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Understanding of the Molecular Mechanisms of Allergy

Meinir G. Jones

Abstract

The prevalence of allergic disease has dramatically increased over the past 30 years in Westernized coun-
tries. It is unlikely that the rapid increase in the prevalence of allergic disease is the result of genetic
changes, which highlights the importance of environmental factors in the development of allergic disease.
The “hygiene hypothesis” was put forward in 1989 and focused attention on the notion that exposure to
microbes and their products in early life can modify the risk for development of allergic disease. Infections
were thought to polarize the immunological response toward a Th2-mediated immune response causing
allergic disease. However, it is likely that the Th1/Th2 imbalance is too simplistic to explain the increased
prevalence of allergic disease. Current research is focusing on understanding the role of T-regulatory cells
in inducing a state of tolerance and the resulting modified Th2 response observed in natural and induced
tolerance.
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1 Introduction

The term “allergy” was introduced in 1906 by von Pirquet [1], who
recognized that in both protective immunity and hypersensitivity
reactions, antigens had induced changes in reactivity. Allergy is now
used to describe a hypersensitivity reaction initiated by immunologic
mechanism [2]. Allergic diseases include allergic rhinitis, allergic
conjunctivitis, asthma, atopic eczema, and food allergy. IgE-
mediated diseases are often referred to as atopy (from the Greek
atopos, meaning out of place). The definition of atopy is a personal
or familial tendency to produce IgE antibodies in response to low
doses of allergens, usually proteins, and to develop typical symptoms
such as asthma, rhinoconjunctivitis, or eczema,/dermatitis [ 3].
Atopic individuals have a genetic predisposition to produce
IgE antibodies against common environmental allergens. Atopic
disorders are thought to be due to complex interactions between
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genetic and environmental factors. The prevalence of allergic dis-
ease has dramatically increased over the past 30 years [4-7],
especially in Westernized countries. It is unlikely the rapid increase
in the prevalence of allergic disease is the result of genetic changes,
which emphasizes the importance of environmental factors in the
development of allergic disease. The increased prevalence of allergy
in Westernized countries highlights the potential influence of
improved hygiene and better infection control on the development
of allergy. An interesting observation was made after the reunifica-
tion of Germany: Before reunification, allergic rhinitis and asthma
were less common in East Germany compared with West Germany
[8]. However since reunification, the prevalence of atopy and hay
fever, but not asthma, has increased among children who spent
their early childhood in East Germany [9]. Interestingly, exposure
to farm animals remains a protective factor in the development of
allergy [10], which is similar to that observed with hay fever at the
turn of the century. These observations suggest that our
Westernized lifestyle accounts for the increase in prevalence.
Interestingly, hay fever was first reported back in the early nine-
teenth century and was thought to be essentially the disease of the
upper social class and urban dwellers [3]. The rural working popu-
lation was considered to have become tolerant through high-dose
exposure in the fields.

2 Hygiene Hypothesis

The “hygiene” hypothesis was put forward in 1989 [11], and
focused attention on the notion that exposure to microbes and
their products in early life can modify the risk for development of
allergic disorders. It is thought that helminth infection, mycobac-
teria, hepatitis A, endotoxin, and early-life infections create a
milieu which protects against the development of allergic reac-
tions. The distinction of Thl and Th2 cells in mice (1989) [12]
and in humans (1994) [13] provided a plausible immunological
mechanism for the hygiene hypothesis. Thl cells are responsible
for cell-mediated immune responses against intracellular patho-
gens whereas Th2 cells direct immune responses against intestinal
helminths [12]. Thl cells cause autoimmune diseases, while Th2
cells cause allergic diseases and asthma. Thl and Th2 cells cross
regulate each other, and thus it was proposed that in allergic dis-
ease there were too many Th2 cells and not enough Thl cells.
Exposure to microbial products leads to a polarization toward the
Thl cells potentially suppressing the Th2 immune response
involved in IgE-mediated allergy. Thus lack of exposure to
microbes in early childhood may lead to a predominantly Th2
immune response causing allergic disease.
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In parallel with an increase in prevalence of allergy in the last
30 years there has been a similar increase in autoimmune diseases
such as type 1 diabetes, multiple sclerosis, inflammatory bowel
disease, and systemic lupus erythematosus [ 14, 15]. An increase in
the incidence of autoimmune diseases, plus the relative absence of
autoimmunity in developing countries where chronic infections
are endemic, has led to the theory that infection may actually
inhibit the development of autoimmunity [ 14]. In view of increased
prevalence of both Thl autoimmune diseases and Th2 allergic dis-
ease in recent years, it is likely that the Thl /Th2 imbalance is too
simplistic. It is more likely that there are other control mechanisms
of T-cell regulation, which controls harmful T-cell responses.

3 Family Size and Allergy

One of the most robust findings in allergy which has stood the
test of time is the epidemiological observation of the inverse asso-
ciation of allergic disease with family size, which was reported
with hay fever, skin prick positivity, and specific IgE [16, 17].
Other factors found to be protective against sensitization are
exposure to farm animals or domestic pets, day-care attendance,
and large family size [ 10]. The protective influence of large family
size has been interpreted as evidence in support of the hygiene
hypothesis. However this does not preclude other mechanisms
related to birth order [18].

It is possible that pregnancy may influence the atopic status of
both the mother and the fetus. Pregnancy is an immunological
challenge to the mother and it is possible that the immunoregula-
tion, which takes place to avoid fetal rejection, may also influence
the allergic response in both mother and fetus [19]. There is some
evidence in support of this hypothesis. Mothers of higher parity
have lower levels of total IgE, as do their newborn children [20].
They report higher rates of remission from allergic rhinitis [21]
and lower rates of allergic conjunctivitis [22 ]. Cord blood mono-
nuclear cell responses to house dust mite are reduced in higher
birth order children [23] although this may be explained by
maternal age.

