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Abstract: Background: Nowadays, allergen-specific immunotherapy (AIT) is the only 
treatment able to modulate the course of allergic diseases. Although it has been applied 
for the last 100 years, treatment with whole allergen extracts is not without its drawbacks: 
AIT can cause local and systemic adverse events and may produce new IgE sensitization 
against other allergens present in the extract. Furthermore, the lengthy treatment duration 
(3-5 years), frequent administration, and high cost of treatment are other disadvantages. 
For these reasons, there is a need for safer and more effective AIT strategies. One promis-
ing approach is the use of synthetic peptides representing the B- or T-cell epitopes of al-
lergens. 

Objective: This review summarizes the main advances in peptide immunotherapy, from 
preclinical models to early clinical trials, focusing on house dust mite, bee venom, cat al-
lergy, and Oleaceae pollinosis. 

Results: Following an extensive review of the relevant literature, we summarize how pep-
tide therapies may change the course of allergic diseases and promote allergen tolerance, 
thereby ameliorating the main disadvantages of AIT. Although the molecular mechanisms 
involved are not yet fully defined, they seem to depend on structure, length, peptide se-
quence, and route of administration. This novel immunotherapy has been demonstrated to 
modulate the immune system, promoting regulatory T-cell induction and Th2 inhibition. 
This tolerance-inducing potential has led this therapy to be termed SPIRE (synthetic pep-
tide immuno-regulatory epitopes). 

Conclusion: Experimental models and clinical trials have demonstrated the usefulness of 
SPIRE treatment to cure these diseases, opening a new era in allergen therapeutics.  
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1. INTRODUCTION  

1.1. Current Status of Allergen-Specific Immuno-
therapy (AIT) 

1.1.1. Molecular Bases of AIT 

The immune system (IS) requires tight control to 
protect the organism from exaggerated stimulatory sig-
nals. This control is characterized by functional inacti-
vation mainly due to specific T-cell subtypes with an 
immunosuppressive function, generically named regu-
latory T-cells (Tregs). Depending on the nature of the 
 
*Address correspondence to this author at the Department of Im-
munology, IIS-Fundación Jiménez Díaz, Avda Reyes Católicos N° 
2, 28040 Madrid, Spain; Tel./Fax: +34 915448246;  
E-mail: bcardaba@fjd.es 

antigen, an imbalance in these regulatory mechanisms 
under certain environmental conditions can lead to al-
lergic diseases or autoimmune disorders in genetically 
predisposed subjects [1]. 

Allergic diseases are highly complex adverse reac-
tions of the IS against otherwise harmless substances. 
The pathophysiology of allergic diseases is complex 
and may be influenced by many factors, including ge-
netic susceptibility and aspects of the microenviron-
ment, such as allergen dose and route of exposure. In 
the allergic response, specific regions of antigens called 
epitopes are recognized by naïve T and B lymphocytes. 
First, allergens are recognized and presented to naïve 
T-cells by specific major histocompatibility complex 
(MHC) class-II antigens expressed on the surface of 
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antigen-presenting cells (APC). T-cell activation in-
duces the differentiation and expansion of T-helper 
type 2 (Th2) cells and leads to the production of inter-
leukin (IL) 4, IL-5, and IL-13. These interleukins act 
on B cells, promoting immunoglobulin (Ig) class-
switching to Ig type E (IgE). Allergen-specific IgE an-
tibodies bind to high-affinity receptors for IgE (FcεRI) 
expressed on mast cells and basophils. Repeated expo-
sure to the allergen causes the cross-linking of FcεRI-
bound IgE, stimulating the release of histamine and 
other mediators responsible for the immediate symp-
toms of allergic disease. The late phase of the allergic 
reaction occurs 6-12 hours after allergen exposure, 
when allergen-specific cells are reactivated and ex-
panded locally. Effector cells (i.e., mast cells, baso-
phils, and, specifically, eosinophils) release additional 
inflammatory mediators and cytokines, perpetuating 
the pro-inflammatory response. This phase is responsi-
ble for the symptoms of allergic diseases, and continu-
ous exposure to the allergen causes disease chronicity 
[1, 2]. Fig. (1) summarizes the main phases of the al-
lergic response. 

Currently, allergic diseases constitute a global 
health problem. It is estimated that about 25% of the 
population is affected by type 1 reactions in industrial-
ized countries [3, 4]. Although allergic symptoms can 
be often suppressed using various drugs, allergen-
specific immunotherapy (AIT) is the only treatment 
that can modulate the course of allergic disease. AIT 
was first reported by Noon and Freeman in 1911 [5]. 
Their clinical trials proved that subcutaneous injection 
of grass pollen extract modulated the course of the dis-
ease, and more importantly, these effects remained 
more than a year after the conclusion of the treatment. 
The method used by the 2 researchers was quickly ac-
cepted by the scientific community, increasing this type 
of studies in subsequent years. Nowadays, AIT is a 
routine part of clinical practice in allergy [5]. 

AIT is the only treatment in allergy able to change 
the course of the disease. In contrast with other usual 
treatments as anti-inflammatory or bronchodilator 
drugs, AIT is not limited to control the symptoms of 
the disease. AIT is considered a therapeutic vaccine, 
and because it uses the patient IS to establish tolerance 
against specific antigens, its effects are long-term [2, 
4]. However, although the molecular mechanisms in-
volved in the AIT response have been extensively stud-
ied, they have not been elucidated in their entirety [6, 
7]. AIT is believed to promote the absence of pro-
inflammatory signals influenced by the maturation of 
dendritic cells (DC) into a tolerogenic response [2], 
thus inducing major changes in allergen-specific T-cell 

subsets; this leads to a downregulation of the Th2 re-
sponse with a shift towards the Th1 profile. T-cells 
with a regulatory phenotype are also promoted and 
their presence is associated with an increase in suppres-
sive cytokines such as IL-10 and TGF-β [8, 9]. The 
effects on antibody responses are less clear. Further 
studies are needed to fully delineate their mechanisms 
of action. AIT often induces a transient increase in spe-
cific IgE synthesis, followed by a gradual decrease 
with continued treatment, although some meta-analyses 
have concluded that serum IgE levels remain stable in 
treated patients or the decrease occurs late, is relatively 
small, and is poorly correlated with clinical improve-
ments [10]. It has been suggested that the production of 
antigen-specific IgG4 antibodies can antagonize and 
block the allergic response resulting from antigen rec-
ognition by IgE present on the surface of mast cells and 
basophils, which would limit activation and degranula-
tion [11]. Therefore, the balance between IgE and IgG4 
is crucial for successful AIT [10-12]. 

AIT also suppresses allergic inflammation induced 
by mast cells, basophils, and eosinophils. The recruit-
ment of these cells to the site of allergen exposure and 
their ability to release mediators are reduced in treated 
patients, decreasing the inflammatory response of the 
tissues [9]. 

Due to these capacities, AIT reduces the allergic 
symptoms in a significant fraction of treated individu-
als and improves their quality of life. However, al-
though AIT reduces the progression of allergy and pre-
vents the development of asthma, it is also associated 
with frequent local and systemic adverse reactions, 
which can vary from mild symptoms to severe reac-
tions such as anaphylaxis and, in some cases, life-
threatening conditions [13]. AIT also presents other 
problems such as the variable efficacy of the treatment, 
difficulty in standardizing vaccines due to the varying 
potency of the different allergenic composition of the 
vaccines currently available, the presence of other al-
lergenic proteins present in natural allergen extracts, 
the regimen of administration, or the lengthy duration 
of the treatment [13, 14]. 

2. GUIDELINES AND ROUTES OF ADMINI-
STRATION: PROS AND CONS 

Currently, AIT with whole allergen extracts is ad-
ministered in clinical practice according to a procedure 
known as subcutaneous immunotherapy (SCIT) or sub-
lingual drops or tablets (sublingual immunotherapy, or 
SLIT) [12, 15]. Route selection depends on many  fac-
tors such as vaccine availability, cost, and patient
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Fig. (1). Allergic immune response. A) Sensitization phase. After antigen processing, dendritic cells (DC) present fragments 
of allergens by MHC-II. T naïve cells recognize them via TCR. It induces the differentation and clonal expansion of allergen-
specifc T helper 2 with the subsequent production of Th2 cytokines (IL-4 and IL-13). B naïve cells are induced to class switch-
ing (IgMtoIgE). B) Allergen specific IgE bound FcεRI drive to secrete pro-inflammatory cytokines and other chemokines 
inducing the immediate symptoms of allergic disease. C) Late phase of the allergic reaction: after new allergen exposure and 
under the influence of certain chemokines, allergen-specific cells are reactivated and expanded, effector cells (eosinophils, ba-
sophils and mast cells are also recluted to the tissues and this contributes to the development of clinical symptoms and the per-
sistence of allergic response, which becomes chronic. 
 
characteristics [12]. Both treatments require repeated 
administrations over a long period of time, which has a 
negative impact on patient compliance. The optimal 
duration of treatment is not well defined, though the 
general recommendation calls for administration over 
3-5 years. Overall, SCIT requires an initial build-up 
phase with increasing doses administered once or twice 
weekly until the patient reaches a predetermined main-
tenance dose [16]. SCIT must be administered in a su-
pervised medical facility and be monitored for 30 min-
utes after the injection, as SCIT may induce a wide 
range of adverse reactions, local or systemic. The se-
verity of these reactions varies from mild symptoms to 
life-threatening anaphylaxis and even death [12]. Com-
pared with SCIT, SLIT has a better safety profile. The 
most common adverse events are local (oropharyngeal 
pruritus and mucosal swelling), occur in the first few 
days of therapy, and resolve without medical interven-
tion. Systemic reactions are uncommon [12]. SLIT also 
allows for home administration but requires daily 
treatment over several months and an allergen volume 

at least 50-100 times greater than SCIT to achieve a 
similar level of efficacy [17]. 

Although SCIT and SLIT improve clinical symp-
toms in many patients, these therapies are not effective 
against all symptoms and are associated with a high 
frequency of adverse events related to the allergenicity 
of the vaccines. Thus, there is a need for safer and 
more effective vaccines that can reduce the allergenic-
ity of existing AIT while maintaining the capacity to 
modify the IS response [13]. 

3. NOVEL AIT APPROACHES 

With the purpose of improving the main weaknesses 
of currently used immunotherapy (to reduce the aller-
genicity, the side effects, decrease the time of admini-
stration, etc.) and thanks to the advances in molecular 
biology and in the knowledgment of immune response 
to allergens, novel approaches are in study. These new 
approaches include the use of hypoallergens, recombi-
nant proteins, peptides derived from allergens, bacterial 
DNA motif vaccines, or the modification of the routes 
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of administration including intranasal, epicutaneous, 
oral, or intralymphatic [4, 12]. In this review we will 
focus on describing the main advances in experimental 
animal models and the clinical trials based on one of 
the most promising therapy, peptide vaccines. 

