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Abstract

Tree pollen induced allergies are one of the major medical and public health burdens in the industrialized world.
Allergen-Specific Immunotherapy (AIT) through subcutaneous injection or sublingual delivery is the only approved
therapy with curative potential to pollen induced allergies. AIT often is associated with,severe side effects and
requires long-term treatment. Safer, more effective and convenient allérgen specific immunotherapies remain an
unmet need. In this review article, we discuss the current progress in applying protein and peptide-based approaches
and DNA vaccines to the clinical challenges posed by tree pollen-allergies through the lens of preclinical animal models
and clinical trials, with an emphasis on the birch and Japanese red cedar pollen induced allergies.
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1. Introduction

Pollen can induce a range of allergic reactions including seasonal allergic rhinitis (SAR) or pollinosis,
rhinoconjunctivitis, or a less common but severe form, allergic asthma. Pollen allergies are a major public health
problem affecting 10--30% of the world population. Prevalence has increased over recent decades * . Allergens
derived from tree, grass, and weed pollen cause SAR or rhinoconjunctivitis. Standard treatment options include
allergen avoidance, systematic pharmacotherapy, and immunotherapy. Allergen-specific immunetherapy (AIT) is
frequently prescribed to patients with moderate to severe pollen allergies, as it is the only available potentially
curative treatment. Subcutaneous Immunotherapy (SCIT), a classic form of AIT that entails repeatediinjections of
crude pollen extracts and extract mixes matched to a patient’s diagnostic and case historyihas been used in clinical
practice for over 100 years. To achieve long-term benefits, unique patient SCIT, preparations are typically administered
over a 3 year period in widely ranging dosing regimens. Traditional SCIT,is based ontwo phases: an initial up-dosing
phase and a subsequent maintenance phase. The up-dosing,phasé is aniindividual titration, where increasing doses
are administered in order to build tolerance and assess the sensitivity'of the patient to the specific dose(s). The
maximum tolerated dose is then given throughout the maintenance phase. Although sometimes effective, SCIT is
often associated with severe, even life-threateningside effects and responders cannot be predicted prior to
treatment initiation and during treatment. Alternatively, AlT could be self-administrated sublingually (SLIT) with
pharmaceutical extract preparations centaining drops or tablets. SLIT is considered safer than SCIT > and is accepted
by physicians and patients in Europe and Japan *®’. Nevertheless, SLIT and SCIT are both plagued by poor patient
adherence to the inconvenient dosing,schedule required to achieve a therapeutic effect, which can be acerbated by
the occasional negative safety profile of SCIT (and to a lesser degree, SLIT). As a result, only 7% of patients receiving
SLIT finish the three$year treatment, while 23% of SCIT patients complete the full treatment course 2. Finally, the cost
of long:term treatment may also impact the broader clinical adoption of AIT globally °. Thus, there is an unmet
challenge to develop a safe, convenient, and low cost AIT capable of rapidly inducing protection from the negative
effects of pollen allergies. In this article, we review novel approaches being tested for treating tree pollen induced

allergies.
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2. Type |l allergy and the MoA of AIT

Pollen induced allergies, a type | hypersensitivity reaction, are mediated by allergen-specific IgE antibodies. In
susceptible individuals, initial exposure to pollen allergens resulted in the differentiation and/or activation of T helper
2 cells (Th2) . Th2 cells are characterized by the production of the pro-inflammatory cytokines IL-4 and IL-13,
which promote B cells to produce and secrete allergen-specific IgE antibodies. IgE antibodies bind to the high-affinity
IgE receptors (FceRl) on the surface of allergic effector mast cells and basophils. Re-encounters af the@llergenresults

in IgE receptor crosslinking on mast cells and basophils triggering the degranulation of these cells and'the immediate

10, 11

release of inflammatory mediators: vasoactive amines, lipidic mediators, cytokines, and chemokines . Besides

providing help to B cells, Th2 cells produce cytokines IL-4, IL-5, and IL-9, which induce differentiation and/or activation

of mast cells, basophils, and eosinophils 16,11

The mechanism of action (MoA) of AIT for treating pollen allergies hasinot yet been fully elucidated, especially
due to the complexity of the formulation of allergens and varying/treatmentprotocols for delivery routes and doses.

However, the big picture of AIT’s MoA has emerged from extensive clinical and preclinical studies and it is generally

12--15

accepted that SCIT and SLIT have the same MoA . A'very early event (usually within the first few hours after

treatment initiation) is mast cell and basophil désensitization '°. After a few months, allergen-specific CD4*Foxp3*

17,18
d

regulatory T cells (Tregs) and IL-10 produéing D4 Fexp3 type 1 regulatory T cells (Tr1 cells) are induce , as well

19--21

as IL-10 producing B regulatory cells'and manetytes . Seasonal activation of allergen-specific Th2 cells in allergic

patients is suppressed, possibly due ta'the earlier induction of Tregs/Tr1 cells and/or a Th1 immune deviation 2%,

From months to years, allergen-<specific IgE levels first increase transiently, then decrease while allergen-specific IgG,

particularly Th1-type IgG4 blocking antibody levels increase, which is reflected in the skew to a lower IgE-to-lgG4 ratio

2727 | ong-term clinical symptom improvement is related to the production and maintenance of the high avidity

21,28

inhibitory allergen-specific IgG4 antibody . Besides outcompeting IgE antibodies for allergen binding sites,

allergen-specific IgG antibodies also suppress T cell-mediated late phase allergic reactions by inhibiting IgE-facilitated
antigen presentation >,

Thus, through a detailed mechanistic understanding of successful AT, the attributes of an ideal pollen allergy

treatment can be described as including: 1) induction of high avidity blocking IgG4 antibody, 2) inhibition of allergic
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Th2 response though the induction of Tregs and/or Trl cells or an immune skewing toward to Th1 response, and 3)
induction of sustained protective effects (long-term memory) even after the discontinuation of treatment. Beyond
these, a next generation allergy treatment should be safe, convenient, and cost effective. Addressing such issues,
researchers utilized different strategies to generate novel approaches in the next generation immunotherapies of

pollen induced allergies.

3. Tree-pollen allergies and allergens
Two recent review articles summarized the molecular characteristics of currently identified treeypollen

31,32

allergens and their geographic distribution and prevalence rates . Briefly, the majority 'of clinically relevant tree

pollen allergens are produced by four orders Fagales, Lamiales, Proteales, and PinalesgBirch pollen (Fagales) has

31,33,34

strong allergenicity and is a major source of SAR in Northern Europe and North’America .Bet v 1isamajor

allergen in the birch pollen extract and thus the primary focus of birch pollen AIF,** *

. Bet v 1 belongs to the
pathogenesis-related protein class 10 (PR-10) family. PR-10/family includes Aln g 1(alder), Car b 1 (hornbeam), Ost c 1
(hop-hornbeam), Cor a 1 (hazelnut), Fag s 1 (beech),€as.s 1 (chesthut), and Que a 1 (oak) *. In Japan, Japanese red
cedar (Pinales; JRC) pollen induced SAR affectsdup to one third of Japanese and JRC induced SAR heavily affects the

37--40

quality of life of Japanese individuals *. Cry j 1 and Cryj 2 are the two major allergens in JRC pollen .Cryj 1, abasic
glycoprotein of pectate lyase protein family,is'a.major component of JRC pollen extract. Cry j 1 has high cross-activity
with Cup a 1 (Cupressus arizonica), Junia, 1 (mountain cedar), and Cha o 1 (Japanese cypress). Cry j 2, a member of
polygalacturonases family, shares sequence identity and cross-reactive IgE epitopes with Jun a 2 (mountain cedar),
and Cha o 2 (Japanese_cypréss) 31 Because of the high prevalence of birch and JRC pollen allergy in these heavily
populated and.developed regions, the interest from both academic and industry in developing novel
immanotherapies for treating birch and JRC pollen allergies is much higher than other tree pollen allergies. Thus, in
this articlé, we focus on the novel immunotherapies of birch and JRC pollen allergies. We first discuss the approaches
utilizing allergens from natural source (either pollen extracts or purified component allergens) which are formulated
with different Th1 inducing adjuvants (Table 1). Then, we present the component based immunotherapies, which use

recombinant hypoallergenic derivatives and synthetic peptides. We next talk the approaches of DNA vaccines in which

the allergens are endogenously generated by patients after vaccination. Finally, we discuss the approaches in which
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the allergens are delivered through alternative routes including oral immunotherapy (OIT), intralymphatic

immunotherapy (ILIT), and epicutaneous immunotherapy (EPIT).
4. Pollen extracts and purified natural allergens

The conventional SCIT or SLIT are based on the administration of crude natural pollen extracts, whichymay
induce the IgE mediated acute side effects and T cell mediated late phase side effects in patients. To reduceitheIgE
mediated side effects, allergens could be modified by chemical denaturation (e.g. aldehydes) to generate
hypoallergenic allergen derivatives, in which the conformational structure of the IgE recognizing epitopes in allergens
is destroyed. Such chemically modified allergens is named allergoids. In 1970s Marshéet al showed that chemical
modification of rye grass extract reduces the allergenicity by destroying the conformational IgE epitope structure yet
retains the immunogenicity (blocking I1gG epitopes remained) *'. SCIT is ustially administrated with an adjuvant (such
as aluminum hydroxide) to enhance the immunogenicity of the allefgens and reduce side effects by keeping the
allergens in local injection sites by a depot effect. In addition; because the major allergens causing tree pollen allergies
have been identified, pollen extract could be replaced with‘the ' major component allergen(s) to further reduce the

side effects of AIT.

4.1 Allergoids and Monophosphoryl lipid A (IMPL)

Monophosphoryl lipid A (MPL),lis a bacterially-derived adjuvant that acts as a ligand for toll-like receptor 4
(TLR4), thus helping to favor induction of a Th1 immune response **. To improve the safety and efficacy of the natural
pollen extract products, ai¢cembinationof allergoids, which are absorbed by L-tyrosine, and MPL adjuvant has been

4345 Based on patient allergic reaction profiles, allergoids are

tested for treating grass or tree pollen allergies
prepaned by allergen extraction, diafiltration to remove low molecular weight molecules, and then glutaraldehyde
treatment to destroy the IgE binding epitopes. Allergoids were quantitatively measured by using High Performance
Liquid Chromatography. The allergoids are preseasonally administrated in an ultra-short injection regimen consisting
of four escalating doses of 300 SU (Standardized Units), 800 SU, 2000 SU and 2000 SU administrated weekly. Besides

the reduced allergenicity by denaturation of allergens, the 4 injection regimen could further reduce the side effects.

Safety and clinical efficacy of the ultra-short vaccination regimen have been investigated in a number of clinical trials
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3% The ultra-short birch allergoids vaccinated birch allergic patients showed significantly improved combined

symptom scores and medication scores “. The immunological mechanisms associated with this approach include the
induction of Tregs/Tr1 cells and the production of IgG antibody “°. In a clinical study for grass allergy, allergoids/MPL
treatment resulted in significantly reduced skin reactions, reduced basophil reaction and induction of allergen-specific
IgG1 and 1gG4 antibodies *’. Currently, a Phase Ill clinical trial designed to evaluate the efficacy and safety of the
allergoids/MPL birch immunotherapy in birch pollen-induced rhinoconjunctivitis is ongoing in Europe‘(EudraCT

number: 2016-002781-31).