In a cross-sectional study, it was observed that multiparous
mothers are less often atopic, although this did not hold true for
the fathers [24, 25]. In a prospective study, over a period of 7 years,
it was observed that the loss of maternal atopy and hay fever are
associated with a higher number of intervening pregnancies [26].
Expansion of regulatory T cells has been demonstrated in both
mice [27] and humans [28]. In mice the cells were alloantigen
independent although capable of suppressing an aggressive
response against the fetus. Their deletion led to a failure of gesta-
tion due to immunological fetal rejection. This effect was true only
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for allogeneic pregnancies, the outcome of syngeneic pregnancies
being unaffected. In humans, T-regulatory cells increase during
early pregnancy, peaking during the second trimester and declining
postpartum although remaining higher than prepregnancy [28].
The cells are capable of suppressing an allogeneic response. Allergic
mothers and their neonates were found to have a stronger lympho-
proliferation to alloantigen than nonallergic mothers and their
neonates [29], suggesting the possibility of greater immunoregula-
tion in nonallergic than in allergic mothers. It is not known whether
the degree of regulation varies with a mother’s parity nor whether
it is transterred to her children.

4

Indoor Allergens

Atopic individuals are by definition sensitized to the common envi-
ronmental allergens. The major allergens of the Westernized coun-
tries are Der p 1 and Der p 2, from the house dust mite
(Dermatophagoides ptevonyssinus); Fel d 1, from the cat (Felis domes-
ticus); tree allergens including Bet v 1 from the birch tree (Betula
verrucosa); and many grasses, such as Phl p 1 and Phl p 5 from
timothy (Phleum pratense), and the ragweed allergens Amb a 1, 2,
3, 5, and 6 from short ragweed (Ambrosia artemisiifolin) [1].
Another allergen which has become common over the last 25 years
is the glycyphagus dust mite Blomia tropicalis, in heavily populated
tropical regions [3]. This allergen was uncommon; however it is
now estimated that one billion individuals are currently sensitized.

At present there is a drive to target immunotherapy selectively
to immunodominant allergens [3]. It is currently unknown
whether the immunodominant allergens have intrinsic adjuvant
properties that contribute to their potency. It will be intriguing to
see whether removing or neutralizing the host response to
immunodominant allergens will silence the allergy or redirect the
immune response toward different specificities. The main allergens
represent a diverse group of proteins; several are proteases which
are thought to be important in the development of allergy.
Currently there is much interest in the lipid binding property of
immunodominant allergens [30].

Much focus has been given to understanding the mechanisms
of the development of sensitization in recent years. It was pro-
posed that exposure to indoor allergens early in life would increase
the risk of allergic sensitization. If this were the case then it would
follow that avoidance of allergen early in life would decrease the
risk of allergic sensitization. Exposure-response studies with aller-
gen and sensitization have demonstrated an apparent dose—
response relationship with a bell-shaped curve, suggestive of a
tolerance mechanism at high exposures. A bell-shaped curve was
described with cat [31, 32] and house dust mite [32] allergens.
Allergen avoidance trial demonstrated that reducing house dust
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mite concentration did not reduce but increased sensitization rates
to house dust mite [33]. Cat ownership has been associated with a
reduced prevalence of sensitization [34-36] and physician-
diagnosed asthma [34].

Immunologically, it is known that low-dose antigen exposure
favors Th2 priming whereas high-dose priming leads to a Th1 type
of response [3].

5 Endotoxin

Animal exposure in the home or at work may also result in high
exposures to microbial and associated products including endo-
toxin. Conceivably this co-exposure may confer protection, mani-
festing as an attenuation of the immune response to allergen at
high doses. Regulatory T cells selectively express toll-like receptors
which are activated by endotoxin. Exposure of CD4+CD25+ cells
to the Toll-like receptor-4 ligand lipopolysaccharide induces
upregulation of several activation markers and enhances their
survival /proliferation [37].

The host response to environmental endotoxin appears to
depend in part on the time and dose of exposure. Low doses of
endotoxin induce a Th2 response whereas high-level endotoxin
tavors a Thl response. In an experimental model of allergy, expo-
sure of rats to endotoxin during early sensitization protects against
their development of ovalbumin-specific IgE; co-exposure of
endotoxin with allergen results in dose-dependent inhibition of
acute- and late-phase allergic inflammation and bronchial hyper-
responsiveness; and exposure to endotoxin after allergen challenge
further exacerbates the allergic response [38]. Adult pig farmers
have an inverse relationship between endotoxin and sensitization
to common allergens and the overall prevalence of atopic sensitiza-
tion in this population is low [39].

In contrast, other studies suggest that endotoxin is not protec-
tive. Homes of cat owners did not have higher endotoxin levels
than homes without cats [40, 41]. Similarly in a study of labora-
tory animal workers, there was no significant relation between rat-
related symptoms and endotoxin levels [42]. These results argue
that the effects of cat and rat ownership cannot be explained by
increased exposure to endotoxin.

6 Type 2 Immune Response

Allergy is driven by a hyperactive type 2 immune response at bar-
rier tissues, e.g., airways, gut, and skin, requiring antigen presenta-
tion and is characterized by high levels of IL.-4, IL-5, IL-9, and
1L-13 traditionally associated with adaptive CD4 T-helper (Th) 2
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cells. Many cells are involved with orchestrating the type 2 immune
response including CD4 T-helper Th2 cells, epithelial cells, den-
dritic cells, macrophages, cosinophils, mast cells, basophils, and the
recently identified group 2 innate lymphoid cells (ILC2) [43].
IL.C2s constitutively express 11.-5 and promote cosinophil produc-
tion; however further signals can promote IL-5 signaling and
induce IL-9 and IL-13 production leading to the typical allergic
pathology including stimulating mucus production, smooth mus-
cle cell contraction, and promoting epithelial cell repair. The ILC2
signals remain largely undefined as well as the relative contribution
of ILC2s and adaptive Th2 cells in allergic responses; however
ILC2s and Th2 cells appear to respond to similar signals.