4. VACCINES BASED ON PEPTIDES 

A promising new therapy involves the use of solu-
ble allergen fragments of variable lengths, which could 
solve of the main problems facing conventional AIT. 
This approach also offers additional advantages, such 
as high stability, ease of purification, standardization, 
and low production cost [18]. 

Peptide vaccines are designed using a strategy based 
on the primary structure of the allergen. Thus, there are 
2 types of peptides depending on the length of the 
fragments and their capacity to produce tolerance: IgE-
mediated peptides and T-cell peptide–SPIRE (Fig. 2). 

4.1. IgE-mediated Peptides 

IgE binding to allergens is dependent on the folded 
tertiary structure of the allergen. Vaccines designed 
using these peptides are the result of the synthesis of 
long peptides (20-40 amino acids) that correspond to 
the B-cell epitopes of the allergens, though they are 
usually synthesized with minor modifications or linked 
to a protein carrier to modify the humoral response. 
Use of these B-cell epitopes aims to induce a non-
inflammatory allergen-specific IgG4 (Fig. 2A) or IgA 
response [4, 14]. 

4.2. T-cell Peptide Vaccines–SPIRE 

The use of short synthetic peptides (derived from T-
cell epitopes), with a length of 10–17 amino acids, is 
based on the lack of conformational B-cell epitopes 
which could indirectly promote production of non-
inflammatory antibodies such as IgG4 or IgA [13]. 
These short synthetic peptides are designed to be rec-
ognized by MHC class-II molecules on APC. These 
peptides induce Treg cells, possibly triggering the pro-
duction of IL-10, TGF-β, an induction of Foxp3 ex-
pression, and the increase of Th1 response (Fig. 2B). 
Also, their small size does not permit binding to IgE-
FcεRI on effector cells, so they are not able to cross-
link IgE. This provides an advantage over the whole 
extracts used in clinical practice by potentially reduc-
ing the risk of IgE-mediated allergic reactions such 
rhinitis, asthma, and pruritus [19]. 

Identifying CD4+ immunodominant T-cell epitopes 
(regions of antigens that are most extensively recog-
nized by antigen-specific T cells) is essential to the de-

sign of peptide vaccines. Identification can be per-
formed by experimental or predictive strategies. The 
former uses peripheral blood mononuclear cells 
(PBMCs) proliferation assay, which consists of locat-
ing the main T-cell epitopes by assays of T-cell prolif-
erative response of PBMCs from patients and healthy 
controls after stimulation with a battery of synthetic 
peptides (usually overlapping peptides) covering the 
total length of the antigen molecule. T-cell epitope 
mapping obviously requires knowledge of the allergen 
sequence, as it is needed for peptide synthesis. These 
peptides, in addition, tend to range from 10 to 17 amino 
acids, because this is the usual length of human leuko-
cyte antigen (HLA) class-II-processed molecules [4, 
20]. The other approach, predictive strategy, is based 
on the use of specific software that predicts the T-cell 
epitopes according to the motifs recognized by HLA 
class-II receptors. As has been reviewed by Nielsen et 
al. [21], the predictive performance for MHC-II re-
mains significantly lower than for MHC-I. However, 
recent progress has been made, and many databases 
have been assembled to describe the binding 
specificities for MHC molecules. The 2 main sources 
of data are the SYFPEITHI database of MHC ligands 
and T-cell epitopes [22], and the immune epitope data-
base (IEDB) [23]. A limited number of methods are 
publicly available for quantitative MHC class-II predic-
tion, namely the ARB [24], SVRMHC [25], MHC pred 
[26], and Net MHCII [21]. 

Importantly for therapy safety, all candidate T-cell 
epitope peptides must be tested both alone and in com-
bination to ensure their inability to bind and cross-link 
inflammatory cell-bound IgE. A convenient and reli-
able assay to assess clinical and functional relevance of 
IgE reactivity is the basophil activation test [27]. The 
use of these non-cross-linking IgE peptides reduces the 
potential to cause either local injection reactions or sys-
temic reactions, which is one of its main differences 
with respect to conventional AIT [16]. Recently, this 
kind of peptide has been called SPIRE (synthetic pep-
tide immuno-regulatory epitopes) because of its capac-
ity to induce immunotolerance [16, 19]. 

4.3. Tregpitopes 

In 2008, regulatory T-cell epitopes (Tregitopes) were 
defined as peptides with special characteristics. This defi-
nition emphasized such traits as a pattern of “promiscuous 
binding to major histocompatibility complex”, among 
others. This ability leads Tregitopes to suppress effector 
T-cell response, to induce a regulatory T-cell profile with 
IL-10 secretion, and to up-regulate other Treg-associated 
cytokines and chemokines. Tregpitopes are conserved
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Fig. (2). Effects of peptide immunotherapy on clinical and immunology parameters. A) B-cell peptide leads to direct gen-
eration of IgG4 antibodies. These peptides maintain the conformational structure because of the long length (20-40aa), blocking 
the bind to specific IgE. B) T cell peptides due to their short size (10-17 aa) are not able to bind antibodies directly, so effector 
cells are not activated. In both cases, A) and B) peptides are presented by APC or DC to T-cells with costimulatory signals, 
leading to the induction of mixed Th1-Treg response increasing the ratio of Th1 to Th2 cytokines. The high secretion of IL-10 
decreases eosinophil, basophil, and mast-cell recruitment to the tissues and the ability to release mediatiors. These facts reduce 
clinical symptoms and improve the quality of life of patients. 
 
across IgG isotypes and mammalian species, and their 
potential for use in therapies for autoimmune diseases 
is now being explored [28, 29]. Most studies suggest 
that Tregpitopes may be used to treat many autoim-
mune diseases [30], thus making this type of peptides 
relevant to cure allergies, as has been pointed by Mazer 
B et al. [31]. 

Below we summarize the main advances in peptide 
immunotherapy, from animal models to clinical trials. 
This technology has been translated to clinical practice 
in recent years, achieving significant efficacy in a lim-
ited number of allergies. Here, we highlight the study 

of house dust mite (HDM) allergy, cat allergy, bee-
venom allergy, and Oleaceae pollinosis. 

5. ANIMAL EXPERIMENTAL MODELS 

Prior to clinical trials of therapeutic peptides, pre-
clinical experimental models of allergies have been 
developed to validate the strategy of peptide immuno-
therapy, measure its efficacy, and explore the mecha-
nisms involved in tolerogenic response. Table 1 con-
tains a summary of the main results in peptide therapy 
using animal models. 
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Table 1.  Summary of the most relevant peptide immunotherapy in allergic animal models. 

Treatment Based on Peptides 
Allergen Peptide Derived 

from Size Administration 
 Route 

Animal Model Main Results Reference 

Prevent the immunization (seven days after) 
with the whole Der p 1 by subcutaneous 

injection 
Peptide induced T cell tolerance, T cell 

anergy and changes in antibody response to 
Der p 1. 

[34] 

Major T cell epitope 
Der p 1 (111-139) 29 IN HDM Mice  

allergic model 

Peptide induced a rapid but transient activa-
tion of MHC class II restricted CD4+ Pep-
tide induced a strong transient CD4+ T cell 

response 

[35] 

A mixture of 2 pep-
tides  

Der p 1 (55-69) 15 

Der p 1 

Der p 1 (149-167) 19 

IN Mice co-sensitized 
 to HDM and OVA 

Peptide immunotherapy reduced AHR, 
Ovoalbumin-specific T-cell proliferation, 
Th2-cell numbers and pro-inflammatory 

cytokines.  
Modulation of the response to OVA was 

associated with induction of IL-10 produc-
tion and Foxp3 expression, but not with an 

increase of IL-35 production 

[36] 

A mixture of 2 long 
peptides  

Fel d 1 chain I (7-33) 27 

Fel d 1 chain I (29-
55) 27 

SC Cat-mice allergic 
model 

Peptides inhibited Th2 clonal expansion, as 
well as decreased the production of IL-2 

and allergen specific IgG 
[38] 

Fel d 1 

Fel d 1 chain I (29-
45) 16 ID 

HLA-DR1 trans-
genic cat-  

mice allergic 
model. 

Improvement in AHR was associated with 
reduced recruitment, proliferation, and ef-

fector function of allergen-specific Th2 
cells in lung tissue 

[39] 

3 long overlapping 
peptides  

Api m 1 (1-60) 61 

Api m 1 (47-99) 52 
Api m 1 

Api m 1 (90-134) 44 

IP 
 

IN 

Murine model of 
hypersensitivity to 

PLA2 

This therapeutic approach increased specific 
IgG2 and decreased allergen-specific IgE 

levels 
T cell cytokines secretion was characterized 

by a shift from a Th2 to a Th1 profile. 
Peptides  were able to provide an efficient 
protection in sensitized mice challenged 

with the native allergen 

[41, 42] 

Ole e 1 (109-130) 

Pretreatment of mice with the peptide led to 
suppress serum specific IgE, IgG1 and re-

duced proliferative T-cell response and 
Th2-cytokine production. 

Pathologic alterations of the lung associated 
with AHR were also reduced 

[47] 

Ole e 1 

Ole e 1 (109-130) 
binding PGLA mi-

croparticles 

22 IN 
Mice were sensiti-

zated 
 to Ole e 1 

Peptide T-PGLA MP prevented systemic 
allergic immune response via Th1 activation [48] 

IN: intranasal; SC: subcutaneous; ID: intradermal; IN: intraperitoneal, PGLA: Polylactide-co-glycolide. 
 
5.1. Der p 1 Peptides 

HDMs and their waste products are one of the pre-
dominant sources of indoor allergens. HDM allergens 
are found in the indoor environment throughout the 

year under certain conditions of temperature and rela-
tive humidity [32]. HDM sensitization is very common 
and is associated with perennial rhinoconjunctivitis and 
asthma, and also contributes to atopic eczema and other 
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allergic skin diseases. It has been described that up to 
50% of individuals with asthma are sensitized to mites, 
being the most frequently responsible species Der-
matophagoides pteronyssinus and Dermatophagoides 
farinae [32, 33]. 

One of the first peptide treatment studies was car-
ried out in an HDM sensitization model. Naïve mice 
were treated intranasally with peptides corresponding 
to the immunodominant epitopes (111-139 aminoacids) 
of one of the major allergens (Der p 1), a cysteine pro-
tease present in the intestinal tracts of Dermatophagoi-
des pteronyssinus. Following treatment (7 days after), 
the mice were not sensitized against whole Der p 1 ad-
ministered by subcutaneous injection. Peptide treat-
ment induced T-cell tolerance, T-cell anergy, and 
changes in the antibody response to Der p 1 [34, 35]. 