4.2  Purified natural allergens and Th1 adjuvants

It was found that oligomannose-coated liposomes (OMLs) have adjuvant effectsi*®#After taking up OMLs,
antigen presenting cells upregulate the production of IL-12 and expression ofiCD80/86 costimulatory molecules. Thus,
OMLs preferentially induce Th1 immune response against the capsiilated antigens “°. Ishii et al entrapped purified Cry
j 1 protein with OMLs and showed that two injections of such Cry j 1/OMLs induced robust Th1 cytokine response and
IgG2a (a Th1 type antibody) production in mice. Total IgE levels were suppressed in Cry j 1/OMLs treated mice after
Cry j 1/Alum challenge in both prophylactic and therapeutic models *°.

CpG motif containing oligodeoxynueleotide (QDN), which is a toll like receptor 9 agonist, has adjuvant effects
which could boost Th1 immune response 2!, Kaburaki et al showed that CpG ODN conjugated purified Cry j 1 protein
elicited strong Th1 cytokine responseland'€ry j 1 specific IgG2a response in mice 2. In vitro CpG-Cry j 1 culture
resulted in production of IL-12 by splenocytes. CpG conjugation reduced the binding to serum IgE from JRC allergic
patients, indicating the IgE epitopes on the Cry j 1 protein were masked by CpG. Thus, CpG-Cry j 1 treatment
suppressed the Cry j.1 Specific IgE levels after allergen challenge *2. Similarly, Suzuki et al conjugated a T cell epitope
from'Cry j 2yprotein with the CpG ODN. This T cell epitope-CpG treatment suppressed Cry j 2 specific IgE reaction and
attenuated the clinical symptoms upon allergen challenge in mice *. IL-4 and IL-5 production was found significantly
reduced in the T cell epitope-CpG treated mice.

These approaches using new adjuvant and purified allergen or T cell epitope have not yet been evaluated in

humans.
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5. Recombinant hypoallergenic derivatives and synthetic peptides

The side effects of the traditional AIT are highly associated with the natural allergenicity of pollen extract
products. In addition, the extract products from different manufacturers vary in the composition and potency of the
individual allergens >* *°. Extracts that lack therapeutically relevant allergens would compromise AIT efficacy.
Moreover, therapeutically irrelevant allergens in the crude natural pollen extract may induce new IgE antibodies.in
patients receiving AIT, a process called de novo sensitization that may exacerbate allergic response$andiare one
potential safety concern of using such crude extracts *°. With the accumulated knowledge of pollen molecular
characteristics and allergenicity, it now becomes feasible and reasonable to generate immunotherapeutic products by
either recombinant proteins or synthetic peptides, which have better lot to lot consistency and improved
reproducibility during the manufacturing process over the natural extract-basedAIT products °’.

5.1 Recombinant proteins

Recombinant grass and birch allergens had been generated and evaluated in clinical trials. In a randomized,
double-blind, placebo-controlled (RDBPC) Phase Il trial,itwas foundithat a single allergen SCIT using either
recombinant Bet v 1 (rBet v 1, expressed in E coliz).or purifiedyBet v 1 (nBet v 1) has the same efficacy and similar
safety profile as those of birch extract treated subjects®. In this trial, a maximal dose of 15 pg rBet v 1 or nBet v1 was
reached during the buildup phase.lUnlike the bifch pollen extract, rBet v 1 and nBet v 1 protein treated subjected did
not develop novel sensitization{Bety. 2 specific IgG1 and IgE), indicating the defined component allergen did not
induce unnecessary IgE responsesy®. Nevertheless the allergenicity of the rBet v 1 allergen remained unchanged. As a
result, the treatment'requires an inconvenience dose escalation and long-term maintaining injections regimen to
reduce side effects, samedas the extract based SCIT. Alternatively, rBet v 1 in tablet formulation has been investigated
in a RDBRC SLIT'elinical trial for birch allergy *. After 5 months rBet v 1 tablets, treatment group showed reduced
clinical symptoms.

Hypoallergenic rBet v 1, which has eliminated IgE binding but remained IgG and T cell epitopes, has been

60--62
d

generate . SCIT treatment with alum absorbed hypoallergenic rBet v 1 induced protective IgG production,

improved clinical symptoms, reduced skin reaction, and more importantly, suppressed IgkE production during the

63,64

seasonal birch pollen exposure . Because of the reduced allergenicity of the hypoallergenic rBet v 1, subjects

7
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tolerated to a maximum dose of 80 ug allergen per injection during the buildup phase, which was higher than dose of
wild type rBet v 1.
One concern is that due to the intact T cell epitopes, the recombinant allergens or hypoallergenic derivatives

65--67

could be associated to the T cell mediated late phase allergic reactions . Thus, further efforts are needed to

improve this safety issue of the recombinant wild type or hypoallergenic allergens as immunotherapeutics.
5.2  Contiguous overlapping peptides

Hypoallergenic allergen derivatives could be generated as recombinant proteins with genetic medification or
as synthetic peptides. Contiguous overlapping peptides (COP) are allergen-derived long peptides,{\whose peptide
sequences overlap, thus covering the full protein sequence of an allergen. T cell epitopes (usually linear) are
unchanged and IgE binding epitopes are eliminated in COPs because the epitopes cannot recapitulate their natural
conformational structure. Initial studies on bee venom immunotherapy:showedithat the COPs (from a major bee
venom allergen) stimulated T cell proliferation but reducedithe IgE binding to serum from the bee venom

hypersensitive patients 68-70

. In a phase | study, COP tfeatment.induced Th1-deviation, IL-10 production, T cell
hyporesponsiveness, and allergen-specific IgG4productiomin bee venom hypersensitive patients .

AllerT, which consists of three Bet v 1 deriveéh49--71 amino acid COPs, was designed to treat birch allergy *. It
was found that AllerT did not bind to human_gE norinduce basophil activation in both mice and human, and AllerT
treatment protected mice from birch allergy’ahaphylaxis after pollen exposure ’*. Because of the reduced
allergenicity, AllerT has the potential to be safer than extract-based immunotherapies. Safety and immunogenicity of
AllerT has been evaluated.in'a RDBPCphase I/lla study testing preseasonal administration of AllerT with alum
adjuvant in a short'regimen spanning two months 2. Treatment (15 subjects received AllerT SCIT) entailed a four dose
escalation injectionsin the first day, three weekly injections, and a final injection on day 51 "2 AllerT treatment
resulted in‘increases in IL-5 and IL-10 and Bet v 1 specific IgG4 production in 4 weeks, and 1gG4 levels were found to
be sustained for at least three years ">. Potential efficacy was also evaluated in a single season dose finding Phase I

clinical trial (50 pug COP group n = 79 and 100 pg COP group n = 82) ”. AllerT SCIT at a dose of 50ug/injection showed

significantly improved rhinoconjunctivitis symptom and medication scores, quality of life, nighttime nasal scores, as
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well as increased Bet v 1-specific 1gG4 production 3. The AllerT SCIT for birch allergy is currently undergoing testing in
a large clinical trial (EudraCT number: 2016-000076-23) in Europe.

The safety endpoints were met in these birch allergy COP-based clinical studies. The mechanism of this
approach is likely through the induction of blocking IgG4 antibody and activation of Th1 cells and IL-10 producing cells.
T cell epitopes are essential for the Thl deviation and the induction or activation of IL-10 producing Tr1 T cells.
However, as with the recombinant allergen products described in the section 5.1, one concern isthatT cell epitopes
also can possibly trigger the T cell mediated late phase allergic responses, especially in moderate to severelyiallergic
patients ® 72,

While COPs include both IgG and T cell epitopes, an alternative peptide-based.approach called Synthetic
Peptide Immuno-Regulatory Epitopes (SPIREs) entails administering a mixturéef shorti8 to 17 amino acid length T-cell
epitope peptides derived from various major allergens. SPIRE peptide immunotherapy candidates have been designed
and evaluated in cat, grass, and house dust mite (HDM) allefgies, butnotin tree-pollen allergies "*’°. SPIREs have
shown a reasonable safety profile in humans when administrated intradermally. Indications of efficacy have been
demonstrated in several RDBPC clinical studiespbut only injevaluating symptomology through repeated allergen
exposure in dedicated allergy chambers. The clinical‘televance of this approach has come into question because of
two recent studies that failed to confirm(the efficacy reported in the allergy chambers, including a Phase lll trial for cat
allergy and a Phase Il trial for HDM allergy (EGdraCT number: 2012-001733-13 and 2014-001662-94).

5.3 B cell epitope vaccine

Valenta’s laboratory has developed a B cell epitope-based allergy vaccination approach ”’. Initial work by
Vrtala et al demonstrated that breaking the Bet v 1 protein into two fragments by using a recombinant technique
abolished IgE recognition sites and remained the T cell epitopes . Such recombinant Bet v 1 hypoallergenic
derivatives, when intranasal administrated, induced significantly fewer clinical symptoms and lower mast cell and
eosinophilactivation than wild type rBet v 1 protein . Later from different clinical trials, it was demonstrated that

65--68, 72
.T

recombinant hypoallergenic derivatives were associated with T cell mediated late phase side effects o

eliminate the side effects caused by T cells, this group further truncated the allergen sequences and only kept the IgG

79--82

binding B-cell epitopes in their immunotherapy products . Thus, the rationale of this approach is to generate I1gG
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epitopes from the IgE binding region of an allergen, as a result, the hypoallergenic derivatives could induce blocking
IgG antibody without priming an IgE reaction.

B cell epitopes, between 25--40 amino acids, were derived from IgE binding sites of allergens. To provide T cell
help for making IgG antibodies, Bet v 1 B-cell epitopes were chemically coupled with the hapten protein Keyhole
limpet hemocyanin (KLH) ®. Alternatively, the chemical coupling was replaced by recombinant fusion protein
consisting of a viral protein as a carrier such as the VP1 from human rhinovirus or the protein PreS domain from
hepatitis B virus and the B-cell epitopes **#*®>, Without a secondary structure, these B cell epitopes neitherirecognize
IgE antibodies from birch allergenic patients nor induce basophil activation and skin test reactions: In"animal models,
these B-cell epitopes induced functional allergen-specific IgG antibodies, which exhibited IgE blocking activity as
indicated by inhibition of IgE binding to serum from allergic patients and by blacking basophil activation by allergens
8 Prophylactic and therapeutic immunization of this Bet v 1 B-cell epitopes in KLH carrier induced a strong Bet v 1
specific IgG antibody response in recipient mice and protected mice fromyallergic lung inflammation upon allergen
challenge . Administration of PreS fused Bet v 1 B cellepitope vaecine induced strong allergen-specific blocking 1gG
antibodies in rabbits. Incubation of this fusion protein withybirch allergic patient PBMCs reduced IL-5 and increased IL-
10 and IFN-y production.