A recent study suggested that IgE represents an early immuno-
logical host defense against xenobiotics or large parasites that
threaten tissue integrity [44]. IgE is an ancient and highly con-
served immunoglobulin, and epithelial tissues such as skin, lungs,
and gut have IgE-binding cells present which can rapidly mobilize
its effector functions by the induction of type 2 immunity. In an
animal model, IgE was rapidly induced by cutanecous exposure to a
carcinogen and the IgE response required the presence of ydTCR*
intraepithelial lymphocytes, indicating that IgE contributed to
early tissue immunosurveillance against environmental xenobiotics
or toxins.

7 Microbiome

The human body is home to trillions of microbes that play a critical
role in educating the immune system. This microbiota is a complex
community of microorganisms that includes bacteria, archaea,
fungi, viruses (including bacteriophages), and protozoa species. It
is becoming increasingly clear that the commensal microbes that
colonize our gut, lung, and skin mediate strong regulatory etfects
on Th2 immune responses through effects on type 2 cytokines,
dendritic cells, and regulatory T cells. Some of the regulatory
mechanisms of microbial colonization include production of short-
chain fatty acids butyrate and propionate which inhibits lung den-
dritic cells from promoting type 2 immune responses leading to
the protection from allergic airway inflammation. Other mecha-
nisms in the lung suggest that the microbiota are critical in pro-
moting tolerance to allergens through induction of programmed
death ligand (PD-L1)-dependent iTreg. Furthermore, microbial-
induced iTreg can also express the transcription factor retinoic acid
receptor-related orphan nuclear receptor y (RORyt) and iTreg co-
expressing FoxP3 and RORyt are required to control type 2
immune responses [16]. These studies are clearly important in
unraveling as they may well help us to prevent and/or treat type 2
immune responses.
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8 Cellular Response to Allergens

The cellular response of T cells in peripheral blood is often present
in both healthy and sensitized individuals [45]. The epitopes rec-
ognized within allergens is also found to be similar between healthy
and allergic individuals [46-50]. The cytokine profile from the in
vitro T-cell culture is predominantly Th2 in the allergic individual.
Th2 cytokines 11.-4 and IL.-13 stimulate the production of IgE;
IL-5 and IL-9 are involved in the development of eosinophils;
IL-4 and IL-9 promote the development of mast cells; IL-9 and
IL-13 promote airway hyperresponsiveness and IL-4, IL9, and
IL-13 promote the overproduction of mucus [1].

9 Modified Th2 Response

High-dose attenuation of risk of sensitization with cat allergen
exposure is associated with high-titer IgG and IgG4 antibodies
[31]. This response was described as a modified Th2 response since
both IgE and IgG, require Th2 cytokine I1.-4 for their produc-
tion. The modified Th2 response is suggestive of clinical tolerance
since the shift from specific IgE to IgG, resulted in a decrease in
both sensitization and asthma [51].

We have recently established a modified Th2 response in labo-
ratory animal workers. Within our cohort and cross-sectional stud-
ies on laboratory animal allergy we observed increasing risks of
sensitization and work-related symptoms with increasing exposures
to rats, except at highest exposure level where risks of both out-
comes were lower [52, 53]. We established a significantly increased
ratio of IgGy:IgE in those workers most heavily exposed [52].
There was an almost twofold reduction in those who produced
both specific IgG4 and IgE as compared to those producing spe-
cific IgE only. The attenuation at high exposures and the increased
ratio of IgGy4:IgE in laboratory animal workers are suggestive of a
natural form of immunotherapy.

The enteric mucosal immune system plays an extremely effi-
cient and pivotal role in the development of tolerance. Repeated
exposure to allergen through the gastrointestinal tract during life
leads to the development of tolerance, even in highly atopic indi-
viduals [54]. It is proposed that exposure to acroallergens through
this route may promote the local (IgA) immune responses, which
promote persistent systemic tolerance, preventing the emergence
of pathogenic Th2-responsive memory T cells. The information
regarding the role of IgA in mediating tolerance to allergens is at
present very limited. Immunotherapy studies have shown increases
in the levels of TGF-p following treatment [55]. TGEF-f plays a
suppressor role in mucosal allergens such as house dust mite or
birch pollen and this cytokine is known to induce IgA, which works
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as a noninflammatory immunoglobulin isotype [55]. Levels of IgA
antibodies have been shown to be upregulated following venom
immunotherapy [56].

10 Natural Killer Cells

Mouse models of allergic asthma indicate that natural killer T cells
are required for the development of allergen-induced airway hyper-
reactivity [57]. Natural killer T cells have a unique property of
responding to glycolipid antigens, rather than peptide antigens pre-
sented by the nonpolymorphic class I MHC-like protein CD1d,
expressed on antigen-presenting cells. Invariant natural killer T cells
rapidly produce large quantities of both Thl and Th2 cytokines,
which enhance the function of dendritic cells, natural killer cells, and
B cells, as well as the conventional CD4+ and CD8+ T cells [58].
The rapid production of cytokines by invariant natural killer T cells
is a manifestation of innate-like immunity and provides invariant
natural killer T cells with the capacity to link innate and adaptive
immune responses and critically regulate adaptive immunity and a
host of inflammatory diseases [58]. Recently it was observed that
CD4+ invariant natural killer T cells are abundant in the lungs of
patients with chronic asthma but are virtually absent from the lungs
of controls and patients with sarcoidosis [58]. These natural killer
cells express an invariant T-cell receptor that recognizes glycolipid
antigens, which appear to be highly conserved in both man and
mice. It will be important to identify glycolipid allergens from our
major allergens to determine their role in both allergy and asthma.

