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Abstract

Epicutaneous allergen-specific immunotherapy (EPIT) is proposed as an alternative route for
allergen-specific immunotherapy (AIT). The induction of allergen-specific blocking 1gG antibodies
represents an important mechanism underlying AIT, but has not been investigated for EPIT. Here, we
compared the induction of allergen-specific blocking IgG in outbred guinea pigs which had been
immunized with recombinant birch pollen allergen Bet v 1 using patch delivery system (PDS) with or
without heat-labile toxin (LT) from Escherichia coli or subcutaneously with Aluminum hydroxide
(Alum)-adsorbed rBet v 1. Only subcutaneous immunization with Alum-adsorbed rBet v 1 and
epicutaneous administration of rBet v 1 with PDS in combination with LT from E. coli induced
allergen-specific 1gG antibodies blocking allergic patients’ IgE, but not immunization with rBet v 1 via
PDS alone. Our results suggest that patch vaccination with rBet v 1 in combination with LT may be a

promising strategy for allergen-specific immunotherapy against birch pollen allergy.
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INTRODUCTION

Epicutaneous AIT (EPIT) has been suggested as an alternative route of administration for allergen-
specific immunotherapy (AIT), because it is a needle-free treatment, offers the possibility of self-
administration and may allow targeting professional antigen-presenting cells (i.e., dendritic cells,
Langerhans cells) residing in the skin (1, 2). EPIT has been shown to be clinically effective in allergic
patients (3, 4), but its immunological mechanisms have not been studied. Several studies performed
in animals have shown that EPIT has immune modulatory effects on allergen-specific T cell responses
(5, 6). In these animal studies, it has been mainly investigated what effects EPIT has on established
allergic immune responses in animals which had been sensitized before treatment, but not the
effects of EPIT on the immune system as such (5, 6). It is unknown if EPIT induces allergen-specific
IgG antibodies and if such allergen-specific IgG antibodies are able to block allergic patients’ IgE
binding to the allergen. The latter is of interest, because the induction of allergen-specific blocking

IgG is one major mechanism in successful AT (7).

In this study, we have tested a patch delivery system (PDS) as a technique for transcutaneous
immunization (TCl) which has been developed and clinically tested for vaccination of travelers
diarrhea which is caused by enterotoxigenic Escherichia coli (ETEC) producing heat-labile enterotoxin
(LT) (8). Here, we used recombinant major birch pollen allergen rBet v1 as a model allergen to
compare epicutaneous administration of the allergen with and without LT as adjuvant via PDS with
classical immunization based on subcutaneous injection of Alum-adsorbed rBetv 1 regarding the

induction of allergen-specific blocking IgG in outbred guinea pigs.
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METHODS
Animals and study design

All animal experiments were performed in accordance with Austrian law (BGB1 No.
114/2012) and were approved by “Magistratsabteilung 58 of the city of Vienna, Austria.
Eight week old outbred, female Dunkin Hartley guinea pigs (ten animals/group) with a body
weight (BW) range between 500-550 g were studied. Group A was immunized s.c. with 10
pg rBetv 1 (Biomay AG, Vienna, Austria) adsorbed to 200 pL of 100 pg/mL Aluminum
hydroxide (i.e., 20 ug Alum) (Brenntag, Mihlheim an der Ruhr, Germany) whereas group B
received 200 puL Alum alone (Fig. 1A). Patch-immunized groups (groups C-G) were
administered 30 pg rBet v 1(low dose) without LT (group C) or with 5 pg LT (group D) or
100 pg rBet v 1(high dose) without LT (group E) or with 5 pg LT (group F). Group G was
administered only 5 pg LT without allergen. All immunizations were done on days 1, 15 and

28 (Fig. 1A).

The patch was formulated with dried bulk stabilizing solution (12% w/v Sucrose, 8% w/v
Maltitol, 0.1% w/v Poloxamer 188, 10 mM Sodium phosphate, pH 7.2) containing the
antigen and adjuvant (allergen, LT). The stability of the patch formulation was monitored by

RP-HPLC Analysis and CD Spectroscopy for 6 months.