Another interesting study involved treatment with 
the 2 peptides Der p 1(55-69) and Der p 1(149-167) in a 
mouse model co-sensitized to HDM and ovoalbumin. 
This mixture of peptides was able to decrease airway 
hyperresponsiveness, T-cell proliferation, pro-
inflammatory cytokines, and tissue eosinophilia. This 
increase of tolerance was associated with the induction 
of IL-10 production and Foxp3 expression [36]. 

5.2. Fel d 1 Peptides 

Sensitization to cat is a common cause of allergic 
disease all over the world, with a prevalence of 10–
15% in the adult population. The most important and 
potent cat allergen in humans is the secretoglobin Fel d 
1, a protein with unknown function produced by the 
skin and the salivary and lacrimal glands of the cat. 
Eighty to 95 percent of cat-allergic patients have spe-
cific IgE antibodies against this protein. Fel d 1 has 
been extensively studied through biochemical and im-
munological characterization [37]. 

Over the years, T- and B-cell epitopes have been 
analyzed, providing evidence of the utility of peptides 
derived from Fel d 1 in mouse models as a therapeutic 
tool [37]. In this research, the treatment of mice sensi-
tized to Fel d 1 with 2 long peptides (containing some, 
but not all, of the T-cell epitopes from Fel d 1 chain 1) 
inhibited Th2 activation and decreased the production 
of IL-2 and allergen-specific IgG1 and IgG2a. The 
ability to induce tolerant T-cell responses with subcu-
taneous injections suggested a practical approach to the 
treatment of human diseases with peptides containing 
these T-cell epitopes [38]. More recently, Campell et 
al. [39] developed a novel HLA-DR1 transgenic mouse 
model of asthma. Mice were sensitized with recombi-
nant Fel d 1, inducing allergic lung inflammation. A 

low dose (1 µg) of peptide Fel d 1(29-45), known to bind 
the transgenic HLA, was able to ameliorate allergic 
inflammation, reduce eosinophilia, improve lung func-
tion, and reduce the number of Th2 cells infiltrating the 
lung tissue. These effects were observed to be IL-10–
dependent, providing evidence of the ability of peptides 
of to re-establish immune tolerance. 

5.3. Api m 1 Peptides 

Bee sting causes intense local allergic reactions 
(erythema, urticaria, or angioedema) and may induce 
systemic reactions with generalized erythema or more 
severe respiratory and vascular compromise, with the 
inherent risk of anaphylaxis in predisposed individuals. 
The main allergen is phospolipase A2 (PLA2), also 
called Api m 1, an enzyme that hydrolyzes membrane 
phospholipids to produce lysophospholipids and ara-
chidonic acid [40]. Studies based on peptide therapy 
demonstrated the usefulness of this approach to induce 
tolerance against the allergen. In a murine model of 
hypersensitivity to Api m 1, it was demonstrated that 
intraperitoneal administration of 3 allergen-derived 
long overlapping peptides (Api m 1(1–60), Api m 1(47–99), 
Api m 1(90–134)) modulated an established IgE response. 
This peptide treatment modified cytokines secretion 
and humoral response. Also, in the same study it was 
demonstrated that these peptides could be used as a 
prophylactic treatment, which explains their capacity to 
modulate B- and T-cell response, preventing the devel-
opment of an Api m 1-induced allergic response [41]. 
Similar results were observed with intranasal admini-
strations of these long peptides, showing that the nasal 
route could be an alternative to conventional immuno-
therapy without the inherent risk of systemic anaphy-
lactic reaction involved with other administration 
routes [42]. 

5.4. Ole e 1 Peptides 

Olive-pollen allergy is one of the most important 
respiratory allergies in the Mediterranean countries and 
some areas of North America [43]. Olive pollen in-
duces mainly nasal and conjunctival symptoms, al-
though it may also induce exacerbation of asthma in 
areas with high antigenic load [44]. Their major aller-
gen, Ole e 1, is a glycoprotein that shows a high degree 
of sequence homology and IgE crossreactivity to the 
main allergens in other Oleaceae-family pollens (lilac, 
ash, and privet) [45]. The use of peptides derived from 
Ole e 1 has been studied in a mouse model, using intra-
nasal pretreatment with a peptide Ole e 1(109-130) con-
taining a dominant T-cell epitope of Ole e 1 [46] one 
week prior to sensitization with the whole allergen. 
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This treatment demonstrated the potential to protect 
mice against olive-pollen sensitization associated with 
an increase of INF-γ and IL-10 [47]. These results sug-
gested that this peptide alone could be used as prophy-
lactic treatment. Additionally, the same group demon-
strated that the intranasal immunization with peptide-
PGLA (polylactide-co-glycolide) microparticles was 
effective in the prevention of subsequent allergic sensi-
tization to Ole e 1 [48]. 

The main conclusions of these peptide therapy stud-
ies in animal models show how some regions of the 
major allergens in HDM, cat, bee venom and Oleaceae 
pollen are able to change the immunological and clini-
cal responses using different routes of administration, 
laying the bases for their prophylactic and therapeutic 
use in order to treat these sensitizations in more spe-
cific fashion. 

6. TRANSLATIONAL AND CLINICAL STUDIES 
OF PEPTIDE-BASED ALLERGY THERAPIES 

Advances in experimental animal models make it 
possible to transfer peptide immunotherapy into the 
human studies (summarized in Table 2). Translational 
studies and clinical trials have been performed to 
evaluate the safety, efficacy, and clinical advantages of 
this approach in the allergies described above. 

6.1. Derp 1 Peptides 

A phase I clinical trial demonstrated the safety and 
effectiveness of a synthetic Der p 1 peptide (16 amino 
acids) coupled with a virus-like particle derived from 
bacteriophage QB (QB- Der p 1). Twenty-four healthy 
volunteers were randomized to 4 treatment groups de-
pending on dose (10 or 50 mg of QB- Der p 1) and the 
route of application (intramuscular or subcutaneous). 
After boosting immunizations one and 3 months later, 
antibody titers were measured several times (1, 3, 4, 6, 
12, and 18 months). The vaccine was well-tolerated; 
the 50-mg group also increased the specific IgG titers 
independently of the route of administration [49]. In 
another clinical trial, 40 HDM-allergic subjects re-
ceived HDM-peptide antigen desensitization (HDM-
PAD) intradermally, using a mixture of T-cell epitopes 
also known as Toleromune® HDM. Subjects were ran-
domized to 5 groups (0.03, 0.3, 1.0, 3.0, and 12 nmol 
of peptides), with 4 administrations weekly; 2 subjects 
received placebo. Eighteen to 22 weeks after the treat-
ment, conjuntival provocation test (CPT) and early- 
and late-phase skin response (EPSR and LPSR) were 
remeasured. Patients had no serious adverse events. 
CPT scores were reduced by between 16.7% and 
41.4%, without changes in the placebo group. The de-

crease in EPSR and LPSR score (median % change of -
39.19% and -51.19%, respectively) in the 4 × 3 nmol 
administration group after the treatment showed that 
these peptides have biological activity, and the treat-
ment is safe and well-tolerated by the patients [50]. 
This group also evaluated the potential of peptides with 
regulatory capacities called HDM-SPIRE using an en-
vironmental exposure chamber (EEC). Eighty HDM-
allergic subjects were divided into 4 groups depending 
on dose (placebo, 3, 6, 12 nmol of HDM-SPIRE; 4 in-
jections in 4 weeks). EEC challenge consisted of 3 con-
secutive days of 4-hour allergen exposures (Der p 20-
120 ng/m3) at baseline and after 19, 36, and 50 weeks. 
Total rhinoconjunctivitis symptom score (TRSS) was 
recorded every 30 minutes on a scale of 0–24. The 12-
nmol group had the best results as measured by major 
decreases of TRSS. The reduction of symptoms per-
sisted 1 year after the treatment [51]. Following this 
study, the effect of the treatment was evaluated with 
the administration of 4 injections × 12 nmol of HDM-
SPIRE peptides over 12 weeks, 2 years after the end of 
the treatment. A total of 72 patients who had previously 
participated in a one-year randomized study were re-
cruited a year later. Treated patients showed a 22.7% or 
greater improvement in TRSS relative to the placebo 
group, in both the EEC and in the field [52]. 

To date, peptide immunotherapy for the treatment of 
HDM has been tested in phase 2 clinical trials with 
promising results. As we have summarized, safety and 
tolerance were good, and clinical symptoms were re-
duced significantly. Also, short regimen of treatment 
was able to induce long-term tolerance. 

6.2. Fel d 1 Peptides 

Since the 1990s, several studies have evaluated the 
safety and efficacy of different peptides from Fel d 1 
and the capacity of these peptides to treat the disease. 

One of the first clinical trials was conducted by 
Norman P et al. [53]. The study analyzed the therapeu-
tic potential of 2 long peptides derived from the 2 
chains of Fel d 1 protein, which contain the dominant 
epitopes IPC1/IPC2 (ALLERVAX CAT). The study 
population included 95 cat-allergic patients randomized 
into 4 groups: placebo, and 7.5, 75, and 750 µg of pep-
tide mixture per injection. Treatment administration 
involved 4 subcutaneous injections for 4 weeks. The 
high-dose group showed an improvement in nasal and 
lung symptoms after 6 weeks of treatment, although 
early adverse events occurred frequently. The immedi-
ate reactions appeared to be IgE-mediated, and it was 
suggested that the large peptides employed retained the 
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Table 2.  Summary of human studies of peptide immmunotherapy.  

Treatment Based on Peptides 
Aller-
gen Peptides Regimen of  

Administration Route 

Study Design  
Number of  

Subjects 
Main Findings Adverse  

Events Reference 

Peptide from 
Der p 1 cou-

pled to a VLP  
derived from 
the bacterio-

phage Qb (Qb-
Der p 1) 

4 treatment groups. De-
pending on the doses and 
the via of administration  

10 or 50 mg of Qb-Der p 1 
intramuscularly  

10 or  50 mg of Qb-Der p 1 
subcutaneously 

IM and 
SC 

Phase 1 
24 HDM allergic 

patients 

The 50mg group increased the 
specific-IgG titters  independ-

ently of the route of administra-
tion 

Qb-Der p 1 was 
well tolerated [49] 

HDM-PAD  
(peptide anti-
gen desensiti-

zation) 

5 treatment groups (0.03, 
0.3, 1.0, 3.0 and 12 nmol of 

peptide) and placebo; 4 
administrations 4-weeks 

apart 

ID 
Phase 2a 

42 HDM allergic 
patients 

Treatment reduces the EPSR, 
LPSR score in the 4x3 nmol 

group 
CPT score was reduced in all 

treatment regimen 

HDM-PAD was 
safe and well 

tolerated.  
There were no 
serious adverse 

events 

[50] 

HDM SPIRE 

4 treatment groups, placebo, 
3, 6 and 12 nmol of HDM 
SPIRE; 4 injections in 4 

weeks 

_ 
Phase II b 

80 HDM allergic 
patients 

The 12 nmol group was the 
group with the most ameliorates 
regarding to the major decrease 

of TRSS.  
The reduction of symptoms 

persisted 1 year after the treat-
ment. 