11  Immunoregulation

The peripheral immune response has evolved several mechanisms
to maintain a state of tolerance to innocuous antigens, which
involves clonal deletion, anergy, and active suppression mediated
by regulatory cells. Several subsets of regulatory T cells (Tr) with
distinct phenotypes and distinct mechanisms of action have now
been identified [59]. Recent studies suggest that naturally occur-
ring T-regulatory cells and antigen-induced IL-10-producing
T-regulatory cells have a physiological role in protecting against
human allergic disease [58]. A rare mutation in the gene encoding
FOXP3 results in a disease called immune dysregulation, polyen-
docrinopathy, and enteropathy, X-linked (IPEX). Individuals with
IPEX syndrome suffer from a range of autoimmune endocrine
pathologies as well as allergic symptoms including severe eczema,
increased serum IgE levels, eosinophilia, and food allergies [60].
Within allergy, there is evidence that CD4+CD25+ T cells produc-
ing IL-10 are important in regulating a nonallergic response.
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Healthy beekeepers show a substantial increase in IL-10-producing
CD4+CD25+ T cells and monocytes, suggesting that these regula-
tory T cells induce tolerance to bee stings [61].

Recent interest has focused on the role of T-regulatory cells in
allergic disease and immunotherapy. Seasonal atopic patients were
found to have a diminished suppressive effect of T-regulatory cells
compared with nonatopic controls and this was more pronounced
during the hay fever season [62]. The degree of allergen exposure
is likely to alter the suppressive effect of T-regulatory cells in aller-
gic patients. At high grass pollen exposure, regulatory cells from
nonatopic donors retained the ability to inhibit both proliferation
and cytokine production while allergic donors failed to inhibit pro-
liferation. At high allergen doses of wasp venom, T-regulatory cells
from both allergic and healthy controls lose their regulatory func-
tion, whereas nonallergic donors retained their regulatory function
at low allergen doses [63]. A study investigating regulatory differ-
ences before and after cat peptide immunotherapy demonstrated
that antigen-specific proliferative responses of memory T cells were
reduced after peptide immunotherapy compared with preimmuno-
therapy samples [64]. The CD4 cells isolated after peptide immu-
notherapy suppressed the proliferative response of baseline
CD4-negative cells in the co-culture experiments, suggesting that
peptide immunotherapy induces a population of CD4 T cells with
suppressive /regulatory activity.

Grass pollen immunotherapy is associated with an increase in
T-regulatory cells with IL-10+CD4+CD25+ phenotype [65].
Similarly bee venom immunotherapy demonstrated a significant
increase in levels of IL-10 after therapy [66]. In a study of cat pep-
tide immunotherapy they were able to demonstrate reduced
antigen-specific proliferative responses in memory T cells following
treatment. IL-10 is a potent suppressor of both total and allergen-
specific IgE, whereas it simultaneously increases 1gG4 production
[67]. Specific IL-10 secreting T reg cells consistently represent the
dominant subsets against common environmental allergens in
healthy individuals, in contrast to the high frequency of allergen-
specific I1.-4 secreting T cells in allergic individuals [68].

In a recent pilot study, in which we investigated the role of
CD4+CD25+ T cells in laboratory animal allergy, CD4+CD25—
cells proliferated to a significantly greater degree than either PBMCs
(p<0.01) or CD25+ cells (p < 0.001) in all individuals (Hayley Jeal
personal communication). Inhibition of proliferation to rat by
CD4+CD25+ T cells did not differ between cases and controls.
IL-5 suppression was increased in controls than cases although not
significantly. Results from this pilot study indicate that the ability of
CD4+CD25+ T regulatory cells to suppress proliferation in rat sen-
sitized individuals compared with controls does not differ, but fail-
ure of these cells to suppress IL-5 production in cases could
contribute to the development of their allergic disease.
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12 Genetics

HLA class II antigens are involved in the presentation of epitopes
of foreign proteins at the antigen-presenting cell surface and are
important in the development of a hypersensitivity response.
Epitope mapping of the major cat allergen Fel d 1 has revealed
several T-cell epitopes [69]. One of these T-cell epitopes located in
the carboxy-terminus of chain 2 of Fel d is associated with HLA-
DRB1%0701 with preferential IL-10 induction. Production of
IL-10 was enhanced in PBMC from DR-7-positive modified
responders compared to their DR-7-negative counterparts.
Expression of HLA-DR7, coupled with high-dose exposure to cat
allergen, could favor optimal induction of T-regulatory cells in par-
allel with Th1 cells. When this occurs during the initiation phase of
the immune response, it may result in imprinting of the regulatory
mechanism necessary to prevent expansion of Th2 cells. A second
immunodominant region within the chain, induced IL-5 and a
strong T-cell proliferation, in allergic and modified Th2 responders
but not in control subjects [69]. Thus the ratio between TR1 and
Th2 cells may determine the development of a healthy or allergic
immune response. The generation of allergen-specific T reg cells
and increased production of suppressive cytokines IL-10 and
TGEF-p are essentially early events in allergen-specific immunother-
apy [67, 68].

Several studies have demonstrated HLA associations with low-
molecular-weight chemical sensitizers [70-73]. It is likely to be
more difficult to establish a HLA association with larger allergen as
multiple T-cell epitopes are likely to be presented by different HLA
molecules, diluting any single-HLA association. We have estab-
lished in laboratory animal allergy that HLA-DR7 was associated
with sensitization to rat allergen and respiratory symptoms at work
whereas HLA-DR3 was protective against sensitization [74]. The
major rat allergen, Rat n 1, is a relatively low-molecular-weight
protein with just five identical T-cell epitopes.