For the administration of via the PDS, and for blood collection guinea pigs were
intraperitoneally anesthetized with Ketamine (60 mg/kg BW) and Xylatine (2 mg/kg BW).
Fur on the abdomen between the sternum and hind legs was shaved (Fig 1B, upper left)
followed by pre-treatment with sandpaper (180 grit) (3M, St. Paul, Minn.,) which is
integrated in the Skin Preparation System (SPS) device (Valneva Austria GmbH, Austria)
(Fig 1A, upper right, SPS is marked with an arrow). Dry circular rayon/cellulose matrix patch

(19.05 mm in diameter and with 2.85 cm? surface area, Valneva Austria GmbH, Austria) was
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then placed on the abraded skin (Fig 1B, lower left) and secured with a transparent film
dressing (3M) for at least 12 hours (Fig. 1B, lower right). The trans-epidermal water loss
before pre-treatment was 6-9 g/m?/h and after treatment with the SPS device 60-80 g/m%h, as
measured with the DermaLab modular system with trans-epidermal water loss probes (Cortex

Technology, Hadsund, Denmark).

Blood samples were drawn via ear punch for the interim bleeding (day 28/29) while terminal
bleeding was taken from the retrobulbar plexus at day 43. From groups A, C, and E terminal

blood samples were collected from 9 of the 10 animals and available for analysis.

Measurement of LT-specific and allergen-specific antibody responses and of the ability of guinea

pig antibodies to inhibit allergic patients’ IgE binding to rBet v 1 by ELISA

The measurement of specific antibody responses and of the ability of guine pig antibodies to inhibit
allergic patient’s allergen-specific IgE binding was performed by ELISA and inhibition ELISA,

respectively (see supplemental materials).

RESULTS AND DISCUSSION

In this study we used rBetv 1l to compare a PDS which has been developed for epicutaneous
vaccination against travelers’ diarrhea with subcutaneous immunization based on Alum-adsorbed
allergen regarding the induction of allergen-specific IgG blocking antibodies in a guinea pig model.
The allergen doses selected for epicutaneous and subcutaneous vaccination were similar to the ones
used in clinical trials performed in allergic subjects (3, 9) and in an animal EPIT study (6). Outbred
guinea pigs were used because guinea pig skin has similar characteristics regarding thickness and
permeability as human skin (10) and because a PDS of the same size can be used also for humans

(Fig. 1B). We found that only subcutaneous immunization with Alum-adsorbed rBetv 1 and patch
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vaccination with a high dose (i.e., 100 ug/patch) of rBetv 1 together with LT induced relevant
allergen-specific IgG responses, whereas the low dose patch administration of rBetv 1 (i.e., 30
pg/patch) and the high dose without LT did not induce relevant rBet v 1-specific 1gG levels (Fig. 2).
We noted that not all animals of the group which had been immunized with Alum-adsorbed rBetv 1
and of the high-dose LT group developed high levels of rBet v 1-specific IgG. This may be due to the
fact that 1gG responses were assessed already on day 43 after only three vaccinations and/or due to
the fact that outbred guinea pigs are poor responders for the rBet v 1 allergen. However, we found
that sera from each of the animals with robust rBet v 1-specific IgG responses -inhibited the binding
of allergic patients’ IgE to the rBetv 1 allergen (Fig. 2B). This result is important for the patch-
vaccinated group, because it has so far not been investigated if patch vaccination is able to induce
allergen-specific blocking IgG and what the epitope specificity of the antibodies is. The induction of
allergen-specific blocking 1gG during is an important AIT mechanism (7). The analysis of the antibody
response showed that those guinea pigs which had received rBet v 1 together with LT on the patch
also developed LT-specific IgG responses (Supplemental Fig. 1). We think that the addition of LT is
important for the induction of allergen-specific 1gG, because only animals from the high-dose LT
group but not from the group receiving only the high dose without LT developed robust levels of
allergen-specific blocking 1gG. This is interesting because in a clinical study performed in allergic
patients we found that epicutaneous application of a high dose of rBetv 1 (i.e., 160 pug/patch) only
induced allergen-specific T cell responses but no relevant allergen-specific 1gG (NCT02098551;
Campana & Valenta, unpublished data). There are several possibilities how LT may enhance allergen-
specific 1gG production as an adjuvant: It may attract and directly stimulate B cells (11).
Alternatively, it may retain intact antigen on the surface of dendritic cells, because it was found that
LT-treated DCs showed an impaired antigen-presentation capacity due to a slower rate of
endocytosis (12). Prolonged retention of intact antigen on the surface of DCs may then allow B cells
to recognize the DC-bound antigen by their immunoglobulin receptors. Both possibilities are