No adverse ef-
fects were oc-

curred 
[51] 

Der p 1 

HDM SPIRE 

2 treatment groups. 
12 nmol of HDM SPIRE 

and placebo;  4 injections in 
4 weeks 

_ 
Phase II b 

72 HDM allergic 
patients 

Two years after the start of 
treatment patients improved their 

TRSS 

No adverse events 
were occurred [52] 

4 treatment groups.  
Placebo, 7.5 µg, 75 µg, and 

750  µg of peptide per 
injection  

Patients received an weekly 
injection for 4 week 

SC 

Double-blind  
placebo controlled 

trial 
95 cat allergic pa-

tients 

750 µg group reduces the nasal 
and lung symptoms scores com-

pared with baseline 

Frequent early 
adverse events 
were occurred 

[53] 

2 groups of treatment,  
250 ug or placebo, weekly 
injected for four consecu-

tive weeks 

SC	
  

Double-blind, paral-
lel-group study 

42 cat allergic pa-
tients 

This study could not demonstrate 
a positive clinical response with 

these peptides 

Treated patients 
had some adverse 

events 
[56] 

ALLERVAX 
CAT treatment: 
two long pep-
tides derived 
from the two 

chains of  Fel d 
1 protein 

3 groups of treatment, 
placebo, 75 µg/dose and 

750 µg /dose. 
Injections were adminis-
tered twice weekly for 2 
week and, a dose was re-
administrated 4 months 

later 

SC 133 cat allergic 
patients 

Treatment with high doses of 
peptides improved pulmonary 
 functions in patients with re-

duced baseline  forced expiratory 
volume in 1 second (FEV1) 

compared with placebo group 

Frequent early 
adverse events 
were occurred, 
both in placebo 
and treatment 

group. 

[47] 

2 injections of peptides (1, 
2.5 and 5  µg) and the 

whole allergen were studied 
ID 24 cat allergic pa-

tients 

Patients who received 5 µg of 
each peptide reduced the early 
and the late-phase (6-h) skin 

reactions induced by the whole 
allergen.  

The treatment had the ability to 
alter the T cell in vitro response 

No adverse events 
were occurred [59] 

Fel d 1 

12 short  pep-
tides derived 

from 
Fel d 1 

2 groups: placebo and 12 
Fel d 1 peptides (total dose 
of 90 µg of each peptide in 
increasing divided doses) 

ID 

placebo-controlled, 
 double-blind clinical 

trial 
24 cat allergic pa-

tients 

Peptide treatment reduced late-
phase skin reaction 

No adverse events 
were occurred [60] 

(Table 2) contd…. 
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Treatment Based on Peptides 
Aller-
gen Peptides Regimen of  

Administration Route 

Study Design  
Number of  

Subjects 
Main Findings Adverse  

Events Reference 

11 short pep-
tides derived 

from 
Fel d 1 

Incremental doses of Fel d 1 
peptides (0.1, 1, 5, 10, 25 
µg; amount of each peptide 
in an 11-peptide mixture) 
were given at two-weekly 

intervals 

ID 
Double-blind 

placebo-controlled 
Eight allergic pa-

tients 

Fel d 1 peptides decreased air-
way hyper-responsiveness and 
inhibited the late phase cutane-
ous reaction to whole cat aller-

gen 

The treatment 
was in general 
well tolerated 

[61] 

12 short  pep-
tides  derived 

from 
Fel d 1 

2 groups of treatment: 
Group 1 who received 

incremental doses of  Fel d 
1 peptides (0.1, 1, 1, 5, 10 

and 25 µg) totalling 42.1 µg 
of each peptide. 

Group 2 who received a 
total of 

291 µg (1, 5, 10, 25, 50, 
100 and 100 µg) of each 

peptide. 

_ A total of 20 cat 
allergic subjects 

Peptide therapy modulates the 
proliferative response of PBMC 

from allergic patients  against the 
specific allergen and changes the 

profile of cytokine responses, 
characterized by IL-10 induction 

and IL-5 suppression 

_ [62] 

12 short pep-
tides  derived 

from 
Fel d 1 

2 groups: placebo and 12 
Fel d 1 peptides (total dose 

of 300 µg of each peptide in 
increasing divided doses) 

ID Sixteen cat-allergic 
asthmatic subjects 

In peptide treatment group there 
was significant improvements in 

asthma quality of  life 

None of the 
subjects devel-
oped  important  
adverse events 

[63] 

Cat-PAD 
A mixture of 

seven peptides 

Placebo and  subcutanous 
or intradermal injections of 
0.03, 0.3, 3, 12 or 20 nmol 

Cat-PAD 
ID 

Phase IIa clinical 
trial 

88 cat allergic pa-
tients 

Cat-PAD was safe and well 
tolerated when administered by 

means of intradermal injection at 
doses of up to 12 nmol and when 
administered by means of subcu-
taneous injection at doses of up 

to 20 nmol. 

No severe adverse 
events were 

occurred 
[64] 

Cat-PAD 

Placebo or 4 different 
regimens with Cat-Pad 
4 injections x 3nmol, 2 

weeks apart 
4 injections x 6nmol, 2 

weeks apart 
4 injections x 3nmol, 4 

weeks apart 
8 injections x 3nmol, 2 

weeks apart 

ID 121 cat allergic 
subjects 

Significantly greater ameliora-
tions in rhinoconjuntivitis symp-
toms, evaluated in a EEC,  in the 

group receiving  8 administra-
tions of 3 nmol 2 weeks 

No serious ad-
verse events were 

reported 
[58,65,66] 

 

Cat-PAD 

Placebo or 8 injections of 
Cat-PAD: 2 regimens of 

administration 
8 injections  x 3 nmol- 2 

weeks apart  
4 injections  x 6 nmol- 4 

weeks apart 

ID 

Randomized, pla-
cebo-controlled 
study using EEC 
202 cat allergic 

subjects 

Treatment with the 4x6 nmol 
regimen showed the clinical 

improvements. 
The efficacy persisted after a 

year of treatment 

No severe adverse 
events were 

occurred 
[67] 

3 T cell-
immunodomi-
nant peptides 
derived from 

Api m 1. 
PLA (45-62), 
PLA (82-92), 

PLA (113-124) 

2 groups of treatment: 
10 bee venom allergic 

patients received conven-
tional immunotherapy  

5 allergic patients received 
incremental doses of an 

equimolar mixture of pep-
tides. 

SC 
Exploratory study/ 

15 bee venom 
 allergic patients 

 
The ratio of PLA-specific 
IgG4/IgE was increased. 

Peptides inhibited the prolifera-
tive response and the secretion of 

Th2 cytokine (IL-4, IL-5) and 
Th1 profile (IL-2 and INF-γ) 

No relevant 
adverse events 
were noticed 

during the pep-
tides treatment or 

after PLA skin 
test 

[71] 

Api m 1 

Peptides de-
rived from Api 
m 1 (44-60 aa). 
PLA2 (1-60), 
PLA2 (47-99), 
PLA2 (90-134) 

2 groups: Placebo and 
Peptide mixture that was 
administrated  to 9 bee 

venom allergic patients in 
acumulative doses of  753.1 

µg , within 3 hours.  
7 patients were re-injected 
at days 4, 7, 14, 42 and 70 
with a maintenance dose of 

300 µg. 

SC 16 bee venom aller-
gic patients 

T cell proliferation increased in 
peptides treated group until day 

14 to progressively decrease.  
 IL-10 and IFN-γ cytokines 

increased their levels reaching 
the maximal peak at day 42.  

Serum anti-PLA2 IgG4 response 
was enhanced. 

Peptides were 
well tolerated. 

Local mild symp-
toms were ob-
served in two 

patients 

[72] 

(Table 2) contd…. 
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Treatment Based on Peptides 
Aller-
gen Peptides Regimen of  

Administration Route 

Study Design  
Number of  

Subjects 
Main Findings Adverse  

Events Reference 

 
Peptides de-

rived from Api 
m 1 

A mixture of peptides was 
injected with nine intrader-

mal doses  
at weekly intervals. 

The accumulative dose was 
431.1 µg. 

ID 12 bee venom aller-
gic patients 

This treatment reduced the pro-
liferation index of antigen spe-

cific stimulated PMBCs, associ-
ated with a decrease in IL-13 and 

INF-γ production. 
Regulatory parameters were 

increased: IL-10 and a modest 
up-regulation of SOCS3 gene 

Peptides were 
well tolerated and 

no treatment- 
emergent adverse 

events were 
occurred. 

[73] 

15 overlapping 
peptides de-

rived from Ole 
e 1 

PBMC from healthy con-
trols and olive-pollen al-

lergy were stimulated with 
each peptide 

_ 
Exploratory study 

T-cell epitope map-
ping 

This study identified five pep-
tides with different response 

pattern. 
Peptides 2 and 3  with possible 
immune-modulating properties 
(high secretion of IL-10), and 

peptides 10, 12 and 13 as immu-
nodominant epitopes 

_ [46, 75] 

5 peptides 
derived from 

Ole e 1 
peptides 2 and 

3 
peptides 10, 12 

and 13 

PBMC from healthy con-
trols and olive-pollen al-

lergy were stimulated with 
peptides or the whole olive-

pollen extract 

_ 
Translational study 

15 olive-pollen  
allergic patients and 
14 healthy controls 

 
Changes in gene expression 

profile, cytokine secretion and 
PBMC proliferation were ob-
served with peptides 2 and 3 

improving the immunoregulatory 
response 

_ [76] Ole e 1 

5 long peptides 
(32-36 aa) 

bound to the 
carrier  

molecule key-
hole limpet 
hemocyanin 

The IgE and T-cell reactiv-
ity of  the peptides was 

compared with that 
of Ole e 1 by means of dot 
blot experiments, as well as 

ELISA. 

_ 
Translational study 

63 sera and 6 
PBMCs of oleaceae-
sensitized patients 

Two peptides from N-terminus 
of protein induced much lower 
lymphoproliferative response. 

