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Allergen-specific immunotherapy is used to treat patients exposed and co-sensitized to the two
common house dust mites, Dermatophagoides pteronyssinus and Dermatophaqgoides farinae.
Based on seroepidemiological studies and a detailed characterization of mite allergens, an
optimal immunotherapeutic product should associate extracts from the two Dermatophagoides
species, and include both bodies and fecal particles. Both subcutaneous and sublingual
immunotherapies performed with agueous mite extracts are safe and efficacious in children
and adults with mite-induced rhinitis and/or asthma. Double-blind placebo-controlled studies
are conducted to further document the efficacy of immunotherapeutic products, with
promising results that were obtained already with sublingual tablets. Current developments of

second-generation products relying upon recombinant allergens and peptides are reviewed.
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Epidemiology of house dust mite
allergies
Exposure to house dust mites
House dust mites (HDMs) represent a major
cause of perennial allergic rhinitis and asthma,
affecting more than 500 million people
throughout the world [1-6. Mites constitute a
large taxonomic group, belonging to the class
Acaroideae. At least 40,000 mite species have
been identified and have been broadly divided
into the pyroglyphid mites (commonly referred
to as house dust mites) and nonpyroglyphid
(storage) mites [23]. The most common species
within the Pyroglyphideae family, involved in
more than 90% of HDM allergies worldwide,
are Dermatophagoides pteronyssinus and Derma-
tophagoides farinae. Common storage mites in
Northern and Central Europe include Tyrogly-
phidae, such as Acarus siro and Tyrophagus
putrescentiae, as well as Glyciphagidae (Lepido-
ghyphus destructor) (23). Although not considered
as a storage mite, Blomia tropicalis leads to
frequent mite sensitization in tropical and
sub-tropical areas. This review focuses only on
immunotherapies for patients allergic to Derma-
tophagoides HDM species.

The formal demonstration that Dermatopha-
goides species were the source of allergens

present in house dust was made in 1967 (7).
Adult  Dermatophagoides mites are about
300-600 pm in size and have four pairs of
legs (Ficure 1), with some morphological differ-
ences between male and female. The life cycle
of mites encompasses various stages, including
egg, larva, nymph and adult (2. HDMs feed
on a variety of substances, including human
scales particularly. HDMs proliferate in a
warm and humid environment, even though
the optimal growth conditions are slighdy dif-
ferent for D. pteronyssinus (25°C, 75% humid-
ity) and D. farinae (30°C, 65% humidity) 3].
Nonetheless, since the D. preronyssinus and
D. farinae mite species have comparable
requirements for growth, they usually cohabit
in Europe, North America and Asia, with
some country or regional quantitative differen-
ces reported in their relative distribution [3-6).
For example, D. pteronyssinus is prominent in
the UK, Australia, New Zealand, Singapore
and humid areas in general. In contrast,
D. farinae predominates in Italy, Spain, South
Korea and in continental areas [3].

There is no real seasonality in exposure to
HDM:s, considered as a prototypic perennial
allergen, although there are more mite allergens
in the environment during the early fall and less
during winter time [8]. The magnitude of mite
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Figure 1. Microscopic view of Dermatophagoides farinae. (A) Dorsal view showing
the striated cuticle. (B) Ventral view showing the four pairs of legs. Dermatophagoides
pteronyssinus has a comparable morphology in females, whereas males have thicker
anterior legs, when compared to D. farinae.

exposure is commonly determined by ELISA quantification of
group 1 allergens (combining the major Der p 1 and Der f 1 aller-
gens, see below) in dust samples. The amount of group 1 allergens
reported in housing varies from 1 to 35 ug/g of floor dust and
from 3 to 50 ug/g of mattress dust [8-12]. Thus, collectively,
HDM of the Dermatophagoides genus are extremely common
worldwide and are the major causes of type I (IgE-mediated)
allergies, with most patients co-exposed to the two species.