13 Intradermal Exposure

The high-dose attenuation of risk of sensitization and symptoms
demonstrated with laboratory animal allergens is similar to both
natural tolerance seen with beekeepers that have been frequently
stung by bees and the induced tolerance by subcutaneous injection
of natural allergen in immunotherapy. One common theme with
bee keepers, laboratory animal workers, and cat owners, who
develop tolerance at high exposures, is that they are at high risk of
being bitten and scratched. We suggest that the intradermal expo-
sure to the allergens is responsible for the induced tolerance. In
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support of our hypothesis is the observation that repeated inhala-
tion of cat peptides as an experimental method of immunotherapy
was not—in contrast to an intradermal method—associated with
the induction of hyporesponsiveness (“tolerance”) in the skin or
the lung. Other groups of workers at risk of developing occupa-
tional asthma, for example bakers and detergent workers, do not
develop attenuation at high exposure—these workers are less likely
to have an intradermal exposure.

14

Immunotherapy

Specific allergen injection immunotherapy is an effective treatment
for IgE-mediated allergic diseases, which may confer long-term
benefitforatleast 3 yearsafter discontinuation [75]. Immunotherapy
is generally administered by either subcutaneous injection or sub-
lingual administration of allergen.

The mechanisms associated with immunotherapy are thought
to involve both humoral and cellular responses. Following immu-
notherapy there is a modest reduction in allergen-specific IgE and
increases in allergen-specific IgG antibodies, particularly the IgG4
subclass. Effector cells are reduced at the site of allergic inflamma-
tion, including a reduction in the numbers of mast cells, eosino-
phils, and basophils and the release in mediator secretion. There is
thought to be an immune deviation toward a Th1-type response or
the induction of T-regulatory cells producing IL-10 and trans-
forming growth factor beta.

More recently regulatory B cells (Breg) are thought to be
important in maintaining and restoring tolerance to allergens, par-
ticularly the Breg subset CD73~ CD24*CD71- BRI cells [76]. In
those patients receiving immunotherapy with bee venom, the
allergen-specific B cells increased two- to fivetold, reaching a level
comparable to healthy beekeepers during the season. In parallel
with IL-10, allergen-specific B cells also upregulated C-C chemo-
kine receptor (CCR)5, a receptor for macrophage inflammatory
protein la and b. Interestingly, there is a link between IL-10-
producing BRI cells and IgG4 production suggesting that BR1
cells may promote tolerance through IL-10-medicated suppressive
effects and through directing the humoral response toward IgG,.

Ratios of IgE to IgG4 have been found to change during
specific immunotherapy [61] Specific serum levels of both IgE
and IgG4 increase during the early phase of therapy, but the
increase in specific IgG4 is more pronounced and the ratio of
specific IgG4:IgE is increased 10- to 100-fold, suggesting a pro-
tective role for 1gG4 [61]. IL-10 is a potent suppressor of both
total and allergen-specific IgE, whereas it simultaneously
increases 1gG4 production [67].
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Successful immunotherapy is associated with increases in
allergen-specific IgG, and IgG, antibody concentrations occur that
correlate with the clinical outcome [77-80]. It is not known
whether allergen-specific IgG or IgG, antibodies associated with
the modified Th2 response exhibit functional activity. It is possible
that IgG antibodies may play a protective role by blocking leuko-
cyte histamine release, inhibiting signal transduction and mediator
release through the high-affinity IgE receptor (FceR1) and IgG
(FcyRIIB) receptors [81-84] and blocking allergen-induced IgE-
dependent histamine release by basophils [85]. IgG antibodies
may exert their effect by competitive inhibition of allergen-IgE
complexes, which prevents complexes binding to the low-affinity
IgE receptor, CD23, and subsequent antigen presentation. Others
have suggested that not only quantitative changes occur with the
IgG antibody but also the spectrum of the specificity of the IgG is
altered [86]. One grass pollen immunotherapy study demonstrated
a blunting of seasonal increases in serum allergen-specific IgG and
IgG,. Further examination showed the postimmunotherapy serum
to exhibit inhibitory activity, which co-eluted with IgG, and
blocked IgE-facilitated binding of allergen-IgE complexes to B
cells. Increases in IgG and IgG blocking activity correlated with

the patients’ overall assessment of improvement [79].

References

1.

2.

. The International

Kay AB (2001) Allergy and allergic diseases. N
Engl ] Med 344:30-37

Johansson SGO, Hourihane JO, Bousquet J,
Bruijnzeel-Koomen C, Dreborg S, Haahtela T

etal (2001) A revised nomenclature for allergy.
Allergy 56:813-824

. Holt PG, Thomas WR (2005) Sensitization to

airborne environmental allergens: unresolved
issues. Nat Immunol 6:957-960

Study of Asthma and
Allergies in Childhood (ISAAC) Steering
Committee (1998) Worldwide variation in
prevalence of asthma, allergic rhinoconjunctivi-
tis, and atopic eczema: ISAAC. Lancet
351:1225-1232

. Aberg N, Hesselmar B, Aberg B, Eriksson B

(1995) Increase of asthma, allergic rhinitis and
eczema in Swedish schoolchildren between
1979 and 1991. Clin Exp Allergy 25:815-819

. Celedon JC, Soto-Quiros ME, Hanson LA,

Weiss ST (2002) The relationship among
markers of allergy, asthma, allergic rhinitis, and
eczema in Costa Rica. Pediatr Allergy Immunol
13:91-97

. Ninan TK, Russell G (1992) Respiratory symp-

toms and atopy in Aberdeen school-children:
evidence from two surveys 25 years apart. BMJ
304:873-875

10.

11.

12.

13.

14.

15.