The Bet v 1 B-cell epitope immunotherapyhas not yet been tested in a clinical study. In a phase Il trial for
grass allergy, the B-cell epitope immunoetherapy was found safe and effective in an allergen exposure chamber
challenge ®. Nevertheless, a concern remains about whether solely inducing blocking 1gG antibodies without
tolerance induction through'T cell immunity is sufficient for long-term efficacy.

5.4  PEG conjugated recombinant hypoallergenic protein

Commercially available pollen extracts have variable levels of patient-relevant allergens, and thus any given
preparation maynot have sufficient relevant allergen required for achieving therapeutic effects in AIT. When used in
treating JRC induced SAR by SCIT or SLIT, the JRC pollen extract (CPE) has been standardized for the amount Cry j 1
protein. 2000 JAU/ml (Japanese allergy unit), which is the highest concentration of the CPE, contains 1.5-4.2 ug Cryj 1
protein, much lower than the recommendation of SCIT dose (5-20pg/injection) ¥’. Thus, there is the need to improve

upon the extract-based approach for treating JRC allergies. Fujimura et al generated a recombinant fusion protein

10
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consisting of the two major JRC allergens, Cry j 1 and Cry j 2. To break the Cry j 1 and Cry j 2 conformational structures,
the majority of cysteine residues were replaced with serine residues ®. The modified fusion protein was then
conjugated with polyethylene glycol (PEG) and used to treat CPE sensitized monkeys. After four weekly subcutaneous
injections of the PEG-conjugated fusion protein administered at a 1mg/0.5ml dose, the production of Cry j 1 specific
IgG was significantly increased when compared to the baseline prior to treatment and significantly reducedCry j 1
specific IgE antibody production. In Cry j 1 sensitized mice, four injections of 100 or 20 pg PEG-allergen fusion protein
elicited a Thl skewed immune response while inhibiting Cry j 1 specific IgE and Th2 cytokine production Safety and

efficacy of the PEG-Cry j 1/2 hypoallergenic fusion protein has not yet been evaluated in human patients.

6 DNA vaccine

DNA vaccines are bacterial plasmid vectors expressing an antigen genefor in'vivo administration and
represents a novel strategy to treat tree pollen allergies. The concept of haked'DNA immunization was established in
the early 1990s 3", Since then, this technique has been extensively studied in a variety of disease models in

92--94

preclinical and clinical studies . Although promisingefficacy profiles have been demonstrated in preclinical and

Phase I/Il clinical trials, DNA vaccines are not yet a validated,technology for preventing or treating human diseases.
95--98

DNA vaccines preferentially activate Th1 cells and suppress the production of Th2 cytokines and IgE antibody f

thus indicating their potential as a therapeutic for treating tree pollen induced allergies.

Over the past two decades, DNAvaccine approaches have been tested in several preclinical studies as
potential birch or JRC pollen-allergytreatment. Hartl et al demonstrated that a DNA vaccine expressing the full length

Bet v 1a allergen inducéd astrang Thl-biased immune response in mice %

. In both prophylactic and therapeutic
models, Bet vi1a DNAvactinated mice exhibited increased production of Th1 type antibody IgG2a and IFN-y,
decreasedyproduction of Th2 type antibody IgG1, and suppressed basophil activation, indicating a shift from Th2
dominant towards a Th1/Th2 balanced immune response. Similarly, Toda et al demonstrated that a Cry j 1 encoding
DNA vaccine elicited a predominant Th1 type immune response and suppressed IgE response through intramuscular

injection in a mouse JRC allergy model. Interestingly, gene gun inoculation failed to achieve such Th1 polarizing

effects, indicating the routes of gene immunization are critical for the protective effects by DNA vaccines ***.

11
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One of the unique features of DNA vaccination is the ability to control trafficking of the endogenously
produced allergens allowing allergens to be targeted to specific sub-cellular compartments (lysosomes/endosomes for
MHC class Il presentation, proteasomes for MHC class | presentation, or extracellular secretion). Toda et al improved
their DNA technique by including an invariant chain (li) with a CD4" T cell epitope, p247-258 of the Cry j 2 allergen.
This MHC class Il targeting DNA vaccine induced the epitope-specific Thl T cell response without eliciting IgGantibody
production in the recipient animals. Possibly due to the induced cellular response, Cry j 2 specificigE response:was
suppressed in the animals after the Cry j 2 allergen injections'%. Weinberger et al studied the ifamunological
consequence of including different sub-cellular compartment targeting sequences with Bet\v 1 allergen in mice *®.
Unmodified, MHC class | or class Il targeting forms, or extracellular secretion form of Bet'v 1:encoding DNA plasmids
were generated. Vaccination with these four variants of plasmids protected mice fromyBet v 1 allergic sensitization, as
indicated by reduced Th2 cytokines and IgE production and suppressedairway hyperresponsiveness and lung
inflammation. Lysosomal or proteasomal degradation enhaficed the allergen‘presentation by APCs to MHC class Il or
class | molecules and reduced availability of free allergens in circulation, leading to a vaccine candidate with increased

immunogenicity and improved safety relative to untargeted allergens '*.

6.1 LAMP-based DNA vaccine for JRC allergy

Lysosomal-associated membrane protein-1 (LAMP-1) is a resident protein of the lysosomes that functions to

10479 Testing in several infectious disease models has indicated that fusion

maintain lysosomal membranglintegrity
of LAMP-1 with an antigén ofiinterest in DNA plasmids results in lysosomal-class Il pathway trafficking of the target
antigens and subsequent enhancement of target antigen immunogenicity '°°'%. Based off these observations, our
group generated two LAMP-based DNA vaccines, CryJ1-LAMP and CryJ2-LAMP, which encode Cry j1 and Cryj 2,
respectivelypand investigated their application in treating JRC-induced allergy. The CryJ1-LAMP and CryJ2-LAMP
plasmids immunized mice exhibited a robust Th1l-biased immune response, as indicated by high titers of IgG2a and

low IgG1 and IgE *®. Thus, the MoA of this LAMP-based DNA vaccination seems to be skewing of Th2 allergenic

reaction to a Thl response. It is interesting to note that the LAMP-based DNA vaccination is likely independent on
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Tregs and IL-10 producing cells, as neither depletion of Tregs nor blockage of IL-10 receptor compromise the
immunogenicity of the DNA products in mice *®.

In a Phase IA and IB study, the safety and immunological effects of the CryJ2-LAMP DNA vaccine was
evaluated in six non-atopic and eighteen JRC- and/or Mountain Cedar (MC)-atopic Japanese expatriates living in
Hawaii *°. This is to our knowledge the first clinical trial for treating allergies with a DNA vaccine. The CryJ2-LAMP
vaccine was well tolerated by both non-atopic and JRC- and/or MC-atopic subjects in a biweeklyfour-dese
intramuscular immunization regimen (4mg or 2mg plasmid DNA per injection) and no severe adverse eventsiwere
found. The majority of JRC and/or MC atopic subjects experienced negative conversion of skin reaction against the JRC
or MC extract and the negative skin conversion was maintained through the end of thedfiallin most subjects **°. There
were several limits in this trial, such as small study size, lack of placebo controljand laek of JRC and/or MC pollen
exposure. However, data from this study of applying DNA vaccines in allergies indicate that DNA vaccine might be
immunologically effective as a therapeutic for tree pollen allergies. Currently, the CryJ2-LAMP and CryJ1-LAMP DNA

vaccines are undergoing investigation in a RDBPC Phase. |l trialiin Japan(clinicaltrials.gov, NCT03101267).

7  Alternative delivery routes for AIT

Besides SCIT and SLIT, several alternative allergen delivery routes have been studied for treating tree pollen

allergies. These include oral administration, intralymphatic injection, and epicutaneous patch.

7.1 Oral immunotherapy (OIT)

Oral immunotherapy,(OIT), which was initially developed for treating food allergies, has more recently been
studied for treating tree-pollen allergies in several forms in both animal models and clinical trials. Compared to SCIT or
SLIT, a relativedarge amount allergens could be orally administrated during OIT. Due to the presence of a large
numbeénef immunecells in the gut associated lymphoid tissues, immune tolerance could be induced by OIT . In
1980s, OIT clinical trials had been conducted in north Europe to treat birch pollen allergy *** '3, However, efficacy and

safety of these birch pollen extract based OIT were not satisfied. In recent years, several OIT approaches for JRC

allergy have been investigated in Japan.
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7.1.1 Galactomannan coupled Cryj 1 OIT

It has been demonstrated that conjugation of Cry j 1 with galactomannan by the Maillard reaction reduces the
allergenicity of Cry j 1 protein '****. The conjugated galactomannan may mask the IgE binding epitopes of Cry j 1, thus
inhibit IgE binding of JRC allergic patients’ sera. Galactomannan conjugation has also been shown to protect Cry j 1
protein from enzymatic digestion in the stomach as orally administered Cry j 1-galactomannon co-localize with
dendritic cells in the gut lumen ™. This approach has been evaluated in several clinical trials for treating JRC allergy

16119 gafety and efficacy of the Cry j 1-galactomannan OIT had been demonstrated in two opén-label Rhaseil/Il trials

116,117,119 ‘N severe adverse events were reportedin the subjects

which have different administration regimens
receiving Cry j 1-galactomannan OIT. Subjects in OIT group showed improved quality efdife'score and reduced total
symptom scores, medication score, and total symptom-medication scores throughoutithe pollen season, as well as
increased levels of allergen-specific serum IgG4 and IL-10 production inlPBMCswhen compared to the control group.

The efficacy and safety Cry j 1 allergen extract galactomannan conjugate OIT has been further evaluated in a
recent RDBPC Phase Il trial. 55 subjects with moderatéer severe rhinoconjunctivitis caused by JRC pollen were
involved in this study (27 active, and 28 placebe) '*®. During,the buildup phase, which started about two weeks prior
to the start of the JRC pollen season, subjects received one Cry j 1-galactomannan conjugate capsule orally (187.5ug
Cry j 1) for 6 days (morning), two capsulés (375ug)for the next 6 days (morning and evening), and three capsules
(562.5ug) for the last 6 days (morningtwo and evening one). During the maintenance phase, four capsules (750p.g)
were given twice daily for 51 days (morning two and evening two). Treatment was started in middle of January 2014
and ended at the end of'March 20147 €ry j 1-galactomannan conjugate treatment group exhibited partially improved
clinical symptoms (mean total symptom and medication score) during the entire pollen season (both JRC and

18 The overall efficacy of

Japanese cypress) and significantly lower mean medication score over the placebo group
this OIT\regimen’demonstrated in this RDBPC trial was lower than that of from the previous open-label trials. The

investigators suggested several possible explanations 1) placebo effects, 2) early started pollen season, and 3) greater

amount of pollen in 2014 than the previous years 2.
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7.1.2 Transgenic rice OIT
Takaiwa group has developed a transgenic rice seed-based OIT approach for treating allergies caused by HDM,

120--126

JRC pollen, or birch pollen . Initially, a transgenic rice line was generated to produce a fusion protein consisting

of two mouse immunedominant T cell epitopes from Cry j 1 and Cry j 2 allergens ***

. The transgenic gene was under a
seed-specific promoter and the fusion protein was expressed and accumulated in the endoplasmic reticulum derived
protein storage vacuoles (Protein Bodies) of the endosperm. Mice, which were fed with powder.ef the'transgenicrice
seeds (200mg powder, consists of about 70ug fusion protein, once a day for 4 weeks), were protectedifromJRC pollen
extract challenge. OIT Mice exhibited reduced production of Th2 cytokine and IgE production, as wellas decreased
histamine release and nasal sneezes. To optimize the transgenic rice seed OIT, this group.generated a serial of
transgenic rice plants encoding multiple human T cell epitopes, full length pratein, onderivatives of Cryj1 and Cryj 2,
with and without adjuvants 2%,

The most recent strain of the transgenic plant expresses a fusion hypeallergenic protein consisting of three
COPs of Cry j 1 and a reassembled Cry j 2 protein '**. This destructed fusion protein lacks IgE binding and has reduced
allergenicity. In a prophylactic model, feeding mice with'the seed,of this transgenic rice prevents allergy development
after JRC pollen extract challenge, both JRC spe€ificThl and Th2 cytokines and IgG and IgE antibodies were
suppressed. In a recent study, the fusiongrotein‘in,the protein bodies from the transgenic rice seeds was
concentrated by thermostable alpha-amylase treatment at 90°C to remove the starch from the milled rice seeds %’
The 12.5-fold concentrated protein bady products contains >70% fusion protein, exhibits higher resistant to enzymatic
digestion than those in the miilled seed powder, and remains stable at room temperature storage for at least 10
months. In addition, the concentrated fusion Cry j 1 and Cry j 2 hypoallergenic protein shows same immunological
effects in suppressing JRC pollen extract induced IgE production and T cell proliferation as those in the milled seed
powder, providing an alternative formulation of OIT **’.