supported by our finding that IgG induced by patch vaccination only recognized the intact, folded
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and complete rBet v 1 allergen, but not unfolded recombinant rBet v 1 fragments (Supplemental Fig.
2) (13). By contrast, I1gG antibodies induced by immunization with Alum-adsorbed rBetv 1 also
recognized unfolded rBet v 1fragments (Supplemental Fig. 2). The Alum-rBet v 1-induced antibodies
also showed a broader cross-reactivity to rBet v 1-related pollen and food allergens (Supplemental

Fig. 2).

Our study has some limitations such as the short period of immunization, that it was performed only
once and that the IgG responses in the animals of the rBetv 1-Alum and high-dose rBetv 1-LT
groups were not uniform. However, this was compensated by the representative numbers of
animals per group (i.e., 10/group) and the inclusion of different doses and control groups (i.e., LT
and Alum alone) In fact our study shows in outbred animals that LT enhances the production of
allergen-specific 1gG during EPIT and thus seems to be a useful adjuvant for EPIT. In fact it was found
that even much higher doses of LT caused only mild local reactions in clinical studies and therefore
LT is also a safe adjuvant (8). Furthermore, the PDS developed for vaccination of travelers’ diarrhea
is a highly standardized device which may be evaluated for EPIT for all kinds of allergen sources and

in particular for defined recombinant allergens in clinical studies.

FIGURE LEGENDS

Figure 1 Study design. Time course of immunizations and bleedings for the groups of guinea pigs
(Groups A-G) receiving different treatments, allergens and/or adjuvants subcutaneously or via patch-
administered vaccine (A). lllustration of the Patch Delivery System application to guinea pigs.
Shaving, pre-treatment using Skin Preparation System (SPS) device, application of patch and securing

of patch (from upper left to upper right, lower left and lower right) (B).
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Figure 2 Induction of blocking IgG antibodies in guinea pigs. Shown are rBet v 1-specific IgG levels on
day 28/29 (1) and day 43 (2) as optical densities (y-axis) for each of the groups (x-axis: groups A-G)
(A). Mean percentages inhibition +/-SDs of allergic patients’ (Patients 1-5) IgE binding to rBet v 1 (y-
axes) by antibodies from guinea pigs (x-axes: 1-10) immunized with Alum-adsorbed rBet v 1 (left

panel: white bars) or with high dose rBet v 1 + LT (right panel: black bars (B)).

Figure S1 LT-specific IgG antibodies. Box plots (means: horizontal bars; whiskers = minimum and
maximum; boxes = 25th to 75th percentiles) showing the half-max titers (log 10, y-axis) of LT-specific

IgG for guinea pigs from the different groups (x-axis).