 
_ [77] 

Addapted from [79]. CPT: conjuntival provocation test, EPSR: early phase skin response, HDM: house dust mite, ID: intradermal, IM: intramuscular, LPSR: 
late phase skin response, PLA: phospolipase, SC: subcutaneous, TRSS: total rhinoconjuntivitis symptom score, VLP: virus-like particle. 
 
conformational epitopes. Mechanistic studies by ex 
vivo T-cell response assays indicated that this peptide 
therapy induced a dose-dependent decrease of IL-4 
production, suggesting a shift in T-cell phenotype [54, 
55]. Another study tested these peptides in a cohort of 
42 cat-allergic patients receiving subcutaneous injec-
tions of peptides (250 µg/dose) or placebo weekly for 4 
weeks. However, this study could not demonstrate a 
positive clinical response with these peptides: this pep-
tide immunotherapy did not reduce immediate- or late-
phase skin reactivity to cat extract containing Fel d 1, 
and no changes were observed in the PBMCs cytokine 
secretion between the 2 groups (peptide treatment vs 
placebo) [56]. A larger clinical trial of ALLERVAX 
CAT treatment was performed in a multicentre, double-
blind, placebo-controlled study of 133 cat-allergic pa-
tients chronically exposed to cats. Patients were ran-
domized into 3 groups (placebo, 75 µg/dose, and 
750 µg/dose). Subcutaneous injections were adminis-
tered twice weekly for 2 weeks, and a dose was re-
administrated 4 months later. Three weeks after ther-
apy, patients were clinically examined. Although fre-
quent adverse events were recorded both in the treat-

ment and placebo group, these were mild and easily 
controlled. Treatment with high doses of peptides im-
proved pulmonary function in patients with reduced 
baseline forced expiratory volume in 1 second (FEV1) 
compared to the placebo group [57]. 

Years later, the strategy was changed and the stud-
ies were focused on the use of small-size peptides (13-
17 amino acids) from Fel d 1 derived from T-cell epi-
topes, and presumably without the ability to cross-link 
allergen-specific IgE. The route of administration was 
also modified, this second generation of epitope-based 
allergen peptides was administrated intradermally in-
stead of subcutaneously to aid access to APC [27, 58]: 
one of the first studies of this second generation of cat 
peptides was developed by Oldfield et al. in 2001 [59]. 
In this analysis, the use of 2 intradermal injections of 
12 overlapping peptides and the whole allergen was 
studied in a cohort of 24 patients. Patients who re-
ceived 5 µg of each peptide reduced the early- and the 
late-phase (6 h) skin reactions induced by the whole 
allergen. Furthermore, the treatment had the ability to 
alter the T-cell in vitro response. They observed a sig-
nificant decrease in peptides and whole allergen-
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induced proliferation of PBMCs associated with a de-
crease of IL-4, IL-13, as well as an unexpected reduc-
tion in IFN-γ levels [59]. Similar results were observed 
in a placebo-controlled, double-blind clinical trial. 
Twenty-four cat-allergic patients were randomized into 
2 groups, consisting of placebo and 12 Fel d 1 peptides 
(total dose of 90 µg of each peptide in increasing di-
vided doses). Outcomes were measured at baseline, 4–
8 weeks, and 3–9 months. The active treatment group 
reduced their late-phase skin reactions between base-
line and the rest of measures. However, these differ-
ences were not statistically significant. Proliferative 
PBMC assays were reduced in the group treated with 
peptides, and the production of IL-10 was enhanced. 
These data suggested the potential role of regulatory T-
cells in tolerance induced by peptides [60]. Higher 
doses of synthetic peptides demonstrated that this 
treatment enhances the Th1 response (increase in the 
number of CD4+, INF-γ+, and CD25+ cells) in the cu-
taneous late-phase reaction sites, suggesting a modifi-
cation in the Th2:Th1 balance [61]. Additionally, pep-
tide therapy provides evidence of an induction of 
regulatory and suppressive CD4+T-cell responses. 
Peptide therapy modulates the proliferative response of 
PBMCs from allergic patients against the specific 
allergen and changes the profile of cytokine responses, 
characterized by IL-10 induction and IL-5 suppression 
[62]. These findings were associated with the 
ameliorations of clinical symptoms, including asthma 
and rhinitis [63]. 

More recently, the main objective of studies has 
been to generate a prototype formulation of a peptide 
vaccine defined by the major T-cell epitopes. Seven 
peptides that formed this vaccine (formerly called Cat-
PAD, peptide antigen desensitization) were described 
based on their binding to MHC class-II, assays of pro-
liferation, and analyses of profile of induced cytokines. 
In a phase IIa clinical trial, this intradermal vaccine 
was identified as safe and well-tolerated by patients, as 
it was shown that they did not induce histamine release 
from basophils, with no adverse events recorded [64]. 

In subsequent trials, the clinical efficacy of the Cat-
PAD vaccine was demonstrated in an EEC challenge 
delivering controlled levels of the allergen. Patients 
were exposed to the allergen for 3 hours on 4 consecu-
tive days in the EEC. The response was analyzed in 
121 subjects with 4 different regimens of treatment. 
The main differences were found between dose levels 
and dose regimen (4 or 8 administrations, 3 or 6 nmol 
per injection and 2 or 4 weeks apart). Subjects returned 
18-22 weeks after the beginning of the treatment, and 
clinical symptoms were evaluated in the EEC chal-

lenge. No significant treatment-emergent events were 
evidenced. The researchers observed significantly 
greater ameliorations in rhinoconjuntivitis symptoms in 
the group receiving 8 administrations of 3 nmol 2 
weeks apart when compared to placebo [58, 65, 66]. 
These findings make it possible to evaluate the effect 
of treatment over time. With this purpose, the clinical 
symptoms were evaluated in an EEC, comparing the 
longer administration, with the minor dose (8 admini-
strations, 3 nmol dose) vs the short administration with 
the high dose (4 administrations, 6 nmol dose), 4 weeks 
apart. The results showed persistent treatment effects 
with significant improvements in rhinoconjuntivitis 
symptoms one year and 2 years after the start of the 
treatment [58, 67-69]. 

Cat-PAD is the most highly developed vaccine us-
ing this strategy. A Phase III clinical trial is now under 
way [58]. Real advances in peptide immunotherapy 
show promise for the treatment of cat allergy in the 
future. Here we have summarized how clinical data 
from a series of studies show that Cat-PAD is able to 
significantly reduce allergic rhinoconjunctivitis symp-
toms after a short course of treatment with long-lasting 
post-treatment efficacy. Furthermore, this therapy 
could solve the main difficulties of conventional cat 
AIT, that is, the suppression of treatment due to the 
high rate of adverse events. However, the data obtained 
need to be confirmed in large-scale, controlled clinical 
studies in a real-life setting [58]. 

6.3. Api m 1 Peptides 

The first study of peptide immunotherapy in bee-
venom allergy compared treatment with 3 T-cell-
immunodominant peptides derived from Api m 1 
(PLA(45-62), PLA(82-92), and PLA(113-124)) and conven-
tional bee-venom immunotherapy [70]. A group of 10 
bee-venom-allergic patients received conventional bee-
venom immunotherapy, and another group composed 
of 5 allergic patients received incremental doses of an 
equimolar mixture of selected peptides, administered 
subcutaneously, within 2 months. PLA intracutaneous 
skin test was performed on the patients and a week 
later with bee sting. No relevant adverse events were 
noticed during the peptide treatment or after PLA skin 
test; only 2 patients had mild systemic allergic reac-
tions after the bee-sting challenge. Humoral immune 
response (levels of specific IgE and IgG4), PBMC pro-
liferation analysis, and cytokine levels were evaluated 
after the treatment. IgE and IgG4 levels decreased after 
the peptide immunotherapy but, after the bee sting 
challenge (one week later), their levels increased sub-
stantially. Interestingly, the ratio of PLA-specific 
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IgG4/IgE increased. Patients in whom peptide treat-
ment inhibited the suppression of proliferative response 
also exhibited reduced secretion of the main Th2 cyto-
kine (IL-4, IL-5) and Th1 profile (IL-2 and INF-γ). The 
study concluded that peptide therapy changed T- and 
B-cell responses in the same way as conventional im-
munotherapy [71]. Fellrath et al. [72] studied the safety 
and efficacy of long peptides derived from Api m 1. 
The peptide lengths varied between 44 and 60 amino 
acids. The study consisted of a double-blind, placebo-
controlled phase I clinical trial. Peptide mixture was 
administrated to 9 bee-venom-allergic patients in a cu-
mulative dose of 753.1 µg within 3 hours. Seven pa-
tients were injected with a maintenance dose of 300 µg 
at days 4, 7, 14, 42, and 70. The control group was in-
jected with albumin solution. Overall, the peptides 
were well-tolerated, although local mild symptoms 
were observed in 2 individuals. T-cell proliferation in-
creased in the peptide-treated group until day 14 and 
progressively decreased in the following injections. 
This pattern of response demonstrated that active toler-
ance induction occurs after day 42. IL-10 and IFN-γ 
cytokines increased their levels, reaching a peak at day 
42. After that, the levels declined until day 80. Serum 
anti-PLA2 IgG4 response, but not specific IgE levels, 
was enhanced, likely due to the presence of some intact 
B-cell epitopes within the long peptides. Three years 
later, a study showed how a group of peptides derived 
from PLA2 improved clinical symptoms, and this clini-
cal improvement was associated with a modulation of 
immunological parameters in a population of 12 aller-
gic volunteers. A mixture of peptides was injected with 
9 intradermal doses at weekly intervals. The cumula-
tive dose was 431.1 µg. Peptides were well-tolerated 
and no treatment-emergent adverse events were oc-
curred. The late-phase reaction to PLA2 reduced sig-
nificantly in the peptide-treated group. This treatment 
also reduced the proliferation index of antigenic spe-
cific stimulated PMBC, and the treatment was associ-
ated with a decrease in IL-13 and INF-γ production. 
Additionally, the regulatory parameter IL-10 was in-
creased, and a modest up-regulation of SOCS3 gene 
was observed [73]. 

Considering the findings of these studies, the use of 
peptides derived from Api m 1 could be useful as a 
novel and safe specific immunotherapy due to their 
capacity to modulate the immune response in a way 
that resembled conventional AIT but without introduc-
ing new, potentially allergenic compounds. 

6.4. Ole e 1 Peptides 
Our group is currently attempting to address the 

possibility of using Ole e 1-derived peptides to treat 

olive-pollen allergy using a T-cell epitope strategy. 
Cárdaba et al. carried out a deep search of immuno-
dominant T-cell epitopes on Ole e 1 molecule [46]. Us-
ing 15 overlapping dodecapeptides covering the whole 
Ole e 1 molecule [74], proliferation assays were per-
formed with PBMCs of both control and olive-pollen-
allergic subjects. This study identified 5 peptides with 
different response patterns: peptide 2 (aa11-22) and 
peptide 3 (aa22-33), mostly recognized by non-allergic 
subjects; and peptide 10 (aa91-102), peptide 12 (aa109-
120), and peptide 13 (aa119-130), with immunodomi-
nant properties, which is to say that these were mostly 
recognized by allergic subjects [46]. Furthermore, the 
production of the immuno-regulatory cytokine IL-10 
was studied in a preliminary work with stimulated 
PBMCs. Stimulation with peptides 2 and 3 induced 
higher secretion of IL-10 in PBMCs. In short, since 
peptides 2 and 3 were more recognized by non-allergic 
patients, this differential secretion of IL-10 indicates 
that these immunomodulating peptides may be used as 
immunotherapy and could be used as SPIRE [75]. 