Using the same transgenic technique, a hypoallergenic derivative of Bet v 1 transgenic rice was generated, but
its immunological activity has not yet been evaluated **. This transgenic rice based OIT has not been evaluated in the

clinic, and its immunological effects have only been demonstrated in the prophylactic, but not in the therapeutic

setting in mouse models. Considering that rice is one of the major food sources in Japan, this approach might be easily
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accepted by JRC allergic patients in Japan, if the clinical efficacy is approved in future. Alternatively, a potential of this

transgenic rice OIT is that it can be used as a prevention vaccine for JRC induced SAR.

7.1.3 T cell epitope OIT

Using a mouse model for JRC allergy, Hirahara et a/ demonstrated that oral administration of a peptide p246-
259, an immunedominant T cell epitope from Cry j 2 allergen, induced tolerance in Cry j2 sensitized mice, productions
of Th1 cytokine IFN-y and Th2 cytokine IL-4 and Cry j 2-specific 1g8G2a/IgG2b, IgG1, and IgE antibodies were suppressed
128 |n a later study, Murasugi et al found that 4 doses of 200ug p246-259 oral administration protected tnice from Cry
j 2 induced allergic reaction, including sneezing and airway obstruction **°. Later this group showed that OIT with a
synthesized peptide containing three T cell epitopes from Cry j 1 and Cry j 2 allergens‘induced tolerance to Cry j 1 and
Cry j 2 sensitization in mice **°. This T-cell epitope OIT has not been further tested in htiman yet.

Kawabe et al generated genetically modified chickens which produce afusion protein containing seven T cell

B4 Oral administration of the T cell epitope containing egg

epitopes from Cry j 1 and Cry j 2 allergens in the egg white
white suppressed Cry j 1 specific IgE production in JRC eéxtract'sensitized mice. Upon intranasal challenge with JRC
pollen extract, transgenic egg white fed mice exhibited lower number of nasal sneezing than normal egg white fed

mice. The transgenic chicken egg white treatment alse\improved the lung inflammation after the intranasal JRC pollen

extract challenge ™'

7.2 Intralymphatic immunotherapy(ILIT)

Intralymphatic immunotherapy (ILIT) seeks direct injection of allergens into the lymph nodes. Theoretically
this approach has two'advantages over the SCIT. First, direct delivery of allergens into the secondary lymph organs
increases theéfficacyief antigen presentation, thus enhances the immunogenicity of allergen, resulting in rapidly
achievedibenefits,of treatment with reduced dose of allergen and numbers of injections. In addition, intralymphatic
injection reduces the exposure of allergens to mast cells and basophils, thus reducing the side effects. In mouse
models of bee venom or cat allergy, ILIT was found to be more efficient than SCIT in inducing allergen-specific IgG and
T-cell responses and only ILIT was able to induce Th1-dependent IgG2a antibody production **.

In human, three injections of ILIT were found to be effective in inducing tolerance grass pollen and cat dander

133,134

extract . In two recent RDBPC controlled clinical trials, birch or grass SAR patients were treated with three
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inguinal lymph node injection (0.1ml per injection in 3- or 4-week intervals) of active allergen (ALK Alutard, 1000SQ-U

13513 Twenty eight subjects received active allergen

aluminum hydroxide adsorbed birch or grass pollen) or placebo
ILIT in these two trials and it seems that these subjects tolerated the ILIT well and no severe adverse events were
elicited. Active ILIT patients experienced improved SAR symptoms. After nasal allergen challenge, the clinical nasal
symptoms were reduced and the nose inflammatory responses were decreased in active ILIT patients. In symptom
improved subjects, the affinity of allergen-specific IgG4 antibody was significantly higher than that from subjects
without symptom improvement. These studies demonstrated that ILIT is a safe and effective treatmentfor tree-pollen

allergies. However, the efficacy of this approach needs to be further evaluated in large scale and leng'term clinical

trials. In addition, it is uncertain to what degree patients will accept this injection routes

7.3  Epicutaneous AIT (EPIT)

Epicutaneous AIT (EPIT) has been clinically tested as an alternative route)of allergen delivery for more than 70
years *’. The rationale in support of using this route is that{the skin provides an antigen presenting cell, such as local
Langerhans cells, enriched environment for rapid and efficientiantigen presentation. Safety and clinical efficacy of
EPIT for grass allergy or peanut-induced food aflergies werelevaluated in several RDBPC clinical trials *****. EPIT
requires administration on physically disrupted skin (Stratum corneum disruption), for example, by type-stripping or
abrasion treatment. Abrasion has a strongerffect in epidermal barrier disruption, but also results in a higher
frequency of systemic reactions than the type-stripping skin preparation **. Alternatively, EPIT could be administrated
through intact skin, which_requires a long-term daily treatment. One potential advantage of EPIT is that the skin
patches can be self-administered, resulting high adherence to treatment (more than 96%), although the convenience
of daily dosingimithesreal-world setting remains to be determined *** ***. The MoA of EPIT is not fully understood yet.
In onéelinical'study,increased peanut-specific IgG4 levels and 1gG4/IgE ratios were observed in peanut EPIT-treated

139
d

subjectsiand a trend of reduced Th2 cytokine production and reduced basophil activation were foun . Inan animal

model for'peanut allergy, EPIT induced allergen-specific regulatory T cells, which mediate the long-term
immunological effects of treatment '**.

EPIT for treating tree-pollen allergies has not yet been investigated in a human study. Using a mouse model

for Bet v 1 induced allergic asthma, Siebeneicher et al evaluated the immunological effects of epicutaneous delivery of
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144,195 Recombinant Bet v 1, when epicutaneously administrated

Bet v 1 allergen combined with different adjuvants
on stratum corneum disrupted skin with a Toll-like receptor 7 agonist, induced Th1 cytokine IFN-y and IgG2a antibody.
This therapy regimen exhibited efficacy in both prophylactic and therapeutic experiments, as indicated by suppression
of lung inflammation and airway type-reactivity upon multiple intranasal challenges ***. In a following EPIT study, a
hypoallergenic recombinant protein Bet v 1B2, which is a folding variant of Bet v 1, was found to be superiorito the
wild type recombinant Bet v 1 in suppressing IgE production and lung inflammation **°. Because of its‘teduced\gE
binding capacity, the hypoallergenic Bet v 1B2 allergen is believed to be a safer candidate for ERIT. Recently;iin a
guinea pig model, Cabauatan et al found that EPIT using recombinant Bet v 1, when combined with adjuvant heat-
labile toxin, derived from E.coli., induced blocking IgG antibody, which inhibits the allergén binding of IgE from birch

allergic patients **. These results from animal studies suggest EPIT might be an.effective route of AIT administration

for tree-pollen allergies.

8 Summary

Pollen allergies have become a significant publie.health burden in industrialized nations and their prevalence
rates are believed to continue increasing in thetforeseeablefuture. There is an unmet need to develop a safe,
effective, and convenient allergen-specific therapies fer treating pollen allergies. To this end, a variety of novel
approaches have been developed. In the case of.tree pollen allergies, the novel approaches include recombinant
hypoallergenic derivatives, synthetic peptides, DNA vaccines, transgenic plants, different adjuvant formulations, and
alternative delivery routes. These novel strategies have shown early promise and the mechanisms seem to be
supported by a significant.amount of @animal data. Some of these approaches have shown to be safe with indications
of potential effectiveness in Phase I/l trials and are thus very encouraging. It now remains for these approaches to be
tested,in RDBPC Phase Ill clinical trials to show safety and efficacy in natural field settings. In addition, continuous
effortsionfoptimizing the formulation of allergens, delivery method, and administration doses/frequency will further

improve the safety and efficacy profiles, as well as the patient’s compliance to the therapy.

9 Expert opinion

Key points:
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e Absence of true biomarker makes progress of therapy difficult to assess.

e Clinical studies for AIT are challenged by “placebo effect”.

e Phase lll studies are dependent upon “park studies” rather than controlled environmental chamber studies

where the pollen exposure is defined and controlled.

e There is a relatively low bar for improvement in symptoms for regulatory approval (approximately:20 — 30%

improvement) so a successful Plll study should lead to licensure.

e Conventional AIT is based on immune system attenuation whereas DNA vaccines mechanism is believed to be

active immune system “re-education.”

The allergy challenge is complicated by several factors that arefindependent of the therapeutic method.
Allergy lacks a method for a clinically relevant biomarker assay. For example, specific IgE, while often a compelling
means to monitor allergy status, does not necessarilyseorrelate with symptomology. The most relevant assay for
allergy remains skin prick testing but this assaydformat requires a'skilled allergist to deliver and evaluate the response.
In the clinical setting, evaluating symptom responses)of test subjects is not straightforward. Study subjects use
arbitrary scoring of symptoms as a mean’s of evaluating test treatments. This has resulted in a very pronounced
placebo effect in many clinical studieswhich'has made determination of symptom relief difficult to impossible. In the
case of tree pollen, subjects for.a Phase Ill study are expected to be exposed to natural allergen in a so-called “park
test”. This adds additional variability te the interpretation of the data as pollen levels vary annually and exposure to
open air pollen willinclude non-related pollens which certainly can influence the observed symptoms in the study
subjects. Thus,any approach whether the standard AIT method or one of the newer peptide or DNA vaccine approach

faces a numberof challenges in the clinical setting to prove clinical relevance.

