primary outcome (86). As noted above Abrahamsson et al demonstrated that a low total diversity of
the gut microbiota during the first month of life was associated with asthma but not allergic
rhinoconjunctivitis in children at seven years of age (13). Speculatively, as viral lower respiratory
tract infections are particularly linked to asthma development among atopic children, a reduced
mucosal barrier function could be a consequence of a less diverse microbial stimulation. This may
be linked to increased viral infection susceptibility, amplification of Th2 responses, and subsequent
asthma development.

Staphylococcus aureus may play a role in the initiation and chronification of the skin inflammation
in atopic dermatitis. Mechanisms underlying the increased S aureus colonisation in atopic
dermatitis were investigated by van Drongelen et al, using a keratinocyte cell line based epidermal
model (89). Filaggrin knockdown and IL-31 supplementation resulted in significantly increased
epidermal S aureus colonisation. Furthermore, IL-31, but not filaggrin knockdown, prevented S
aureus induced expression of antimicrobial peptides, thus reducing protective responses.

Minai-Fleminger et al demonstrated that the S aureus derived exotoxins Staphylococcal enterotoxin
B (SEB), protein A and peptidoglycan enhanced activation of both human and mouse eosinophils
(90). The activation was dependent on the glycosylphosphatidylinositol-anchored receptor CD48,
possibly representing a novel therapeutic target for atopic dermatitis.

3.0 Epidemiology
The role of breast-feeding in the prevention of allergic disease remains a topic of considerable
interest and importance to both readers of the journal and their patients. However the message from
the literature remains inconsistent (91-93). Taking an epidemiological approach the investigators in
the PASTURE cohort study investigated whether the varying conclusions from different studies
could be influenced by the composition of breast milk and in particular the levels of secretory IgA
(sIgA), a relatively neglected antibody in allergic disease. Laura Orivuori and colleagues found a
convincing inverse relationship between the concentrations of sIgA and the risk of developing
eczema, although not asthma or atopy (94). Interestingly concentrations of sIgA were related to
exposure to farm animals and cats which have also been shown to have a protective effect against
allergic disease. There was no evidence for a role of TGF-1, another constituent of breast milk
that has been proposed to influence allergic outcomes.

We first reported in this journal in 2009 the possibility that ingestion of acid suppression medication
during pregnancy was associated with an increased risk of developing childhood asthma an
association that was subsequently confirmed (95). Mulder extended this observation using
prescribing data on 33,536 children as markers of allergic disease (96). They found that ingestion
of both proton pump inhibitors and histamine receptor 2 blockers in pregnancy were associated not
just with asthma, but with eczema and rhinitis. Most strikingly the risk factor for developing all
three allergic diseases was 5 fold greater in those children whose mothers had ingested these drugs.
This association now needs to be confirmed in a prospective study and potential mechanisms
addressed.

Air quality as a causal and exacerbation factor in asthma and rhinitis receives considerable attention
although much of this is focused on gaseous pollutants. At least as important are bio-aerosols and
the indoor environment. Sharpe and colleagues reviewed the factors controlling levels of fungal

allergens in buildings and the potential health effects concluding that if the will were there much
could be done to improve the housing stock to reduce fungal allergen exposure (97).

The ying-yang of Th2 and Th1 mediated immune development is the basis for the school of thought
that adheres to the hygiene hypothesis as the reason for the post-war epidemic of allergic disease.
Support for this idea is provided by cross-sectional epidemiological evidence suggesting that
childhood infection with H. pylori, the bacteria associated with peptic ulceration, protects against
asthma. Amberbir and colleagues provided additional support for this concept in a longitudinal
study in Ethiopia where they demonstrated in young children that infection with H. pylori, which
was common, reduced the risk of both IgE sensitization and eczema (98).