Following the same line of research, in 2015 
Cardaba’s group published an article on a more in-
depth study of the effect of this peptide on controls’ 
and allergic-patient PBMCs, inside and outside pollen 
season. Interestingly, there were differences between 
both moments, suggesting a different regulatory re-
sponse to Ole e 1 therapy depending on the allergen 
environmental load. Thus, in patient PBMCs collected 
during pollen season, stimulation with peptides 2 and 3 
increased IL-10 secretion significantly, compared with 
the same stimulus outside pollen season. The control 
group, on the other hand, showed a more similar IL-10 
secretion pattern in both moments. These results dem-
onstrated the importance of taking into account the 
moment of pollen exposure in seasonal allergies when 
developing an immunotherapy. Th1- and Th2-cytokine 
secretion was also studied, though they were too low 
and had no clear differential pattern between peptide 
treatments in the control and allergic group [76]. Sec-
ondly, we studied how Ole e 1-derived peptides affect 
gene expression in control and allergic PBMCs. While 
in the control group there was no clear pattern, allergic-
subject samples were separated in clusters correspond-
ing to the immuno-regulatory peptides. Focusing on the 
pathways and biological processes differentially ex-
pressed between groups and experimental conditions, 
PBMCs from olive-pollen-allergic patients stimulated 
with peptides 2 and 3 showed the lowest differences 
compared with controls. Furthermore, in a more in-
depth functional analysis comparing pathways differen-
tially expressed after peptide 2 and 3 stimulation with 
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the whole olive-pollen extract and with immunodomi-
nant peptides (peptides 10, 12, and 13), 51 regulator 
genes were identified, and these were highly related to 
the immune regulatory response to olive pollen in al-
lergic patients, such as DNMT1, LGMN, DAB2, EBI3, 
CD84, FPR3, TREM1, ALOX5, and other cytokines 
and chemokines. Functional analysis of these genes 
revealed that clustering was mainly related to the im-
mune response; most of these genes codify proteins 
implicated in the maintenance of peripheral T-cell-
tolerance, suggesting that these genes could be used as 
immunotherapy targets in the future. What is more, 
since there is great similarity between olive pollen and 
other Oleaceae Oleaceae-family pollens, this new 
therapeutic tool could be useful in the treatment of 
many allergies [76]. 

Finally, the effect of these peptides on patients’ 
PBMCs is still under study in Cardaba’s laboratory. It 
is important to keep in mind that the effect of the pep-
tides depends on the moment of pollen exposure. For 
this reason, proliferation assays have been performed 
with both groups of peptides and also with the combi-
nation of all of them, before and after stimulation with 
the whole olive-pollen extract. The aim is to establish 
whether it would be better to use the combination of 
peptides during pollen season or before it (results not 
published). 

In 2011, the group led by Valenta studied the IgE-
production capacity and the T-cell reactivity of 5 pep-
tides, ranging from 32 to 36 amino acids, compared to 
the whole sequence of Ole e 1. Rabbits were immu-
nized with non-IgE-reactive, keyhole limpet hemo-
cyanin-coupled peptides of Ole e 1. The results showed 
that there were 2 peptides from the N-terminus of the 
protein, which induced much lower lymphoprolifera-
tive responses than whole Ole e 1 [77]. 

Considering the primary advances in the studies of 
the peptides derived from Ole e 1, both short and long 
peptides could be useful as immunotherapy, highlight-
ing the importance of the first 22-33 amino acids in the 
regulation of the IS and their capacity to induce toler-
ance. 

7. FUTURE OF PEPTIDE TREATMENT 

Peptide therapy is a new type of treatment for aller-
gic diseases which induces clinical tolerance against 
allergens. SPIRE for common allergies such as cat, 
HDM, or bee venom are currently undergoing clinical 
trials. Combinations of various dosing regimens and 
routes of administration have been studied, and current 
results suggest that this therapy is able to maintain 

clinical efficacy over the long term with a short treat-
ment course and without relevant adverse events [19, 
27]. In fact, SPIRE treatment seems more convenient 
than current SCIT and SLIT protocols, as it signifi-
cantly reduces the number and time of administration 
for achieving similar outcomes [19]. This fact raises 
optimism that the discipline of allergology is on the 
brink of a new era in allergen therapeutics [27]. 

However, this new vaccines approach has several 
limitations that should be solved in future research. 
First, peptide selection must be performed while keep-
ing in mind the MHC-binding characteristics of the 
peptides [78] to ensure that these peptides are able to 
cover a wide range of population. Second, the low im-
munogenicity of many short peptides that could require 
adjuvants or other compounds that may increase the 
immunological response [79]. Lastly, further studies of 
peptide combinations are required in order to increase 
efficacy. 

CONCLUSION 

Peptide therapy or SPIRE strategy represents one of 
the most interesting approaches to the most pressing 
problems of conventional AIT, including the high al-
lergenicity of allergen extracts used in clinical treat-
ments. Clinical trials demonstrated how SPIRE treat-
ment could be useful to cure these diseases and open a 
new era in allergen therapy. Overall, SPIREs are safe, 
well-tolerated, and induce long-term clinical tolerance, 
thus reducing the main symptoms and improving the 
quality of life of allergic patients. Although the under-
lying immunological mechanisms are not currently un-
derstood, peptide immunotherapy appears to be de-
pendent upon IL-10 and other Treg mediators. How-
ever, the modification of the antibody response de-
pends on peptide length, as well as the route of admini-
stration and the regimen of administration of the vac-
cine. It seems that large peptides retain more B-cell 
epitopes, enabling them to induce specific blocking 
antibodies directly. More research is needed to better 
understand the mechanisms of action involved in this 
kind of therapeutic responses, as well as, following of 
long-term treatments.  

LIST OF ABBREVIATONS 

AIT = Allergen-specific immunotherapy 

APC = Antigen-presenting cells 

CPT = Conjuntival provocation test 

DC = Dendritic cells 

EEC = Environmental exposure chamber 
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EPSR = Early phase skin response 

FcεRI = High-affinity receptor for IgE 

HDM = House dust mite 

HLA = Human leukocyte antigen 

ID = Intradermal 

IL = Interleukin 

Ig = Immunoglobulin 

IM = Intramuscular 

IN = Intranasal 

IP = Intraperitoneal 

IS = Immune system 

LPSR = Late-phase skin response 

MHC = Major histocompatibility complex 

PBMCs = Peripheral blood mononuclear cells 

PLA2 = Phospolipase A2 

SC = Subcutaneous 

SCIT = Subcutaneous immunotherapy 

SLIT = Sublingual immunotherapy 

SPIRE = Synthetic peptide immuno-regulatory 
epitopes 

Th = T-helper 

Tregpitopes = Regulatory T-cell epitopes 

Tregs = Regulatory T cells 

TRSS = Total rhinoconjunctivitis symptom 
score 

CONSENT FOR PUBLICATION 

Not applicable. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest, financial 
or otherwise. 

ACKNOWLEDGEMENTS 

D. Calzada was supported by a contract from 
Comunidad de Madrid, Sistema de Garantía Juvenil, 
cofinanced by the European Social Fund (ESF) and the 
Youth Employment Initiative (YEI). S. Baos was sup-
ported by CIBERES (ISCIII, 0013) and Conchita 
Rábago Foundation. L. Cremades was supported by a 
contract from MINECO (PEJ-2014-A-31609, Sistema 
de Garantía Juvenil), cofinanced by ESF and the YEI. 

This work was supported in part by research grant 
PI13/01730, co-supported by FEDER, CIBERES (IS-
CIII, 0013), and Biobank (PT13/0010/0012) from the 
Fund for Health Research (Spanish Ministry of Econ-
omy and Competitiveness). 

We are also grateful to Oliver Shaw for revising the 
manuscript for English usage and style. 

REFERENCES 
[1] Soyer, O.U.; Akdis, M.; Ring, J.; Behrendt, H.; Crameri, R.; 

Lauener, R.; Akdis, C.A. Mechanisms of peripheral toler-
ance to allergens. Allergy, 2013, 68(2), 161-170. 

[2] Larché, M.; Akdis, C. A.; Valenta, R. Immunological 
mechanisms of allergen-specific immunotherapy. Nat. Rev. 
Immunol., 2006, 6(10), 761-771. 

[3] De Martinis, M.; Sirufo, M.M.; Ginaldi, L. Allergy and 
Aging: An Old/New Emerging Health Issue. Aging Dis., 
2017, 8(2), 162–175. 

[4] Marth, K.; Focke-Tejkl, M.; Lupinek, C.; Valenta, R.; 
Niederberger, V. Allergen Peptides, Recombinant Allergens 
and Hypoallergens for Allergen-Specific Immunotherapy. 
Curr. Treat. Options Allergy, 2014, 26(1), 91-106. 

[5] Calderón, M.; Cardona, V.; Demoly, P.; EEACI 100 Years 
of Immunotherapy Experts Panel. One hundred years of al-
lergen immunotherapy European Academy of Allergy and 
Clinical Immunology celebration: review of unanswered 
questions. Allergy, 2012, 67(4), 462-76. 

[6] Cavkaytar, O.; Akdis, C.A.; Akdis, M. Modulation of im-
mune responses by immunotherapy in allergic diseases. 
Curr. Opin. Pharmacol., 2014, 17, 30-37. 

[7] Sandrini, A.; Rolland, J.M.; O'Hehir, R.E. Current devel-
opments for improving efficacy of allergy vaccines. Expert. 
Rev. Vaccines, 2015, 14(8), 1073-1087. 

[8] Hoffmann, H.J.; Valovirta, E.; Pfaar, O.; Moingeon, P.; 
Schmid, J.M.; Skaarup, S.H.; Cardell, L.O.; Simonsen, K.; 
Larché, M.; Durham, S.R.; Sørensen, P. Novel approaches 
and perspectives in allergen immunotherapy. Allergy, 2017. 
DOI: 10.1111/all.13135. 

[9] Akdis, C.A.; Akdis, M. Mechanisms of allergen-specific 
immunotherapy and immune tolerance to allergens. World 
Allergy Organ. J., 2015, 8,17. 

[10] Akdis, M.; Akdis C.A. Mechanisms of allergen-specific 
immunotherapy: Multiple suppressor factors at work in 
immune tolerance to allergens. J Allergy Clin Immunol., 
2014, 133, 621-631 

[11] Aalberse, R. The role of IgG antibodies in allergy and im-
munotherapy. Allergy, 2011, 66 (Suppl 95), 28-30. 

[12] Burks, A.W.; Calderón, M.A.; Casale, T., Cox, L.; Demoly, 
P.; Jutel, M.; Nelson, H.; Akdis, C.A. Update on allergy 
immunotherapy: American Academy of Allergy, Asthma & 
Immunology/European Academy of Allergy and Clinical 
Immunology/PRACTALL consensus report. J. Allergy 
Clin. Immunol., 2013, 131(5), 1288-1296 

[13] Larché, M. Mechanisms of peptide immunotherapy in aller-
gic airways disease. Ann. Am. Thorac. Soc., 2014, 11 
(Suppl 5), 292-296. 