. von Mutius E, Martinez FD, Fritzch C, Nicolai

T, Roell G, Thiemann HH (1994) Prevalence
of asthma and atopy in two areas of east and
West Germany. Am ] Respir Crit Care Med
149:358-364

. von Mutius E,; Weiland SK, Fritasch C, Duhme

H, Keil U (1998) Increasing prevalence of hay
fever and atopy among children in Leipzig,
East Germany. Lancet 351:862-866

Upham JW, Holt PG (2005) Environment and
development of atopy. Curr Opin Allergy Clin
Immunol 5:67-172

Strachan DP (1989) Hay fever, hygiene and
houschold size. BMJ 299:1259-1260
Mosmann TR, Coffman RL (1989) Thl and
Th2 cells: differential patterns of lymphokine
secretion lead to different functional proper-
ties. Annu Rev Immunol 7:145-173
Romagnani S (1994) Lymphokine production
by human T cells in disease states. Annu Rev
Immunol 12:27-257

Cooke A, Zaccone P, Raine T, Phillips JM,
Dunne DW (2004) Infection and autoimmu-
nity: are we winning the war, only to lose the
peace? Trends Parasitol 20:316-321

Bach JF (2002) The effect of infections on sus-

ceptibility to autoimmune and allergic diseases.
N Engl ] Med 347:911-920



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

Strachan DP (1997) Allergy and family size, a
riddle worth solving. Clin Exp Allergy
27:235-236

Karmaus W, Botezan C (2002) Does a higher
number of siblings protect against the develop-

ment of allergy and asthma? A review.
J Epidemiol Community Health 56:209-217

Cullinan P (2006) Childhood allergies, birth
order and family size. Thorax 61:3-5

Sacks G, Sargent I, Redman C (1999) An
innate view of human pregnancy. Immunol
Today 20:114-118

Karmaus W, Arshad SH, Sadeghnejad A,
Twiselton R (2004) Does maternal immuno-
globulin E decrease with increasing order of live
offspring? Investigation into maternal immune
tolerance. Clin Exp Allergy 34:853-859
Westergaard T, Begtrup K, Rostgaard K,
Krause TG, Benn CS, Melbye M (2003)
Reproductive  history and allergic rhinitis
among 31145 Danish women. Clin Exp Allergy
33:301-305

Forastiere F, Sunyer ], Farchi S, Corbo G,
Distelli R, Baldacci S et al (2005) Number of
offspring and maternal allergy. Allergy
60:510-514

Devereux G, Barker RN, Seaton A (2002)
Antenatal determinants of neonatal immune
responses to allergens. Clin Exp Allergy
32:43-50

Sunyer J, Anto JM, Harris J, Torrent M, Vall
O, Cullinan P et al (2001) Maternal atopy and
parity. Clin Exp Allergy 31:1352-1355
Karmaus W, Eneli I (2003) Maternal atopy and
the number of offspring, is there an associa-
tion? Pediatr Allergy Immunol 14:470-474
Harris JM, White C, Moffat S, Mills P, Newman
Taylor AJ, Cullinan P (2004) New pregnancies
and loss of allergy. Clin Exp Allergy
34:369-372

. Aluvihare VR, Kallikourdis M, Betz AG (2004)

Regulatory T cells mediate maternal tolerance
to the fetus. Nat Immunol 5:266-271

Somerset DA, Zheng Y, Kilby MD, Sansom
DM, Drayson MT (2004) Normal human
pregnancy is associated with an elevation in the
immune suppressive CD25+CD4+ regulatory
T-cell subset. Immunology 112:38—43
Prescott SL, Taylor A, Roper J, Wahdan A,
Noakes P et al (2005) Maternal reactivity to
fetal alloantigens is related to newborn immune
responses and subsequent allergic disease. Clin
Exp Allergy 35:417-425

Thomas W, Hales B, Smith W (2005)
Genetically engineered vaccines. Curr Allergy
Asthma Rep 5:388-393

Platts-Mills T, Vaughan J, Squillace S, Woodfolk
J, Sporik R (2001) Sensitisation, asthma, and a

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Molecular Mechanisms of Allergy 13

modified Th2 response in children exposed to
cat allergen, a population-based cross-sectional
study. Lancet 357:752-756

Cullinan P, MacNeill SJ, Harris J, Moftat S,
White C, Mills P et al (2004) Early allergen
exposure, skin prick responses, and atopic
wheeze at age 5 in English children, a cohort
study. Thorax 59:855-861

Woodcock A, Lowe LA, Murray CS, Simpson
BM, Pipis SD, Kissen P et al (2004) National
Asthma Campaign Manchester Asthma and
Allergy Study Group. Early life environmental
control, effect on symptoms, sensitization, and
lung function at age 3 years. Am J Respir Crit
Care Med 170:433-439

Perzanowski MS, Ronmark E, Platts-Mills TA,
Lundback B (2002) Effect of cat and dog own-
ership on sensitization and development of
asthma among pre-teenage children. Am
J Respir Crit Care Med 166:696-702

Ownby DR, Johnson CC, Peterson EL (2002)
Exposure to dogs and cats in the first year of
life and risk of allergic sensitization at 6 to 7
years of age. JAMA 288:963-972

Custovic A, Simpson BM, Simpson A, Hallam
CL, Marolia H, Walsh D et al (2003) National
Asthma Campaign Manchester Asthma and
Allergy Study Group. Current mite, cat, and
dog allergen exposure, pet ownership, and sen-
sitization to inhalant allergens in adults.
J Allergy Clin Immunol 111:402-407

Caramalho I, Lopes-Carvalho T, Ostler D,
Zelenay S, Haury M, Demengeot ] (2003)
Regulatory T cells selectively express toll-like
receptors and are activated by lipopolysaccha-
ride. J Exp Med 197:403—411

Tulic MK, Holt PG, Sly PD (2002)
Modification of acute and late-phase allergic
responses to ovalbumin with lipopolysaccha-
ride. Int Arch Allergy Immunol 129:119-128

Portengen L, Preller L, Tielen M, Dockes G,
Heederik D (2005) Endotoxin exposure and
atopic sensitization in adult pig farmers.
J Allergy Clin Immunol 115:797-802