There has been an interest in the relationship between infection with helminthic parasites and the
presence of allergic disease for many decades to the extent that deliberate infection with helminths
has been proposed as a treatment for allergy (99). The general hypothesis is that the strongly
positive Th2 response engendered by helminthic parasitic infection prevents the development of
allergic disease. Obeng and colleagues undertook an epidemiological study in Ghana looking at the
association between infection with Schistosomiasis, allergic disease and socioeconomic status
(100). A mixed picture emerged with a clear reduction in the risk of skin prick test reactivity to
house dust mite in patients with evidence of helminthic infection, but no relationship with wheeze
or asthma. Interestingly the overall rate of skin test positivity was highest in children from rural
areas whereas the urban children from low socioeconomic class were at reduced risk of developing
wheeze and asthma.

One of the more interesting observations to emerge in recent years has been the awareness of the
syndrome of allergic disease to meat caused by sensitization to the alpha-gal carbohydrate epitope
which is present in non-primate (except new world monkeys) mammals. A close link between

sensitization and tick bites has been reported in the USA and Australia. Gonzales-Quintela
investigated the prevalence of sensitization in two European populations from Spain and Denmark
(101) . They found an overall rates of about 2% taking a cut off of >0.35KU A /L with the presence
of alpha-gal sIgE antibodies associated with a history of tick bites, atopy and cat ownership.

Anaphylaxis is a fearful event and the risk of a severe attack is difficult to judge. Vetander et al
investigated presentations to the emergency department to try and determine if the severity of the
first episode of anaphylaxis could predict the severity of later events (102). They concluded that no
such link could be made demonstrating the importance of managing any evidence of type 1
mediated allergic disease with the upmost caution and diligence.

The state of atopy, defined as the propensity to develop IgE antibodies against common
environmental allergens, represent a profound statement about an individuals immune
responsiveness. It might therefore be expected to be a marker for a general response to disease and
therefore be related to the risk of mortality from certain conditions. Skaaby investigated this
possibility in nearly 15,000 individuals from Denmark but found no clear signals between atopy and
either a lower or higher risk of mortality (103) .

Eosinophil cationic protein is a biomarker of eosinophilic inflammation which can be readily
measured in peripheral blood. Elmose and colleagues asked the question to what extent is the ECP
level in serum controlled by genetic factors by investigating concentrations in 575 twins at least one
of whom had self-reported asthma (104). About 50% of the variance was explained by genetic
factors with sex, BMI and airway responsiveness (AR), significantly associated. However this was
a weak association explaining only 6% of the variance. Interestingly the genetic variance for AR
and ECP was not shared consistent with the hypothesis that inflammation and smooth muscle
dysfunction in asthma are to a large degree independent pathophysiological abnormalities(105).

4.0 Clinical Allergy
4.1 Anaphylaxis
Systemic mastocytosis (SM) is a rare but important condition that pre-disposes to anaphylaxis.
Gulen et al described their experience of 84 patients diagnosed with SM in the Mastocytosis Centre
in Karolinska hospital in Sweden (106). 43% of patients had suffered from at least one episode of
anaphylaxis, mainly to venom, but with a significant number having idiopathic anaphylaxis. The
clinical course of the reactions were severe with frequent occurrence of syncope. Males more
frequently presented with anaphylaxis as did those with atopy. In a follow up paper later in the year
this group investigated a group of thirty patients with unexplained anaphylaxis and found that 47%
had evidence of an abnormal clonal mast cell population (107). They all had a baseline serum
tryptase of greater than 11.4 ng/ml. The authors emphasise the importance of looking for clonal
mast cell disorders in patients with a raised tryptase and episodes of syncope. The topic of
anaphylaxis in the context of mastocytosis was comprehensively reviewed by Peter Valent (108).