Desensitization is the approach that allergists are familiar with and have employed for many years. It suffers
from poor patient compliance and a general overall success rate of about 30%. The newer therapeutic approaches
center on one of two primary mechanism of action: tolerance induction or Th1 activation. In the case of the former,
the goal is to essentially turn the immune system off with respect to a specific allergenic target. With Th1 activation,
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the objective to re-educate the immune system such that the allergen no longer induces a Th2 response but rather
switches to the antigenic Thl pathway. The next generation of AIT methods have focused on using better defined
allergens or peptide derivative in combination with adjuvants or additives intended to favor immune system
attenuation. Despite the innovation in the newer AIT designs, new product approvals have been limited to oral or
sublingual delivery of allergen formulations. The concept of an allergy vaccine therapy using DNA vaccines and.in
particular, LAMP-based formulations provides an intriguing new alternative. This approach has generated potent Thl
responses in animal models and showed promising initial responses in early human clinical studies. Vaceine
immunotherapy also has the added safety advantage of treating subjects without direct exposure'toallergen. Given
the overall goal of creating a permanent solution to treating allergy, this latest approaehimay provide the long-lasting

symptom relief that has eluded allergy researchers for decades.

Acknowledgement

The authors thank Dr. William Hearl for his “Expert opinion™.and Mr. Colin Magowan and Ms. Athanasia Anagnostou

who reviewed this manuscript prior to submission.

Conflicts of interest

Y.S, E.R.,, and T.H. are employees of\ITl.

20



Downloaded by [University of Liverpool] at 09:25 11 September 2017

10 References

1. Skoner DP. Allergic rhinitis: definition, epidemiology, pathophysiology, detection, and diagnosis. J Allergy Clin
Immunol 2001; 108:52-8.

2. Yamada T, Saito H, Fujieda S. Present state of Japanese cedar pollinosis: The national affliction. J Allergy Clin
Immunol 2014; 133:632-9 e5.

3. Floistrup H, Swartz J, Bergstrom A, Alm JS, Scheynius A, van Hage M, et al. Allergic disease and sensitization in
Steiner school children. J Allergy Clin Immunol 2006; 117:59-66.

4. Durham SR, Penagos M. Sublingual or subcutaneous immunotherapy for allergic rhinitis? J Allergy Clin
Immunol 2016; 137:339-49 e10.

5. Dretzke J, Meadows A, Novielli N, Huissoon A, Fry-Smith A, Meads C. Subcutaneous and-sublingual

immunotherapy for seasonal allergic rhinitis: a systematic review and indirect comparison. J Allergy:Clin‘hbmmunol
2013; 131:1361-6.

6. Durham SR, Creticos PS, Nelson HS, Li Z, Kaur A, Meltzer EQ, et al. Treatment effect.efisublingual
immunotherapy tablets and pharmacotherapies for seasonal and perennial allergic rhinitis: Pooled analyses. J Allergy
Clin Immunol 2016; 138:1081-8 e4.

7. Okubo K, Gotoh M. Sublingual immunotherapy for Japanese cedar pollinosis. Allergel Int 2009; 58:149-54.

8. Kiel MA, Roder E, Gerth van Wijk R, Al MJ, Hop WC, Rutten-van Molken MP. Real-life compliance and
persistence among users of subcutaneous and sublingual allergen immunotherapy. JAllergy Clin Immunol 2013;
132:353-60 e2.

9. Jutel M, Bartkowiak-Emeryk M, Breborowicz A, Cichocka-JaroszE, Emeryk A, Gawlik R, et al. Sublingual
immunotherapy (SLIT)--indications, mechanism, and efficacy: Position, paper prepared by the Section of
Immunotherapy, Polish Society of Allergy. Ann Agric Environ,Med(2016;23:44-53.

10. Kay AB. Allergy and allergic diseases. First of two parts:,N Engl ) Med 2001; 344:30-7.

11. Kay AB. Allergy and allergic diseases. Second of two partsyN EnglJ Med 2001; 344:109-13.

12. Alvaro M, Sancha J, Larramona H, Lucas JM, MesaiM, TabarAl, et al. Allergen-specific immunotherapy: update
on immunological mechanisms. Allergol Immunopathol (Madr)2013; 41:265-72.

13. Larche M, Akdis CA, Valenta R. Immunological mechanisms of allergen-specific immunotherapy. Nat Rev
Immunol 2006; 6:761-71.

14, Akdis CA, Akdis M. Mechanisms of allergen-speeific immunotherapy and immune tolerance to allergens.
World Allergy Organ J 2015; 8:17.

15. Akdis CA, Akdis M. Mechanisms ‘of ilmmune tolerance to allergens: role of IL-10 and Tregs. J Clin Invest 2014;
124:4678-80.

16. Eberlein-Konig B, Ullmann'SpThomas P, Przybilla B. Tryptase and histamine release due to a sting challenge in
bee venom allergic patients tfeated successfully or unsuccessfully with hyposensitization. Clin Exp Allergy 1995;
25:704-12.

17. Francis JN, Till SJ, Dufham SRalnduction of IL-10+CD4+CD25+ T cells by grass pollen immunotherapy. J Allergy
Clin Immunol 2003;412:1255-64.

18. Yamanaka'K, YutafA, Kakeda M, Sasaki R, Kitagawa H, Gabazza EC, et al. Induction of IL-10-producing
regulatory T célls'withyTCR diversity by epitope-specificimmunotherapy in pollinosis. J Allergy Clin Immunol 2009;
124:842-5 e7.

19. van de'Veen'W, Stanic B, Yaman G, Wawrzyniak M, Sollner S, Akdis DG, et al. IgG4 production is confined to
human\lL-10-preducing regulatory B cells that suppress antigen-specific immune responses. J Allergy Clin Immunol
2013; 131:1204-12.

20. Yamanaka K, Yuta A, Kakeda M, Kitagawa H, Ogihara H, Gabazza EC, et al. SLIT improves cedar pollinosis by
restoring IL-10 production from Trl and Monocytes approximately IL-10 productivity is critical for becoming allergic
approximately. Allergol Int 2011; 60:45-51.

21. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM, Wilcock LK, et al. Grass pollen
immunotherapy induces mucosal and peripheral IL-10 responses and blocking IgG activity. J Immunol 2004; 172:3252-
9.

22. Okamoto Y, Horiguchi S, Yamamoto H, Yonekura S, Hanazawa T. Present situation of cedar pollinosis in Japan
and its immune responses. Allergol Int 2009; 58:155-62.

21



Downloaded by [University of Liverpool] at 09:25 11 September 2017

23. Nomura T, Suzuki M, Yokota M, Nakamura Y, Ozeki K, Ito Y, et al. Effect of Japanese cedar-specific sublingual
immunotherapy on allergen-specific TH2 cell counts in blood. Ann Allergy Asthma Immunol 2016; 117:72-8 e4.

24, Suarez-Fueyo A, Ramos T, Galan A, Jimeno L, Wurtzen PA, Marin A, et al. Grass tablet sublingual
immunotherapy downregulates the TH2 cytokine response followed by regulatory T-cell generation. J Allergy Clin
Immunol 2014; 133:130-8 e1-2.

25. Gleich GJ, Zimmermann EM, Henderson LL, Yunginger JW. Effect of immunotherapy on immunoglobulin E and
immunoglobulin G antibodies to ragweed antigens: a six-year prospective study. J Allergy Clin Immunol 1982; 70:261-
71.

26. Reisinger J, Horak F, Pauli G, van Hage M, Cromwell O, Konig F, et al. Allergen-specific nasal IgG antibodies
induced by vaccination with genetically modified allergens are associated with reduced nasal allergen sénsitivitya)
Allergy Clin Immunol 2005; 116:347-54.

27. Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O. Allergen-specific immunotherapy with recombinant
grass pollen allergens. J Allergy Clin Immunol 2005; 116:608-13.

28. James LK, Shamji MH, Walker SM, Wilson DR, Wachholz PA, Francis JN, et al. Long-térm tolerance after
allergen immunotherapy is accompanied by selective persistence of blocking antibodies. J/Allergy(Clin Immunol 2011;
127:509-16 el1-5.

29. van Neerven RJ, Wikborg T, Lund G, Jacobsen B, Brinch-Nielsen A, Arnved J, et.al: Blocking antibodies induced
by specific allergy vaccination prevent the activation of CD4+ T cells by inhibiting serum;lgEfacilitated allergen
presentation. J Immunol 1999; 163:2944-52.

30. Wachholz PA, Soni NK, Till SJ, Durham SR. Inhibition of allergen-IgE'binding,te B cells by IgG antibodies after
grass pollen immunotherapy. J Allergy Clin Immunol 2003; 112:915-22;

31. Asam C, Hofer H, Wolf M, Aglas L, Wallner M. Tree pollen allérgens=an update from a molecular perspective.
Allergy 2015; 70:1201-11.

32. Pablos I, Wildner S, Asam C, Wallner M, Gadermaier G.\Pollen Allergens for Molecular Diagnosis. Curr Allergy
Asthma Rep 2016; 16:31.

33. D'Amato G, Cecchi L, Bonini S, Nunes C, Annesi<Maesane |, Behrendt H, et al. Allergenic pollen and pollen
allergy in Europe. Allergy 2007; 62:976-90.

34, Burbach GJ, Heinzerling LM, Edenharter GpBachert C,Bindslev-Jensen C, Bonini S, et al. GA(2)LEN skin test
study Il: clinical relevance of inhalant allergen sensitizations in Europe. Allergy 2009; 64:1507-15.

35. Ipsen H, Lowenstein H. Isolation and immunochemical characterization of the major allergen of birch pollen
(Betula verrucosa). J Allergy Clin Immunel 1983; 72:150-9.

36. Jarolim E, Rumpold H, EndlerdAT, Schlerka G, Ebner H, Scheiner O, et al. Specificities of IgE and IgG antibodies
in patients with birch pollen allergy. IntyArch"Allergy Appl Immunol 1989; 88:180-2.

37. Yasueda H, Yui Y, Shimizu T,'ShidaiT” Isolation and partial characterization of the major allergen from Japanese
cedar (Cryptomeria japonica) pellen. J)Allergy Clin Immunol 1983; 71:77-86.

38. Sakaguchi M, Inoltye Sy Taniai'M, Ando S, Usui M, Matuhasi T. Identification of the second major allergen of
Japanese cedar pollen. Allergy 1990;45:309-12.

39. HashimotofM, Nigi‘HSakaguchi M, Inouye S, Imaoka K, Miyazawa H, et al. Sensitivity to two major allergens
(Cryjland Cry jll)in patients with Japanese cedar (Cryptomeria japonica) pollinosis. Clin Exp Allergy 1995; 25:848-52.
40. Sugimura K, Hashiguchi S, Takahashi Y, Hino K, Taniguchi Y, Kurimoto M, et al. Th1/Th2 response profiles to
the major allergens Cry j 1 and Cry j 2 of Japanese cedar pollen. Allergy 1996; 51:732-40.