Sensitization to HDMs
Sensitization occurs through the airways, following exposure to
allergens from mite bodies and fecal particles adsorbed onto
dust particles. Mite allergens were also reported in breast milk,
although it is not clear whether this leads to sensitization or
tolerance in young infants [13). A threshold level of 1-2 ug
mite allergens/g of house dust has been proposed as a risk fac-
tor for sensitization, whereas 10 Ug/g was suggested to be a
threshold level for acute asthma in sensitized suspects. Two
micrograms of Der p 1 corresponds to fecal particles accumu-
lated by about 100 mites within a week. Surprisingly, the rela-
tionship between HDM allergen levels and mite sensitization is
not fully linear, with maximum sensitization observed at inter-
mediate (i.e., 1.4-10 ug/g dust) levels of group 1 exposure [14].
It is now broadly admitted that co-exposure to the two
Dermatophagoides species leads to co-sensitization, with a con-
tribution of the two species to the induction of allergic symp-
toms. More than 90% of Dermatophagoides-sensitized patients
have IgEs to allergens from both D. pteronyssinus and D. fari-
nae species, as determined by 7z vivo skin prick testing and/or
in vitro IgE reactivity [3-615]. Due to their taxonomic proxim-
ity, D. preronyssinus and D. farinae express homologous aller-
gens exhibiting a significant IgE cross-reactivity (see below).
However, several seroepidemiological studies conducted by the
author and others have confirmed that most patents, if not all,
also have IgE to allergens or derived epitopes which are specific
for each of the two species [615-17]. The analysis of CD4+

T cell responses to mite allergens in sen-
sitized patients also suggests an involve-
ment of both epitopes common to the two
mite species and species-specific T cell
epitopes [1819]. It is noteworthy that
patients are heterogeneous in their T cell
responses, with evidence of Th2, and also
mixed Th1/Th2 or Th2/Th17 patterns of
sensitization, although it is stll unclear
how those patterns relate to clinical
responses during immunotherapy [20].
HDM allergens can elicit conventional
Th2 responses by contributing B and
T cell epitopes that promote allergen-
specific IgE production as well as secre-
tion of IL-4, IL-5 and IL-13 cytokines by
CD4+ T cells. Such a cytokine milieu
leads to the recruitment and activation of
(i.e., basophils,

eosinophils, mast cells) in respiratory mucosae [21.22]. The phys-

proinflammatory  cells

iopathology of mite-induced allergies was recently found to be
even more complex, with evidence that specific mite allergens
can directly activate multiple innate immune pathways follow-
ing interaction with Toll-like receptors [21-24]. Specifically, the
capacity of mite allergen extracts to activate Toll-like receptor
4 in airway epithelial cells appears central in driving allergic
inflammation, following production of thymic stromal lympho-
poietin, granulocyte-macrophage colony stimulating factor,
IL-25, IL-33 and subsequent activation of mucosal dendritic
cells [24). In addition, other non-allergenic molecules such as
lipopolysaccharides (associated with Bartonella bacteria endo-
symbiotic to Dermatophagoides species), P glucans and chitin
can also engage pathogen recognition receptors and elicit proin-
flammatory responses at the level of epithelial or innate
immune cells [24-26].

HDM allergens

Exposure and sensitization conditions to HDM have been inves-
tigated at a molecular level. As of today, 23 distinct groups of
allergens have been described in mite species, of which 21 are
found in Dermatophagoides species (Tame 1) [27-30. The WHO/
International Union of Immunological Societies nomenclature
refers to those allergens using the first three letters of the genus,
then the first letter of the species (i.e., Der p and Der f), fol-
lowed by the group number reflecting the order in which the
allergen was described [30]. Among these, group 1-3, 6-8, 10,
11, 14, 15, 18 and 21 allergens are found as homologous mole-
cules in both D. pteronyssinus and D. farinae species. Group 4,
5,9, 20 and 23 allergens are present in D. pteronyssinus, but are
not yet described in D. farinae or not officially included in the
International Union of Immunological Societies nomencla-
ture [30]. In contrast, group 13, 16, 17 and 22 allergens are pres-
ent in D. farinae, without any equivalent molecule yet reported
in D. pteronyssinus. From this, it is evident that the allergen
repertoires are not fully identical between the two species [27-30].

doi: 10.1586/14760584.2014.948861
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Table 1. Allergens identified in Dermatophagoides pteronyssinus and Dermatophagoides farinae species.

1 Cysteine protease 24-27 Dp Df 81%, 24 isoforms 60-80% Feces
for Der p 1 and
10 isoforms for Der

f1
2 Nieman Pick 15 Dp Df 88%, 15 isoforms >70% Body
C2 homolog for Der p 2 and
17 isoforms for Der
f2
3 Trypsin 25-30 Dp Df 81% 10-15% Body (Df)
4 o-amylase 56-63 Dp ? 10-25% Feces
5 Unknown 14 Dp ? 10-40% Feces
6 Chymotrypsin 25 Dp Df 75% 41-65%
7 Unknown 26-31 Dp Df 86% 20-40% Feces
8 Glutathione-S- 25-27 Dp Df ? 10-40% Feces
transferase
9 Collagenolytic 24-29 Dp ? ? Feces
serine protease
10 Tropomyosin 33-37 Dp Df 98% 5-10%
11 Paramyosin 98-103 Dp Df 97% 65-80%
13 Fatty acid binding 15 Df ? <25% Feces
protein
14 Apolipophorin 177 Dp Df >80% 20-60% Body
15 Chitinase 98-105 Dp Df 90% 15-30%
16 Gelsolin/villin 53-55 Df ? 35-47%
17 Calcium-binding 53 Df ? 35%
protein
18 Chitin-binding 49-60 Dp Df 88% 30-40%
protein
20 Arginine kinase 40 Dp ? 5-20% Body
21 Unknown 14 Dp Df ? 15-30% Feces
22 Unknown 67 Df ? ? Feces
23 Peritrophin-like 14 Dp ? 30-60% Feces