With reference to immunotherapy for venom induced anaphylaxis two groups reported on their
experience focussing on biomarkers of effectiveness based on a sting challenge at the end of
treatment. Out of 1532 patients 6.5% had objective adverse reactions to sting challenge. Worse
outcome was associated with skin mastocytosis (6.4% of patients), ACE inhibitor medication,
honeybee venom allergy and reactions during treatment (109). Whether ACE inhibitor drugs were
directly responsible or were a biomarker for significant cardiovascular disease which predisposed to
treatment failure could not be addressed in this study. Stoevesandt et al reported on 775
consecutive cycles of venom immunotherapy with a focus on whether being on ACE inhibitors or
beta blockers increased the risk of adverse events (110). No such association was found in this
cohort where there was on overall rate of adverse events of 11.7% with 3% of the them rated as
anaphylaxis. They did not address whether ACE inhibitors impacted on efficacy. In an
accompanying editorial Slade and Douglass concluded that there was little evidence that ACE

inhibitors per se were a risk factor for severe reactions during venom immunotherapy but that
patients with significant cardiovascular disease could be at increased risk of treatment failure and
may need a longer course of treatment (111).

Anaphylaxis in another setting, during general anaesthesia was investigated by Berroa et al (112).
They did a detailed immunological work up on 37 patients referred with allergic type reactions
during a general anaesthetic. They were particularly interested in the value of serum tryptase and
plasma histamine as biomarkers. They found that a raised plasma histamine was a sensitive marker
of an allergic type event but did not distinguish between IgE mediated reactions (19 subjects) and
non-IgE mediated. A doubling of the baseline serum tryptase was the best criterion for
distinguishing between these two types of reaction consistent with the published literature on the
topic.

4.2 Food allergy
Oral immunotherapy (OIT) for food allergy is a topical subject. It can clearly work but is associated
with potentially severe side effects. Markers of risk of an unacceptable level of side effects would
be useful in guiding management. Vazquez-Ortiz described their experience of OIT for egg allergy
in 50 children aged 5-18 (113). Perhaps predictably they found that those with more severe
symptoms and asthma at presentation were more likely to have adverse events than those with
milder disease. However they found that a cut off value of 8.85kU/L for specific IgE to egg was
helpful in distinguishing those who would do well with egg OIT and those in whom it was poorly
tolerated. This group also investigated the value of various biomarkers in predicting the
development of natural tolerance in egg allergic children. They found that the best biomarker to
predict tolerance was the sIgE/sIgG4 ratio to ovalbumin (114). Further discussion about the value of
using more component resolved diagnostics to improve risk stratification for egg allergy was
stimulated by correspondence from Dr Ciprandi’s group (115, 116).

This year saw the publication of the BSACI guidelines on cow’s milk allergy (117). They
recognised both IgE and non-IgE mediated allergy and noted a prevalence of up to 7.5% of infants
with onset being rare after 12 months and likely to resolve by adulthood. They pointed out that
allergy in adulthood was usually a new diagnosis and often associated with anaphylaxis. The
importance of excluding lactose intolerance was emphasised. They noted that a wheal size in skin
prick tests to cows milk of >4mm was strongly predictive of cows milk allergy. They emphasised
that management was based on avoidance with attempts at reintroduction as the child gets older.
Oral tolerance induction was discussed as a promising new treatment in recaltriant cases.
Guidelines often don’t have as much impact as the specialist community might wish. It was
therefore heartening that clear guidelines on the use of the measles, mumps and rubella vaccine
(MMR) in egg allergic children had resulted in a reversal of the low uptake in this to the extent that
it now matches or exceeds the non-allergic population (118).

Diagnosing IgE mediated food allergy can be difficult because of the variety of symptoms
associated with this condition, the anxiety it induces and the high rate of IgE sensitisation without
clinically meaningful reactions in many people. The double blind placebo controlled food challenge
(DBPCFC) is regarded as the gold standard for research although in clinical practice the time
consuming nature of the procedure limits its use. Ahrens et al examined their experience with
DBPCFC focussing in the response to placebo (119). In 740 placebo challenges they observed a
low rate of adverse reactions (2.8%) with a slightly higher rate in children <1.5 years (4.0%) than
older children (1.5%). The most common symptom reported was an increase in atopic dermatitis.
This data demonstrates the robustness of the procedure and emphasises that it can be used even in
infants.