Lau S, Illi S, Platts-Mills TA, Riposo D, Nickel
R, Gruber C, Niggemann B et al (2005)
Multicentre Allergy Study Group. Longitudinal
study on the relationship between cat allergen
and endotoxin exposure, sensitization, cat-
specific IgG and development of asthma in
childhood--report of the German Multicentre
Allergy Study (MAS 90). Allergy 60:766-773

Platts-Mills JA, Custis NJ, Woodfolk JA, Platts-
Mills TA (2005) Airborne endotoxin in homes
with domestic animals, implications for cat-
specific tolerance. ] Allergy Clin Immunol
116:384-389

Lieutier-Colas F, Meyer P, Pons F, Edelin G,
Larsson P, Malmberg P et al (2002) Prevalence



14

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Meinir G. Jones

of symptoms, sensitization to rats, and airborne
exposure to major rat allergen (Ratn 1) and to
endotoxin in rat-exposed workers, a cross-
sectional  study. Clin  Exp  Allergy
32:1424-1429

Dahlgren MW, Molofsky AB (2018) All along
the watchtower: group 2 innate lymphoid cells
in allergic responses. Curr Opin Immunol
54:13-19

Crawford G, Hayes MD, Scoane RC et al
(2018) Epithelial damage and tissue y8 T cells
promote a unique tumor-protective IgE
response. Nat Immunol 19:859-870

Jeal H, Draper A, Harris J, Newman Taylor A,
Cullinan P, Jones M (2004) Determination of
the T cell epitopes of the lipocalin allergen, rat
n 1. Clin Exp Allergy 34:1919-1925

Ebner C, Schenk S, Najafian N, Siemann U,
Steiner R, Fischer GW et al (1995) Nonallergic
individuals recognize the same T cell epitopes
of Bet v 1, the major birch pollen allergen, as
atopic patients. ] Immunol 154:1932-1940
O’Hehir RE, Verhoef A, Panagiotopoulou E,
Keswani S, Hayball JD, Thomas WR et al
(1993) Analysis of human T cell responses to
the group II allergen of Dermatophagoides
species, localization of major antigenic sites.
J Allergy Clin Immunol 92:105-113

Verhoef A, Higgins JA, Thorpe CJ, Marsh SG,
Hayball JD, Lamb JR et al (1993) Clonal anal-
ysis of the atopic immune response to the
group 2 allergen of Dermatophagoides spp,
identification of HLA-DR and -DQ restricted
T cell epitopes. Int Immunol 5:1589-1597
Van Neerven R], Van de Pol MM, Van Milligen
FJ, Jansen HM, Aalberse RC, Kapsenberg ML
(1994) Characterisation of cat ander-specific T
lymphocytes from atopic patients. ] Immunol
152:4203-4210

Carballido JM, Carballido-Perrig N, Kagi MK,
Meloen RH, Wuthrich B, Heusser CH et al
(1993) T cell epitope specificity in human aller-
gic and nonallergic subjects to bee venom phos-
pholipase A2. J Immunol 150:3582-3591
Hesselmar B, Aberg B, Eriksson B, Bjorksten
B, Aberg N (2003) High-dose exposure to cat
is associated with clinical tolerance--a modified
Th2 immune response Clin Exp Allergy
33:1681-1685

Jeal H, Draper A, Harris J, Newman Taylor AJ,
Cullinan P, Jones M (2006) Modified TH2
responses at high dose exposures to allergen.
Using an occupational model. Am J Respir Crit
Care Med 174(1):21-25

Cullinan P, Cook A, Gordon S, Niecuwenhuijsen
M]J, Tee RD, Venables KM et al (1999)
Allergen exposure, atopy and smoking as deter-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

minants of allergy to rats in a cohort of labora-
tory employees. Eur Respir J 13:1139-1143

Holt PG (1994) A potential vaccine strategy
for asthma and allied atopic diseases during
carly childhood. Lancet 344:456-458

Jutel M, Akdis M, Budak F, Aebischer-Casaulta
C, Wrzyszcz M, Blaser K et al (2003) IL-10
and TGEF-Beta cooperate in the regulatory cell
response to mucosal allergens in normal immu-
nity and specific immunotherapy. Eur
J Immunol 33:1205-1214

Jutel M, Akdis M, Blaser K, Akdis CA (2005)
Are regulatory T cells the target of venom
immunotherapy: Curr Opin Allergy Clin
Immunol 116:608-613

Dombrowicz D (2005) Exploiting the innate
immune system to control allergic asthma. Eur
J Immunol 35:2786-2788

Akbari O, Faul JL, Hoyte EG, Berry GJ,
Wahlstrom ], Kronenberg M et al (2000)
CD4+ invariant T-cell-receptor+ natural killer
T cells in bronchial asthma. N Engl ] Med
354:1117-1129

Akbari O, DeKruytf RH, Umetsu DT (2001)
Pulmonary dendritic cells producing IL-10
mediate tolerance induced by respiratory expo-
sure to antigen. Nat Immunol 2:725-731
Hawrylowicz CM (2005) Regulatory T cells
and IL-10 in allergic inflammation. ] Exp Med
202:1459-1463

Akdis CA, Blaser K (1999) IL-10 induced
anergy in peripheral T cell and reactivation by
microenvironmental cytokines, two key steps in
specific immunotherapy. FASEB ] 13:603-609

Ling EM, Robinson DS (2004) Relation of
CD4+CD25+ regulatory T-cell suppression of
allergen-driven T-cell activation to atopic status
and expression of allergic disease. Lancet
363:608-615

Bellinghausen I, Konig B, Bottcher I, Knop J,
Saloga J (2005) Regulatory activity of human
CD4*CD25* T cells depends on allergen
concentration, type of allergen and atopy status
of the donor. Immunology 116:103-111
Verhoef A, Alexander C, Kay AB, Larche M
(2005) T cell epitope immunotherapy induces
a CD4+ T cell population with regulatory
activity. PLoS Med 2(3):¢78