Figure S2 IgG reactivity (y-axes: OD values corresponding to IgG levels) of guinea pigs immunized
subcutaneously with Alum-adsorbed rBetv 1 (left panel: 1-4, 6-10) or by patch-administered high
dose rBetv 1 + LT (right panel: 1-10) to rBet v 1 fragments F1 and F2 (upper panel) and to cross-

reactive allergens (Aln g 1, Cor a 1, Mal d 1) (lower panel).
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Figure 1

A
O @
I | | 1
Day 1 Day15 Day28/29 Day43
Groups Allergen and adjuvant Route
A Betv 1 + Alum s.C
B Alum only (control) s.C
C Low dose Betv1 no LT Patch
D Low dose Betv 1+ LT Patch
E High dose Betv1 no LT Patch
F High dose Betv 1 + LT Patch
G LT only (control) Patch
Abbreviations: s.c.: subcutaneous, LT: heat-labile enterotoxin
B
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Figure 2

>

N N N
o (4] o
1 1 1

(OD at 405-490 nm)
o
(&3]
L

Bet v 1-specific IgG levels

2
o
1

. P _Z#.:>-<:
2 1 2 1 2 1 2

1004
901
804
70+
60
501
40+
304
204
10

Percentage of IgE inhibition

Betv 1 +Alum (s.c.)

B C D E F G

Group A: Group F:

1

High dose + LT (patch)

ofH

*missing
ﬁ ﬁ serum T
T
7

6 78 910 1234656728910
GP number GP number

This article is protected by copyright. All rights reserved.



e
.

e A



P

-

et

e

vygh

[

........._...
'

AT

NI

........._............._.

IR R L LR RRR AT

ceedeadllin,

-

I

T
———

I
.

|

EEFERER]

.......”_.”.__..._

RN




Supplemental Materials

Measurement of LT-specific and allergen-specific antibody responses and of the ability

of guinea pig antibodies to inhibit allergic patients’ IgE binding to rBet v 1 by ELISA

Ninety-six well ELISA plates (Maxisorp, Nunc, Denmark) were coated with antigens (50 ng
LT/well, Sigma-Aldrich, St. Louis, MO; 500 ng/well rBet v 1 fragment F1 aa 1-74, F2 aa 75-
160 (E1); 500 ng/well rBetv 1, rAln g 1, rCor a1l or Ma d 1, Biomay AG) dissolved in
phosphate buffered saline (PBS) at 4°C for 16 to 20 h. Plates were washed with PBS-T (PBS
+ 0.05% Tween-20) and blocked with 1% BSA/PBS-T (PBS-T + 0.1% [w/v] bovine serum
albumin). For the measurement of LT-specific antibodies, five-fold dilutions of GP sera were
added and incubated for 1 h at room temperature (RT). After washing, 1:2,000 diluted (in
0.5% BSA/PBS-T) HRP-conjugated (Horseradish peroxidase-conjugated) donkey anti-GP
1gG (Fitzgerald Industries International, USA) was added. For the measurement of allergen-
specific 1gG antibodies, guinea pig sera were diluted 1:500, added to the plates for 2 hours at
RT, washed and bound 1gG was detected with HRP-conjugated goat anti-GP 1gG (1:10,000
diluted, Jackson ImmunoResearch Laboratories, USA). HRP-labelled antibodies were
visualized with ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) (Sigma-
Aldrich) as substrate and absorbance was measured at 405 nm (Synergy 2, BioTek, USA).
The half-maximum titer of LT-specific antibodies was computed with the software Geneb
(BioTek). Mean levels of allergen-specific IgG correspond to mean OD levels from triplicate

determinations.

For the IgE-inhibition ELISA, rBet v 1-coated ELISA plates (20 ng/well) were incubated with
GP sera (1:10 in PBS) or PBS aone and, after washing, with sera from patients with birch

pollen alergy (n=5, 1:5 diluted). Bound IgE is then detected with a HRP-conjugated goat



anti-human IgE (1:2,500 in PBS-T) (KPL, Gaithersburg, MD). Optical density (405-490 nm)
corresponding to bound antibodies were recorded in an ELISA reader (Molecular Devices,
Sunnyvale, CA). The percentage inhibition of IgE binding was calculated as follows. Percent
inhibition = 100 — (OD® x 100/ OD). OD? and OD" represent the extinctions after pre-
incubation with GP serum and buffer alone, respectively. Shown are mean percentages of

inhibition for the five patients +/- SDs.
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