protein domain

Allergen groups 12 and 19 were reported in Blomia, but not in Dermatophagoides mite species.

Df: Dermatophagoides farinae, Dp: Dermatophagoides pteronyssinus;, MW: Molecular weight.

From [30])/(WHO/International Union of Immunological Societies site providing the official list of registered allergens and their isoforms). Prevalence of IgE recognition was
obtained from [4,15,30,35,36] and [PM, UNPUBLISHED DATA].

HDM allergens are found within both mite bodies (particu- 4, 5, 7, 8, 9, 13, 21 and 23 allergens. Some of the allergens,
larly within the digestive tract) and fecal particles [27-29]. Molec-  such as of groups 3, 5, 7, 10, 11 and 14, are present in low
ular analyses of purified bodies and feces have confirmed that quantides, possibly because they are unstable or sensitive to the
they contain distinct sets of allergens (Taeie 1) [31]. For example, hydrolytic enzymes abundant in the mites’ gut [2732]. In con-
bodies contain more group 2, 3 (at least for D. farinae), trast, group 1, 2, 13 and 20 allergens are among the most
14 and 20 allergens, whereas fecal particles are rich in group 1, abundant proteins found in D. pteronyssinus extracts [33].
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Collectively, groups 1 and 2 are estimated to represent 1-2%
of proteins found in an aqueous HDM extract. The analysis of
IgE reactivity to purified or recombinant mite allergens has
revealed that 80-90% of HDM allergic patients are sensitized
to Der p 1, Der p 2, Der f 1 and Der f 2, and thus these are
called major allergens [5,615.18]. IgEs against such major allergens
commonly represent more than 80% of mite-specific IgEs in
patients’ sera. In addition, the author and others have demon-
strated that many (i.e., 60-80%) patients also have IgE, albeit
at low titers, directed to minor allergens such as of groups 3, 4,
5,6,7,9, 11, 14 and 23 (Tasie 1) [45,15,18,34-36).

The allergenicity of mite allergens has been, to some extent,
related to their biological activity. For example, Der p 1 and
Der f 1 major allergens mediate a cysteine protease activity,
thought to cleave intercellular epithelial tight junctions, thereby
facilitating allergen exposure to submucosal immune cells [37.38].
The proteolytic activity of group 1 mite allergens appears as
well to directly activate the immune cells in favor of
Th2 responses, following cleavage of CD23 on B lymphocytes
and CD25 on T cells [37). Other mite allergens have a biological
function likely contributing to their allergenicity. For example,
group 2 allergen is analogous to the myeloid differentiation-
2 adaptor molecule involved in TLR4 activation, group 3,
6 and 9 allergens mediate a serine protease activity, and group
7, 13, 14 and 21 allergens are lipid-binding proteins [39-41].

Each of the Der p 1, Der f 1, Der p 2 and Der f 2 allergens
is expressed in mites as multiple variants/isoforms differing in
their amino acid sequence by 1-13 amino acids (Tase 1) [30].
These differences are known to impact IgE and T cell recogni-
tion [161742]. The existence of natural variants is less docu-
mented for minor allergens, but is likely to be similar. The
variability in major allergen sequences comes mostly from gene
polymorphisms [42], whereas variations affecting group 3, 7 and
14 minor allergens relate not only to amino acid sequence dif-
ferences but also to post-translational modifications [27.28]. The
primary sequence of group 10 (tropomyosin) is evolutionarily
conserved, not only among Dermatophagoides species (Tasie 1)
but also between HDM, shrimp and snail. As a consequence,
the group 10 mite allergen has been incriminated in IgE cross-
reactivity with food allergens [43-45]. Some rare cases of IgE
neosensitization to food allergens have been reported during
HDM immunotherapy performed via the subcutaneous, but
not the sublingual route [184445).