41. Marsh DGjlichtenstein LM, Campbell DH. Studies on “allergoids” prepared from naturally occurring allergens.
I. Assay offallergenicity and antigenicity of formalinized rye group | component. Immunology 1970; 18:705-22.
42. Baldridge JR, McGowan P, Evans JT, Cluff C, Mossman S, Johnson D, et al. Taking a Toll on human disease: Toll-

like receptor 4 agonists as vaccine adjuvants and monotherapeutic agents. Expert Opin Biol Ther 2004; 4:1129-38.
43, Drachenberg KJ, Heinzkill M, Urban E, Woroniecki SR. Efficacy and tolerability of short-term specific
immunotherapy with pollen allergoids adjuvanted by monophosphoryl lipid A (MPL) for children and adolescents.
Allergol Immunopathol (Madr) 2003; 31:270-7.

44, Drachenberg KJ, Wheeler AW, Stuebner P, Horak F. A well-tolerated grass pollen-specific allergy vaccine
containing a novel adjuvant, monophosphoryl lipid A, reduces allergic symptoms after only four preseasonal
injections. Allergy 2001; 56:498-505.

22



Downloaded by [University of Liverpool] at 09:25 11 September 2017

45, Rosewich M, Schulze J, Eickmeier O, Telles T, Rose MA, Schubert R, et al. Tolerance induction after specific
immunotherapy with pollen allergoids adjuvanted by monophosphoryl lipid A in children. Clin Exp Immunol 2010;
160:403-10.

46. Rosewich M, Lee D, Zielen S. Pollinex Quattro: an innovative four injections immunotherapy in allergic rhinitis.
Hum Vaccin Immunother 2013; 9:1523-31.

47. Mothes N, Heinzkill M, Drachenberg KJ, Sperr WR, Krauth MT, Majlesi Y, et al. Allergen-specific
immunotherapy with a monophosphoryl lipid A-adjuvanted vaccine: reduced seasonally boosted immunoglobulin E
production and inhibition of basophil histamine release by therapy-induced blocking antibodies. Clin Exp Allergy 2003;
33:1198-208.

48. Takagi H, Furuya N, Kojima N. Preferential production of IL-12 by peritoneal macrophages activatediby
liposomes prepared from neoglycolipids containing oligomannose residues. Cytokine 2007; 40:241-50.

49. Kojima N, Ishii M, Kawauchi Y, Takagi H. Oligomannose-coated liposome as a novel adjuvant for theinduction
of cellular immune responses to control disease status. Biomed Res Int 2013; 2013:562924.
50. Ishii M, Koyama A, Iseki H, Narumi H, Yokoyama N, Kojima N. Anti-allergic potentialdofioligomannose-coated

liposome-entrapped Cry j 1 as immunotherapy for Japanese cedar pollinosis in mice. Int Immunopharmacol 2010;
10:1041-6.

51. Sun S, Kishimoto H, Sprent J. DNA as an adjuvant: capacity of insect DNA and synthetic oligodeoxynucleotides
to augment T cell responses to specific antigen. J Exp Med 1998; 187:1145-50.

52. Kaburaki Y, Fujimura T, Kurata K, Masuda K, Toda M, Yasueda H, et al“Induction of Thl immune responses to
Japanese cedar pollen allergen (Cry j 1) in mice immunized with Cry j 1 conjugated\with CpG oligodeoxynucleotide.
Comp Immunol Microbiol Infect Dis 2011; 34:157-61.

53. Suzuki M, Ohta N, Min WP, Matsumoto T, Min R, Zhang X, etfal. Immunotherapy with CoG DNA conjugated
with T-cell epitope peptide of an allergenic Cry j 2 protein istuseful for'control of allergic conditions in mice. Int
Immunopharmacol 2007; 7:46-54.

54. Focke M, Marth K, Flicker S, Valenta R. Heterogeneity.of commercial timothy grass pollen extracts. Clin Exp
Allergy 2008; 38:1400-8.

55. Focke M, Marth K, Valenta R. Molecular,composition and biological activity of commercial birch pollen
allergen extracts. Eur J Clin Invest 2009; 39:429-36.

56. Moverare R, Elfman L, Vesterinen E, Metso T)Haahtela T. Development of new IgE specificities to allergenic
components in birch pollen extract during specific immunotherapy studied with immunoblotting and Pharmacia CAP
System. Allergy 2002; 57:423-30.

57. Valenta R, Ferreira F, Focke=Tejkl M, Linhart B, Niederberger V, Swoboda |, et al. From allergen genes to
allergy vaccines. Annu Rev Immunol 2040; 28:211-41.

58. Pauli G, Larsen TH, Rak(S, Horak F,iPastorello E, Valenta R, et al. Efficacy of recombinant birch pollen vaccine
for the treatment of birch-allergic rhinoconjunctivitis. J Allergy Clin Immunol 2008; 122:951-60.

59. Nony E, Bouley J/£Le Mignon*M, Lemoine P, Jain K, Horiot S, et al. Development and evaluation of a sublingual
tablet based on recombinant Bet v 1'in,birch pollen-allergic patients. Allergy 2015; 70:795-804.

60. van Hage-HamstenMzdohansson E, Roquet A, Peterson C, Andersson M, Greiff L, et al. Nasal challenges with

recombinant derivatives ofithe major birch pollen allergen Bet v 1 induce fewer symptoms and lower mediator release
than rBet v 1/wild-typelin‘patients with allergic rhinitis. Clin Exp Allergy 2002; 32:1448-53.

61. Gafvelin G, Thunberg S, Kronqvist M, Gronlund H, Gronneberg R, Troye-Blomberg M, et al. Cytokine and
antibody fesponses'in birch-pollen-allergic patients treated with genetically modified derivatives of the major birch
pollen‘allergenBet v 1. Int Arch Allergy Immunol 2005; 138:59-66.

62. Campana R, Vrtala S, Maderegger B, Jertschin P, Stegfellner G, Swoboda |, et al. Hypoallergenic derivatives of
the major birch pollen allergen Bet v 1 obtained by rational sequence reassembly. J Allergy Clin Immunol 2010;
126:1024-31, 31 e1-8.

63. Niederberger V, Horak F, Vrtala S, Spitzauer S, Krauth MT, Valent P, et al. Vaccination with genetically
engineered allergens prevents progression of allergic disease. Proc Natl Acad Sci U S A 2004; 101 Suppl 2:14677-82.
64. Pauli G, Purohit A, Oster JP, De Blay F, Vrtala S, Niederberger V, et al. Comparison of genetically engineered
hypoallergenic rBet v 1 derivatives with rBet v 1 wild-type by skin prick and intradermal testing: results obtained in a
French population. Clin Exp Allergy 2000; 30:1076-84.

23



Downloaded by [University of Liverpool] at 09:25 11 September 2017

65. Purohit A, Niederberger V, Kronqvist M, Horak F, Gronneberg R, Suck R, et al. Clinical effects of
immunotherapy with genetically modified recombinant birch pollen Bet v 1 derivatives. Clin Exp Allergy 2008;
38:1514-25.

66. Campana R, Moritz K, Marth K, Neubauer A, Huber H, Henning R, et al. Frequent occurrence of T cell-mediated
late reactions revealed by atopy patch testing with hypoallergenic rBet v 1 fragments. J Allergy Clin Immunol 2016;
137:601-9 e8.

67. Haselden BM, Kay AB, Larche M. Immunoglobulin E-independent major histocompatibility complex-restricted
T cell peptide epitope-induced late asthmatic reactions. J Exp Med 1999; 189:1885-94.

68. Fellrath JM, Kettner A, Dufour N, Frigerio C, Schneeberger D, Leimgruber A, et al. Allergen-specific T-cell
tolerance induction with allergen-derived long synthetic peptides: results of a phase | trial. J Allergy Clinflmmunol
2003; 111:854-61.

69. Kammerer R, Kettner A, Chvatchko Y, Dufour N, Tiercy JM, Corradin G, et al. Delineation of PLA2 epitopes
using short or long overlapping synthetic peptides: interest for specificimmunotherapy. Clin EXp Allergyy1997;
27:1016-26.

70. Kammerer R, Chvatchko Y, Kettner A, Dufour N, Corradin G, Spertini F. Modulation of T-céll response to
phospholipase A2 and phospholipase A2-derived peptides by conventional bee venomimmunotherapy. J Allergy Clin
Immunol 1997; 100:96-103.

71. Pellaton C, Perrin Y, Boudousquie C, Barbier N, Wassenberg J, Corradin G, €t.al. Novel birch pollen specific
immunotherapy formulation based on contiguous overlapping peptides. Clin Thansl Allergy 2013; 3:17.

72. Spertini F, Perrin Y, Audran R, Pellaton C, Boudousquie C, BarbiewN, ‘et al..Safety and immunogenicity of
immunotherapy with Bet v 1-derived contiguous overlapping peptidesJ AllergyaClin Immunol 2014; 134:239-40 e13.
73. Spertini F, DellaCorte G, Kettner A, de Blay F, Jacobsen L, JutéhM, et.al. Efficacy of 2 months of allergen-
specific immunotherapy with Bet v 1-derived contiguous ovérlappinggeptides in patients with allergic
rhinoconjunctivitis: Results of a phase Ilb study. J Allergy Clinlmmunol 2016; 138:162-8.

74. Larche M. Update on the current status of peptide immunetherapy. J Allergy Clin Immunol 2007; 119:906-9.
75. Couroux P, Patel D, Armstrong K, Larche M, Hafner'RP. Fel d"1-derived synthetic peptide immuno-regulatory
epitopes show a long-term treatment effect in€at allergic'subjects. Clin Exp Allergy 2015; 45:974-81.

76. Ellis AK, Frankish CW, O'Hehir RE, Armstrong K, Steacy L, Larche M, et al. Treatment with grass allergen
peptides improves symptoms of grass pollen-inducedallergic rhinoconjunctivitis. J Allergy Clin Immunol 2017.

77. Valenta R, Campana R, Focke-Tejkl M, Niederberger V. Vaccine development for allergen-specific
immunotherapy based on recombinant allergens and synthetic allergen peptides: Lessons from the past and novel
mechanisms of action for the futurexdAllergy Clin Immunol 2016; 137:351-7.

78. Vrtala S, Hirtenlehner K, Vangelista'L;"Pastore A, Eichler HG, Sperr WR, et al. Conversion of the major birch
pollen allergen, Bet v 1, into two nonanaphylactic T cell epitope-containing fragments: candidates for a novel form of
specificimmunotherapy. J Clin‘lnvest 1997; 99:1673-81.

79. Valenta R, Campadna R)Niederberger V. Recombinant allergy vaccines based on allergen-derived B cell
epitopes. Immunol Lett 2017.

80. ZieglmayenP, Focke=Tejkl M, Schmutz R, Lemell P, Zieglmayer R, Weber M, et al. Mechanisms, safety and
efficacy of a B cell epitope-based vaccine for immunotherapy of grass pollen allergy. EBioMedicine 2016; 11:43-57.
81. Focké M, Linhart/B, Hartl A, Wiedermann U, Sperr WR, Valent P, et al. Non-anaphylactic surface-exposed
peptides of the major birch pollen allergen, Bet v 1, for preventive vaccination. Clin Exp Allergy 2004; 34:1525-33.

82. Focke M;"Mahler V, Ball T, Sperr WR, Majlesi Y, Valent P, et al. Nonanaphylactic synthetic peptides derived
from B cell epitapes of the major grass pollen allergen, Phl p 1, for allergy vaccination. FASEB J 2001; 15:2042-4.