[14] Valenta, R.; Campana, R.; Focke-Tejkl, M.; Niederberger, 
V. Vaccine development for allergen-specific immunother-
apy based on recombinant allergens and synthetic allergen 
peptides: Lessons from the past and novel mechanisms of 
action for the future. J. Allergy Clin. Immunol., 2016, 
137(2), 351-357. 

[15] Linhart, B.; Valenta, R. Vaccines for allergy. Curr Opin 
Immunol., 2012, 24(3), 354-360. 



16    Current Medicinal Chemistry, 2018, Vol. 25, No. 00 Calzada et al. 

[16] Creticos, P.S. Advances in synthetic peptide immuno-
regulatory epitopes. WAO journal, 2014, 7:30 

[17] Calderón, M.A.; Simons, F.E.; Malling, H.J.; Lockey, R.F.; 
Moingeon, P.; Demoly, P. Sublingual allergen immunother-
apy: mode of action and its relationship with the safety pro-
file. Allergy, 2012, 67(3), 302-311. 

[18] Moldaver, D.; Larché, M. Immunotherapy with peptides. 
Allergy, 2011, 66(6), 784-791. 

[19] Klimek, L.; Pfaar, O.; Worm, M. New opportunities for 
allergen immunotherapy using synthetic peptide immuno-
regulatory epitopes (SPIREs), Expert Rev. Clin. Immunol., 
2016, 12(10), 1123-1135. 

 [20] O'Hehir, R.E.; Prickett, S.R.; Rolland, J.M. T Cell Epitope 
Peptide Therapy for Allergic Diseases. Curr. Allergy 
Asthma Rep., 2016, 16(2), 14. 

[21] Nielsen, M.; Lund, O. NN-align. An artificial neural net-
work-based alignment algorithm for MHC class II peptide 
binding prediction. BMC Bioinformatics, 2009, 10, 296. 

[22] Rammensee, H.; Bachmann, J.; Emmerich, N.P; Bachor, 
O.A; Stevanovic, S. SYFPEITHI: database for MHC 
ligands and peptide motifs. Immunogenetics, 1999, 50(3-4), 
213–219. 

[23] Sette, A.; Fleri, W.; Peters, B.; Sathiamurthy, M.; Bui, 
H.H.; Wilson, S. A roadmap for the immunomics of cate-
gory A–C pathogens. Immunity, 2005, 22(2), 155–161. 

[24] Bui, H.H.; Sidney, J.; Peters, B. Sathiamurthy, M.; Sinichi, 
A.; Purton, K.A.; Mothé, B.R.; Chisari, F.V.; Watkins, D.I.; 
Sette, A. Automated generation and evaluation of specific 
MHC binding predictive tools: ARB matrix applications. 
Immunogenetics, 2005, 57(5), 304–314. 

[25] Wan, J.; Liu, W.; Xu, Q.; Ren, Y.; Flower, D.R.; Li, T. 
SVRMHC prediction server for MHC binding peptides. 
BMC Bioinformatics, 2006, 7, 463. 

[26] Rajapakse, M.; Schmidt, B.; Feng, L.; Brusic, V. Predicting 
peptides binding to MHC class II molecules using multi-
objective evolutionary algorithms. BMC Bioinformatics, 
2007, 8, 459. 

[27] Prickett, S.R.; Rolland, J.M.; O'Hehir, R.E. Immunoregula-
tory T cell epitope peptides: the new frontier in allergy ther-
apy. Clin. Exp. Allergy, 2015, 45(6), 1015-1026. 

[28] De Groot, A.S.; Moise, L.; McMurry, J.A.; Wambre, E.; 
Van Overtvelt, L.; Moingeon, P.; Scott, D.W.; Martin, W. 
Activation of natural regulatory T cells by IgG Fc-derived 
peptide “Tregitopes”. Blood, 2008, 112(8), 3303-3311. 

[29] Elyaman, W.; Khoury, S.J.; Scott, D.W.; De Groot, A.S. 
Potential applications of Tregitopes as Immunomodulating 
agents in Multiple Sclerosis. Neurol. Res. Int., 2011, 
256460. 

[30] Cousens, L.P.; Najafian, N.; Mingozzi, F.; Elyaman, W.; 
Mazer, B.; Moise, L.; Messitt, T.J.; Su, Y.; Sayegh, M.; 
High, K.; Khoury, S.J.; Scott, D.W.; De Groot, A.S. In vitro 
and in vivo studies of IgG-derived Treg epitopes (Tregi-
topes): a promising new tool for tolerance induction and 
treatment of autoimmunity. J. Clin. Immunol., 2013, 
33(Suppl 1), S43-49. 

[31] Mazer, B.; Massoud, A.H.; Ablona, A.; Langelier, A.B.; 
Cousens, L.; De Groot, A.S. In: Tregitopes recapitulate ac-
tion of IVIg by abrogating OVA-induced allergic airways 
disease via induction of T regulatory cells (Treg). 2nd In-
ternational Forum on Immunoglobulin Research, Barcelona, 
Spain; September 14–17. 2011. 

[32] Carnés, J.; Iraola, V.; Cho, S.H.; Esch, R.E. Mite allergen 
extracts and clinical practice. Ann. Allergy Asthma Immu-
nol., 2017, 118(3), 249-256. 

[33] Reithofer, M.; Jahn-Schmid, B. Allergens with Protease 
Activity from House Dust Mites. Int J Mol Sci., 2017, 
18(7). 

[34] Hoyne, G.F.; O'Hehir, R.E.; Wraith, D.C.; Thomas, W.R.; 
Lamb, J.R. Inhibition of T cell and antibody responses to 
house dust mite allergen by inhalation of the dominant T 
cell epitope in naive and sensitized mice. J. Exp. Med., 
1993, 178(5), 1783-1788. 

[35] Hoyne, G.F.; Askonas, B.A.; Hetzel, C.; Thomas, W.R.; 
Lamb, J.R. Regulation of house dust mite responses by in-
tranasally administered peptide: transient activation of 
CD4+ T cells precedes the development of tolerance in 
vivo. Int. Immunol., 1996, 8(3), 335-342. 

[36] Moldaver, D.M.; Bharhani, M.S.; Wattie, J.N.; Ellis, R.; 
Neighbour, H.; Lloyd, C.M.; Inman, M.D.; Larché, M. 
Amelioration of ovalbumin induced allergic airway disease 
following Der p 1 peptide immunotherapy is not associated 
with induction of IL-35. Mucosal Immunol., 2014, 7(2), 
379-390. 

[37] Grönlund, H.;, Saarne, T.; Gafvelin, G.; van Hage, M. The 
major cat allergen Fel d 1 in diagnosis and therapy. Int Arch 
Allergy Immunol., 2010, 151(4), 265-274. 

[38] Briner, T.J.; Kuo, M.C.; Keating, K.M.; Rogers, B.L.; 
Greenstein, J.L. Peripheral T-cell tolerance induced in naive 
and primed mice by subcutaneous injection of peptides 
from the major cat allergen Fel d I. Proc. Natl. Acad. Sci. U 
S A., 1993, 90(16), 7608-7612. 

[39] Campbell, J.D.; Buckland, K.F.; McMillan, S.J.; Kearley, 
J.; Oldfield, W.L.; Stern, L.J.; Grönlund, H.; van Hage, M.; 
Reynolds, C.J.; Boyton, R.J.; Cobbold, S.P.; Kay, A.B.; 
Altmann, D.M.; Lloyd, C.M.; Larché, M. Peptide immuno-
therapy in allergic asthma generates IL-10–dependent im-
munological tolerance associated with linked epitope sup-
pression. J. Exp. Med., 2009, 206(7), 1535–1547. 

[40] Elieh Ali Komi, D.; Shafaghat, F.; Zwiener, R.D. Immunol-
ogy of Bee Venom.Clin Rev Allergy Immunol., 2017, 20. 

[41] von Garnier, C.; Astori, M.; Kettner, A.; Dufour, N.; 
Heusser, C.; Corradin, G.; Spertini, F. Allergen derived 
long peptide immunotherapy down-regulates specific IgE 
response and protects from anaphylaxis. Eur. J. Immunol., 
2000, 30(6), 1638-1645. 

[42] Astori, M.; von Garnier, C.; Kettner, A.; Dufour, N.; 
Corradin, G.; Spertini F. Inducing tolerance by intranasal 
administration of long peptides in naïve and primed CBA/J 
mice. J. Immunol., 2000, 165(6), 3497-3505. 

[43] Esteve, C.; Montealegre, C.; Marina, M.L.; García, M.C. 
Analysis of olive allergens. Talanta. 2012, 15(92), 1-14. 

[44] Villalba, M.; Rodríguez, R.; Batanero, E. The spectrum of 
olive pollen allergens. From structures to diagnosis and 
treatment. Methods. 2014, 66(1), 44-54. 

[45] Rodriguez, R.; Villalba, M.; Batanero, E.; Palomares, O.; 
Quiralte, J.; Salamanca, G.; Sirvent, S.; Castro, L.; Prado, 
N. Olive pollen recombinant allergens: value in diagnosis 
and immunotherapy. J Investig Allergol Clin Immunol., 
2007, 17(1), 56-62. 

[46] Cárdaba, B.; Del Pozo, V.; Jurado, A.; Gallardo, S.; 
Cortegano, I.; Arrieta, I.; Del Amo, A.; Tramón, P.; Florido, 
F.; Sastre, J.; Palomino, P.; Lahoz, C. Olive pollen allergy: 
searching for immunodominant T-cell epitopes on the Ole e 
1 molecule. Clin. Exp. Allergy., 1998, 28(4), 413-422. 

[47] Marazuela, E.G.; Rodríguez, R.; Fernández-García, H.; 
García, M.S.; Villalba, M., Batanero, E. Intranasal immuni-
zation with a dominant T-cell epitope peptide of a major al-
lergen of olive pollen prevents mice from sensitization to 
the whole allergen. Mol. Immunol., 2008, 45(2), 438-445. 

[48] Marazuela, E.G.; Prado, N.; Moro, E.; Fernández-García, 
H.; Villalba, M.; Rodríguez, R.; Batanero, E. Intranasal 
vaccination with poly(lactide-co-glycolide) microparticles 
containing a peptide T of Ole e 1 prevents mice against sen-
sitization. Clin. Exp. Allergy. 2008, 38(3), 520-528. 