Implications for designing the right product for
immunotherapy

Our understanding of exposure and sensitization conditions at a
molecular level can be used to design the most appropriate prod-
uct for allergen immunotherapy (AIT) of mite-allergic patients.
For example, evidence that such patients are sensitized to aller-
gens originating from both bodies and fecal particles implies that
the two should be combined for immunotherapy. Furthermore,
given the homology and IgE cross-reactivity between allergens
from Dermatophagoides species, the question arises as to whether
a single mite species extract is sufficient for desensitizing

HDM-allergic patients, or whether mixed D. preronyssinus and
D. farinae extracts should be used. IgE sensitization to allergens
from a single species, that is, D. pteronyssinus or D. farinae only,
is not common, but can be documented in 2-10% of HDM-
allergic patients [36.18]. Cross-inhibition studies have shown that
D. pteronyssinus or D. farinae extracts do not inhibit the binding
of IgEs from mite-allergic patients in a similar way, and thus, do
not contain the same allergen repertoires. As stated above, the lat-
ter observation is fully consistent with our current knowledge of
the allergen content of mite extracts which has emerged from
extensive molecular characterizations (Taste 1).

In addition, when comparing single allergens found in both
D. pteronyssinus and D. farinae, despite a significant homology
between the two species (commonly in the range of 80-85%
amino acid sequence homology), some differences exist, resulting
in species-specific B and T cell epitopes [616-19]. As a conse-
quence, 280% of AIT courses applied to HDM-allergic patients
in Europe and the USA involve a mixture of D. pteronyssinus and
D. farinae extracts, whereas single extracts are only used in <20%
of the treatments. It is noteworthy that in support of this prac-
tice, in a murine asthma model with animals sensitized to extracts
from the two HDM species, immunotherapy with a mixture of
both D. pteronyssinus and D. farinae extracts was consistently
more efficacious than single extracts to decrease airway hyperres-
ponsiveness and downregulate mite-specific Th2 responses [46].

Current status of HDM immunotherapy
AIT as an etiologic treatment for HDM allergies
Allergen avoidance is considered of little use for a perennial
allergy associated with HDM exposure. Pharmacologic drugs
such as antihistaminics or corticosteroids can be used to treat
symptoms. However, immunotherapy is the only treatment
addressing the immunological cause underlying allergic inflam-
mation and as such, able to provide sustained efficacy for sev-
eral years, even after treatment cessation. AIT is a clinically
documented therapy used since 1911 to treat patents with
type 1 (IgE-mediated) respiratory allergies to pollens from
either grasses, trees or weeds, as well as to cat dander, molds or
common HDMs (47-s1). International guidelines recommend
using AIT to treat patients with severe upper and mild to mod-
erate lower respiratory allergies, most particularly when they are
poorly controlled by symptomatic treatments or are unwilling to
use pharmacologic treatments [47-51]. The rationale behind this
approach is to administer aqueous allergen extracts prepared
from natural sources in a reiterated manner, over 3-5 years, in a
different context from natural exposure (i.e., with an adjuvant,
or using the subcutaneous or sublingual route). AIT aims to re-
educate the immune system to re-establish tolerance in an
allergen-specific manner in allergic patients, following re-
orientation of inappropriate Th2 responses toward regulatory
immune responses [52,53].

Despite a century-long use of this form of therapeutic vaccina-
tion, significant progress was mostly made in the last decade,
with an evolution from a largely empirical approach to a scientifi-

cally founded therapy, fulfilling the exigence of evidence-based
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medicine. Specifically, the latter encompasses the following
advances:

e The availability of pharmaceutical-grade standardized prod-
ucts for both diagnostic and immunotherapy [335455).

e The emergence of the sublingual route as an alternative to
the subcutaneous route: It is now broadly accepted that
high-dose sublingual immunotherapy (SLIT) regimens have
an efficacy comparable to subcutaneous immunotherapy
(SCIT), with a much better safety profile, that is, leading to
only rare systemic reactions and extremely rare anaphylactic
shocks due to the limited exposure, if any, of the allergens to
blood immune cells [48535657). As of today, SLIT represents
approximately 50% of the total AIT administered in Europe
(>80% in Southern Europe). Sublingual tablets for grass and
ragweed pollen allergies have been recently approved in the
USA and are being registered as well in Japan for HDM
allergies.

e A better understanding of the mechanisms of action: SLIT
and SCIT rely upon comparable immune mechanisms,
including a downregulation of allergen-specific CD4+
Th2 responses, with a shift toward Thl (immunodeviation)
and T regulatory (immunosuppression) responses (5253]. The
associated changes in the cytokine milieu due to repolariza-
tion of allergen-specific CD4+ T cells leads to a decrease in
the recruitment and activation of proinflammatory cells
(basophils, mast cells, eosinophils) in target mucosae, as well
as a downregulation of allergen-specific IgE with a concomi-
tant induction of allergen-specific IgG (IgG4) and IgA.
Some of these high-affinity antibodies induced during AIT
may exhibit a blocking activity (i.e., manifests as a capacity
to inhibit mast cell or basophil activation, as well as allergen
presentation to T cells) following competition with IgEs for
binding to allergens [5].