Pollen food syndrome (PFS) or oral allergy syndrome (OAS) in which allergic symptoms restricted
to the oro-pharynx to a range of foods is due to cross-sensitisation from related pollen allergens is
common. The most frequent link is with birch pollen allergy and with allergen families such as
profilins which are labile and therefore degraded by heat and gastric acid. Although the presentation
is very characteristic it can be difficult in some cases to distinguish between relatively benign crossreactivity to labile proteins versus less benign cross-reactivity with stable proteins such as lipid
transfer proteins or primary sensitisation not related to pollen allergy which can result in severe
anaphylaxis. Masthoff et al focussed on the diagnosis of hazelnut allergy in relation to OAS. Their
main finding was that in the great majority of adults with symptoms on eating hazelnuts were due to
cross-sensitisation with birch pollen in children it was much more likely to be due to primary
sensitisation (120). However as pointed out by Turner and Campbell in an accompanying editorial
22% of adults who had hazelnut allergy in association with birch pollen allergy had systemic
symptoms suggesting that OAS is often not benign and has the potential to cause serious allergic
disease (121).

Lastly an important and relatively new condition, due to both IgE and non-IgE mediated food
allergy, which continues to attract considerable attention is eosinophilic oesophagitis. The latest
ideas on the pathogenesis and management of this condition was reviewed by Epstein and Warner
(122).

4.3 Drug Allergy
Neuromuscular blocking agents are the commonest cause of perioperative anaphylaxis in Europe.
Leysen et al undertook a retrospective review of 272 patients who they had investigated for general
anaesthetic (GA) related anaphylaxis 100 of whom had undergone a subsequent GA. Their main
conclusion was that skin prick testing and the basophil activation test had excellent negative
predictive values and were superior to specific IgE testing which gave a number of false positives

(123). The relative value of skin testing versus specific IgE measurements in the diagnosis of
allergy to quaternary ammonium ions which are present in neuromuscular blocking drugs was the
subject of an interesting and unresolved debate between this group and Dr Mertes in the
correspondence section of the journal (124, 125).
Allergic reactions to illicit drugs are not unusual in clinical practice and not well reported in the
literature due to difficulties in diagnosis. This interesting topic was comprehensively reviewed by
Swerts et al (126).

Non IgE mediated reactions to beta lactams resulting in delayed onset skin reactions are common
and difficult to diagnose. Trautmann et al investigated the sensitivity and specificity of the
lymphocyte transformation test (LTT) in 37 patients presenting with delayed type hypersensitivity
to amoxicillin (127). They found that the test was specific but too insensitive to be useful clinically
compared to skin testing with provocation testing as the gold standard. Sensitivity could be
improved by co-stimulating the T cells with anti CD3 and anti-CD28 but this resulted in a marked
loss of specificity.

Adverse reactions to drugs including hypersensitivity reactions are complex and heterogenenous.
In a novel take on this subject Perkins and colleagues in an opinion piece proposed that systems
biology approaches should be used to offer new insights into pathogenesis and management in
particular focussing on genetic links that could allow personalised approaches to diagnosis and
prediction of risk (128).

4.4 New treatments for allergic disease.
Omalizumab, a monoclonal antibody which binds IgE and prevents its binding to the high affinity
IgE receptor has been a very successful treatment for severe asthma and more recently for chronic
spontaneous urticaria. Novartis have now developed ligelizumab, a follow up biological with the

same mode of action which has much greater affinity for IgE than omalizumab (129). In the first
clinical report of this drug Arm et al described the findings of two pharmacokinetic studies
involving just under 200 subjects. They found that the increased binding affinity translated into
increased suppression of free IgE with increased and more prolonged suppression of skin prick test
wheal responses. The drug was well tolerated.

Probiotics continue to attract considerable attention as a way to prevent allergic disease by creating
a non-allergenic gut microbiota in the neonatal period. Gorissen et al reported follow up data at six
years on a peri-natal probiotic study that had shown a beneficial effect on eczema at 2 years (130).
That beneficial effect was lost at six years and there was no significant difference in the incidence
of other allergic diseases between the placebo and intervention groups although the numbers of
subjects who had allergic disease was relatively small.