83. Cornelius C, Schoneweis K, Georgi F, Weber M, Niederberger V, Zieglmayer P, et al. Immunotherapy With the
PreS-based Grass Pollen Allergy Vaccine BM32 Induces Antibody Responses Protecting Against Hepatitis B Infection.
EBioMedicine 2016; 11:58-67.

84. Niespodziana K, Focke-Tejkl M, Linhart B, Civaj V, Blatt K, Valent P, et al. A hypoallergenic cat vaccine based on
Fel d 1-derived peptides fused to hepatitis B PreS. J Allergy Clin Immunol 2011; 127:1562-70 e6.

85. Marth K, Breyer |, Focke-Tejkl M, Blatt K, Shamji MH, Layhadi J, et al. A nonallergenic birch pollen allergy
vaccine consisting of hepatitis PreS-fused Bet v 1 peptides focuses blocking IgG toward IgE epitopes and shifts immune
responses to a tolerogenic and Thl phenotype. J Immunol 2013; 190:3068-78.

24



Downloaded by [University of Liverpool] at 09:25 11 September 2017

86. Linhart B, Narayanan M, Focke-Tejkl M, Wrba F, Vrtala S, Valenta R. Prophylactic and therapeutic vaccination
with carrier-bound Bet v 1 peptides lacking allergen-specific T cell epitopes reduces Bet v 1-specific T cell responses
via blocking antibodies in a murine model for birch pollen allergy. Clin Exp Allergy 2014; 44:278-87.

87. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, et al. Allergen immunotherapy: a practice
parameter third update. J Allergy Clin Immunol 2011; 127:51-55.

88. Fujimura T, Fujinami K, Ishikawa R, Tateno M, Tahara Y, Okumura Y, et al. Recombinant Fusion Allergens, Cry j
1 and Cry j 2 from Japanese Cedar Pollen, Conjugated with Polyethylene Glycol Potentiate the Attenuation of Cry j 1-
Specific IgE Production in Cry j 1-Sensitized Mice and Japanese Cedar Pollen Allergen-Sensitized Monkeys.Int.Arch
Allergy Immunol 2015; 168:32-43.

89. Wolff JA, Malone RW, Williams P, Chong W, Acsadi G, Jani A, et al. Direct gene transfer into motise'muscledn
vivo. Science 1990; 247:1465-8.

90. Tang DC, DeVit M, Johnston SA. Genetic immunization is a simple method for eliciting animmuneiresponse.
Nature 1992; 356:152-4.

91. Ulmer JB, Donnelly JJ, Parker SE, Rhodes GH, Felgner PL, Dwarki VJ, et al. Heterologous’protection against
influenza by injection of DNA encoding a viral protein. Science 1993; 259:1745-9.

92. Liu MA. DNA vaccines: an historical perspective and view to the future. ImmufolRevi2014; 239:62-84.

93. Lu S, Wang S, Grimes-Serrano JM. Current progress of DNA vaccine studies inyhumans. Expert Rev Vaccines

2008; 7:175-91.

94, Chua KY, Kuo IC, Huang CH. DNA vaccines for the prevention and treatment ofiallergy. Curr Opin Allergy Clin
Immunol 2009; 9:50-4.

95. Hsu CH, Chua KY, Tao MH, Lai YL, Wu HD, Huang SK, et al. Immtinoprophylaxis of allergen-induced
immunoglobulin E synthesis and airway hyperresponsiveness in vivo'by genetic immunization. Nat Med 1996; 2:540-4.
96. Tan LK, Huang CH, Kuo IC, Liew LM, Chua KY. Intramiuscular immunization with DNA construct containing Der
p 2 and signal peptide sequences primed strong IgE productionyVaccine 2006; 24:5762-71.

97. Peng HJ, Su SN, Chang ZN, Chao PL, Kuo SW, Tsai LC. [nduction of specific Th1 responses and suppression of
IgE antibody formation by vaccination with plasmid DNA,enceding Der f 11. Vaccine 2002; 20:1761-8.

98. Raz E, Tighe H, Sato Y, Corr M, Dudler JA, Roman M, et al. Preferential induction of a Th1l immune response
and inhibition of specific IgE antibody formation by, plasmid DNA immunization. Proc Natl Acad Sci U S A 1996;
93:5141-5.

99. Hartl A, Kiesslich J, Weiss R, Bernhaupt'A, Mostbock S, Scheiblhofer S, et al. Immune responses after
immunization with plasmid DNA encoding Bet v 1,the major allergen of birch pollen. J Allergy Clin Immunol 1999;
103:107-13.

100. Hartl A, Hochreiter R, Stepanoska T, Ferreira F, Thalhamer J. Characterization of the protective and
therapeutic efficiency of a DNAfvaccine encoding the major birch pollen allergen Bet v 1a. Allergy 2004; 59:65-73.
101. Toda M, Sato H, Takebe Y, Taniguchi Y, Saito S, Inouye S, et al. Inhibition of immunoglobulin E response to
Japanese cedar pollen allérgeny(Cryijel) in mice by DNA immunization: different outcomes dependent on the plasmid
DNA inoculation method.\Immuhnology,2000; 99:179-86.

102. Toda M, Kasai M, Hesekawa H, Nakano N, Taniguchi Y, Inouye S, et al. DNA vaccine using invariant chain gene
for delivery of CD4+.T cell'epitope peptide derived from Japanese cedar pollen allergen inhibits allergen-specific IgE
response. EurJ Immunel2002; 32:1631-9.

103.4.. Weinberger EE, Isakovic A, Scheiblhofer S, Ramsauer C, Reiter K, Hauser-Kronberger C, et al. The influence of
antigen targetingto sub-cellular compartments on the anti-allergic potential of a DNA vaccine. Vaccine 2013; 31:6113-
21.

104. ‘ChenJW, ChaY, Yuksel KU, Gracy RW, August JT. Isolation and sequencing of a cDNA clone encoding
lysosomal membrane glycoprotein mouse LAMP-1. Sequence similarity to proteins bearing onco-differentiation
antigens. J Biol Chem 1988; 263:8754-8.

105.  Andrejewski N, Punnonen EL, Guhde G, Tanaka Y, Lullmann-Rauch R, Hartmann D, et al. Normal lysosomal
morphology and function in LAMP-1-deficient mice. J Biol Chem 1999; 274:12692-701.

106.  Rowell JF, Ruff AL, Guarnieri FG, Staveley-O'Carroll K, Lin X, Tang J, et al. Lysosome-associated membrane
protein-1-mediated targeting of the HIV-1 envelope protein to an endosomal/lysosomal compartment enhances its
presentation to MHC class ll-restricted T cells. J Immunol 1995; 155:1818-28.

25



Downloaded by [University of Liverpool] at 09:25 11 September 2017

107.  Ruff AL, Guarnieri FG, Staveley-O'Carroll K, Siliciano RF, August JT. The enhanced immune response to the HIV
gp160/LAMP chimeric gene product targeted to the lysosome membrane protein trafficking pathway. J Biol Chem
1997; 272:8671-8.

108. Wu TC, Guarnieri FG, Staveley-O'Carroll KF, Viscidi RP, Levitsky HI, Hedrick L, et al. Engineering an intracellular
pathway for major histocompatibility complex class Il presentation of antigens. Proc Natl Acad Sci U S A 1995;
92:11671-5.

109. SuY, Connolly M, Marketon A, Heiland T. CryJ-LAMP DNA Vaccines for Japanese Red Cedar Allergy Induce
Robust Th1-Type Immune Responses in Murine Model. J Immunol Res 2016; 2016:4857869.

110. SuY, Romeu-Bonilla E, Anagnostou A, Fitz-Patrick D, Hearl W, Heiland T. Safety and Long-Term Immunological
Effects of CryJ2-LAMP Plasmid Vaccine in Japanese Red Cedar Atopic Subjects: A phase | study. Hum Vacein
Immunother 2017:0.

111.  Vickery BP, Scurlock AM, Jones SM, Burks AW. Mechanisms of immune tolerance relevanttaxfoodiallergy. J
Allergy Clin Immunol 2011; 127:576-84; quiz 85--6.

112. Bjorksten B, Moller C, Broberger U, Ahlstedt S, Dreborg S, Johansson SG, et al. Clinical'and'immunological
effects of oral immunotherapy with a standardized birch pollen extract. Allergy 1986; 41:290-5.

113.  Moller C, Dreborg S, Lanner A, Bjorksten B. Oral immunotherapy of children with rhineconjunctivitis due to
birch pollen allergy. A double blind study. Allergy 1986; 41:271-9.

114.  Usui M, Saito A, Taniguchi N, Nishijima N, Azakami H, Kato A. Reduction ofaantigenicity of Cry j I, major
allergen of Japanese cedar pollen, by the attachment of polysaccharides. Biosci\Biotechnol Biochem 2003; 67:2425-30.
115.  AokiR, Saito A, Azakami H, Kato A. Effects of various saccharides@nithe masking of epitope sites and uptake
in the gut of cedar allergen Cry j 1-saccharide conjugates by a naturally‘eccurring Maillard reaction. J Agric Food Chem
2010; 58:7986-90.

116. Murakami D, Kubo K, Sawatsubashi M, Kikkawa S, Ejima M, Saite"A, et al. Phase I/l study of oral
immunotherapy with Cry j1-galactomannan conjugate for Japanese cedar pollinosis. Auris Nasus Larynx 2014; 41:350-
8.

117.  Murakami D, Sawatsubashi M, Kikkawa S, EjimayM;'Saito A, Kato A, et al. Safety and efficacy of a new regimen
of short-term oral immunotherapy with Cry j 1:galactomannan conjugate for Japanese cedar pollinosis: a prospective,
randomized, open-label study. Allergol Int 2015;'64:161-8.

118.  Murakami D, Sawatsubashi M, Omori H, Saite,A, Kato A, Komune S, et al. Safety and efficacy of short-term
oral immunotherapy with Cry j 1-galactomannan,conjugate for Japanese cedar pollinosis: a randomized controlled
trial. Sci Rep 2017; 7:46142.

119.  Murakami D, SawatsubashiiMj Kikkawa S, Ejima M, Saito A, Kato A, et al. Effect of short-term oral
immunotherapy with Cry j1-galactomannan‘éonjugate on quality of life in Japanese cedar pollinosis patients: A
prospective, randomized, openflabelistudy:’Auris Nasus Larynx 2016; 43:50-5.

120. Takaiwa F. Update on the use of transgenic rice seeds in oral immunotherapy. Immunotherapy 2013; 5:301-
12.

121. Takagi H, Hiroi T, Yang L, TadayY, Yuki Y, Takamura K, et al. A rice-based edible vaccine expressing multiple T
cell epitopes inducés oral talesance for inhibition of Th2-mediated IgE responses. Proc Natl Acad Sci U S A 2005;
102:17525-30.

122. Takagi H, SaitesSyYang L, Nagasaka S, Nishizawa N, Takaiwa F. Oral immunotherapy against a pollen allergy
using,a seed-based peptide vaccine. Plant Biotechnol J 2005; 3:521-33.