Whereas HDM can cause respiratory allergies (including rhi-
nitis and asthma) as well as atopic dermatitis, the efficacy of
immunotherapy in the latter condition is currenty unproven,
even if encouraging efficacy data have been obtained with SLIT
in mice with mite-induced eczema [59]. In this context, the
author focuses below on the application of AIT to respiratory
allergies associated with Dermatophagoides mite species, which
accounts for 45-50% of all desensitization treatments in
Europe and in the USA [4651).

Products for HDM immunotherapy

Natural extracts

As of today, only the products based on aqueous HDM
extracts prepared from cultured mites are available to the
patients [33]. Mites have been historically grown using human
scales, fish or dog food, dried daphnia, cereals and mold cul-
tures [60]. As of today, mites are cultured using pharmaceutical-
grade components, without any protein of human or animal
origin [33]. For example, a mixture of yeast extract, wheat germ
and synthetic amino acids recapitulating the composition of the
human stratum corneum allows efficient growth of both

D. pteronyssinus and D. farinae mite species. After 3 months of
culture under controlled temperature and humidity conditions,
cultures containing bodies, fecal particles and spent culture
medium are harvested to prepare the allergen extracts. Such
cultured mites are identical in terms of allergen content to the
ones obtained using human scales [33]. Classically for SCIT,
allergen extracts are combined (in Europe but not in the USA)
with aluminum hydroxide or calcium phosphate as an adju-
vant. SLIT is consistently performed with the mite extract
administered for 2 min under the tongue, without any adju-
vant. Some modified extracts (i.e., allergoids) in which proteins
are polymerized with glutaraldehyde are also used to treat
patients. These allergoids are hypoallergenic, that is, they react
poorly with IgE due to steric hindrance associated with allergen
polymerization. The efficacy of these allergoid mite extracts
remains to be established in large clinical studies.

Recent studies drew attention on the issue of allergen extract
consistency. Most particularly, significant variabilicy was
observed for D. pteronyssinus and D. farinae extracts made avail-
able by various manufacturers for iz vivo diagnosis, both in
terms of protein content and concentration in major and minor
allergens [6162]. Obviously, ensuring the quality and consistency
of natural extracts intended for human use is critical to guaran-
tee the safety and efficacy of AIT. Keeping this into consider-
ation, well-characterized and standardized allergen extracts are
produced, for which the allergenic activity is tested and
adjusted using ELISA inhibition assays, in comparison to refer-
ence D. pteronyssinus and D. farinae extracts [s4]. For HDM
extracts used for diagnostic and/or immunotherapeutic pur-
poses, acceptance criteria are established for total allergenic
activity and major allergen content. These parameters are subse-
quently monitored as a quality check on all manufacturing
intermediates, including source materials, drug substances and
drug products [55).

Recombinant allergens & peptides

As an alternative to natural extracts, which consist into com-
plex mixtures of proteins, there is also some interest in devel-
oping AIT products based on purified (synthetic or
recombinant) molecules [63-65]. Schematically, two types of
molecular products are considered for HDM immunotherapy,
including recombinant mite allergens and peptides (or frag-
ments) derived from such allergens [63-65]. It is noteworthy
that although these candidate products have the advantage of
being molecularly defined and are easy to produce in a consis-
tent manner, they usually only cover the major group 1 and
2 allergens, which may represent a limitation to treat patients
sensitized as well to minor mite allergens. Interestingly, a
recent study suggested that treatment with peptides corre-
sponding to selected epitopes from a given allergen may result
in suppression of immune responses to other (linked) epitopes
within the same molecule [66]. It remains, however, to be
proven whether such a potential bystander immunological
effect is associated with clinical benefit, most particularly in
the long term.
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Table 2. Status of immunotherapies for respiratory allergies to house dust mites.