5.0 Allergens

5.1 Newly discovered allergens
A new fungal allergen from Schizophyllum commune, identified by Toyoyome and colleagues, will
greatly assist in the diagnosis of allergic bronchopulmonary mycoses (ABPM) to this species (131) .
Although ABPM is frequently attributed to the Aspergillus species, it is becoming increasingly
apparent other species are important. In Japan, S. commune-induced ABPM is the most common but
is difficult to diagnose due to a lack of reagents. Sch c 1 is a promising candidate antigen for the
serodiagnosis of allergic disease to S. commune since it elicited IgE and IgG binding in most patient
sera, but not in control sera. Sch c 1 had approximately 50% amino acid sequence identity with
glucoamylase homologues from other species, such as Aspergillus, and as expected from other
allergens with this degree of homology, either no or limited IgE cross-reactivity was observed.

5.2 Component resolved diagnosis and allergen detection

The diagnosis of wheat allergy is difficult as IgE sensitisation to whole wheat extract by SPT or
immunoassay is relatively non specific, as reiterated by Makela et al. in their study of 108 children
suspected of having wheat allergy (132). The investigators however showed that the diagnosis of
clinically relevant wheat allergy was improved using microarray, where IgE recognition of over 5
allergenic components significantly increased the diagnostic accuracy compared to whole wheat.
Alpha-amylase inhibitors (AAI) were the main components that differentiated children with
immediate symptoms compared to those that didn’t react, particularly dimeric AAI. Unfortunately
despite the improvement in diagnosis using component resolved methods over extracts, the
specificity and sensitivity of the component resolved assay was not sufficient to be clinically useful.
The authors discussed the possibility of including other as yet uncharacterised wheat allergens to
improve the specificity of component resolved diagnosis. Until then oral wheat challenge will
continue to be the only reliable diagnostic method.

The potential exposure of adolescent children to food allergens in mattresses was explored in a
Norwegian study (133). The investigators measured fish, milk, egg and peanut allergens in mattress
dust using a semi-quantitative dot blot method. The study found almost all mattresses had at least
one allergen present. The detection of fish allergens were the most common, followed by peanut
milk and egg and the proximity of the kitchen to the bedroom increased the likelihood of detection
in mattresses. Given the amount of time children spend in the bedroom, the authors suggest
mattresses could be an important source of exposure to food allergens.

5.3 Allergen modification for improved immunotherapy
A number of articles in 2014 reflect the continued rise of recombinant technologies to modify
allergens to improve specific immunotherapy. As discussed above Pichler et al. generated a Fagales
pollen hybrid (FPH) using PCR-based recombination of low IgE-binding allergen epitopes (59).
They also produced an unordered structural variant by in silico mutagenesis, FPH4. Both

monomeric proteins were shown to have reduced IgE binding to Bet v 1, and in a murine model
prevented pollen extract-induced allergic lung inflammation. Of note the structural modification of
FPH4 boosted the immunogenicity of the protein, induced a marked cross-reactive IgG response,
and skewed the T cell response towards the Th1 phenotype (low IL-4/high IFN-). The uptake of
both FPH and FPH4 by dendritic cells was also significantly enhanced compared to Bet v 1 alone.
The development of the pollen hybrids that encompass T-cell epitopes from birch, hazel, alder, oak
and hornbeam has great potential in specific immunotherapy (SIT) of multi-sensitized patients.

A similar approach to improve SIT and to reduce side effects has been applied to the major cat
allergen Fel d 1 (134). Seven recombinant mosaic proteins were generated by reassembly of nonIgE-reactive peptides of Fel d 1 which contained the sequence elements for induction of allergenspecific blocking IgG antibodies and T- cell epitopes. Three of the constructs resulted in a reduction
of IgE reactivity and basophil activation. The generation of polyclonal IgG antibody to the three
hypoallergenic Fel d 1 proteins in vivo were further shown to inhibit IgE reactivity of cat-allergic
sera to wild type recombinant Fel d 1 in competition assays. Although other hypoallergenic Fel d 1
variants have been produced previously, the new constructs outlined in this article were less
allergenic based on their basophil activation assays.