Francis JN, Till SJ, Durham SR (2003)
Induction of IL-10+CD4+CD25+ T cells by
grass pollen immunotherapy. J Allergy Clin
Immunol 111:1255-1261

Tarzi M, Klunker S, Texier C, Verhoef A, Stapel
SO, Akdis CA et al (2006) Induction of inter-
leukin-10 and suppressor of cytokine signal-
ling-3 gene expression following peptide
immunotherapy. Clin Exp Allergy 36:465-474



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Akdis CA, Blesken T, Akdis M, Wuthrich B,
Blaser K (1998) Role of interleukin 10 in spe-
cific immunotherapy. J Clin Invest 102:98-106

Akdis M, Blaser K, Akdis CA (2005) T regula-
tory cells in allergy, novel concepts in the
pathogenesis, prevention, and treatment of
allergic diseases. ] Allergy Clin Immunol
116:961-968

Woodfolk JA (2005) High-dose allergen expo-
sure leads to tolerance. Clin Rev Allergy
Immunol 28:43-58

Jones MG, Nielsen J, Welch ], Harris J,
Welinder H, Bensryd I et al (2004) Association
of HLA-DQ5 and HLA-DRI with sensitiza-
tion to organic acid anhydrides. Clin Exp
Allergy 34:812-816

Map CE, Balboni A, Baricordi R, Fabbri LM
(1997) Human leukocyte antigen associations
in occupational asthma induced by isocyanates.
Am J Respir Crit Care Med 156:5139-S143

Newman Taylor AJ, Cullinan P, Lympany PA,
Harris JM, Dowdeswell RJ, du Bois RM (1999)
Interaction of HLA phenotype and exposure
intensity in sensitization to complex platinum
salts. Am ] Respir Crit Care Med
160:435-438

Young RP, Barker RD, Pile KD, Cookson WO,
Newman Taylor AJ (1995) The association of
HLA-DR3 with specific IgE to inhaled acid
anhydrides. Am ] Respir Crit Care Med
151:219-221

Jeal H, Draper A, Jones M, Harris J, Welsh K,
Newman Taylor A, Cullinan P (2003) HLA
associations with occupational sensitisation to
rat lipocalin allergens, a model for other animal
allergies? ] Allergy  Clin  Immunol
111:759-759

Francis J, Larche M (2005) Peptide-based vac-
cination, where do we stand? Curr Opin Allergy
Clin Immunol 5:537-543

van de Veen W, Stanic B, Wirz OF et al (2016)
Role of regulatory B cells in immune tolerance
to allergens and beyond. ] Allergy Clin
Immunol 138:654-665

Gehlhar K, Schlaak M, Becker W, Bufe A
(1999) Monitoring allergen immunotherapy of

78.

79.

80.

81.

82.

83.

84.

85.

86.

Molecular Mechanisms of Allergy 15

pollen-allergic patients, the ratio of allergen-
specific IgG4 to IgG1 correlates with clinical
outcome. Clin Exp Allergy 29:497-506

Jutel M, Akdis M, Budak F, Aebischer-Casaulta
C, Wrzyszcz MA, Blaser K (2003) IL-10 and
TGEF-beta cooperate in the regulatory T cell
response to mucosal allergens in normal immu-
nity and specific immunotherapy. Eur
J Immunol 33:1205-1214

Nouri-Aria KT, Wachholz PA, Francis JN,
Jabobson MR, Walker SM, Wilcock LK et al
(2004) Grass pollen immunotherapy induces
mucosal and peripheral IL-10 responses and
blocking  IgG  activity. ]  Immunol
172:3252-3259

Djurup R, Osterballe O (1984) IgG subclass
antibody response in grass pollen-allergic
patients undergoing specific immunotherapy.
Prognostic value of serum IgG subclass anti-

body levels early in immunotherapy. Allergy
39:433-441

Golden DB, Meyers DA, Kagey-Sobotka A,
Valentine MD, Lichtenstein LM (1982)
Clinical relevance of the venom-specific immu-
noglobulin G antibody level during immuno-
therapy. J Allergy Clin Immunol 69:489-493
Daeron M, Malbec O, Latour S, Arock M,
Fridman WH (1995) Regulation of high affin-
ity IgE receptor-mediated mast cell activation
by murine low-affinity IgG receptors. J Clin
Invest 95:577-585

Dacron M (1997) Negative regulation of mast
cell activation by receptors for IgG. Int Arch
Allergy Immunol 113:138-141

Zhu D, Kepley CL, Zhang M, Zhang K, Saxon
A (2002) A novel human immunoglobulin Fc
gamma Fc epsilon bifunctional fusion protein
inhibits Fc epsilon R1-mediated degranulation.
Nat Med 8:518-521

Ball T, Sperr WR, Valent P, Lidholm ],
Spitzauer S, Ebner C et al (1999) Induction of
antibody responses to new B cell epitopes indi-
cates vaccination character of allergen immu-
notherapy. Eur ] Immunol 29:2026-2036
Wachholz PA, Durham SR (2003) Induction
of ‘blocking’ IgG antibodies during immuno-
therapy. Clin Exp Allergy 33:1171-1174



	Chapter 1: Understanding of the Molecular Mechanisms of Allergy
	1 Introduction
	2 Hygiene Hypothesis
	3 Family Size and Allergy
	4 Indoor Allergens
	5 Endotoxin
	6 Type 2 Immune Response
	7 Microbiome
	8 Cellular Response to Allergens
	9 Modified Th2 Response
	10 Natural Killer Cells
	11 Immunoregulation
	12 Genetics
	13 Intradermal Exposure
	14 Immunotherapy
	References