— Single Dermatophagoides Commercially e Calamita et al. (SLIT): (73]
pteronyssinus extract available n = 25 clinical studies in patients with allergic asthma,
— Single Dermatophagoides n = 1706 patients. Sublingual immunotherapy leads to a significant
farinae extract reduction of asthma severity
— Mixtures of D. pteronyssinus e Penagos et al. (SLIT): [74]
and D. farinae extracts n = 9 clinical studies in children with allergic asthma,
— Modified extracts (allergoids) n = 441 patients. A significant relief from symptoms (p = 0.02)
+/- Aluminum hydroxide or and reduction in medication use (p = 0.007) were observed
calcium phosphate following SLIT
e Compalati et al. (SLIT): [75]

n = 8 clinical studies in patients with allergic rhinitis,

n = 382 patients. Reduction of symptoms and rescue medication

(p = 0.04)

n = 9 clinical studies in patients with allergic asthma,

n = 476 patients. Significant relief from symptoms and reduction in

rescue medication (p = 0.02)
e Lin et al. (SLIT): [76]
n = 63 clinical studies, n = 5131 patients. Moderate evidence of
improvement in rhinitis and conjunctivitis symptoms, with 9 out of
36 studies demonstrating greater than 40% improvement versus
comparator
Strong evidence of improvement of allergic asthma symptoms,
with 8 out of 13 clinical studies demonstrating symptom
improvement greater than 40% versus comparator, as well as a
decrease in medication use
Abramson et al. (SCIT): 771
DBPC trials in adults and children with allergic asthma.
Subcutaneous immunotherapy is efficacious in relieving the
symptoms and decreasing the use of rescue medication
Calderon et al. (SCIT and SLIT): (78]
n = 44 clinical studies in patients with allergic rhinitis and asthma
Several SCIT and SLIT studies report a significant improvement in
allergic rhinitis symptoms, although the dosing and immunization
schemes are heterogeneous
SCIT is efficacious in adults and in children with allergic asthma in
relieving symptoms, decreasing rescue medication use, and
improving bronchial hyperresponsiveness. SLIT is also beneficial in
asthmatic patients, although the effect size reported is often
moderate and varies greatly from one study to another
This meta-analysis concluded that there is a lack of consensus on
basic treatment parameters such as dose and duration.
Consequently, more rigorous, DBPC randomized trials are needed

For personal use only.
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Sublingual tablets Clinical, Phase Il A DBPC study confirmed the efficacy and safety of sublingual [81,82]
tablets (combining both D. pteronyssinus and D. farinae extracts) in
a cohort of 509 patients with HDM-associated allergic rhinitis.
Decrease of up to 20.2% (p = 0.0066) in the mean average
adjusted symptom scores in the active group versus placebo

Onset of action was observed after 4 months of treatment, and
efficacy was maintained during the treatment-free follow-up year
A DBPC study in 604 patients of age >14 years with HDM-
associated allergic rhinitis and mild to moderate asthma reduced
the daily inhaled corticosteroids needed to control asthma in the
active group versus placebo (p = 0.004)

CHO: Chinese hamster ovary; DBPC: Double-blind placebo-controlled; HDM: House dust mite; SCIT: Subcutaneous immunotherapy; SLIT: Sublingual immunotherapy.

doi: 10.1586/14760584.2014.948861 Expert Rev. Vaccines
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Table 2. Status of immunotherapies for respiratory allergies to house dust mites (cont.).

Group 1 and 2 peptides Clinical, Phase I e A mixture of short peptides corresponding to T cell epitopes [83]
present in HDM major allergens was administered in a DBPC study
to 172 patients with HDM-associated allergic rhinitis and asthma,
with the aim to elicit specific Treg. Patients were exposed regularly

to HDM challenges in a chamber. Four intradermal administrations
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of mite peptides over 12 weeks improved significantly the
symptoms of allergic rhinitis 1 year after starting treatment
(p = 0.02 vs placebo)

Clinical, Phase I/
Preclinical

Der p 1 and Der p 2 peptides
associated with carrier proteins

Mite allergen-derived peptides lacking IgE epitopes were linked to [84]
carrier proteins (e.g., Hepatitis B preS antigen, or capsid protein

from rhinovirus or QB phage) in order to elicit « blocking » IgEs.
Evidence of strong IgG responses to the mite peptide was obtained
in 24 healthy volunteers receiving the vaccine via the subcutaneous
or intramuscular route

Recombinant Der p 1 and Der p  Preclinical

2 allergens

Der p 1 and Der p 2 allergens have been produced in Escherichia
coli, yeast, CHO cells and plant-based expression systems. These

[67-72]

proteins are recognized by patients’ IgE and activate basophils
from mite-allergic patients. Limited evidence of efficacy in murine

models

CHO: Chinese hamster ovary; DBPC: Double-blind placebo-controlled; HDM: House dust mite; SCIT: Subcutaneous immunotherapy; SLIT: Sublingual immunotherapy.