Hazebrouck and colleagues sought to exploit the unusual observation of minimal IgE crossreactivity between goat and cow

-casein allergens for the development of hypoallergenic variants


(135). Goat milk allergy is often reported in the absence of cow milk allergy, as well as following
successful oral immunotherapy with cow milk, even though the major goat and cow

-casein


allergens have an amino acid sequence identity of 91%. Children who are only sensitised to goat
milk generally have more severe symptoms and are older. Recombinant fusion proteins of goat and
cow

-casein were initially produced to identify goat-specific


-casein epitopes. Site-directed


mutagenesis was then employed to produce constructs with decreased IgE reactivity to goat



casein. Substitutions to five amino acids located in two domains produced constructs that were
unable to trigger the degranulation of RBL-SX38 cells passively sensitized with IgE antibodies
from goat-allergic children. The hypoallergenic variants may be useful avenues to explore for future
SIT.

Chemical modification of allergens is also a fruitful avenue to produce hypoallergenic proteins, as
demonstrated by van Hoffen et al (136). They used reduction and alkylation (RA) to disrupt
disulphide bonds to linearize the conglutin major allergens Ara h 2 and Ara h 6, with or without
glutaraldehyde (GA) treatment. The allergoids RA, and to a lesser extent RAGA, stimulated T-cell
responses, but tended to have less antibody binding (IgE, IgG1 and IgG4), especially for RAGA.
Basophil release assays also showed the allergoids had a 10 to 100-fold reduction in their ability to
activate basophils for most donors. Of interest, the effect of the chemical modification of conglutin
was less pronounced for a subgroup of patients who had high peanut-specific IgG1, which already
partially blocked reactivity to the native conglutin.

5.4 Immune recognition of allergens
All five papers published this year that investigated immune recognition of allergens were for
pollen allergens, most with a focus on group 1 and group 5 allergens. An exception to this was the
study of IgE antibody binding to a panel of 8 timothy grass pollen allergens (Phleum pratense) and
the correlation of IgE binding in regard to conjunctival and nasal provocation test outcomes (54).
The main finding was the number of Phl p allergen sensitizations was significantly higher in the
provocation-positive group compared with provocation-negative patients. The allergen hierarchy of
importance in decreasing order was Phl p 1, Phl p 5b, Phl p 4, Phl p 6, Phl p 2, Phl p 11, Phl p 12
and Phl p 7. This prevalence of IgE binding has been mirrored in other studies, although binding to
Phl p 4 was higher than expected for their cohort of 101 adult subjects. The authors noted that
although Phl p 4 is not included in a current experimental component-resolved specific

immunotherapy (CRT) that contains Phl p 1, Phl p 2, Phl p 5a/b and Phl p 6, the CRT would still
target over 50% of timothy grass IgE in over 95% of their cohort. However the high heterogeneity
of IgE binding would suggest that component-resolved diagnosis prior to specific immunotherapy
could still be of benefit.

The diversity of IgE binding that exists within allergens was explored for the group 5 timothy grass
allergen using recombinant isoallergens, fragments, mutants and synthetic peptides of Phl p 5 and
human monoclonal IgE antibodies from grass-allergic patients (137). They showed the Phl p 5.0101
isoallergen had at least four non-overlapping IgE binding epitopes and there was considerable
cross-reactivity to group 5 allergens from other temperate grass species. The Phl p 5.0201
isoallergen had only two of these epitopes for comparison. The authors proposed that the highdensity recognition of Phl p 5 could be a general feature of many potent allergens. The same group
used a similar approach to characterise monoclonal IgE antibody binding to the major grass allergen
Bet v 1, including identifying the structure of binding for one construct using X-ray crystallography
(138). They identified four Bet v 1-specific IgE binders that target two non-overlapping Bet v 1
epitopes and found a crucial amino acid that was essential for interaction with human IgE. In
another study on Bet v 1, Asam et al. examined the intrinsic properties of this molecule(139). They
examined the effect of Bet v 1 binding to the surrogate ligand sodium deoxycholate (DOC) and
found that ligand binding stabilised the molecule and induced Th2 effector cells in an in vivo model.
They also performed antibody epitope mapping with or without ligand by nuclear magnetic
resonance (NMR) spectroscopy and identified three major IgE binding regions on Bet v 1. The
authors confirmed that the ligand binding property of Bet v 1 contributes to the allergenicity of the
protein.
In contrast to the IgE binding studies, Archila et al. examined T-cell cross-reactivity to timothy
grass pollen allergens using dual tetramer staining(140) . This article, which was nicely reviewed by
Moingeon in the same edition (141), found T-cells with varying degrees of cross-reactive profiles