123.%\ YangL, Suzuki K, Hirose S, Wakasa Y, Takaiwa F. Development of transgenic rice seed accumulating a major
Japaneseedarpollen allergen (Cry j 1) structurally disrupted for oral immunotherapy. Plant Biotechnol J 2007; 5:815-
26.

124. Wakasa Y, Takagi H, Hirose S, Yang L, Saeki M, Nishimura T, et al. Oral immunotherapy with transgenic rice
seed containing destructed Japanese cedar pollen allergens, Cry j 1 and Cry j 2, against Japanese cedar pollinosis. Plant
Biotechnol J 2013; 11:66-76.

125. WangS, Takahashi H, Kajiura H, Kawakatsu T, Fujiyama K, Takaiwa F. Transgenic rice seeds accumulating
recombinant hypoallergenic birch pollen allergen Bet v 1 generate giant protein bodies. Plant Cell Physiol 2013;
54:917-33.

26



Downloaded by [University of Liverpool] at 09:25 11 September 2017

126.  YanglL, Hirose S, Suzuki K, Hiroi T, Takaiwa F. Expression of hypoallergenic Der f 2 derivatives with altered
intramolecular disulphide bonds induces the formation of novel ER-derived protein bodies in transgenic rice seeds. J
Exp Bot 2012; 63:2947-59.

127. Wakasa Y, Takagi H, Watanabe N, Kitamura N, Fujiwara Y, Ogo Y, et al. Concentrated protein body product
derived from rice endosperm as an oral tolerogen for allergen-specific immunotherapy--a new mucosal vaccine
formulation against Japanese cedar pollen allergy. PLoS One 2015; 10:e0120209.

128.  Hirahara K, Saito S, Serizawa N, Sasaki R, Sakaguchi M, Inouye S, et al. Oral administration of a dominant T-cell
determinant peptide inhibits allergen-specific TH1 and TH2 cell responses in Cry j 2-primed mice. J Allergy/€lin
Immunol 1998; 102:961-7.

129.  Murasugi T, Nakagami Y, Yoshitomi T, Hirahara K, Yamashita M, Taniguchi Y, et al. Oral administration of.a®
cell epitope inhibits symptoms and reactions of allergic rhinitis in Japanese cedar pollen allergen=sensitized mice. Eur J
Pharmacol 2005; 510:143-8.

130.  Yoshitomi T, Hirahara K, Kawaguchi J, Serizawa N, Taniguchi Y, Saito S, et al. Three T-cellideterminants of Cry j
1 and Cry j 2, the major Japanese cedar pollen antigens, retain their immunogenicity and tolerogenicity in a linked
peptide. Immunology 2002; 107:517-22.

131. Kawabe Y, Hayashida Y, Numata K, Harada S, Hayashida Y, Ito A, et al. Oral imfmunotherapy for pollen allergy
using T-cell epitope-containing egg white derived from genetically manipulated chickens: PLeS One 2012; 7:e48512.
132. Martinez-Gomez JM, Johansen P, Erdmann |, Senti G, Crameri R, Kundig TMk Intralymphatic injections as a
new administration route for allergen-specific immunotherapy. Int Arch Allergy.l/mmunol 2009; 150:59-65.

133.  Senti G, Prinz Vavricka BM, Erdmann |, Diaz MI, Markus R, McCormack SJ,et.al. Intralymphatic allergen
administration renders specific immunotherapy faster and safer: a randomized controlled trial. Proc Natl Acad Sci U S
A 2008; 105:17908-12.

134.  Senti G, Crameri R, Kuster D, Johansen P, Martinez:Gomez JM; Graf N, et al. Intralymphatic immunotherapy
for cat allergy induces tolerance after only 3 injections. J Allergy,Clin Immunol 2012; 129:1290-6.

135.  Hylander T, Latif L, Petersson-Westin U, CardéllLO. Intralymphatic allergen-specificimmunotherapy: an
effective and safe alternative treatment route for pollen-induced allergic rhinitis. J Allergy Clin Immunol 2013;
131:412-20.

136. Hylander T, Larsson O, Petersson-Westin'lJ, Eriksson'M, Kumlien Georen S, Winqvist O, et al. Intralymphatic
immunotherapy of pollen-induced rhinoconjunctivitis: a double-blind placebo-controlled trial. Respir Res 2016; 17:10.
137.  Senti G, von Moos S, Kundig TM. Epicutaneous immunotherapy for Aeroallergen and Food Allergy. Curr Treat
Options Allergy 2014; 1:68-78.

138. Senti G, Graf N, Haug S, Ruedi’N, von Moos S, Sonderegger T, et al. Epicutaneous allergen administration as a
novel method of allergen-specific immunothérapy. J Allergy Clin Immunol 2009; 124:997-1002.

139. Jones SM, Sicherer SH, Burks’AW, Leung DY, Lindblad RW, Dawson P, et al. Epicutaneous immunotherapy for
the treatment of peanut allergy.in children and young adults. J Allergy Clin Immunol 2017; 139:1242-52 9.

140. Senti G, von Moas'S, Tay F,)Graf N, Johansen P, Kundig TM. Determinants of efficacy and safety in
epicutaneous allergen immudnotherapy: summary of three clinical trials. Allergy 2015; 70:707-10.

141.  Jones SM, Agbotouneu'WK, Fleischer DM, Burks AW, Pesek RD, Harris MW, et al. Safety of epicutaneous
immunotherapy for the treatment of peanut allergy: A phase 1 study using the Viaskin patch. J Allergy Clin Immunol
2016; 137:1258-61 e1-10¢

142.4. von Moos S, Johansen P, Tay F, Graf N, Kundig TM, Senti G. Comparing safety of abrasion and tape-stripping as
skin preparation-iffallergen-specific epicutaneous immunotherapy. J Allergy Clin Immunol 2014; 134:965-7 eA4.

143. " \Dioszeghy V, Mondoulet L, Dhelft V, Ligouis M, Puteaux E, Dupont C, et al. The regulatory T cells induction by
epicutaneous immunotherapy is sustained and mediates long-term protection from eosinophilic disorders in peanut-
sensitized mice. Clin Exp Allergy 2014; 44:867-81.

144.  Siebeneicher S, Reuter S, Krause M, Wangorsch A, Maxeiner J, Wolfheimer S, et al. Epicutaneous immune
modulation with Bet v 1 plus R848 suppresses allergic asthma in a murine model. Allergy 2014; 69:328-37.

145.  Siebeneicher S, Reuter S, Wangorsch A, Krause M, Foetisch K, Heinz A, et al. Epicutaneous immunotherapy
with a hypoallergenic Bet v 1 suppresses allergic asthma in a murine model. Allergy 2015; 70:1559-68.

27



Downloaded by [University of Liverpool] at 09:25 11 September 2017

146. Cabauatan CR, Campana R, Niespodziana K, Reinisch C, Lundberg U, Meinke A, et al. Heat-labile Escherichia
coli toxin enhances the induction of allergen-specific IgG antibodies in epicutaneous patch vaccination. Allergy 2017;
72:164-8.

N
>

(?’Q

28



Downloaded by [University of Liverpool] at 09:25 11 September 2017

Table 1. Novel approaches for tree pollen allergies

Natural Chemically SC Allergoids + MPL 4 weekly Phase Il Induction of Treg 46
pollen modified birch injections and Trl cells, and
extract or pollen extract IgG
purified
component Purified natural SC Bet v 1+ Al(OH)3 Conventional Phase Il Induction of IgG 58
based AIT Betv1 SCIT build-up and maintenance in
2 years
Purified natural ID Cry j 1 entrapped in OMLs (mice: | Preclinical Th1'deviation 50
Cryjl 2 weekly ID injections)
Purified natural SC Cry j 1 conjugated with CpG (mice: | Preclinical Th1 deviation 52
Cryj1l 3 weekly SC injections)
Recombinan rBetv1 SC Bet v 1 + Al(OH)3 Conventional Phase I Induction of 1gG 58
t protein or SCIT build-up and maintenance in
synthetic 2 years
peptide
based AIT rBetv1 SL rBet v 1 tablet once daily for 5 Phase I Not determined in 59
months the reference 59
Hypoallergenic e Bet v 1 + Al(OH)3,Conventional Phase Il Induction of IgG, 63, 64
rBetv1 SCIT build-up and\maintenance in reduction of IgE
1 year
Synthetic Betv 1 SC Synthetic peptides + Al(OH)3 5 Phase lll Induction of IgG4, 72-73
COPs injections in 2 months Th1 deviation, and
IL-10
SyntheticCryj2T SC T-cell epitope conjugated with Preclinical Suppression of 53
cell epitope CpG (mice: 1 or 2 weekly SC Th2 response
injections)
Bet v 1B cell e B-cell epitopes + carrier (KLH, Preclinical | Induction of IgG 81, 85, 86
injections in 3 week intervals;
rabbits: 3 monthly injections)
Hypoallergenic SC Hypoallergenic rCry j 1/2 fusion Preclinical Induction of IgG 88
rCry,j 1/2 fusion protein conjugated with PEG and Th1 deviation
protein (monkeys: 4 weekly SC injections)
DNA CryjlCryj2 IM Cryj 1-LAMP and Cry j 2-LAMP Phase Il Th1 deviation and 109, 110
vaccines MHC Il targeting DNA plasmids 4 induction of I1gG
biweekly injections antibody
BetvlaorCryj1l IDorIM DNA plasmid (mice: 1 ID injection | Preclinical | Induction of IgG2a 99-101

or 4 weekly IM injections)

and Th1 deviation
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Betv1 ID MHC | or Il targeting DNA plasmid | Preclinical Treg induction 103
(mice: 3 weekly ID injections)
T cell epitope of IM MHC Il targeting DNA plasmid Preclinical Th1 cellular 102
Cryj2 (mice: 4 or 5 weekly IM injections) immunity
Alternative Purified natural Oral Cry j 1 conjugated to Phase Il Induction of 1gG4 116-119
routes Cryjl galactomannan, Daily and IL-10
administration for 10 weeks
(build-up and maintenance)
Cry j1 COPs and Oral Milled transgenic rice seed Preclinical Suppréssion.of 122-124,
hypoallergenic powder (mice: freely feed for 7 Th2 and Thl 127
Cryj2by days or 20 days) responses
Transgenic rice:
Synthetic T cell Oral Synthetic peptides (mice: 4 oral Preclinical Suppression of 128-130
epitopes of Cry j doses in 2 weeks) Th2 and Thl
2and/orCryj1 responses
T cell epitopes of Oral Transgenic chicken egg white Preclinical Suppression of 131
Cryj2 and/or Cry (mice: 5 days/weekfor 4 Th2 responses
j 1 by Transgenic consecutive weeks)
chicken
Birch or grass Intralymphati | Extract +Al{QH)3 3linjections in 3- | Phase Il Induction of high 133,134
pollen extract o -4 week intervals affinity of 1IgG4
antibody and Thl
deviation
rBetv 1, rBetv Epicutaneods  {hAllergen + Th1 adjuvant (mice: 8 | Preclinical | Th1 deviation and 144-146

1B2

weekly EP treatments; guinea
pigs: 3 biweekly patches)

reduction of IgE
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