Various expression systems have been used to express recom-
binant HDM allergens in a natural conformation, including
Escherichia coli, yeast (Saccharomyces cerevisiae and Pichia pasto-
7is), Chinese hamster ovary cells, rice and tobacco plants [67-71].
Collectively, these studies confirm that it is possible to produce
with good yields recombinant Der p 1 or Der p 2 molecules
capable of binding patients’ IgE in a comparable manner to
purified natural allergens, suggesting that recombinant mite
allergens are properly folded. Nonetheless, whereas Der p 2 can
easily be produced in a natural-like conformation (71), some
specific issues are associated with the expression of recombinant
Der p 1 (or Der f 1) molecules. The latter include the presence
of a propeptide, which is cleaved off from group 1 allergens to
produce the mature form, thus generating potential molecular
heterogeneity regarding the NH2-terminal amino acid sequence
and the cysteine protease activity of the molecule, creating
potential stability problems for the allergen itself, or for other
allergens potentially combined in the vaccine [69]. As an alterna-
tive, an approach based on fusion proteins associating from
head to tail various forms of Der p 1 and Der p 2 molecules
has been attempted (70). However, the allergens expressed under
those conditions do not exhibit natural conformations, likely
due to constraints imposed within the chimera, leading to inap-
propriate intra- and inter-molecular cysteine pairing and subse-
quent aggregation of the molecules. As of today, AIT based on
recombinant mite allergens is stll at a preclinical stage, with
preliminary results obtained using 77 vitro systems and murine
models [67,6871].

Other products in development include synthetic peptides,
or allergen fragments coupled to carrier proteins (Tase 2).

Peptides are designed to encompass either T cell epitopes, B
cell epitopes or both. The rationale behind these distinct
peptide-based approaches is either to elicit allergen-specific reg-
ulatory T lymphocytes or blocking IgG4 antibodies. Alterna-
tively, peptide selection is also guided by safety concerns, to
avoid IgE binding and cross-linking of corresponding Fc recep-
tors on mast cells or basophils, or to preclude stimulation of
mite-specific Th2 cells leading to late-phase reactions [72].
Whereas most of those candidate products based on peptides
are still at a preclinical stage, one peptide mix and a conjugate
between Der p 1 peptides and virus-like particles have been
tested in humans (see below).

Overview of clinical studies conducted with HDM
immunotherapeutic products

As of today, only the products based on natural aqueous
extracts are available to treat patients. As mentioned above,
these extracts were made in the past from either D. preronyssi-
nus or D. farinae only, but today the most common approach
is to rely upon a mixture of the two (Tase 2). To provide an
overview of the data generated in numerous clinical studies
conducted in the last 30 years, a summary of recent meta-
analyses focusing on double-blind placebo-controlled (DBPC)
studies is provided in Tase 2 [73-78]. Specifically, HDM extracts
administered either via the subcutaneous or the sublingual
route were shown to be well tolerated by patients. Most partic-
ularly, these studies documented the excellent safety profile of
SLIT, associated with frequent, but mild local reactions occur-
ring at the administration site at the beginning of AIT. Sys-
temic reactions were rare during mite-specific immunotherapy
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via the sublingual route, with no fatal anaphylactic reaction
reported [5673-78]. This safety profile represents a significant
advantage over SCIT, which may lead to some systemic reac-
tions, as well as extremely rare, but potentially fatal anaphylac-
tic shocks [57].

With respect to efficacy, AIT with natural HDM extracts
relieved the symptoms, reduced the need for symptomatic
treatments and improved the quality of life in patients with
allergic rhinitis. These products were also shown to improve
symptoms in asthmatic patients [73-78]. Only few DBPC stud-
ies have been conducted as well with depigmented mite
extracts subsequently polymerized with glutaraldehyde prior
to adsorption on aluminum hydroxide. Patients receiving
SCIT with such modified mite extracts experienced improve-
ment in their symptoms following bronchial provocation
with the allergen [79.80]. Some of these meta-analyses con-
cluded that additional DBPC studies should be performed in
large cohorts of patients to further document the efficacy of
HDM immunotherapeutic products [75.78]. Of note, two such
DBPC Phase III studies recently conducted in patients with
mite-induced allergic rhinitis and asthma, respectively, con-
firmed the safety and efficacy of sublingual tablets [8182].
Generally speaking, additional dedicated studies are also
needed in the future to demonstrate a disease-modifying
effect of AIT in mite allergies, in the form of a long-term
benefit maintained several years after treatment cessation.