could be detected. Poa p 1 97–116 , Lol p 1

221–240 ,

Lol p 5a 199–218 , and Poa p 5a 199–218 were identified

as minimally cross-reactive T-cell epitopes that had no cross-reactivity to Phl p 1 and Phl p 5a
epitopes. The authors also verified that the minimally cross-reactive T-cell epitopes are present in
Grass-pollen-allergic subjects by ex vivo tetramer staining assays. Their results suggest that not all
Pooideae grass epitopes with sequence homology are cross-reactive and supports the use of a
multiple allergen system for immunotherapy rather than a mono-allergen system.

5.5 Reviews on allergens
The molecular characterization, detection and clinical relevance of walnut allergens was reviewed
in the March edition of the CEA journal by Costa et al (142). The review provided an excellent
overview of the characterization and clinical relevance of the common (Juglans regia) and black
(Juglans nigra) walnut allergens. The allergens are divided into two superfamilies of proteins,
namely the prolamin (2S albumin family: Jug r 1, Jug n 1; nsLTP family: Jug r 3) and the cupin
(Vicilin family: Jug r 2, Jug n 2.; 11S globulin family; Jug r 4) that are all classified as major
allergens that can cause severe and systemic allergic reactions. A new allergen belonging to the
profilin family of proteins (Jug r 5) was recently identified in walnut, but its clinical relevance is not
known. An important characteristic of all the walnut allergens is their potential cross-reactivity with
homologues of other food allergens. Typically cross-reactivity was only observed where the amino
acid identity was greater than 70%, similar to what is observed for aeroallergens.

Although walnut allergy is not highly prevalent (reported at 1.8% in the multicentre EuroPrevall
study), there is the potential for a fatal anaphylactic reaction due to exposure in susceptible
individuals. Total avoidance of walnuts is the only option at this stage since oral immunotherapy
induced tolerance to walnut is not available, and there is no established clinical threshold level for
walnut. The requirement for complete avoidance of walnut allergens has resulted in a number of
methodologies to detect walnut contamination during commercial food production, either by protein

or DNA methods. The review underlined that protein assays such as ELISA should be interpreted
with caution as walnut allergens often cross-react with other nuts and plant foods. Mass
spectrometry and DNA-based methods for detection is more specific and could be beneficial but are
not well developed. For example genosensors and microarrays are likely to be the DNA-based
methods to progress forward as several targets can be multiplexed.

The review by Davies highlighted the contribution of subtropical grass pollens to allergic disease
(143). In subtropical regions worldwide, the Chloridoideae (e.g. Cynodon dactylon; Bermuda
grass) and Panicoideae (e.g. Paspalum notatum; Bahia grass) are the most abundant, and are more
clinically relevant for patients in those regions. It summarised the marked differences between
temperate (Pooideae, Phleum pratense; Timothy, or Lolium perenne; Ryegrass) grass pollens and
subtropical pollens, and the subsequent sensitisation of patients. The most pertinent is the group 2
and 5 allergens, which are absent from subtropical pollens, and likewise several novel subtropical
pollen allergens are not found in temperate grasses. The review provides a useful phylogenetic
comparison between the grass families, and characterization of the subtropical pollen allergens that
have been identified so far. It recommends the use of group 1 allergens for standardisation of
subtropical grass extracts for immunotherapy and diagnosis.
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