Peptide Immunotherapy in Allergic Diseases Current Medicinal Chemistry, 2018, Vol. 25, No. 00    17 

[49] Kündig, T.M.; Senti, G.; Schnetzler, G.; Wolf, C.; Prinz 
Vavricka, B.M.; Fulurija, A.; Hennecke, F.; Sladko, K.; 
Jennings, G.T.; Bachmann, M.F. Der p 1 peptide on virus-
like particles is safe and highly immunogenic in healthy 
adults. J. Allergy Clin. Immunol., 2006, 117(6), 1470-1476. 

[50] Larché, M.; Hickey, P.; Hebert, J.; Hafner, R.P. Safety and 
Tolerability of Escalating Doses of House Dust Mite- Pep-
tide Antigen Desensitization (HDM-PAD). J. Allergy Clin. 
Immunol., 2013, 131(Suppl) AB37–135. 

[51] Hafner, R.P.; Couroux, P.; Armstrong, K.; Salapatek, A.M.; 
Patel, D.; Larché M,. Persistent treatment effect achieved at 
one year after four doses of Der p derived synthetic peptide 
immuno-regulatory epitopes in an exposure chamber model 
of House Dust Mite allergy. J. Allergy Clin. Immunol., 
2014, 133, AB289–998. 

[52] Hafner, R.P.; Salapatek, A.M.; Larché, M.; Ahenkorah, B.; 
Patel, P.; Pawsey, S. Comparison of the treatment effect of 
house dust mite synthetic peptides immune-regulatory epi-
topes in the environmental exposure chamber and field set-
ting two years after a short course of treatment. Allergy, 
2015, 70 (Suppl), 28. 

[53] Norman, P.S.; Ohman, J.L. Jr.; Long. A,A.; Creticos, P.S.; 
Gefter, M.A.; Shaked, Z.; Wood, R.A.; Eggleston, P.A.; 
Hafner, K.B.; Rao, P.; Lichtenstein, L.M.; Jones, N.H.; 
Nicodemus. C.F. Treatment of cat allergy with T-cell reac-
tive peptides. Am. J. Respir. Crit. Care Med., 1996, 154(6 
Pt 1), 1623–1628. 

[54] Marcotte, G.V.; Braun, C.M.; Norman, P.S.; Nicodemus, 
C.F.; Kagey-Sobotka, A.; Lichtenstein, L.M.; Essayan D.M. 
Effects of peptide therapy on ex vivo T-cell responses. J. 
Allergy Clin. Immunol., 1998, 101(4 Pt 1), 506–513. 

[55] Pene. J.; Desroches, A.; Paradis, L.; Lebel, B.; Farce, M.; 
Nicodemus, C.F.; Yssel, H.; Bousquet, J. Immunotherapy 
with Fel d 1 peptides decreases IL-4 release by peripheral 
blood T cells of patients allergic to cats. J. Allergy Clin. 
Immunol., 1998, 102(4 Pt 1), 571–578. 

[56] Simons, F.E.; Imada, M.; Li, Y.; Watson, W.T.; HayGlass, 
K.T. Fel d 1 peptides: effect on skin tests and cytokine syn-
thesis in cat-allergic human subjects. Int. Immunol., 1996, 
8(12), 1937–1945. 

[57] Maguire, P.; Nicodemus, C.; Robinson, D.; Aaronson, D.; 
Umetsu, D.T. The safety and efficacy of ALLERVAX CAT 
in cat allergic patients. Clin. Immunol., 1999, 93(3), 222–
231. 

[58] Worm, M.; Patel, D.; Creticos, P.S. Cat peptide antigen 
desensitisation for treating cat allergic rhinoconjunctivitis. 
Expert Opin. Investig. Drugs, 2013, 22(10), 1347–1357. 

[59] Oldfield, W.L.; Kay, A.B.; Larché, M. Allergen-derived T 
cell peptide-induced late asthmatic reactions precede the in-
duction of antigen-specific hyporesponsiveness in atopic al-
lergic asthmatic subjects. J. Immunol., 2001. 167(3), 1734–
1739. 

[60] Oldfield, W.L.; Larché, M.; Kay, A.B. Effect of T-cell pep-
tides derived from Fel d 1 on allergic reactions and cytokine 
production in patients sensitive to cats: a randomised con-
trolled trial. Lancet, 2002, 360(9326), 47–53. 

[61] Alexander, C.; Ying, S.; Kay, B.; Larché, M. Fel d 1-
derived T cell peptide therapy induces recruitment of 
CD4CD25; CD4 interferon-gamma T helper type 1 cells to 
sites of allergen-induced late-phase skin reactions in 
catallergic subjects. Clin. Exp. Allergy, 2005; 35(1), 52–58. 

[62] Verhoef, A.; Alexander, C.; Kay, A.B.; Larché, M. T cell 
epitope immunotherapy induces a CD4(+) T cell population 
with regulatory activity. PLoS Med., 2005, 2(3), e78. 

[63] Alexander, C.; Tarzi, M.; Larché, M.; Kay, A.B. The effect 
of Fel d 1-derived T-cell peptides on upper and lower air-
way outcome measurements in cat-allergic subjects. Al-
lergy, 2005, 60(10), 1269–1274. 

[64] Worm. M.; Lee, H.H.; Kleine-Tebbe, J.; Hafner, R.P.; Laid-
ler, P. Healey D, Buhot, C.; Verhoef, A.; Maillère, B.; Kay, 
A.B.; Larché, M. Development and preliminary clinical 
evaluation of a peptide immunotherapy vaccine for cat al-
lergy. J. Allergy Clin. Immunol., 2011, 127(1), 89–97. 

[65] Larché, M.; Patel, D.; Patel, P.; Salapatek, A.; Laidler, P.; 
Hafner, R. Safety and efficacy of Fel d 1 derived peptide 
immunotherapy in a double-blind, placebo-controlled envi-
ronmental exposure chamber (EEC) study. Allergy, 2012, 
67(Suppl 96), 1-97. 

[66] Hafner, R.P; Patel, P.; Salapatek, A.M.; Laider, P.; Larché, 
M.; Patel, D. Fel d 1 peptide antigen desensitization safety 
and efficacy in a double-blind, placebo-controlled environ-
mental exposure chamber study. World Allergy Organ. J., 
2013, 6(Suppl 1), P150. 

[67] Patel, D.; Couroux, P.; Hickey. P; Salapatek, A.M.; Laider, 
P.; Larché, M; Hafner, R.P. Fel d 1-derived peptide antigen 
desensitization shows a persistent treatment effect 1 year af-
ter the start of dosing: a randomized, placebo-controlled 
study. J. Allergy Clin. Immunol., 2013, 131(1), 103-109. 

[68] Hafner, R.P.; Couroux, P.; Armstrong, K.; Patel, D.; 
Larché, M. Two Year Persistent Treatment Effect Achieved 
After 4 Doses of Cat-Peptide Antigen Desensitization (Cat-
PAD) in an Environmental Exposure Chamber (EEC) 
Model of Cat Allergy. J. Allergy Clin. Immunol., 2013, 131, 
AB147. 

[69] Hafner, R.P.; Couroux, P.; Armstrong, K.; Patel, D.; 
Larché, M.; Haumann B. Total Nasal Symptom Scores are 
reduced in an EEC model of cat allergy two years after ad-
ministration of 4 doses of Cat-PAD. Allergy: Eur. J. Allergy 
Clin. Immunol., 2013, 68, 647. 

[70] Carballido, J.M.; Carballido-Perrig, N.; Kägi, M.K.; 
Meloen, R.H.; Wüthrich, B.; Heusser, C.H.; Blaser, K. T 
cell epitope specificity human allergic and nonallergic sub-
jects to bee venom phospholipase A2. J. Immunol., 1993, 
150(8), 3582-3591. 

[71] Muller, U.; Akdis, C.; Fricker, M.; Akdis, M.; Blesken, T.; 
Bettens, F.; Blasser, K. Successful immunotherapy with T-
cell epitope peptides of bee venom phospholipase A, in-
duces specific T-cell anergy in patients allergic to bee 
venom. J. Allergy Clin. Immunol., 1998; 101(6Pt 1), 747–
754. 

[72] Fellrath, J.M.; Kettner, A., Dufour, N.; Frigerio, C.; 
Schneeberger, D.; Leimgruber, A.; Corradin, G.; Spertini, 
F. Allergen-specific T-cell tolerance induction with aller-
gen-derived long synthetic peptides: results of a phase I 
trial. J. Allergy Clin. Immunol., 2003; 111(4), 854–861. 

[73] Tarzi, M.; Klunker, S.; Texier, C.; Verhoef, A.; Stapel, 
S.O.; Akdis, C.A.; Maillere, B.; Kay, A.B., Larché, M. In-
duction of interleukin-10 and suppressor of cytokine signal-
ling-3 gene expression following peptide immunotherapy. 
Clin. Exp. Allergy, 2006, 36(4), 465–474. 

[74] Villalba, M.; Batanero, E.; López-Otín, C.; Sánchez, L.M.; 
Monsalve, R.I.; González de la Peña M.A.; Lahoz, C.; Ro-
dríguez R. The amino acid sequence of Ole e 1, the major 
allergen from olive tree (Olea europaea) pollen. Eur J Bio-
chem, 1993, 216(3), 863-869. 

[75] Cárdaba, B.; Llanes, E.; Chacártegui, M.; Sastre, B.; López, 
E., Mollá, R.; del Pozo, V.; Florido, F.; Quiralte, J.; Palo-
mino, P.; Lahoz, C. Modulation of Allergic Response by 
Gene–Environment Interaction: Olive Pollen Allergy. J. In-
vestig. Allergol. Clin. Immunol., 2007, Vol. 17, (Suppl 1), 
83-87. 

[76] Calzada, D.; Aguerri, M.; Baos, S.; Montaner, D.; Mata, 
M.; Dopazo, J.; Quiralte, J.; Florido, F.; Lahoz, C.; 
Cárdaba, B. Therapeutic targets for olive pollen allergy de-
fined by gene markers modulated by Ole e 1-derived pep-
tides. Mol. Immunol., 2015, 64(2), 252–261. 



18    Current Medicinal Chemistry, 2018, Vol. 25, No. 00 Calzada et al. 

[77] Twaroch, T.E.; Focke, M.; Civaj, V.; Weber, M.; Balic, N.; 
Mari. A.; Ferrara, R.; Quirce, S.; Spitzauer, S.; Swoboda, I.; 
Valenta, R. Carrier-bound, nonallergenic Ole e 1 peptides 
for vaccination against olive pollen allergy. J. Allergy Clin. 
Immunol., 2011, 128(1), 178-184. 

[78] Larché, M. Immunotherapy with allergen peptides. Allergy 
Asthma Clin Immunol., 2007, 3(2), 53-59 

[79] Tonti, E.; Larché M. Concepts and perspectives on peptide-
based immunotherapy in allergy. Allergo. J. Int., 2016, 
25(6) 22-33. 

 

 

 

 
DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by the author. The 
Editorial Department reserves the right to make minor modifications for further improvement of the manuscript. 

 

 

 
PMID: 29205109 