Clinical studies are currently ongoing to evaluate the efficacy
of synthetic peptides administered via the intradermal route,
with some encouraging results already observed in a Phase II
clinical study conducted in an environmental exposure cham-
ber [83]. Interestingly, patients receiving four injections of short
peptides encompassing T cell epitopes from major mite aller-
gens had a significant improvement of their symptoms 1 year
after starting the treatment [83). In parallel, SCIT with a Der p
1 peptide linked to virus-like particles made from the capsid
protein of the QB phage elicited strong Der p 1-specific IgG

responses in healthy volunteers [84].

Expert commentary

AIT has been successfully established in the last few years as a
valid option to treat allergic rhinoconjunctivitis associated with
grass, tree and weed pollens. Applying AIT to HDM sensitiza-
tion, that is, the most frequent perennial allergen associated
with rhinitis and asthma, is currently the next frontier. Whereas
there is already strong evidence that AIT is safe and efficacious
in patients with HDM-induced rhinitis and asthma, a challenge
for the near future is to document its long-term efficacy in
those two distinct pathologies, in the context of DBPC studies
conducted in large cohorts of patients.

In this regard, it is critical to rely upon the right product,
which can now be rationally designed on the basis of recent
epidemiological data. For instance, it is well understood that
the vast majority of patients are exposed and sensitized to aller-
gens from the D. pteronyssinus and D. farinae species. The latter
includes a frequent involvement of group 1 and group 2 major

allergens from the two mite species, as well as sensitization to
minor allergens from both bodies and fecal particles [3-6.15.18].
As previously demonstrated for grass pollen allergic patients
exposed and sensitized to allergens from muldple Pooideae
species [85-87], mite-allergic patients appear to mount as well IgE
and CD4+ T cell responses against both cross-reactive and also
species-restricted epitopes from the allergens of D. preronyssinus
and D. farinae.

Altogether, these results support the use of a combination
of extracts made from the two Dermatophagoides species,
including bodies and feces, to manufacture a universal HDM
vaccine that is capable of desensitizing patients in Europe,
Asia, North and South America. As for grass pollen immuno-
therapy, such a mixture of allergens from two HDM species
recapitulates optimally the broad spectrum of allergens, as
well as derived B and T cell epitopes to which patients are
sensitized, to allow a comprehensive re-orientation of the
immune system [86-88].

Five-year view

Although AIT performed with natural mite extracts is com-
monly used in Europe and the USA, the use of such extracts
will be extended to treat patients in Asia, Australia and South
America. This will be facilitated by the availability of stan-
dardized and well-characterized extracts for both immuno-
therapy and diagnostic purposes. The convenience and the
well-established safety profile of the sublingual route will be
instrumental in broadening the use of AIT in mite-allergic
patients worldwide. The growing interest in the sublingual
route, commonly used to treat European patients as of today,
will be confirmed with the registration of mite tablets as
pharmaceutical specialties in Asia and North America. Long-
term efficacy of mite AIT will be demonstrated in patients
with rhinitis and/or asthma. Based on those successes in
mite-associated respiratory allergies, some clinical studies will
be launched as well to evaluate the benefit of AIT in atopic
dermatitis. Recombinant mite allergens or peptides will not
be broadly used for therapy, facing as a limitation the
involvement of multiple allergens in most patients. Nonethe-
less, if their efficacy is confirmed in Phase III field studies,
they could be used to treat those patients sensitized mostly to
group 1 and group 2 major mite allergens. In contrast, panels
of purified recombinant mite allergens will be broadly used
for diagnostic purposes (as part of component-resolved diag-
nostic tests) to better characterize the patients’ patterns of
IgE sensitization. Some candidate biomarkers of efficacy,
including both predictive and follow-up markers, will be
identified, opening the way to the development of compan-
ion diagnostics supporting physicians in their decision to
include and maintain a patient under AIT.
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Key issues

e Products for immunotherapy of house dust mite allergic patients should recapitulate natural exposure and sensitization conditions at a

molecular level, that is, they should combine allergen extracts from both Dermatophagoides pteronyssinus and Dermatophagoides

farinae, including bodies and feces from the two species.

The quality and consistency of house dust mite extracts are critical to their safety and efficacy, and thus, only pharmaceutical-grade

well-characterized extracts should be used for allergen immunotherapy.

Patient heterogeneity should be better understood, regarding both type/severity/chronicity of symptoms and immune status.

Dosing regimens and duration of mite-specific immunotherapy to reach sustained efficacy and a disease-modifying effect should be

documented in both challenge chamber studies and long-term field studies.

Clinical endpoints to measure clinical benefit, and clinical relevance (size of the effect anticipated from allergen immunotherapy) should
be defined in collaboration with regulatory authorities.
Biomarkers associated with clinical efficacy should be identified and developed as companion diagnostics.
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